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One of the most useful instruments for of- 

fice practice is the spirometer. Today, the spi- 
rometer must find its rightful place alongside 
the sphygmomanometer, the electrocardio- 
graph, and the ophthalmoscope. Abnormal 
spirometry is an indicator of increased risk 
for premature death from all causes. This in- 
dication has been known since the time of 
its invention in 1846 by John Hutchinson, a 
surgeon.21 

Why has spirometry been so slow to be 
accepted in the mainstream of clinical prac- 
tice? The author believes that spirometry has 
been couched in too much mystique. It also 
has required the careful study of structure- 
function relationships of the human lung to 
understand what causes alterations in spiro- 
metric measurements. Longitudinal studies 
have helped clarify the clinical significance 
of tests purported to indicate early stages of 
chronic obstructive pulmonary disease 
(COPD). Also, in the past, inexpensive and 
user-friendly devices were not available for 
office and clinic use. All of this is changing 
rapidly. Now the primary care physician and 
his or her assistant can learn the basics of 
spirometry easily, which provides two main 
values—the forced vital capacity (FVC) and 
the forced expiratory volume in 1 second 
(FEVi). Reviewing how these values can be 
applied immediately to everyday practice is 
the purpose of this article. 

THE ESSENCE OF SPIROMETRY 
Spirometry simply measures airflow out of 

fully inflated lungs. The lungs are filled by 
muscular force, to expand the thorax. Full 
inhalation stretches the chest to its maximum. 
Following this, a full forced expiration rap- 
idly empties the lungs into a device that re- 
cords flow over time. Normal lungs empty in 
6 seconds. Figure 1 represents the elastic 
forces, pulling outward from the thorax, bal- 
anced by the inward force of the lung's elas- 
ticity. The resting lung volume is known as 
the functional residual capacity (FRC). Although 
FRC can be determined indirectly by body 
plethysmograph or inert gas techniques, it is 
not measured by spirometry. 

Expiratory airflow is a function of elastic 
recoil of lungs and thorax, small airways 
function, large airways function, and interde- 
pendence between small airway and the sur- 
rounding alveolar attachments. These funda- 
mental concepts are presented in Figure 2 in 
an expression analogous to Ohm's law. 

FLOW-VOLUME AND 
PRESSURE-FLOW RELATIONSHIPS 

Studies on the relationship between flow 
and volume have shown that expiratory air- 
flow is limited over most of the range of 
vital capacity.15-17 By producing a series of 
isovolume-pressure maneuvers, it has been 
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Figure 1. The equalization of forces between the inward 
retraction of the lungs and the outward recoil of the tho- 
rax. Reproduced with courtesy of Thomas L. Petty, MD, 
from American Journal of Medical Quality. 

determined that exhalation from total lung 
capacity (TLC) is not limited by a flow maxi- 
mum, but that below approximately 80% of 
the TLC, expiratory airflow plateaus and 
maximum flow is limited.22 The basic theory 
of flow limitation uses the equal pressure 
point concept of Mead et al25'26 and the Star- 
ling resistor therapy concept of Pride et al.37 

Both theories share a common concept of 
dynamic resistance to airflow and the flow- 
limiting segment where airway pressure resis- 
 

tance exceeds alveolar pressure.8 Understand- 
ing these basic concepts reveals why simple 
results of airflow such as FEVi are so useful. 
In brief, FEV] is determined by intrinsic prop- 
erties of the lungs and not simply by effort. 
For more detail and illustrations of these con- 
cepts, the reader may refer to the original 
reports or to a thorough review of the func- 
tion of the normal human lung.29 

The chest radiograph representation of the 
full inspiration compared with a forced expi- 
ration is presented in Figure 3. The FVC has 
been expelled between the inspiratory and 
expiratory chest radiographs. A small amount 
of air remains in the upper part of the lungs. 
This remainder is the residual volume. The 
alveolar wall attachments surrounding the 
smallest airways (Fig. 4) tend to tether them, 
to prevent premature closure during forced 
expiratory airflow. It must be stressed that 
spirometric tests are effort-dependent. The 
quality of the effort to fill and to empty the 
lung forcefully affects the precision of expir- 
atory and inspiratory airflow efforts. 

The key spirometric tests are FVC (volume 
test) and FEVi (flow test). Like systolic and 
diastolic blood pressure measurements, spi- 
rometry is a simple expression of a complex 
process. The determinants of expiratory air- 
flow are compared with the determinants of 

Flow = Pressure 

Resistance 
 
 

In Ventilatory Function 
Airflow Limitation 

(also called obstruction) 
is determined by 

 
 
 

Loss of Elastic Recoil 
(pressure) 
As in Emphysema 
  

 

Airway Narrowing 
(Resistance) 
As in Asthma, Chronic 
Bronchitis 
 

Figure 2. The determinants of expiratory airflow are the driving force 
that is the elastic recoil of the lungs and thorax against the resistance 
of the conducting airways. Muscular effort is required for a complete 
inspiratory breath and the forced vital capacity maneuver. Repro- 
duced with courtesy of Thomas L. Petty, MD, from American Journal 
of Medical Quality. 
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Figure 3. Inspiratory (A) and expiratory (B) radiographs revealing residual volume in the 
upper half of the lung. The forced vital capacity has been expelled during the inspiratory and 
expiratory films. 

 

Figure 4. Alveolar attachments to small airways. 
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Table 1. DETERMINANTS OF EXPIRATORY AIRFLOW 
(LUNG FUNCTION) AS COMPARED WITH THE 
DETERMINANTS OF BLOOD PRESSURE 

Blood Pressure 
(Sphygmomanometry) Lung Function (Spirometry) 

120/80             3.0 FEV,/4.0 FVC 
Elastic recoil 
Airways resistance 
Large airways 
Small airways 

Interdependence, and so forth 
Muscular effort and 

coordination, and so forth 

flow obstruction. Figures 9 and 10 are exam- 
ples of the flow-volume and time-volume 
curves in moderate and severe ventilatory re- 
striction. It should be remembered that air- 
flow is a result of pressure against resistance 
(see Fig. 2). Pressure is generated by muscular 
effort and the elastic recoil in the lung. Air- 
ways resistance impedes airflow. Expiratory 
airflow can be limited by a reduced driving 
pressure from loss of elastic recoil, as in em- 
physema, in airways disorders (i.e., chronic 
bronchitis, asthma, which increases airways 
resistance), or both. Overlaps are common. 

blood pressure in Table 1. Spirometry mea- 
sures elastic recoil, small airways function, 
large airways function, interdependence of 
airways and alveoli, and muscular effort. The 
net result is the FEV], the FVC, and the ratio 
between the two—that is, FEVi/FVC. 

Normal spirometric values are based on 
age, gender, and height. These values are pro- 
grammed into modern electronic spirometers 
and are available as printed nomograms or 
formulae. The most complete normal values 
for a large, random US population are used 
by most spirometer manufacturers.18 

THE TWO CONVENTIONS USED IN 
SPIROMETRY 

Historically, Spirometry was presented as 
the exhaled volume over time. These volume- 
over-time curves are easy to visualize and 
allow the clinician to identify at a glance the 
FEVi and the FVC and the expiratory time. 
The advent of flow transducers provided an- 
other method of expressing airflow—that is, 
flow-volume. Although the so-called flow- 
volume convention gained popularity, it must 
be remembered that this method measures 
exactly the same thing as the volume-over- 
time method. The values are expressed in a 
different, sometimes more confusing, manner. 
All physicians should be able to use either 
method of analyzing airflow and volume in 
their practices. The flow transducer also 
allows a tracing of inspiratory flow, which is 
not available from most volume displacement 
devices. These two methods, flow-volume 
and time-volume are illustrated in Figures 5 
through 8. These curves range from normal 
through the various progressive stages of air- 
 

TESTS OF SMALL AIRWAYS 
DISEASE 

Following the classic description of small 
airways disease in smokers by Hogg and as- 
sociates,20 an understandable focus on possi- 
ble physiologic markers of airway inflamma- 
tion, fibrosis, and mucous plugging emerged. 
At one time, the most popular spirometric 
index for small airways pathology was pur- 
ported to be the forced expiratory flow be- 
tween 25% and 50% of the FVC (FEF^/^syo).7 

Additional tests of small airways pathology 
were the nitrogen washout test for closing 
volume2 and flow-volume tests using gases 
of different densities" and frequency depen- 
dency tests.44 Although abnormalities in the 
FEF25./^75./. did correlate with small airways 
lesions as determined by surgical resectional 
specimens, the relationship was not signifi- 
cantly better than a relationship in FEVi/ 
FVC.7 

Nitrogen washout tests are not suitable for 
widespread application, such as office prac- 
tice. Of greater significance is the fact that 
longitudinal tests of patients with an abnor- 
mal closing volume, as determined by nitro- 
gen washout, did not predict a later reduction 
in FEVi or the emergence into clinically sig- 
nificant disease.3140 In the author's laboratory, 
in studies of whole, fresh, excised human 
lungs, the FEFzs./^s.^ was not better than the 
FEVi/FVC at identifying small airways dis- 
ease.34-36 Frequency dependency tests are also 
not relevant to office practice. 

The author's main objection to the TEF's°/^7s% 
is that it is not only unnecessary, it is fre- 
quently misleading. To cite an example, the 

Cardiac output 
Peripheral resistance 
Blood volume 
Blood viscosity 
Renin-angiotensin axis 
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Figure 5. Normal flow-volume (A) and time-volume (B) expiratory curves. 
author saw a 79-year-old woman for a preop- 
erative evaluation during a work-up for a 
noncalcified solitary nodule that, on positron 
emission tomography, was strongly sugges- 
tive of malignancy. She had smoked a total of 

50 pack-years but had stopped smoking 10 
years before. Her father, also a heavy smoker, 
had died of lung cancer. 
Her spirometric tests are presented in Table 
2. It should be noted that this woman's FVC 

Table 2. PREOPERATIVE PULMONARY FUNCTION TESTS 

 Value % Predicted  Value % Predicted 

FVC 2.87 115 TLC 4.54 100 
FEVi 1.69 97 RV 1.54 80 
FEVi/FVC 59.0 70 DLco/VA 2.48 89 
FEF25%-75% 0.67 34 Sa02 RA 93 
FET (sec) 9.3 <6.0    

FVC = forced vital capacity; FEVi = forced expiratory volume in one second; FEVi/FVC = ratio; FEF25%-75% = forced 
expiratory 
flow between 25% and 75% of forced vital capacity; FET = forced expiratory time; TLC = total lung capacity; RV = residual 
volume; 
DLco/Va = dillusion test corrected for alveolar volume; SAOs == anterial oxygen saturation. 
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Figure 6. Mild airflow obstruction demonstrated in flow-volume (A) and 
time-volume (B) curves. FEV,/FVC = 59%. 

 
is supernormal (115% of predicted) and her 
FEV) is exactly normal for her age, gender, 
and height, (97%). Her FEF 25%-75% is low be- 
cause it is taken from midexpiration, which 
is in the middle half of the total expiratory 
time of 9.3 seconds—that is, a prolonged ex- 
piratory time because of an exceptional effort. 
Normal lungs usually empty in 6 seconds. 
This patient has the ability to empty her lungs 
to below her normal predicted residual vol- 
ume (80% of predicted). 
On resection, the solitary nodule proved to 
be a benign carcinoid tumor. Her small air- 
 

ways and alveolar structures in the wedge 
resection revealed no pathology. 

This striking example demonstrates the 
trap the clinician can fall into if not aware of 
the complexities of spirometry. Unfortunately, 
because a flow transducer can yield many 
numbers and derived values from the expir- 
atory volume-time versus flow-volume 
curve, an excess number of extraneous values 
often are printed out, only to confuse the 
practitioner. Clinicians should focus only on 
the two primary parameters—FEVi and 
FVC—and the ratio between the two. As this 

A 
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Figure 7. Moderate airflow obstruction seen in flow-volume (A) and time- 
volume (B) curves. 

 
case example demonstrates, however, even 
the FEV]/FVC ratio may be spuriously low 
when the FVC is high. 

INTERPRETATION OF SPIROMETRIC 
ABNORMALITIES 

First the time-volume or flow-volume 
curves should be scrutinized carefully for evi- 
dence of a good effort. This evidence means 
there must be a smooth curve, without cough 
or premature cessation of airflow from an 
obviously poor effort. One of the advantages 

of the flow-volume convention is that peak 
flow can be visualized directly. It cannot be 
seen on the time-volume curve. Peak flow 
should occur within 0.1 second of initiation 
of forced expiration. 

The FEVi/FVC percent should be above 
0.7. When this value falls significantly below 
70% and the FVC (i.e., denominator) is nor- 
mal, this is indicative of an obstructive venti- 
latory defect. By contrast, in restrictive venti- 
latory defects, the FEVi/FVC ratio increases, 
often above 80% to 90%. This increase is be- 
cause fibrotic lungs have increased elastic re- 
coil and airways are patent. In restrictive dis- 
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Figure 8. Severe obstruction seen in flow-volume (A) and time-volume 
  (B) curves. 
 

ease, therefore, if the FVC is less than 80% 
predicted and the FEVi/FVC is greater than 
80% predicted, a restrictive ventilatory defect 
is likely to be present. Figure 11 shows an 
interpretation algorithm that may be useful 
to differentiate obstructive and restrictive 
ventilatory disorders. 

The common obstructive ventilatory disor- 
ders are: 

Asthma 
Asthmatic bronchitis 
Chronic obstructive bronchitis 
Chronic obstructive pulmonary disease 
(COPD; a generic term that includes asth- 
 

matic bronchitis, chronic bronchitis, 
bronchitis, and emphysema; these states 
commonly overlap) 

Cystic fibrosis 
Emphysema 

Where major reversibility is present, this is 
indicative of asthma or possibly asthmatic 
bronchitis, a form of chronic bronchiectasis in 
which airway hyperreactivity is increased 
and reversibility may be significant. The com- 
mon restrictive ventilatory disorders are: 

Idiopathic fibrosing alveolitis 
Interstitial pneumonitis and fibrosis associ- 
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Figure 9. Moderate restriction seen in flow-volume (A) and time-volume 
(B) curves. 

 
ated with drug reactions (e.g., bleomycin 
[Blenoxane]) or occupational exposures 
(e.g., asbestosis) or with collagen diseases 
(e.g., rheumatoid arthritis) 

Fibrotic residue of disseminated granulo- 
mas (e.g., tuberculosis, histoplasmosis) 

Sarcoidosis 
Thoracic deformities 
Congestive heart failure 

SPIROMETRY IS AN IMPORTANT 
DATABASE 

Normal spirometry predicts good chance of 
survival; abnormal spirometry indicates an ad- 
 

verse prognosis. Simple spirometric measures 
provide an important database for the primary 
care physician. One example is the patient 
who comes to the physician with cough and 
dyspnea thought to be associated with a cer- 
tain occupation. Knowledge of prior spirome- 
try will give a baseline for comparison. 

SPIROMETRY IN PATIENT 
MONITORING 

Simple office spirometry is key to the iden- 
tification of many disease states and to the 
objective monitoring of responses to therapy 
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Figure 10. Severe restriction seen in flow-volume (A) and time-volume 
(B) curves. 

 
for these heterogeneous conditions. It should 
play a central role any time a physician pre- 
scribes potent bronchoactive and anti- 
inflammatory drugs. A clinician would not 
treat hypertension without measurements of 
blood pressure, give insulin or an oral hypo- 
glycemic agent to a diabetic without measure- 
ments of blood sugar, treat cardiac arrhyth- 
mias without ECG monitoring, or use 
warfarin anticoagulation without monitoring 
prothrombin times and INR. Nonetheless, 
spirometry is still not part of the primary care 
practice of most physicians who regularly 
prescribe drugs designed to improve airflow, 
volume, or both. 

LUNG CANCER SPIROMETRIC 
ABNORMALITIES AND SMOKING- 
RELATED DISEASES 

Lung Cancer is the most common fatal ma- 
lignancy among men and women. Death rates 
remain high because the disease usually is 
discovered late in its course, with symptoms 
of cough, chest pain, or hemoptysis bringing 
the patient to the physician. The frequent use 
of chest radiographs and sputum cytology in 
screening large populations for lung cancer 
has been studied in three major centers, with 
disappointing results.13'l4'27'42 Although ear- 
lier diagnosis through screening was possible 
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Figure 11. Nomogram algorithm for separating obstructive from restrictive airflow 
obstruction. "If clinical correlation present. +Some COPD may have reversible 
component. 

in men who smoked, the resectability and 
cure rates were not substantially improved by 
screening.13' u This lack of improvement has 
led to the widespread belief that screening for 
lung cancer is not worthwhile.10'42 The author 
believes that in light of new findings using 
spirometry (described subsequently), this ad- 
vice must be reconsidered.31'32 

 

Lung Cancer 

    Several epidemiologic studies have indi- 
cated a common denominator between COPD 
and lung cancer.5'6 In one study, nine lung 
cancers were found in 113 patients with air- 
flow obstruction, compared with only two 
patients in 113 in whom airflow was normal 
over a 10-year follow-up period.38 These two 
groups were matched for age, gender, smok- 
 

ing history, and occupation. The presence of 
airflow obstruction therefore is a powerful 
predictor of the subsequent development of 
lung cancer.23'38 Furthermore, the presence of 
mucus hypersecretion seems to be an inde- 
pendent indicator of lung cancer.23 

These new observations may reopen the 
thought of using sputum cytology to look for 
lung cancer in high-risk patients—for exam- 
ple, smokers who have airflow obstruction or 
a family history of lung cancer. Chest radio- 
graphs or CT scans also should be used regu- 
larly for cancer surveillance in patients with 
these high risks.32 

 

Myocardial Infarction 
    The well-known and often-quoted Fra- 
mingham Heart Study showed a close nega- 
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tive correlation between reduction in FVC 
and risk for death from heart disease."'39 The 
reason for this association is probably multi- 
factorial. Patients who are at risk for myocar- 
dial infarction are commonly obese and in a 
state of poor physical fitness. In addition, 
they may have cardiac hypertrophy or occult 
congestive heart failure. Any or all of these 
abnormalities could lead to reduced FVC in 
proportion to increased myocardial infarction 
risk. More recent studies have confirmed that 
a decline in spirometric function is an inde- 
pendent risk factor for cardiovascular disease 
and death.43 

Lung Age 

Another way to look at the effect of smok- 
ing on lung function is the concept of "lung 
age,"28 which is computed by matching an 
individual's FEVi value with the age at which 
that FEVi value is considered normal based 
on predicted values. If a six-foot, 47-year-old 
man has an FEVi of 2.2, for example, his lung 
age is 72, because 2.2 is the FEVi measure- 
ment considered normal for a 72-year-old 
man of that height. Calculating a patient's 
lung age can be a potent motivator in smok- 
ing cessation.28 

Chronic Obstructive Pulmonary 
Disease 

By far, the greatest risk factor in the devel- 
opment of emphysema, asthma, and chronic 
bronchitis—that is, the full spectrum of 
COPD—is smoking. In early COPD, FEVi be- 
gins to fall before FVC. This decrease results 
in a reduced ratio between FEVi and FVC (less 
than the normal 70%). Population studies have 
shown clearly that this single value (FEVi/ 
FVC) can identify patients who are at risk 
for undergoing accelerated lung function loss. 
Abnormalities in FEVi and FEVi/FVC herald 
the onset of clinically significant COFD.4 

EFFECTS OF SMOKING CESSATION 
ON SPIROMETRIC ABNORMALITIES 

Because of these powerful correlations be- 
tween spirometric abnormalities and smok- 
ing-related diseases, it follows that smoking 
cessation should be the key intervention 
whenever spirometric abnormalities are 
found in a smoker. 

Lung Cancer 

Smoking cessation reduces the risk for de- 
veloping lung cancer,24 and the risk decreases 

 
 

 
 
 

Figure 12. Accelerated losses of ventilatory function in susceptible smokers, 
and the beneficial effect of stopping smoking. (From Peto R, Speizer FE, 
Cochrane AL, et al: The relevance in adults of air-flow obstruction, but not 
of mucus hypersecretion, to mortality from chronic lung disease. Results 
from 20 years of prospective observation. Am Rev Respir Dis 128(3):492, 
1983; with permission). 
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with each year of smoking cessation. After 10 
years of abstinence, the risk for developing 
lung cancer drops considerably but never to 
that of a nonsmoker in patients who have 
been heavy smokers—that is, more than 30 
pack-years. 

Ischemic Heart Disease 

Studies show that the survival rate of pa- 
tients with prior myocardial infarction or an- 
giographically proved ischemic heart disease 
is far better in patients who stop smoking 
than in those who continue to smoke ciga- 
rettes." The benefit from smoking cessation 
has been greatest in patients with moderate 
to marked manifestations of ischemic heart 
disease, and least evident in the most cardiac- 
disabled persons. It therefore behooves physi- 
cians to develop a treatment plan to educate 
patients about smoking cessation as early as 
possible. 

Chronic Obstructive Pulmonary 
Disease 

The course and prognosis of COPD are im- 
proved greatly in patients who stop smoking. 
In a study conducted in the United Kingdom, 
patients who stopped smoking at age 45 and 
whose FEVi was 70% of that predicted at age 
25 had a decrease in deterioration of lung 
function within a few years, so that their 
lung-function loss paralleled the normal age- 
related change, or approximately 30 mL/year 
for a normal-size man.30 Even patients who 
stopped smoking at age 65 and whose FEVi 
was reduced to 30% of that predicted at age 
25 had improved survival compared with in- 
dividuals who continued to smoke (Fig. 12).30 

The message of this study is that it is never 

 
Follow-up (y) 

Figure 13. Improved ventilatory function in sustained 
quit- 
ters in the Lung Health Study, compared with continued 
smokers. (From Anthonisen NR, Connett JE, Kiley JP, et 
al: Effects of smoking intervention and the use of an 
inhaled anticholinergic bronchodilator on the rate of de- 
cline of FEV,. The Lung Health Study. JAMA 272(19): 
1502, 1994; with permission). 

too late to stop smoking, although it is better 
if patients stop smoking earlier in the natural 
course of COPD. 

The 1994 Lung Health Study also showed 
a reduced rate of decline in FEV] over 5 years 
in patients who stopped smoking. Those with 
the mildest abnormalities had a slight im- 
provement in airflow before the mild, age- 
related decline occurred (Fig. 13).' It is highly 
noteworthy that the most common cause of 
death in the middle-aged participants in the 
Lung Health Study was lung cancer, with an 
incidence much higher than heart attack and 
stroke. This finding is remarkable since these 
patients' average age was 48.5 years (Table 3). 

THE NATIONAL LUNG HEALTH 
EDUCATION PROGRAM 

The National Lung Health Education Pro- 
gram (NLHEP) is a new national health care 

Table 3. THE LUNG HEALTH STUDY: DEATHS WITHIN FIVE YEARS' 

Cause 
 

Smoking Intervention 
+ Ipratropium 

Smoking Intervention 
+ Placebo 

Usual Care 
 

Total 

Lung cancer 
Cardiovascular disease 
Other 
Total

18 
18 
18 
54

20 
7 
17 
44

19 
12 
20 
51

57 
37 
55 
149
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initiative aimed at the early diagnosis of 
COPD and related disorders.33 The Spirome- 
ter Committee of the NLHEP recommends 
spirometry in all smokers older than the age 
of 45 years and in anyone with cough, mu- 
cous hypersecretion, dyspnea, or wheeze.12 

Because the forced expiratory volume in 6 
seconds (FEV(,) can be taken as a surrogate 
for the FVC, new office-based devices use the 
FEVfi in the denominator of the FEVi/FVC 
equation.18'41 This use is because an FEV] / 
FEV(, of less than 70% is as good a predictor 
of a rapid decline in FEVi as the full ratio. 
Because it is difficult for many patients to 
exhale for 12 to 15 seconds to complete the 
full expiratory maneuver, it is practical and 
reasonable to limit the forced expiratory air- 
flow measurement to 6 seconds.18'41 A new 
family of spirometers has been developed in 
direct response to the NLHEP initiative. Most 
of these devices sell for $500 or less. They can 
store up to 300 tests. They can be interfaced 
with a printer to record time-volume curves 
or flow-volume curves. 

SUMMARY 

Spirometric measurements are as funda- 
mental to medicine as are measurements of 
pulse, blood pressure, temperature, height, 
and weight. Spirometric measurements 
should be considered important vital signs. 
Any deviations from "normal" measurements 
can point primary care physicians toward the 
use of behavioral modification or effective 
pharmacologic agents to prevent or forestall 
their patients' premature morbidity and mor- 
tality from many disease states, including 
premature deaths from all causes. 
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Office Spirometry for Lung Health
Assessment in Adults*
A Consensus Statement From the National Lung
Health Education Program

Gary T. Ferguson, MD, FCCP; Paul L. Enright, MD; A. Sonia Buist, MD; and
Millicent W. Higgins, MD, Honorary FCCP†

COPD is easily detected in its preclinical phase using spirometry, and successful smoking
cessation (a cost-effective intervention) prevents further disease progression. This consensus
statement recommends the widespread use of office spirometry by primary-care providers for
patients > 45 years old who smoke cigarettes. Discussion of the spirometry results with current
smokers should be accompanied by strong advice to quit smoking and referral to local smoking
cessation resources. Spirometry also is recommended for patients with respiratory symptoms
such as chronic cough, episodic wheezing, and exertional dyspnea in order to detect airways
obstruction due to asthma or COPD.
Although diagnostic-quality spirometry may be used to detect COPD, we recommend the
development, validation, and implementation of a new type of spirometry—office spirometry—
for this purpose in the primary-care setting. In order to encourage the widespread use of office
spirometers, their specifications differ somewhat from those for diagnostic spirometers, allowing
lower instrument cost, smaller size, less effort to perform the test, improved ease of calibration
checks, and an improved quality-assurance program. (CHEST 2000; 117:1146–1161)

Key words: COPD; risk assessment; smoking; spirometry

Abbreviations: ACCP 5 American College of Chest Physicians; ATS 5 American Thoracic Society; BTPS 5 body
temperature, ambient temperature, and saturation with water vapor; FET 5 forced expiratory time; FEV6 5 forced
expiratory volume in 6 s; HRCT 5 high-resolution CT; LHS 5 Lung Health Study; LLN 5 lower limit of normal;
NHANES 5 National Health and Nutrition Examination Survey; NHLBI 5 National Heart Lung and Blood Institute;
NLHEP 5 National Lung Health Education Program; PCP 5 primary-care provider; PEF 5 peak expiratory flow;
PEFT 5 peak expiratory flow time; PF 5 pulmonary function; QC 5 quality control

D uring the last 40 years, the desire to reduce the
morbidity, mortality, and expense of common

chronic diseases in the United States has led to
successful programs designed to identify and modify
risk factors such as hypertension and hypercholester-
olemia.1,2 The primary and secondary prevention of

disease through early recognition and intervention
has become a key strategy, leading to the preparation
of guidelines by various expert panels that recom-
mend specific screening and monitoring pro-
grams.3–5 Despite evidence documenting the very
high burden of suffering and the economic cost of
chronic respiratory diseases,6 and despite calls for
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consensus statements on the management of COPD
have not addressed the early assessment of respira-
tory function in people at risk for chronic respiratory
diseases.9–12 Although standards for the perfor-
mance of spirometry are well established,13 and
although diagnostic quality spirometers are widely
available, primary-care physicians rarely use spirom-
etry to detect COPD in smokers or to detect asthma
or COPD in patients with respiratory symptoms.14–17

The failure of spirometry to meet the require-
ments for effective screening in general unselected
populations (regardless of smoking status or symp-
toms) provided the basis for the unwillingness to
support efforts to detect COPD early in its course,
although the use of spirometry for “case finding” in
patients who seek medical care for “unrelated”
symptoms (during a clinical encounter), and who are
at high risk for COPD due to a history of heavy
cigarette smoking, was supported by a 1983 official
statement of the American Thoracic Society (ATS).18

Several lung function tests that initially were thought
to be sensitive to early disease of small airways
(closing volumes and nitrogen washout curves, for
example) were too complex and were found not to
predict the subsequent development of COPD.19–22

When the use of spirometry was initially suggested
for identifying smokers with asymptomatic lung dis-
ease,23,24 little evidence could be found to suggest
that early identification of COPD would have any
impact on its course. Although there was mounting
evidence that spontaneous smoking cessation im-
proved the rates of decline in lung function toward
normal,25,26 selection bias and other factors may have
accounted for these changes. Furthermore, out-
comes in most smoking cessation programs were
disappointing.

Since then, results from the National Health and
Nutrition Examination Survey (NHANES) III and
the multicenter Lung Health Study (LHS) have
provided a new basis for early identification and
intervention in COPD.27,28 The LHS was the first
study to demonstrate prospectively that early inter-
vention in smokers identified to be at risk for COPD
could modify the natural history of the disease. Both
the NHANES III and the LHS also documented the
ability of spirometry to detect mild airflow abnormal-
ities in thousands of cigarette smokers, many of
whom did not have symptoms that would have
prompted them to seek medical attention.

Increased awareness of these issues has led to the
formation of the National Lung Health Education
Program (NLHEP), a project jointly sponsored by
several professional societies crossing various medi-
cal disciplines and specialties.29 The program is
designed to increase the awareness of lung health in
patients, health-care practitioners, and health-care

organizations. As a part of the NLHEP, a subcom-
mittee was organized to reevaluate the role of simple
lung-function testing as a tool for assessing lung and
overall health. Following an extensive literature re-
view, Gary Ferguson developed the first draft of this
report in early 1998, which then was reviewed by the
NLHEP spirometry subcommittee. The American
College of Chest Physicians (ACCP) and the Na-
tional Heart, Lung, and Blood Institute (NHLBI)
then held a conference on August 18, 1998, to review
the report further. Paul Enright then revised the
document based on discussions and comments from
the conference attendees. The revised report was
again reviewed during a second conference spon-
sored by the NHLBI in Bethesda, MD, on March
26, 1999. Both conferences included experts in
spirometry and evidence-based medicine, including
representatives from several professional associa-
tions and governmental agencies. This document
represents the contributions of the participants of
these conferences.

Indications for Office Spirometry

Recommendation

Primary-care providers (PCPs) should perform an
office spirometry test for patients $ 45 years old who
report smoking cigarettes (current smokers and
those who quit during the previous year) in order to
detect COPD.

Rationale: Several well-recognized criteria have
been established for the use of medical tests that
have been proposed for the early detection of dis-
ease,30–34 and spirometry for the detection of COPD
in adult cigarette smokers fulfills all of these criteria:

1. The disease, if not detected early, would go
on to cause substantial morbidity or mortality;

2. Treatment is available that is more effective
when used at the early stage before the
development of symptoms than when used
after the symptoms develop; and

3. A feasible testing and follow-up strategy is
available that
a. minimizes the false-positive and false-neg-

ative rates,
b. is relatively simple and affordable,
c. uses a safe test, and
d. includes an action plan that minimizes

potential adverse effects.
The above criteria are usually applied to screening

tests, defined as medical tests done for individuals
who have no symptoms or signs that suggest the
possibility of disease. Office spirometry is considered
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to be a part of a clinical evaluation and does not fall
under the definition of a screening test when per-
formed for patients with respiratory symptoms who
are seen during a clinical encounter (whether or not
they have a history of cigarette smoking). Also, if the
patient has been diagnosed as having tobacco addic-
tion (a disease with a code in the International
Classification of Diseases, ninth revision), office
spirometry may be indicated to assess the severity of
that disease and is not then considered to be a
screening test. Although the NLHEP does not rec-
ommend office spirometry for screening unselected
populations or for testing patients who have no
cardiopulmonary risk factors, the next section of this
document provides evidence that office spirometry
fulfills all of the criteria listed above when it is used
to detect COPD in adult smokers.

The Disease, If Not Detected Early, Would Go On
to Cause Substantial Morbidity or Mortality

COPD is the most important lung disease encoun-
tered and the fourth leading cause of death in the
United States, and it affects at least 16 million
people.7,35 Of the top causes of mortality in the
United States, only the death rate for COPD contin-
ues to rise, increasing by 22% in the past decade.
The 10-year mortality rate for COPD after diagnosis
is . 50%.36 In addition, the number of patients with
COPD has doubled in the last 25 years, with the
prevalence of COPD now rising faster in women
than in men.37 Although the frequency of hospital-
ization for many illnesses is decreasing, the number
of hospital discharges for COPD rose in the last
decade. COPD causes 50 million days per year of
bed disability and 14 million days per year of re-
stricted activity.38,39 COPD causes about 100,000
deaths per year, 550,000 hospitalizations per year, 16
million office visits per year, and $13 billion per year
in medical costs, including home care.35

Treatment Is Available That Is More Effective
When Used at the Early Stage of COPD, Before
the Development of Symptoms, Than When Used
After Symptoms Develop

COPD is a slowly progressive, chronic disease
characterized by cough, sputum production, dys-
pnea, airflow limitation, and impaired gas ex-
change.40 The early and common symptoms of
chronic cough and sputum production usually are
ignored by the patient (and often their physicians) as
normal or expected for a smoker, and no interven-
tion is deemed necessary. The disease usually is not
diagnosed until the patient experiences dyspnea with
only mild exertion, which interferes with the pa-
tient’s quality of life. The diagnosis of COPD is made

by clinicians (1) by noting the presence of at least
one risk factor in the patient’s medical history (usu-
ally . 20 pack-years of cigarette smoking), (2) by
documenting moderate-to-severe airflow limitation
using a diagnostic spirometry test, and (3) by exclud-
ing heart failure and asthma as the causes of airflow
limitation.12

The LHS was a randomized clinical trial that
demonstrated that COPD could be detected in its
early stages in smokers with few symptoms.28 Spi-
rometry tests were performed for . 70,000 women
and men who were current smokers (without regard
to symptoms), 35 to 59 years old, from nine United
States communities and Winnipeg, Canada.41 About
25% of those tested were found to have borderline to
moderate airflow obstruction. An additional 5% had
severe airflow obstruction (, 50% of predicted), and
they were excluded from the study and referred for
treatment. Those taking medications for asthma also
were excluded. About 6,000 smokers with borderline
to moderate airflow obstruction were recruited and
were followed up for 5 years. About half of the
participants reported chronic cough (with a wide
range of 26 to 81%, depending on gender, age group,
and clinic site). Wheezing on most days and nights
was reported by about one third of participants; only
2.8% reported a current diagnosis of asthma but
were not taking any prescription medications for
asthma.42 Those who continued to smoke were doc-
umented to have faster rates of decline in lung
function. Importantly, participation in a smoking
cessation program significantly decreased the rate of
decline in lung function in these individuals relative
to those who continued to smoke. Those participants
who continued not to smoke (sustained quitters)
showed a small improvement in lung function over
the first year compared to continuing smokers (mean
rise in FEV1, 57 mL vs mean fall in FEV1, 38 mL,
respectively) and had reduced rates of decline over
the remaining 4 years of study (mean rate of decline
in FEV1, 34 vs 63 mL/yr, respectively).28 Thus, the
rate of decline of FEV1 following successful smoking
cessation was very similar to that seen in healthy
nonsmoking adults (28 to 35 mL/yr).43,44

In addition to documenting the benefits of smok-
ing cessation in modifying the natural history of
COPD, the LHS documented the ability to success-
fully intervene with an intense smoking cessation
program in relatively asymptomatic smokers.28 At
least 35% of the subjects studied were able to quit
smoking for extended periods of time, and 22% of
the subjects were able to quit and sustain smoking
cessation for 5 years (as compared to 6% in the usual
care group). The smoking recidivism rates during the
5 years equaled the repeat quitter rates, such that
35% of the subjects were nonsmokers at any cross-
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sectional period of time. Of course, smoking cessa-
tion rates are likely to be lower in primary-care
settings when compared to a clinical trial.33,34

Effective smoking cessation methods available to
primary-care practitioners have dramatically im-
proved in the last several years. Detailed recommen-
dations are now available that synthesize the expand-
ing smoking cessation knowledge base.45,46

Awareness of different stages in the process of
behavioral change have allowed for more focused
efforts on subjects likely to quit smoking.47,48 In
addition, increasing success with repeated attempts
at smoking cessation now is recognized. Significant
advances in the understanding and treatment of
nicotine addiction also have occurred.49 Nicotine
gum and patches50 are now available over the
counter in the United States. Bupropion hydrochlo-
ride (Zyban; Glaxo Wellcome; Research Triangle
Park, NC), an oral medication that is even more
effective than nicotine patches,51,52 now is available
by prescription in the United States. Comprehensive
and effective community-based smoking cessation
programs also are available in most communities in
the United States.53

Recognizing that individual rates of decline in lung
function vary, the LHS clearly documents that spi-
rometry can identify large numbers of adult smokers
at risk for COPD, and that smoking cessation pro-
grams can impact positively on the progression of
COPD in those smokers who successfully quit. The
regular use of b-agonists or ipratropium in current or
former smokers with airways obstruction, but with-
out asthma, apparently has no effect on COPD
progression.28,54,55 However, there is some recent
evidence that high-dose inhaled corticosteroids given
to smokers with spirometric evidence of mild-to-
moderate airflow limitation reduces morbidity, im-
proves quality of life.56–58

Spirometry Testing Probably Enhances Smoking
Cessation Rates

Previous studies of lung function testing in the
general population have had mixed results, with
some showing no effect19 and others suggesting that
knowledge of an abnormal lung function test dou-
bled the likelihood of quitting smoking, even when
no other interventions were applied.59–62 A recent
review63 concluded that spirometry meets all the
criteria for a test for the early detection of COPD,
except that there is no conclusive evidence that
spirometry adds to the efficacy of standard smoking
cessation advice, which is based on current clinical
practice guidelines.45 Two randomized clinical trials

that address this issue have been performed. The
first study of 923 Italian smokers found a 1-year
quitting rate of 6.5% in those who received counsel-
ing with spirometry, 5.5% in those with counseling
alone, and 4.5% in those who received only brief
physician advice.64 These rates did not differ signif-
icantly, but only half of the study participants who
were asked to visit a laboratory for spirometry testing
ever did so, and there was no evidence that the
spirometry results even were discussed with those
who performed the test; therefore, the study proba-
bly had inadequate power to show a difference (a
type II error). The second study was population
based and identified 2,610 young men who were
current smokers, were aged 30 to 45 years, had low
FEV1 values, and were from 34 cities in Norway.65 A
random half of the men were mailed a personalized
letter from a physician stating that they should quit
smoking because they were at increased risk for
smoking-related lung disease because of their low
lung function. A 15-page smoking cessation pam-
phlet that emphasized behavioral modification was
included in the letter. The self-reported 12-month
sustained smoking cessation rates were 5.6% in the
minimalist intervention group vs 3.5% in the control
group (who were not informed of their spirometry
results). After adjusting for age of smoking onset,
cigarettes smoked per day, and history of asbestos
exposure, the letter describing the abnormal spirom-
etry results was responsible for a 50% improvement
in the smoking cessation rates (p , 0.01). Even a 1 to
2% improvement in smoking cessation rates would
result in a very large absolute number of lives saved
each year in the United States.66

The Relationship Between Spirometry and COPD

Various studies have determined COPD risk fac-
tors. COPD occurs predominantly in current and
former cigarette smokers, and there is a dose-re-
sponse relationship. The risk of COPD is strongly
associated with the intensity and duration of smok-
ing.42,67,68 Other factors that also increase COPD
risk, but less commonly or to a lesser degree, include
occupational dust exposure,69 environmental tobacco
smoke,68 exposure to environmental air pollution,70 a
rare genetic deficiency of a1-antitrypsin,71 a history
of childhood respiratory infections,72 and the pres-
ence of airway hyperresponsiveness, as measured by
spirometry.73,74 Even moderate COPD cannot be
detected reliably by a medical history or physical
examination.75–77

Abnormal spirometry (ie, limitation of expiratory
airflow, airways obstruction, or a low FEV1/FVC
ratio) is a strong predictor for rapid progression of
COPD.28 The degree of airways obstruction corre-
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lates closely with pathologic changes in the lungs of
smokers and patients with COPD.78 Spirometry re-
sults are also a strong independent predictor of
morbidity and mortality due to COPD,79,80 mortality
due to cardiovascular disease,81 lung cancer,82,83 as
well as all-cause mortality.84,85

A Feasible Testing Strategy Is Available That
Minimizes the Rates of False-Positive and False-
Negative Results

The accuracy of a test for the early detection of
disease is measured in terms of two indexes: sensi-
tivity and specificity.5 A test with poor sensitivity will
miss cases (true-positive results), producing false-
negative results, while a test with poor specificity will
result in healthy persons being told that they have
the disease, producing false-positive results.

An accepted reference standard (a “gold stan-
dard”) must be available to provide the means for
distinguishing between true-positive and false-posi-
tive results from the new test. The traditional “gold
standard” for the diagnosis of COPD is the patho-
logic examination of lung tissue,78 but this confirma-
tion of the disease is inappropriate in routine prac-
tice due to the invasive nature of a lung biopsy. The
finding of abnormally low lung densities on a high-
resolution CT (HRCT) lung scan in adult smokers is
very highly correlated with the pathologic grading of
emphysema86 and, therefore, may soon be consid-
ered a secondary reference for COPD, but HRCT
lung scans are infrequently performed clinically due
to their high cost. COPD, as determined by HRCT
lung scans, is moderately correlated with lung func-
tion testing (FEV1/FVC ratio and diffusing capacity
of the lung for carbon monoxide) in adult smokers,87

but emphysema (lung tissue destruction accompa-
nied by lung hyperinflation) is only one component
of COPD and may not be an important predictor of
morbidity and mortality, independent of airflow ob-
struction. The widely accepted definition of COPD
progression is an abnormal rate of decline in lung

function.54,80 The normal annual decline in FEV1 in
healthy, never-smoking adults who are 35 to 65 years
old has been determined by several longitudinal
studies to be a mean of 30 mL/yr with an upper limit
of the normal range of 50 mL/yr, which may be used
to define “rapid fallers.”88

It is important that a high proportion of those who
test positive actually have disease (positive predictive
power). This proportion is higher when the preva-
lence of disease is high. The best estimates of the
prevalence of airflow obstruction and COPD in the
US population are now available from NHANES III
(conducted from 1988 to 1994). In NHANES III,
spirometry was measured in a sample of . 16,000
adults who represented the noninstitutionalized pop-
ulation of the United States. About 29% of all the
adult participants reported current smoking, and
24% were former smokers. Normal reference values
of several spirometry variables were developed from
the “healthy” subset of the nonsmoking men and
women who were free of respiratory symptoms and
diseases. Lower limit of normal (LLN) values, which
were specific for age, sex, and height, were set at the
fifth percentile of the reference population values.27

For this report, prevalence rates of low lung function
in the US population were estimated by defining low
lung function as a FEV1/FEV6 ratio less than the
LLN and an FEV1 value less than the LLN. See
Table 1 for the results.

Prevalence rates of low lung function increase with
age and are highest in current smokers, intermediate
in former smokers, and lowest in never smokers.
Rates are similar in men and women. Compared
with rates in never smokers, rates are more than five
times as high in current smokers at $ 45 years old
and are more than three times as high in former
smokers $ 55 years old. Prevalence rates also were
compared in men and women who reported any
respiratory condition or symptom with those who did
not. A report of any of the following placed the
individual in the symptomatic group: a doctor’s

Table 1—The Prevalence of Low Lung Function in the NHANES III Sample of the Adult US Population

Age
Group, yr

Current Smoker, % Former Smoker, % Never Smoker, %

Men Women Men Women Men Women

17–24 5.9 2.2 1.5 0.0 2.9 3.0
25–34 5.3 3.3 0.3 3.0 2.6 2.0
35–44 5.2 6.7 2.6 2.2 2.3 2.3
45–54 13.1 19.2 4.1 4.0 2.8 1.8
55–64 21.3 28.4 8.8 10.5 3.3 3.5
65–74 30.9 20.9 13.6 14.6 2.9 3.0
75–89 24.8 15.4 13.8 12.8 9.1 2.7
Total* 9.6 9.6 6.5 6.7 2.9 2.5

*Values given as abnormality rate for all age groups.
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diagnosis of asthma, chronic bronchitis, or emphy-
sema; cough or phlegm on most days for $ 3 con-
secutive months during the year; shortness of breath
on mild exertion; or chest wheezing or whistling
apart from colds. Rates of low lung function were
consistently three or more times higher in symptom-
atic men and women than in those who were asymp-
tomatic.

We recommend that all patients $ 45 years old
who are current smokers, as well as those with
respiratory symptoms, perform office spirometry or
diagnostic spirometry. Based on the NHANES III
study, the numbers of patients eligible for spirometry
under these recommendations, and the expected
yield of abnormal spirometry tests are given in Table
2. About one quarter of current cigarette smokers
with a respiratory symptom, a total of 9 million
persons in the United States, can be expected to have
low lung function (airway obstruction). Smokers
$ 45 years old without respiratory symptoms also
have a relatively high abnormality rate: about 9% of
men and 14% of women. On the other hand, current
and former smokers , 45 years old have spirometry
abnormality rates that are similar to those of healthy
never smokers (about 5%), reducing the value of
spirometry testing of young adult smokers. Asymp-
tomatic former smokers ages $ 55 years also have a
sprirometry abnormality rate of 5%.

Office Spirometry Is Relatively Simple and
Affordable

Spirometry is a relatively simple, noninvasive test.
Office spirometry takes only a few minutes of the
patient’s and technician’s time and includes a few
athletic-type breathing maneuvers of 6 s duration.
The economic costs of a spirometry test include the
cost of the instrument and the cost of personnel time
(both training and testing). Diagnostic spirometers
currently cost about $2,000, and about $10 of time
per test is spent in testing (including training time)
and disposable supplies. Office spirometers will cost
, $800 and require even less testing time than diag-

nostic spirometers. Adding a post-bronchodilator spi-
rometry test for asthma adds about 15 min to the test
time (but is not needed for COPD evaluations).

Spirometry Safety

Any medical test has both tangible and intangible
costs. Adverse effects may occur (1) due to the
procedure itself, (2) due to the investigation of
abnormal results, or (3) due to the treatment of
detected abnormalities or diseases.33,34 There are no
adverse side effects from spirometry testing, other
than occasional minor discomfort. However, investi-
gation and confirmation of abnormal spirometry
results in some patients will cost both time and
money and may result in psychological and social
harm in some patients. The cost of diagnostic spi-
rometry to confirm airflow obstruction when per-
formed in a hospital-based pulmonary function (PF)
laboratory ranges from $20 to $60. The estimated
travel time, waiting time, and testing time spent by
the patient ranges from 1 to 3 h. The possible
psychological impact of being labeled as “ill” by self
and others related to false-positive or even true-
positive test results could lead to alterations in
lifestyle and work and to seeking medical attention.
Another potential adverse effect is the unmeasured
risk of reinforcing the smoking habit in some of the
four of five adult smokers who are told that they have
normal results for spirometry testing. However, the
clinician should counteract this possibility by taking
the opportunity to tell the patient that normal results
for spirometry testing do not mean that the patient’s
high risk of dying from a heart attack, lung cancer, or
other smoking-related diseases is substantially re-
duced; therefore, smoking cessation remains very
important.

Finally, the risk of an adverse effect caused by the
intervention for COPD (smoking cessation) is very
small. The side effects of over-the-counter nicotine
replacement are minimal. Successful smoking cessa-
tion leads to a small average increase in body
weight,89 but the slight increase in medical risk from

Table 2—The Number of Men and Women Eligible for Spirometry Testing in the United States and the Prevalence
of Low Lung Function, as Estimated From the NHANES III Study

Population Data

No. of Persons Eligible in US Prevalence of Low Lung Function, %

Men Women Men Women

Smokers, age 451 yr 7,620,000 6,670,000 19.0 22.4
Symptomatic 4,770,000 4,100,000 25.1 27.5
Asymptomatic 2,850,000 2,560,000 8.9 14.4

Symptomatic, ages 25 yr and older 19,000,000 25,200,000 11.1 7.2
Never and former smokers 13,000,000 19,000,000 12.3 7.7
Current smokers, age 25–44 yr 6,000,000 6,200,000 8.6 5.5
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minor weight gain is far exceeded by the benefits due
to reduced morbidity and mortality and the eco-
nomic savings in cigarette and cleaning costs.

The Action Plan

Even when test quality seems good, diagnostic
spirometry is highly recommended to confirm abnor-
mal office spirometry findings prior to initiating an
expensive workup or an intervention with negative
economic consequences (such as a recommendation
to change jobs or to prescribe a medication).

The key focus of the NLHEP program is preven-
tion and early intervention. Validated abnormal test
results in a smoker should lead to a more detailed
history and examination for pulmonary disease and
cardiovascular risk factors (including hypertension,
diabetes mellitus, obesity, hypercholesterolemia,
etc). Consideration should be given to the presence
of pulmonary diseases other than COPD, including
asthma, restrictive lung and chest wall diseases,
neuromuscular diseases, and cardiac disease.

When airway obstruction is identified in a smoker,
the primary intervention is smoking cessation. In the
event that a patient with airway obstruction contin-
ues to smoke cigarettes, a renewed or increased
effort to assist with smoking cessation is essential.
Future research may determine that other interven-
tions, such as anti-inflammatory therapy, are effec-
tive in selected patients with airway obstruction.
Referral to a subspecialist for further diagnostic
testing should be considered in some patients, such
as those in whom bronchiectasis or other lung dis-
eases are suspected. Pre- and post-bronchodilator
diagnostic spirometry is indicated if asthma is sus-
pected.

Recommendation

Primary-care physicians should perform an office
spirometry test in patients with respiratory symp-
toms such as chronic cough, sputum production,
wheezing, or dyspnea on exertion in order to detect
asthma or COPD.

Rationale: Analyses of data from a population
sample of 25- to 75-year-old white men in Tucson,
AZ, found that spirometry abnormality rates in-
creased in those who reported respiratory symptoms,
after excluding those who reported a physician diag-
nosis of asthma, chronic bronchitis, or asthma.90

Abnormal spirometry was defined as an FEV1 below
the LLN, using the reference equations from the
study by Crapo et al,91 which reported spirometry
reference values very similar to the NHANES III
values. The comparison subjects, never smokers

without respiratory symptoms, had a 3.8% spirome-
try abnormality rate, while asymptomatic former
smokers and current smokers had abnormality rates
of 9.2% and 11%, respectively. Former smokers and
current smokers with any of three respiratory symp-
toms (chronic cough and sputum, dyspnea walking
on level ground, or attacks of dyspnea with wheez-
ing) had abnormality rates of 25.6% and 14.1%,
respectively. These abnormality rates, and those
from NHANES III (Tables 1, 2), demonstrate that
the presence of respiratory symptoms in a former or
current cigarette smoker substantially increases their
pretest probability (risk) of having airflow obstruc-
tion (low lung function) or COPD.

The National Health Interview Survey (conducted
from 1993 to 1995) estimated that 4 million adults
(4.5% of those aged 35 to 65 years) have asthma (by
self-report) and that 630,000 emergency department
visits for asthma occur each year in this age group.92

A survey of 59 primary-care practices with 14,000
patients in Wisconsin reported an asthma prevalence
of 6.2% in adults ($ 20 years old), half of whom
reported adult onset of the disease.93 An additional
3.3% of the patients without a diagnosis of asthma
reported attacks of wheezing with dyspnea during
the previous year, suggesting, along with other
investigations, that asthma is underdiagnosed
in adults.17 Spirometry is recommended by current
clinical guidelines for patients with symptoms that
suggest asthma in order to help confirm the diagnosis.94

Recommendation

Primary-care physicians may perform an office
spirometry test for patients who desire a global
health assessment (risk assessment).

Rationale: Lung function testing is now recog-
nized as a measure of global health, predicting
all-cause mortality and morbidity in adults.85,95–97 In
addition, lung function test results and changes in
lung function over time have been shown to identify
patients at high risk for lung cancer82,83 and at
increased risk for coronary artery disease,98 conges-
tive heart failure,99 stroke and other heart and blood
vessel disaeses,100 and altered mental function in
later years of life.101 Early identification and recog-
nition of increased global health risks also may allow
for evaluation and for prevention and early interven-
tion in other risk areas appropriate to each of these
nonpulmonary disease categories. Office spirometry
also may identify patients with subclinical asthma or
restrictive lung processes in both adults and chil-
dren, leading to the institution of appropriate evalu-
ations and treatments. Although prophylactic inter-
ventions such as vaccination are recommended for
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patients with respiratory illnesses, only a small per-
centage of them receive influenza and pneumococcal
vaccines.102 In adults, early intervention following
early identification of lung function abnormalities
can lead to improved smoking cessation, to occupa-
tional, avocational, or environmental changes, and to
increased awareness and attention to cancer, cardiac,
and other nonpulmonary health issues associated
with abnormal lung function. Early identification of
lung function abnormalities in relatively asymptom-
atic patients may provide “teachable moments” or
specified times for a given patient when there is an
increased awareness and response to medical educa-
tion and intervention. Such moments may lead to an
increased responsiveness to smoking cessation and to
enhanced opportunities for other preventive thera-
pies or modification of identifiable risk factors.

Why Not Use Peak Flow?

Assuming that lung function testing of selected
individuals is a useful part of health care, it is
essential that the test chosen is the best available.
First, it must be able to detect mild disease. Al-
though many lung function tests are available, pre-
vious studies examining the value of these tests have
shown that most of them are unacceptable or inef-
fective as tools for the early detection of COPD.19,20

The exceptions are peak expiratory flow (PEF) and
spirometry. PEF measurements are recommended
for asthma management by current clinical practice
guidelines, but spirometry is recommended to help
make the diagnosis of asthma.94 Likewise, we do not
recommend the use of PEF to evaluate patients for
COPD. The advantages of PEF tests are the follow-
ing: measurements within a minute (three short
blows) using simple, safe, hand-held devices that,
typically, cost , $20. On the other hand, the disad-
vantages of using PEF when compared to spirometry
are as follows: PEF is relatively insensitive to ob-
struction of the small airways (mild or early obstruc-
tion); PEF is very dependent on patient effort; PEF
has about twice the inter- and intrasubject varia-
bility103; and mechanical PEF meters are much less
accurate than spirometers.13

Tracking Changes in Lung Function

Tracking of lung function over time has potential
advantages over a single test.104 However, there are
no published data demonstrating that when the
results of the first spirometry test are normal in a
high-risk patient the measurement of annual changes
in lung function (tracking) in the primary-care set-
ting is better than simply repeating office spirometry
at 3- to 5-year intervals, which we recommend.

In occupational medicine, diagnostic-quality spi-

rometry tests often are performed regularly for the
surveillance of employees at high risk.104,105 Annual
tests increase the likelihood of detecting changes in
lung function earlier when compared to less frequent
testing intervals. Infrequent testing (eg, every 5
years) may delay identification of lung function
abnormality, reducing the benefits of identification,
prevention, and early intervention in lung disease.
However, when testing is performed more frequently,
and when a less-than-optimal spirometry quality-
assurance program is used, the false-positive rate in-
creases. Office spirometry may be indicated for
patients who report workplace exposures to chemicals,
dusts, or fumes that are known to cause lung disease;
however, a discussion of testing for occupational lung
disease is beyond the scope of this document.

Technical Requirements for Office
Spirometers

Recommendation

A new category of spirometers, office spirometers,
should be available for use in the primary-care
setting. Each new model must successfully pass a
validation study (see Appendix 1).

Rationale: Traditionally, spirometry has been used
as a diagnostic test, with the usefulness and accuracy
of spirometry measurements depending on both the
equipment and proper test performance. Although
simple to learn, spirometry is an effort-dependent
test that requires a cooperative patient and a trained
person capable of administering the test. Specific
recommendations have been developed by the ATS
and other professional organizations to ensure accu-
rate and reproducible measurements when using
diagnostic spirometers.13,106–109 In many cases, a
diagnostic spirometer that meets ATS standards will
be the preferred choice for a hospital, outpatient
clinic, or doctor’s office since it permits diagnostic
and follow-up testing (tracking) of lung function.
Currently available diagnostic spirometers also may
be used in the primary-care setting to evaluate
smokers for COPD. However, some characteristics
of diagnostic spirometers create a barrier to their
widespread use for this purpose. Advantages of the
newly proposed category of office spirometers for
this purpose include lower instrument cost, smaller
size, less effort to perform the test, improved ease of
calibration checks, and an improved quality-assur-
ance program. Office spirometers should not be
utilized for diagnostic testing, surveillance for occu-
pational lung disease, disability evaluations, or re-
search purposes.

Current ATS recommendations for diagnostic spi-
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rometry1 must be followed for office spirometry,
except for the following seven factors.

1. Office Spirometers Must Only Report Values for
FEV1, FEV6, and the FEV1/FEV6 Ratio

The reported FEV1 and FEV6 values should be
rounded to the nearest 0.1 L and the percent
predicted as an integer (for instance, 72%); and the
FEV1/FEV6 ratio should be calculated as a fraction
with only two decimal places (for instance, 0.65). An
indication should be made next to the reported value
(an asterisk for instance) when the patient’s values
fall below the LLN range for the variable. The
false-positive rate increases when additional vari-
ables (for instance, the midexpiratory phase of forced
expiratory flow) are used to define abnormality.110

Rationale: Spirometry is a simple test that mea-
sures the volume of air expelled from fully inflated
lungs as a function time.111 Following inspiration to
a maximal lung volume, the patient is instructed to
exhale as fast and hard as possible. Many lung
function indexes may be derived from spirometry;
however, the most valuable indexes are the total
volume of exhaled air and the FEV1.1

2. The ATS End-of-Test Criteria Should Be
Modified for Office Spirometry

Rationale: The measurement of FVC should be
replaced by that of FEV6 so that each maneuver
need last for only 6 s. The advantages of using FEV6
for office spirometry are the following: (1) it is easier
for the patient and the technician when maneuvers
last only 6 s; (2) technical problems with flow sensors
related to accurately measuring very low flows over
several seconds of time (resolution and zero drift) are
minimized; (3) the FEV6 is more reproducible than
the FVC in patients with airways obstruction; (4)
using the FEV6 reduces the overall time to perform
a test; and (5) shorter maneuvers reduce the risk of
syncope. The FEV6 has long been proposed as a
surrogate measurement for FVC112; however, refer-
ence values for FEV6 and the FEV1/FEV6 ratio have
only recently become available.27 The validity of
using FEV6 as a surrogate for FVC is now being
established. For example, unpublished data from the
LHS suggest that the FEV1/FEV6 ratio is as good as
the FEV1/FVC ratio in predicting the decline in
FEV1 over the subsequent 5 years in adult smokers.
Some healthy children and some young adults empty
their lungs before 6 s has elapsed; in those cases,
their FVC and FEV6 values should be considered
equivalent if their end-of-test volume is not too high
(suggesting that their FEV6 has been underestimated).

3. Airway Obstruction Will Be Interpreted When
the FEV1/FEV6 Ratio and the FEV1 Percent
Predicted Are Both Below Their LLNs

The FEV1 percent predicted may optionally be used
to categorize the severity of the abnormality (Table 3).
Report FEV1 as a percent of predicted to patients. This
is “the number” the patient should remember.

Rationale: The ATS recommends that the FEV1/
FVC ratio be used to diagnose airways obstruc-
tion.13,106 The FEV1/FEV6 ratio is a good surrogate
for the FEV1/FVC ratio (see above). The LLN is
now well defined for all ages of African Americans,
Hispanic Americans, and whites, with a mean of
about 73%, ranging from 70 to 76% depending on
age, gender, and race.27

This recommendation for using the FEV1/FEV6
ratio with office spirometers should not discourage
clinicians from continuing to use an older diagnostic-
quality spirometer that reports the FEV1/FVC ratio
and its LLN, but not the FEV1/FEV6 ratio. How-
ever, the FVC is defined as the maximum amount of
air that the patient can exhale, and most adult
patients can exhale more air after 6 s. Therefore,
when using traditional reference equations and an
interpretation of airways obstruction based on the
FEV1/FVC ratio, airway obstruction may be missed
(a false-negative result) if the patient is not coached
to exhale completely (usually $ 10 s).

In patients with COPD, the FEV1 percent pre-
dicted is directly proportional their quality of life and
ability to perform exercise.113 Clinicians and patients
understand the semiquantitative terms mild, moder-
ate, and severe better than percent predicted when
discussing the relative severity of diseases. A stronger
admonition and the patient’s adherence to the rec-
ommended intervention may be more likely when
the abnormality is reported as moderate or severe.

Table 3—Interpretation of Office Spirometry Results

1. First ensure that test quality is good (see Table 4).
2. Use the NHANES III reference values to calculate predicted

values and LLNs for the FEV1, FEV6, and FEV1/FEV6 ratio
(this should be done automatically by the spirometer).

3. If the FEV1/FEV6 ratio and the FEV1 are both below the LLN
in a test with good quality, airways obstruction is present.
Report the FEV1 percent predicted to the patient. Optionally,
the severity of the obstruction may be graded using the FEV1 %
predicted as follows:

FEV1 LLN to 60% predicted FEV1 5 mild obstruction
40 to 59% predicted FEV1 5 moderate obstruction
, 40% predicted FEV1 5 severe obstruction

4. If FEV1/FEV6 ratio is above the LLN but the FEV6 is below
the LLN, the patient has a low vital capacity, perhaps due to
restriction of lung volumes.
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Also, when the abnormality is moderate or severe,
the likelihood that the test result is falsely positive is
much lower than when the abnormality is mild. The
severity category cut-points suggested in Table 3
(40% and 60%) correspond roughly to z scores of 2
and 3 in the distribution of the percent predicted for
FEV1 in patients with COPD and are in widespread
clinical use.106

4. Automated Maneuver Acceptability and
Reproducibility Messages Must Be Displayed and
Reported

Rationale: Many performance standards essential
to reliable spirometry measurements1 already have
been automated and included within spirometry de-
vices to reduce the likelihood of poor-quality test
results.40,112,114 Additional built-in performance checks
are necessary for office spirometers that do not display
or print spirograms or flow-volume curves, which the
technician or physician can review for acceptability and
reproducibility of the maneuvers. Table 4 lists quality
control (QC) criteria that must be monitored electron-
ically along with recommended messages to be dis-
played when these maneuver quality errors are de-
tected. These thresholds were designed so that . 90%
of adult patients (even the elderly) can pass all the QC
checks within five maneuvers if coached by a technician
who has good training, motivation, and experience.
Devices should present the numeric spirometry results
and interpretations only if all maneuver QC criteria are
met. While we believe that these electronic quality
checks will reasonably ensure good-quality tests, stud-
ies are necessary to validate their performance in
primary-care settings.

5. Displays and Printouts of Spirograms and Flow-
Volume Curves Will Be Optional for Office
Spirometers

Rationale: Standards for diagnostic spirometry re-
quire that graphs of the maneuvers be produced so
that technicians who perform the tests, physicians
who interpret the results, and those who later review
the test reports may recognize problems with ma-
neuver quality.13 The graphs also assist physicians in
the recognition of the characteristic patterns of
different types of abnormalities, such as generalized
airways obstruction, restriction of lung volumes, and
the rare upper airways obstruction.111,115 However, a
graphic display or a printer usually increases the size,
cost, and complexity of spirometers, reducing their
widespread acceptability in the primary-care setting.
It is also likely that many technicians and physicians
will not learn to recognize the patterns of unaccept-
able spirometry maneuvers and that many physicians
will not recognize the patterns of abnormality. We

believe that automated-maneuver QC checks and
messages are generally more reliable now for quality-
assurance purposes than are programs to teach pat-
tern recognition of spirometry graphs, although no
published studies demonstrate this.

6. Office Spirometers Must Be Sold With Easy-to-
Understand Educational Materials

These educational materials should include proce-
dure manuals, audiovisual instructional aids (such as
a videotape or multimedia CD ROM), and patient
handouts that describe the potential risks and bene-
fits of NLHEP spirometry, interpretation of the
results, and limitations of the test.

Rationale: It is unlikely that many primary-care
physicians will spend the time and money necessary

Table 4—Recommended Automated Maneuver QC
Checks, Messages, and Grades*

Messages
If the BEV is . 150 mL, display “don’t hesitate”
If the PEFT is . 120 ms, display “blast out faster”
If the FET is , 6.0 s and EOTV† was . 100 mL, display “blow

out longer”
If the PEF values do not match within 1.0 L/s, display “blast out

harder”
If the FEV6 values do not match within 150 mL, display “deeper

breath”
Only one error message is displayed (in the order of priority

listed above)
After 2 acceptable maneuvers that match, the message is “good

test session”
QC grades‡

A 5 at least 2 acceptable maneuvers
with the largest two FEV1 values matching within 100 mL
and the largest two FEV6 values matching better than 100 mL

B 5 at least 2 acceptable maneuvers
with FEV1 values matching between 101 and 150 mL

C 5 at least 2 acceptable maneuvers
with FEV1 values matching between 151 and 200 mL

D 5 only one acceptable maneuver, or more than one, but the
FEV1 values match . 200 mL (with no interpretation)

F 5 no acceptable maneuvers (with no interpretation)

*BEV 5 back extrapolated volume; EOTV 5 end-of-test volume
(calculated as the change in exhaled volume during the last 0.5 s of
the maneuver).

†A large EOTV indicates that a volume-time plateau was not
obtained, so that the FEV6 was probably underestimated. The
appropriate PEFT and EOTV thresholds depend on several char-
acteristics of the spirometer, such as frequency response, sampling
rates, and filtering of the flow signal. For instance, for a given model
of office spirometer, the PEFT threshold of 120 ms may be changed
if based on the 95th percentile of PEFT from studies in which
experienced technicians test . 200 adults. The 95th percentile of
PEFT for school-age children and adolescents is about 160 ms.

‡A QC grade, which indicates the degree of confidence in the results,
should be calculated, displayed, and reported along with the
numeric results and the interpretation.
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to send their technician or nurse to a 2-day spirom-
etry training course.116 Emphasis in training materi-
als must be placed on effective interactions between
the technician and the patient when performing
spirometry tests (Table 5). In order to minimize the
number of breathing maneuvers needed to obtain a
good-quality test session, technicians always must
demonstrate the correct maneuver themselves be-
fore instructing patients to perform them. The tech-
nician must then enthusiastically coach and watch
the patient throughout the three phases of each
maneuver: (1) maximal inhalation, (2) blast out
quickly, and (3) continue exhalation for 6 s. Most
maneuver errors are easily recognized by watching
the patient. When the technician or the automated
spirometer maneuver QC checks detect poor-quality
maneuvers, the technician must tell the patient what
went wrong and again demonstrate how to perform
the maneuver correctly. After eight maneuvers are
performed and the test session is of poor quality, the
test should be rescheduled for a later date.

7. Simple Inexpensive Solutions Should Be
Developed to Replace the Daily Use of 3-L
Calibration Syringes to Check the Accuracy of
Office Spirometers

Rationale: One-liter calibration syringes may be as
effective as 3-L syringes, and they are smaller and
less expensive. It is also possible that precisely
manufactured plastic (Mylar; 3M Corp; St. Paul,
MN) bags could be used to check volume accuracy
on a daily basis. However, until alternative calibra-
tion methods are proven to check spirometer cali-
bration effectively, the use of calibrated 3-L syringes
on a regular basis is necessary. If a calibration syringe
is not available in a primary-care setting, calibration
checks using a standard 3.00-L calibration syringe
may be performed at regular intervals by a local
diagnostic PF laboratory at minimal cost. A proper
interval cannot be arbitrarily set for all spirometers.
Manufacturers should validate the acceptable cali-
bration interval specified for their office spirometers
that ensures that they remain accurate when used as
directed in the primary-care setting. Third-party
testing of the between-sensor (within-batch) accu-
racy of single-use flow sensors should be established.

Periodic testing of a biological control also should

be used to check the long-term performance of
office spirometers. The individuals chosen as biolog-
ical control subjects must be . 25 years old and
must not have an obstructive lung disease. Their
FEV1 and FEV6 first must be measured on 10 days,
and the average values and ranges must be calcu-
lated. The range of measurements for FEV1 and
FEV6 (largest minus smallest) should not exceed
10% of the average value, otherwise a different
biological control subject should be chosen. If dis-
posable flow sensors are used, the biological control
subject may reuse a single-flow sensor, and it should
be stored with the subject’s name on it. The biolog-
ical control subject then should be tested on each
day that patients are tested. If the control subject’s
measured FEV1 or FEV6 is . 10% from the average
value, the test should be repeated. If the FEV1
remains “out of bounds,” even after replacing or
cleaning the sensor, the device should not be used on
patients until repaired.

The FEV1 and FEV6 Must Be Corrected to BTPS
Conditions

The device should sense the temperature auto-
matically if necessary for accurate body temperature,
ambient temperature, and saturation with water
vapor (BTPS) corrections. The technician should not
be asked to enter the temperature.

Rationale: The measurement of ambient or spi-
rometer temperature and barometric pressure may
not be needed for some spirometers in which the
design allows the use of a fixed BTPS correction
factor.117 Errors in measuring FEV1 and FEV6 must
remain , 3% (according to BTPS testing methods
recommended by the ATS). Manufacturers must
specify the range of ambient temperatures and alti-
tudes in which the results remain accurate.

The Current ATS Recommendations Regarding
Measures to Avoid Cross-Contamination Should Be
Followed by Those Using Office Spirometers

Staff performing spirometry tests must be in-
structed to wash their hands before and after assist-
ing each patient with the test. If patients are only
exhaling through the devices, proper use of dispos-
able mouthpieces is all that is needed to minimize
the risk of the transmission of infections. In partic-
ular, disposable in-line filters are not mandated.13,116

All devices should be inspected and kept clean to
meet good hygiene standards. Devices with com-
pletely disposable flow sensors or with mouthpieces
that have one-way valves should be used if testing is
to be performed in patients likely to inhale through

Table 5—Spirometry Steps

1. Measure standing height in stocking feet
2. Record age, gender, height, and ethnicity
3. Explain and demonstrate the correct maneuver
4. Coach and watch the patient perform each maneuver
5. Repeat until 2 acceptable and matching maneuvers are obtained
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the mouthpiece. Manufacturers should give explicit
instructions about cleaning techniques and fre-
quency of cleaning.

A New Billing Code Should Be Created for Office
Spirometry Tests

Rationale: Charges should be kept as low as possible
but should at least cover the real costs of the test. It
seems imprudent to charge patients or third-party
insurers for diagnostic-quality spirometry tests when
office spirometry tests are performed, since office
spirometry tests will require less expensive instruments,
less technician time, and less training to interpret.

Further Research

There is insufficient published evidence related to
many of the technical and procedural issues associ-
ated with the above recommendations for office
spirometry. More detailed information is needed
about the following issues: levels of training required
to obtain results of acceptable quality; levels of
inaccuracy and imprecision; reliability; durability;
and the necessary frequency and type of calibration
checks (see Appendix 1). Outcomes to be assessed
include sensitivity of detection, frequency of false-
positive test results, and the overall impact on patient
care, quality of life, and cost-benefit analyses. These
issues should be examined both for pulmonary dis-
eases and as a part of total health care. Additional
areas requiring research include the role of office
spirometry in lower risk individuals (ie, nonsmokers,
former smokers, and those without respiratory symp-
toms) and the prospective utility of office spirometry
in the intervention and management of global dis-
ease processes. Research in these areas is strongly
encouraged in order to validate and improve the
above recommendations.

Appendix 1: Office Spirometer Validation
Studies

Background

The NLHEP recommends the widespread use of spirometry
by PCPs for detecting COPD in adult smokers and describes a
new type of spirometer for this purpose: the office spirometer.
The value of spirometry for aiding the diagnosis of COPD and
asthma, when performed by trained technicians using diagnostic
spirometers that meet current ATS recommendations, is widely
accepted. The accuracy and precision of diagnostic-quality spi-
rometry performed in the hospital PF laboratory, pulmonary
research clinic, and occupational clinic settings by technicians
who are trained and have considerable experience performing
spirometry have been studied by many investigators and found to
be acceptable for the purposes of detecting airways obstruction in
individuals and for detecting abnormal declines in FEV1 in
groups of adults. However, the first prospective study of . 1,000

spirometry tests performed by nurses in the outpatient clinics of
30 randomly selected primary-care physicians in New Zealand
found that less than one third of the test sessions included at least
two acceptable maneuvers.118 About one third of the maneuvers
had a “slow start” (peak expiratory flow time [PEFT], . 85 ms [a
substantially stricter criterion than those in the NLHEP docu-
ment]). About two thirds of the maneuvers lasted for , 6 s
(forced expiratory time [FET], , 6 s), and visual inspection of the
volume-time curves suggested that most of these short-duration
maneuvers underestimated the FVC (did not achieve an end-of-
test plateau). On the positive side, after attending a 2-h spirom-
etry training workshop, nurses were much more likely to obtain
acceptable test sessions. These results confirm the necessity for
each new office spirometry system to have a “real-world” valida-
tion study before it is marketed.

Several factors, other than instrument accuracy, are known to
influence the real-world accuracy and repeatability of spirometry
tests. These factors include the following: the technician’s train-
ing, experience, number of tests performed per month, motiva-
tion, motivational skills, and patience; the patient’s coordination,
cooperation, strength, endurance, and motivation; maneuver and
test session quality feedback (to the technician and patient); the
training materials that accompany the spirometer; the type and
frequency of calibration checks and actions taken to remedy
equipment and sensor problems; the testing environment (space,
lighting, noise, time constraints, and other stressors); and changes
in these factors over the time period of measurement (eg,
differing technicians, updated software, new flow sensors, etc).

Goals

The goal of an office spirometer validation study is to compare
the spirometer’s screening and tracking performance in adult
patients in the PCP setting with that of diagnostic spirometers
used by trained technicians. The following study protocol is
designed to apply to any model of office spirometer. It is
designed to be performed in a reasonable amount of time (6
months) and with reasonable resources (, $50,000 if a price of
,$20 per test is negotiated with the PF laboratory). In order to
minimize poststudy criticism, the limits of acceptable outcomes
have been predetermined. The manufacturer or distributor of all
office spirometers that claim to meet NLHEP specifications must
conduct this study for that model and include the published
results of the study with each office spirometer sold.

Methods

A study coordinator with experience in clinical trials, without a
conflict of interest (such as one that an employee of the office
spirometer manufacturer or distributor would have), shall be
selected. Exactly the same instrument, sensors, manuals, calibra-
tion tools, accessories, and training materials that are sold (or
provided) commercially as the spirometry system shall be used in
the validation study. The same amount of in-service training with
the same type of personnel shall be used during the study that
will be used for actual commercial training (for instance, 45 min
with a local distributor). The setting, staff, and patients will be
selected to optimize the generalizability of the results to the real
world. A single, representative sample of the office spirometer
shall first undergo (and pass) independent testing for FEV1 and
FEV6 accuracy and reproducibility, which will be performed by a
third party using current ATS recommendations1 and a spirom-
etry waveform generator, including four waveforms generated
using BTPS conditions (body temperature humidified air). All
disposable flow sensors used for testing shall be saved in a plastic
bag, labeled with the date and patient identification number, and
sent to the study coordinator at the end of the study.
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Recruitment of PCPs

Thirty PCPs shall be recruited from advertisements offering “a
free spirometer and 6 months of spirometry supplies.” At least
two regions of the United States shall be represented. At least
five PCPs (either medical doctors or doctors of osteopathy) shall
be selected from each of the following specialties: family practice,
general internal medicine, and general surgery. Allergists and
pulmonary specialists shall be excluded. Staff who report that
they have personally performed . 100 spirometry tests during
the previous 5 years shall be excluded. PCPs who have used a
spirometer in their office during the previous year shall be
excluded. Each PCP must agree to perform spirometry testing
for at least 20 adult patients per month (an average of one patient
per weekday) for 6 months. The altitude of each office (within
500 feet) shall be recorded.

Recruitment of Patients

Inclusion criteria are consecutive outpatients, aged 45 to 85
years, who are current cigarette smokers or who quit smoking
during the previous year. Patients with asthma (according to
self-report or the medical record) and those previously noted to
have a significant response to inhaled bronchodilators (FEV1 in-
creases, . 12% and . 0.2 L) shall be excluded from the study, since
their FEV1 values have inherently high short-term variability.

Follow-up Testing

At least one patient per week shall be asked by each PCP to
return to their clinic within 1 month for repeat spirometry
testing. A contract shall be made with a local hospital-based PF
laboratory to perform follow-up diagnostic spirometry (including
printed volume-time and flow-volume curves, but without a
physician interpretation) on a subset of study patients. All
patients with abnormal spirometry test results shall be scheduled
to perform diagnostic spirometry testing at a local hospital-based
PF laboratory within 2 weeks of the screening spirometry test.
The cost of the diagnostic testing, and a $20 reimbursement for
each patient, shall be paid for by the study. The PF lab shall send
a copy of the results to the study coordinator. The results of the
follow-up spirometry tests shall not be sent to the PCP until the
end of the study.

Measurements

The long-term accuracy of a random sample of five of the study
spirometers shall be measured by a third party using a waveform
generator at the beginning and at the end of the 6-month study.
A random sample of five used flow sensors shall be obtained for
the long-term accuracy testing at the end of the study.

The demographics of all patients tested shall be determined
and stored for analysis. The demographics must include a unique
patient identification number, age, gender, height, weight, race,
smoking status, asthma status, date, and technician identification
number. The following parameters shall be stored digitally for all
(or the best three) spirometry maneuvers: FEV1, FEV6, back
extrapolation volume, PEFT, PEF, FET, sequence number, and
the 50-point flow-volume curve (the average flow during each 2%
segment of the FEV6). This may require modifications to the
office spirometers used in the study (when compared to those
that will be sold commercially). These modifications should be
designed to minimize technician interaction with the recording
device. A written log shall be kept by the office staff of any
problems with the spirometer, any calibration checks performed,
any preventative maintenance, and any repairs.

Statistical Analysis

The study coordinator shall determine the long-term accuracy
of the office spirometer instruments by comparing the baseline
and 6-month FEV1 and FEV6 measurements from the “gold
standard” waveform generator and the records of repairs, up-
dates, or replacements. The quality of all spirometry test sessions
(screening, follow-up, and diagnostic) shall be graded by the
study coordinator using the stored data and the criteria listed in
Table 4 of this document. The rates, trends, and correlates of
unacceptable-quality test sessions (QC grades, D or F) shall be
determined using logistic regression.

The false-positive and false-negative rates for detecting airways
obstruction (after allowing for 3% error in the measured FEV1/
FEV6 ratio) shall be determined by comparing the office spirom-
etry results with the valid follow-up diagnostic tests performed in
the PF laboratory. Results from the diagnostic-quality spirometry
tests that are determined by the study coordinator (using the
printed reports from the PF lab) to be valid (QC grades, A or B)
are assumed for the purposes of this study to be the “gold
standard.” Both the false-negative rate and the false-positive rate
shall be , 5% for the office spirometry system to be considered
acceptable.

The value of office spirometry for “tracking” purposes shall
be determined by calculating the short-term coefficient of
repeatability of FEV1 for the subset of patients who performed
repeat tests. Acceptable repeatability is for $ 95% of the
patients to have repeat FEV1 values that match within 0.30 L.
The predictors of poor repeatability shall be determined by
logistic regression.

Appendix 2

Participants in the NHLBI/ACCP Consensus Conference
(August 18, 1998; Chicago, IL)

William Bailey, MD, FCCP; Gary Ferguson, MD, FCCP;
Michael Alberts, MD; A. Sonia Buist, MD; Paul L. Enright MD;
John Hankinson, PhD; Millicent Higgins, MD, honorary FCCP;
Deborah Shure, MD, FCCP; James Stoller, MD, FCCP; Brian
Carlin, MD, FCCP; Ray Masferrer, RRT; Gregory Wagner, MD;
David Mannino, MD; Gail Weinmann, MD; Robert O. Crapo,
MD, FCCP; Bettina Hilman, MD, FCCP; John W. Georgitis,
MD, FCCP; James Fink, MS, RRT; and Edward A. Oppen-
heimer, MD, FCCP. ACCP staff: Sydney Parker, PhD; David
Eubanks, EdD, RRT; Mary Katherine Krause; and Barbi
Mathesius.

Participants in the NHLBI-sponsored NLHEP Conference
(March 26, 1999; Bethesda, MD)

Thomas Petty, MD, Master FCCP (chair); William Bailey,
MD, FCCP; Frank Bright, MD; Bartolome Celli, MD, FCCP;
Catherine Gordon, RN, MBA; A. Sonia Buist, MD; James
Cooper (HCFA); Dennis Doherty, MD, FCCP; Paul Enright,
MD; Gary Ferguson, MD, FCCP; Millicent Higgins, MD,
honorary FCCP; Ray Masferrer, RT; Sreehar Nair, MD; Louise
Nett; Edward Rosenow, MD, FCCP; Deborah Shure, MD, FCCP;
and Gregory Wagner, MD. NHLBI staff: Frederick Rohde;
Suzanne Hurd, PhD; Gregory Morosco, PhD; and J. Sri Ram, PhD.

Members of the Spirometry Subcommittee of NLHEP

Gary T. Ferguson (chair), MD, FCCP; William C. Bailey, MD,
FCCP; A. Sonia Buist, MD; Robert Crapo, MD, FCCP; Dennis
Doherty, MD, FCCP; Paul Enright, MD; Millicent Higgins, MD,
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honorary FCCP; Ray Masferrer; Louise Nett; Stephen Rennard,
MD, FCCP; Thomas Petty, MD, Master FCCP; James Stoller,
MD, FCCP; and Gail Weinmann, MD.

Members of the Executive Committee of NLHEP

Thomas Petty, MD, Master FCCP (chair); William Bailey,
MD, FCCP; John B. Bass, Jr. (representing the American
College of Physicians); Gary Ferguson, MD, FCCP; Millicent
Higgins, MD, honorary FCCP; Leonard D. Hudson, MD, FCCP
(representing the ATS); Suzanne S. Hurd, PhD (representing the
NHLBI); Ray Masferrer, RT (representing the American Asso-
ciation of Respiratory Care); Sreedhar Nair, MD; Louise M.
Nett, RN, RRT; Stephen Rennard, MD, FCCP; Deborah Shure,
MD, FCCP; and Gail Weinmann, MD.
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APPENDIX E.  APPENDIX D OF THE OSHA COTTON DUST STANDARD 
 
Appendix D of 29CFR1910.43 - Pulmonary Function Standards for Cotton Dust Standard 
 
The spirometric measurements of pulmonary function shall conform to the following minimum 
standards, and these standards are not intended to preclude additional testing or alternate 
methods which can be determined to be superior. 
 
I. Apparatus 
 

a. The instrument shall be accurate to within +50 milliliters or within +3 percent of reading, 
whichever is greater. 

 
b. The instrument should be capable of measuring vital capacity from 0 to 7 liters BTPS. 

 
c. The instrument shall have a low inertia and offer low resistance to airflow such that the 

resistance to airflow at 12 liters per second must be less than 1.5 cm H20/(liter/sec.). 
 

d. The zero time point for the purpose of timing the FEV1 shall be determined by 
extrapolating the steepest portion of the volume time curve back to the maximal 
inspiration volume (1, 2, 3, 4) or by an equivalent method. 

 
e. Instruments incorporating measurements of airflow to determine volume shall conform to 

the same volume accuracy stated in (a) of this section when presented with flow rates 
from at least 0 to 12 liters per second. 

 
f. The instrument or user of the instrument must have a means of correcting volumes to 

body temperature saturated with water vapor (BTPS) under conditions of varying 
ambient spirometer temperatures and barometric pressures. 

 
g. The instrument used shall provide a tracing or display of either flow versus volume or 

volume versus time during the entire forced expiration.  A tracing or display is necessary 
to determine whether the patient has performed the test properly.  The tracing must be 
stored and available for recall and must be of sufficient size that hand measurements may 
be made within requirement of paragraph (a) of this section.  If a paper record is made it 
must have a paper speed of at least 2 cm/sec and a volume sensitivity of at least 10.0 mm 
of chart per liter of volume. 

 
h. The instrument shall be capable of accumulating volume for a minimum of 10 seconds 

and shall not stop accumulating volume before (1) the volume change for a 0.5 second 
interval is less than 25 milliliters, or (2) the flow is less than 50 milliliters per second for 
a 0.5 second interval. 

 

NIOSH SPIROMETRY TRAINING GUIDE   APPENDIX E-1 



i. The forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV1) 
measurements shall comply with the accuracy requirements stated in paragraph (a) of this 
section.  That is, they should be accurately measured to within +50 ml or within +3 
percent of reading, whichever is greater. 

 
j. The instrument must be capable of being calibrated in the field with respect to the FEV1 

and FVC.  This calibration of the FEV1 and FVC may be either directly or indirectly 
through volume and time base measurements.  The volume calibration source should 
provide a volume displacement of at least 2 liters and should be accurate to within +30 
milliliters. 

 
II. Technique for Measurement of Forced Vital Capacity Maneuver 
 

a. Use of a nose clip is recommended but not required.  The procedures shall be explained 
in simple terms to the patient who shall be instructed to loosen any tight clothing and 
stand in front of the apparatus.  The subject may sit, but care should be taken on repeat 
testing that the same position be used and, if possible, the same spirometer.  Particular 
attention shall be given to insure that the chin is slightly elevated with the neck slightly 
extended.  The patient shall be instructed to make a full inspiration from a normal 
breathing pattern and then blow into the apparatus, without interruption, as hard, fast, and 
completely as possible.  At least three forced expirations shall be carried out.  During the 
maneuvers, the patient shall be observed for compliance with instruction.  The 
expirations shall be checked visually for reproducibility from flow-volume or volume-
time tracings or displays.  The following efforts shall be judged unacceptable when the 
patient: 

 
1. has not reached full inspiration preceding the forced expiration. 

 
2. has not used maximal effort during the entire forced expiration. 

 
3. has not continued the expiration for at least 5 seconds or until an obvious plateau in 

the volume time curve has occurred. 
 

4. has coughed or closed his glottis. 
 

5. has an obstructed mouthpiece or a leak around the mouthpiece (obstruction due to 
tongue being placed in front of mouthpiece, false teeth falling in front of 
mouthpiece, etc.) 

 
6. has an unsatisfactory start of expiration, one characterized by excessive hesitation 

(or false starts), and therefore not allowing back extrapolation of time 0 
(extrapolated volume on the volume time tracing must be less than 10 percent of the 
FVC). 

 
7. has an excessive variability between the three acceptable curves.  The variation 

between the two largest FVCs and FEV1s of the three satisfactory tracings should 
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not exceed 10 percent or +100 milliliters, whichever is greater. 
b. Periodic and routine calibration of the instrument or method for recording FVC and FEV1 

should be performed using a syringe or other volume source of at least 2 liters. 
 
III. Interpretation of Spirogram 

a. The first step in evaluating a spirogram should be to determine whether or not the patient 
has performed the test properly or as described in II above.  From the three satisfactory 
tracings, the forced vital capacity (FVC) and forced expiratory volume in 1 second 
(FEV1) shall be measured and recorded.  The largest observed FVC and largest observed 
FEV1 shall be used in the analysis regardless of the curve(s) on which they occur. 

 
b. The following guidelines are recommended by NIOSH for the evaluation and 

management of workers exposed to cotton dust.  It is important to note that employees 
who show reductions in FEV1/FVC ratio below .75 or drops in Monday FEV1 of 5 
percent or greater on their initial screening exam, should be re-evaluated within a month 
of the first exam.  Those who show consistent decrease in lung function, as shown of the 
following table, should be managed as recommended. 

 
IV. Qualifications of Personnel Administering the Test 
Technicians who perform pulmonary function testing should have the basic knowledge required 
to produce meaningful results.  Training consisting of approximately 16 hours of formal 
instruction should cover the following areas.  Persons who successfully complete the course will 
be certified by OSHA or their designee. 

a. Basic physiology of the forced vital capacity maneuver and the determinants of airflow 
limitation with emphasis on the relation to reproducibility of results. 

 
b. Instrumentation requirements including calibration procedures, sources of error and their 

correction. 
 

c. Performance of the testing including subject coaching, recognition of improperly 
performed maneuvers and corrective actions. 

 
d. Data quality with emphasis on reproducibility. 

 
e. Actual use of the equipment under supervised conditions. 

 
f. Measurement of tracings and calculations of results. 

 
2. Part 1928 of Title 29 of the Code of Federal Regulations is hereby amended by adding a new 

paragraph (a)(5) to Section 1928.21 to read as follows: 
 

Section 1928.21  Applicable standards in 29 CFR Part 10. 
(a) * * * 
(5) Exposure to cotton dust in cotton gins - Section 1910.1046. 

 
(Secs. 6, 8, 84 Stat. 1593, 1599 (29 U.S.C. 655, 657); Secretary of Labor's Order 8-76 (41 FR 25059); 29 CFR Part 1911) 
[FR Doc. 78-17233 Filed 6-19-78; 11:53 am] 
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Introduction
Background

During the last 3 decades lung function tests
have evolved from tools for physiologic study
to clinical tools widely used in assessing re-
spiratory status. In addition to their use in
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clinical case management, they have become
a part of routine health examinations in re-
spiratory, occupational, and sports medicine
and in public health screening. It is common
practice for the results of lung function tests
to be interpreted in relation to reference values,
and in terms of whether or not they are con-
sidered to be within the “normal” range (l-6).
A wide selection of published reference values
and “lower limits of normal” is available (4).
Computerized equipment adds a new dimen-
sion with preselected or menus of reference
values and interpretation algorithms whose
origin and justification may be unclear.

To maximize the clinical value of lung func-
tion tests and to assist those managing clini-
cal lung function testing laboratories, the
American Thoracic Society (ATS) (7-12),  the
European Community for Coal and Steel
(ECCS)  (4), and the European Society for
Clinical Respiratory Physiology (13) have pub-
lished guidelines, focusing primarily on spi-
rometry as the most widely used lung func-
tion test. The 1987 ATS statement in spirom-
etry (8) outlined the steps necessary to achieve
standardization: (1)  equipment performance,
validation, and quality control; (2) subject
performance; (3) measurement procedures to
determine acceptability and reproducibility;
(4) reference values and interpretation. The
fmt three have been addressed in official state-
ments or position papers of the ATS (7-12).
This statement addresses the fourth.

Focus
The charge by the ATS was to prepare a com-
prehensive and practical document dealing
with conceptual issues and their scientific ba-
sis and providing guidelines for daily use in
two areas: (I) selecting reference values and
(2) interpretative strategies The statement was
to address the concerns of those who gener-
ate lung function reports and those who use
lung function reports to assist in clinical case
management. Epidemiologic and public
health issues are not addressed though epi-
demiologic studies provide the scientific ba-
sis for many of the concepts used in inter-
preting lung function results. The ATS  has
published standardization procedures for
epidemiologic studies (14). The focus of this
statement is spirometry, but reference is made
to other lung function tests when pertinent.

Although the statement deals primarily with
adults, the conceptual issues apply to chil-
dren as well. Terms and abbreviations follow
the American College of Chest Physicians
(ACCP)-ATS  joint committee on pulmonary
nomenclature recommendations (15). The next
four sections deal with conceptual issues and
their scientific basis; the last section deals with
practical considerations and recommendations.

Sources of Variation in Lung
Function Testing

Conceptual Issues Pertinent to the
Interpretation of Lung

Function Tests
All clinical measurements, including pulmo-
nary function tests, are subject to (I) techni-
cal variation related to instrument, procedure,
observer, subject, and their interactions; (2)
biologic variation, the focus of interest of
most of the nonclinical biological sciences;
(3) variation caused by dysfunction or dis-
ease, the focus of clinical medicine (5). In clin-
ical pulmonary function testing, it is impor-
tant to minimize the variation caused by tech-
nical factors and to take biologic variation
into account so that variations caused by dis-
ease can be properly interpreted. Sources of
technical and biologic variation and the esti-
mated magnitude of their effects are listed
in tables 1 and 2.

Interpretation of pulmonary function tests
depends upon establishing the variation of
interest (the signal) and its relation to all oth-
er sources of variation (the noise) (5). Which
sources of variation constitute signal and
which noise will depend on the question be-
ing asked. For instance, in a physiologic study
of the effects of posture on FEV,, variation
caused by posture would constitute the sig-
nal and all other sources of within-individual
variation, the noise. Similarly, in an epidemi-
ologic study of the effects of an occupation-
al exposure on a work force, variation caused
by exposure will constitute the signal, and all
other sources of between population varia-
tion, the noise In the clinical context, signal
and noise will vary according to the clinical
question. For instance, when assessing the out-
come of a treatment, the signal would be the
change after treatment, and the noise would
be within-individual variation in the absence
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, TABLE 1

SOURCES OF VARIATION IN LUNG FUNCTION’

Source

Technical

Biologic
Within individual

Between individual

Between population

Determinants

Instrument, subject, posture, observer, procedure (including number of tests),
software: temperature; altitude

All of the above
Diurnal (circadian) and seasonal effects, endocrinologic effects
All of the above
Personal factors, including size, age, sex, physical activity,  muscularity,

race, and other genetic characteristics and past and present health
Environmental factors, including tobacco smoke (personal and environmental),

occupation, residence (urban or rural), air pollution (home, environmental),
and socioeconomic status

All of the above
Selection factors which determine inclusion or exclusion of certain subjects

from study populations

* Baaed on table m reference 5 and reproduced with permissron.

of treatment. When lung function tests are
used as an aid in diagnosis, the signal is usu-
ally the patient’s results compared with the
expected result for subjects without disease
but similar in the personal characteristics that
determine lung function such as sex, size, age,
and, possibly, race (table 1).

Technical Sources of Variation
IN~TR~~~ENTATI~N

Detection of instrument problems is an inte-
gral part of interpretation. Readers should
consult ATS recommendations on spirome-
try and D~00,  which give practical limits of
acceptable instrument variability (7-9). In-
struments and procedures used in develop-
ing of reference values and those used to evalu-
ate patients should meet, and preferably ex-
ceed, current ATS recommendations.

PRECUON  AND  ACCURACY

In considering the variability of a test, a dis-
tinction must be made between precision and
accuracy. Precision refers to the repeatability
of the measurements, even if the values ob-
tained are not accurate (16). Accuracy, which
is not easy to establish, refers to how close
the measurements made by an instrument are
to the “true” value Because most instruments
have better precision than accuracy, between-
instrument variation usually contributes more
to total measurement variability than within-
instrument variation.

COMPVrZR  SOFTWABE  AND HARDWARE

Overall, the use of computers in spirometry
systems has reduced technical variability;
nevertheless errors associated with computers
occur. Even small differences in the techniques
used to calculate flow can produce relatively
large differences in derived flow measure-
ments (17,18).  It is imperative that spimme-
try systems using computers be validated ini-
tially and each time changes are made in soft-
ware or hardware One simple method of
validating computer computations is to com-
pare manual calculations of spirometric
values with computer-calculated values. The
values should be close, -c 2 to 3%, but they

will not be identical. Computers can also pro-
vide immediate feedback on the success of
a subject’s performance and improve overall
test quality. Quality control algorithms that
detect coughs, late peak flows, premature ter-
mination of effort, excessive extrapolated
volumes using the back extrapolation tech-
nique, and excessive variation between maneu-
vers can be programmed to provide immedi-
ate feedback to the technician.

SPECLAL CONSIDERATIONS FOR

TESTING CHILDREN

Equipment for testing children should have
an accuracy for volume of + 50 ml to below
0.5 L. The output for the hard copy display
should be scaled to the size of the signal with
a variable attenuation to a minimum of
30 mm/L. There should be a visible real-time
display to encourage both the child and the
technician and to ensure that effort is sus-
tained over a sufficient time Equipment, in-
cluding mouthpieces and noseclips, should
be adjustable and comfortable for children
with heights as low as 12O cm. Children should
be tested in a laboratory where personnel are
familiar with clinical testing of children and
where interpretations can be made by persons
familiar with pulmonary function testing in
children. Detailed recommendations for pedi-
atric testing have recently been issued by the
European Society of Clinical Respiratory
Physiology (13).

Procedural Sources of Variation
The largest single source of within-subject
variability is improper performance of the
test. Therefore, interpretations of spirometry
should include a statement about test quality
before any other interpretation is rendered.
The AT’S  (7-12),  the ECCS (4),  the Califor-
ma Thoracic Society (2),  the Intermountain
Thoracic Society (19),  the European Society
for Clinical Respiratory Physiology (13),  and
several texts (1,3,20-23)  have all recognized
the importance of procedure in reducing mea-
surement variability. Readers should consult
these references for detailed recommendations.

TABLE 2

ESTIMATES OF THE PROPORTION OF
MEASURED BETWEEN-INDIVIDUAL

VARIATION IN FEV, OR FVC IN ADULTS
ATTRIBUTABLE TO IDENTIFIED FACTORS’

Factor

Proportion of
Variation

Attributable

Sex

Age
Height
Weight
Ethnic

0.08
up to 0.30

0.20 up to 0.30
0.02 l-

differences 0.10
Technical 0.03
Unexplainedt 0.27
Total 1 .oo

. Reproduced with permission from reference 5.
t Includes all other determkwtta  of biologic variation dia-

cussed  in SOURCES OF V ARIATION IN LUNG F UNCTION Tssr-
ING Mether  environmental (e.g., smoking, active, and passive.
occupational expoaurea.  resfdential  p-allutfon.  socioeconomic
status) or hoat. (e.g., genetic, allergic, paat  and present  rea-
piratory  heafth status).  The latter two are usuafly  the focus  of
intereat  to the clinical pulmonary function laboratory.

Biologic Sources of Variation
WrrmN-INDIVIDUAL  (INlX4rNDMDuAL)

bRlATION

This section addresses short-term intrain-
dividual variations in lung function that do
not originate with instrumentation and are
not related to disease, environment, the in-
take of drugs, smoking, or failure of the sub-
ject to inspire or expire maximally during
spirometric maneuvers. The main residual
sources of variation are: (I) body position,
(2) head position, (3) effort dependence of
maximal flows, and (4) circadian rhythms.

(I) Body position. Body position affects
spirometric volumes, particularly FVC and
VC, which are 7 to 8% lower in the supine
than in the standing position and 1 to 2%
lower in the sitting than in the standing posi-
tion (24-27). Body position should be kept
constant in comparison studies. The stand-
ing position may be particularly.advantageous
for obese subjects (28).

(2) Headposition. Systematic increases in
maximal expiratory flows have been docu-
mented during neck hyperextension (29).
These increases are believed to be related to
elongation and stiffening of the trachea and
range from minimal to 35% of baseline values
for lung volumes above FRC (6O to 80% of
VC). Corresponding changes in FEV, have
not been documented. Conversely, neck flex-
ion may decrease peak expiratory flow rate
(29) and increase airway resistance (30).
Avoiding hyperextension and flexion of the
neck seems sufficient to eliminate this source
of variability. The effect of neck position is
usually less than that of body position, but
it may be important for patients tested in bed.

(3) Effort dependency of maximal flows.
The imperative for standardization is one rea-
son for the recommendations that the expi-
ratory maneuver be performed with maximal
effort. Nevertheless, FEV, may be 100  to
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200  ml lower when the effort is maximal com-
pared with submaximal efforts because the
airways are narrower with respect to the ex-
haled volume (31-34). Variable expiratory ef-
fort may thus be a confounding factor when
assessing small changes in maximal flows or
timed volumes such as those resulting from
bronchodilator response, therapy, or aging.
When a flow-volume curve is available, peak
expiratory flow may be an index of maximal
expiratory effort (31). In some subjects,
repeated maximal efforts may trigger bron-
chospasm, resulting in a progressive decrease
in FVC and FEV, (35). This may also account
for a subject’s inability to achieve the reprodu-
cibility standard recommended by the ATS.
It is of interest that failure to meet these
reproducibility standards may itself be a mea-
sure of less than perfect health (36, 37).

(4)  Circadian rhythms Variations in lung
function tests with a period of approximate-
ly 24 h are well documentedQ8-40).  For max-
imal expiratory flows, the lowest values are
usually seen in the early morning (4 to 6 A.M.),
and the largest values are seen around noon
(38). In healthy subjects, FEV, has been
shown to increase by about 0.15 L in the mom-
ing and decrease by 0.05 L in the afternoon
(39); for peak expiratory flow rate (PEFR),
the peak-to-trough amplitude is on the order
of 8% (40). Circadian variations have also
been documented for airway resistance, spe-
cific airway conductance, functional residu-
al capacity, total lung capacity, and residual
volume (41-44). The mechanisms responsi-
ble for these diurnal variations in lung func-
tion have not yet been elucidated (45, 46).
Much larger diurnal changes are seen in asth-
matic patients who often exhibit a severe
“morning dip” in pulmonary function
parameters with decreases of 50% or more
in PEFR (40,41,47,48).  As with healthy sub-
jects, the largest values are usually seen around
noon, but this pattern may be substantially
shifted by the timing of treatment (49). Ex-
aggerated circadian variations have also been
observed in patients with chronic bronchitis
(50, 51). Seasonal variations of respiratory
function have also been recorded (49).

BETWEEN-INDMDUAL  (INTERINDMDUAL)
VARIABILITY:  HOST FAC’IDRS

The most important host factors responsible
for interindividual variation in lung function
are (I) sex and size, and (2) aging, which ac-
count for approximately 30, 22, and 8Q0,
respectively, of the variation in adults (5) (ta-
ble 2). Other sources of interindividual vari-
ation are (3) race and (4) past and present
health. Approximately 27% of interindividual
variation remains unexplained (5) (table 2).

(Z) Size and sex. Size is usually measured
as standing height (6,52).  Sitting height, not
as easy to measure as standing height, gener-
ally explains less of the variability (53),  but
it may be a useful predictor in certain circum-
stances (cg., when dealing with a population
of mixed ethnic ori& see below). Arm span
measurements provide a practical substitute
for standing height in subjects unable to stand

or those with a skeletal deformity such as
kyphoscoliosis (19,54).  Lung function is de-
creased at both extremes of weight (55, 56).
Including measurements of chest circumfer-
ence only slightly improves the prediction of
lung function (57-60).  Variations in airway
and air-space dimensions and geometry also
contribute to interindividual variation in lung
function (61,62).  Accurate methods of mea-
suring airway and air-space geometry are not
widely available, and the contribution these
measurements will make to increasing predic-
tion accuracy is unknown. After correcting
for body size, girls appear to have higher ex-
piratory flows than do boys, whereas adult
men have larger volumes and flows than do
women (6, 63, 64).

(2) Aging. An appropriate model for lung
function changes caused by aging during the
adult years includes a period after adult height
is attained in which there is either an increase
(usual in young men) or little or no decrease
in function (usual in young women), after
which the function decreases at an accelerat-
ing rate with increasing age (6, 65) (see also
GROWTH section below). These accelerated ag-
ing effects are typically found in longitudinal
studies and not in studies based on cross-
sectional data. The differences between cross-
sectional and longitudinal studies are ex-
plained by both statistical issues (66-69) and
cohort effects (5, 6, 52, 55, 70).

(3) Race. Race has been consistently shown
to be an important determinant of lung func-
tion (20, 55, 58, 63, 64,71-83).  When com-
pared with Caucasians of European descent,
values for most other races usually show
smaller static and dynamic lung volumes and
lower forced expiratory flow rates but simi-
lar or higher FEVJFVC  ratios. In some popu-
lation groups diffusing capacity (transfer fac-
tor) is also lower (71). Regression equations
derived from white populations using stand-
ing height as the measure of size usually over-
predict values measured in black subjects by
about 12% for TLC, FEV,, and FVC and by
approximately 7% for FRC and RV (20). Peo-
ple of mixed race usually have intermediate
values. These differences persist after al-
lowances are made for age., stature, smoking,
air pollution, habitual activity, and altitude.
The reason for the differences between the
races is unclear. Differences may be due in
part to differences in body build (58,63,64,
72-76). Blacks, on average, have a smaller
trunk:leg ratio than do whites (77). The use
of sitting height as an index of body size in
prediction equations reduces but does not ful-
ly eliminate the observed differences between
whites and blacks (58,63,64,77)  or the differ-
ences between Europeans, Indians, and Asians.
Environmental differences, perhaps relating
to nutrition, physical activity, community air
pollution, and socioeconomic factors are also
thought to contribute to these differences
(78-85).

(4) Past andpresent health. Lung function
at any one point in time reflects not only the
present health of the individual but also the
sum of all the insults and injuries the lung
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has sustained in the past including those from
the prenatal and immediate postnatal peri-
ods (86-88).

BETWEEN-INDMDUAL (INTERINDIVIDUAL)
VARIATION:  ENMRONMENTAL  FACTORS

The effects of exposure to tobacco smoke, by
far the most important environmental factor
known to alter lung function, are well docu-
mented elsewhere (89). In this section con-
sideration is given to other environmental fac-
tors that account for between-individual
differences in lung function.

(I) Geographic factors. Altitudes as high
as 1,500 m do not appear to cause measur-
able changes in lung volumes, though mea-
surement of some flow rates may be affected
by changes in air density even at these alti-
tudes (90-92). FEV, and forced expiratory
flows are slightly increased at high altitudes,
mainly because of the decreased density of
air (93, 94). During acute exposures to alti-
tude there may be slight reductions in VC,
TLC, and FRC, most likely because of in-
creased thoracic fluid (95). Those residing at
high altitudes probably have larger lung
volumes than do residents at low altitudes.
The reasons are unclear because of the con-
founding effects of variables such as nutri-
tion (%, 97).

(2) .&posure  to environmental and occupa-
tional pollution. Exposure to airborne ini-
tams such as ozone, nitrogen dioxide, sulfur
dioxide, and sulfuric acid may produce mea-
surable transient changes in pulmonary func-
tion tests in controlled human exposure ex-
periments and epidemiologic studies (98-102).
Those who are exercising and sensitive sub-
groups of the general population have in-
creased responses. For example, short-term
exposures (minutes) to high concentrations
of SO, can trigger transient bronchoconstric-
tion in exercising asthmatics (103). Reduced
lung function levels and an increased rate of
decline in lung function have been associat-
ed with long-term exposures to sulfur oxides,
inhalable particles, and photochemical ox-
idants (100).

EnvironmentaI exposure to tobacco smoke
appears to affect the lung function of chil-
dren (104,105) and, possibly, adults (106-108).
More recent observations also show an effect
on bronchial reactivity in children (109). The
health effects of other indoor pollutants have
not yet been conclusively established (110,111).
Exposure to occupational pollutants, includ-
ing dusts, chemicals, gas, em, may induce
acute and chronic changes in lung function
(112-114).

(3) Socioeconomic status. Adverse effects
of low socioeconomic status on lung func-
tion are well documented and detectable even
in industrialized countries (85,115,116).  Low
socioeconomic status is often associated with
unfavorable environmental conditions such
as living in polluted urban-industrial areas,
increased environmental and occupational
exposures, increased indoor air pollution,
increased rates of respiratory illness, and
decreased  access to health care. Moreover, dif-
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, ferences in lung function attributed to genet-
ic factors may be partly or even largely at-
tributable to differences in socioeconomic
status (84).

G R O W T H

Growth affects the relationships between in-
dices of body size and spirometric measure-
ments in children and adolescents. Some of
the determinants of lung volumes and ven-
tilatory flows are therefore briefly reviewed
here.

(I) Relationship to height. The relationship
of ventilatory function to height from child-
hood through late adolescence to adulthood
is not linear. Prediction equations for chil-
dren are usually based on power or exponen-
tial functions of height, both of which seem
to fit the data equally well (63,64, 117-120).

(2) Age-dependence. Growth in standing
height, measured in cross-sectional or longitu-
dinal population studies, is not in phase with
lung growth during the adolescent growth
spurt (120-125).  Growth in chest dimensions
lags behind that of the legs (60,122,124,125).
In boys, standing height and VC are often not
maximal by 17 yr of age (123). VC continues
to increase after growth in height ceases and
may not be maximal until after 25 yr of age.
Girls, however, seem to attain their maximal
values at about 16 yr of age (120, 122, 123).
In younger subjects, FVC and FEV, seem to
track constant percentiles over time (126).
Ideally, developmental rather than chrono-
logic age should be included in prediction
equations for children and adolescents, but
such equations are not available or practical.

(3) Respiratory muscies. The opposing ef-
fects of increasing muscularity and obesity
have been invoked to explain the observed in-
crease in ventilator-y function that parallels
increase in body mass and the decline in lung
function beyond an optimal weight (55). Like-
wise, an increase in lung volumes and body
mass when growth in height had stopped has
been attributed to an increase in muscle mass
and the consequent increase in respiratory
muscle force (124, 127, 128). However, data
on maximal inspiratory and expiratory pres-
sures generated at different ages are incon-
clusive No differences were observed between
respiratory pressures in adolescents and adults
(129). In adolescents there is evidence of only
a small increase in maximal respiratory pres-
sure with growth of the lung and thorax
(130-N). The average maximal respiratory
pressures of boys are larger than those of girls
(130-133). Although there is a large varlabili-
ty in maximal inspiratory and expiratory pres-
sures between individuals of the same sex, re-
spiratory force accounts for only a small por-
tion of the differences in ventllatory function
(134, 135).

(4) Elastic  properties.  From the neonatal
period to old age, the thoracic cage grows
stiffer (136). Lung recoil increases from birth
to adulthood and then decreases with aging
(136-143). The relatively constant FRC/TLC
ratio (120) and the measurements of respira-
tory system mechanical properties (136) sug-

gest that changes in lung and chest recoil are
well balanced during growth.

(5) Lung volumes and ventilatory flows.
From childhood to adulthood the FEV,/FVC
ratio and the ratio of maximal expiratory flow
(derived from flow-volume curves) to the FVC
are almost constant. Girls generate larger ex-
piratory flows than do boys of the same age
and stature (120, 127, 135, 144, 145). This is
due in part to the fact that girls have a smaller
VC for the same TLC than do boys, but it
may also reflect both the smaller muscle mass
and the smaller number of alveoli found in
girls (146). Airway tone appears to decrease
in girls but not in boys after a deep inspira-
tion (147). Finally, in children between 2 and
12 yr of age airway resistance is less in girls
than in boys (148). These observations war-
rant using different prediction equations for
boys and girls at all ages.

Statistical Considerations
in the Derivation of

Prediction Equations
General Comments

Reference equations provide a context for
evaluating the pulmonary function values of
an individual patient or subject in compari-
son to the distribution of measurements in
a reference population. The clinicians request
for tests often contains the implicit question:
Are these results below the “lower limit of nor-
mal?” This section deals with statistical
aspects and limitations of this concept.

Characterizing the Distribution and
Determinants of Lung Function

in Reference Populations
Subjects with similar characteristics for the
variables that affect lung function (sex, age,
height, race) can be grouped together in a stra-
tum or a cell. Comparing the performance
of an individual subject with the values gener-
ated from a reference population requires one
to know something about the data in the ap-
propriate cell, specifically: (0 the number in
the cell, (2) measures of central tendency such
as the mean value, (3) estimates of dispersion
such as variance or standard deviation (SD),
and (4) information about the symmetry of
the distribution. If the number of subjects
in each cell is sufficient, lung function can
be described by providing descriptors of the
distribution such as mean and SD. Such tabu-
lations are infrequently used for lung func-
tion because there are too many possible cells
(consider all possible combmations  of age and
height). Regression equations are an econom-
ical and efficient alternative method to de-
scribe expected  values as a function of sex,
height, and age Regression techniques assume
that pulmonary function varies in a symmet-
ric fashion about the mean value in each cell
and that the variance about the mean is con-
stant from one cell to another. The closer the
distribution of pulmonary function values
comes to symmetry or, better still, to a Gaus-
sian distribution within cells, the more it is

possible to take advantage of the simplifica-
tions possible with Gaussian data.

Evaluating Prediction Equations
Linear regression is the most common but not
the only model used to describe pulmonary
function data in adults. Such equations per-
form less well at the edges of the data distri-
bution and in those cells where there are few
data. Estimates are likely to be misleading if
they go beyond the range of the independent
variables used to create the equation. Regres-
sion analyses are often simplified by restrict-
ing the range of possible values to cells (ranges
of height and age) in which reasonable predic-
tions are possible. One approach to regres-
sion analysis is to use separate simple regres-
sion equations for several different age groups
(149,150). This approach may introduce con-
flicting estimates at the points of transition
between equations.

Complex equations may provide more bio-
logically plausible models and reduce the av-
erage differences between observed and pre-
dicted values for every cell (eg., age and
height) in comparison with simple linear equa-
tions. The improved predictions, however,
usually come at the cost of increased com-
plexity of computation.

The most commonly reported measures of
how well regression equations fit the data they
describe are the square of the correlation
coefficient (rz) and the standard error of the
estimate (SEE). The proportion of variation
in the observed data explained by the inde-
pendent variables is measured by r2. The SEE
is the average SD of the data around the regres-
sion line SEE will decrease and 9 will increase
as regression methods diminish the differences
between predicted and observed pulmonary
function values in the reference population.
When the same equations are used to describe
a different population, SEE will invariably
be larger, and r2 wilI be smaller. In addition,
since these statistics reflect average charac-
teristics of the regression, r2 and SEE may
not reflect the ability of the equation to de-
scribe the tails of the distribution or the limits
of “normal,” and therefore are not sufficient
criteria on which to choose the best equations
to evaluate a clinical population.

Distributions and “Lower
Limits of Normal”

Distributions of FEV, and FVC in popula-
tion studies am usually found to be close to
Gaussian in the middle age range, but not at
the extremes. Distributions of flow measure-
ments and ratio measures (eg., PEVJFVC)
are usually not symmetric (149). Tiansforma-
tion or age statification of the data may help
produce symmetric distributions about the
mean. Ideally, publications describing refer-
ence populations should include not only the
prediction equations but also a means of
defining their lower limits. In the absence of
explicit recommendations, a lower limit can
be estimated from a regression model. For
spirometry, values below the fifth percentile
are taken as below the expected range (below
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the”lower  limit of normal”), and those above
the fifth percentile are taken as within the ex-
pected range (149,150). Percentiles can be cal-
culated directly from the data if there are suf-
ficient measurements within each category
(56,149,150).  If individual observations have
a distribution close to Gaussian, the value of
the fifth percentile can be roughly estimated
as: Lower limit of normal = Predicted value
- 1.645 x SEE. Ideally, the SD of the residu-
als should be constant for all cells. This is
true for some equations for adults (149). In
other studies, the estimated SD for the loga-
rithm of FVC and FEV, among preadoles-
cent children, and for height-adjusted FVC
and FEV, among adults, appears to be con-
stant for each sex and race (56). If SD is
proportional to the predicted mean value, as
it may sometimes be in children (126),  the fifth
percentile can be estimated as a constant
proportion of the predicted.mean,  i.e, a per-
cent of predicted. A comparison of several
prediction equations for spirometry has
shown substantial agreement using the fifth
percentile criterion but not using the - 1.645
x SEE criterion (151).

Sources, Uses, and Selection
of Reference Values

General Comments
Normal ventilatory function has come to
mean the average spirometric values of a rep-
resentative sample of healthy subjects drawn
from the general population. Various crite-
ria for excluding study subjects have been sug-
gested based on (r) past and present medical
history (eg., presence of respiratory symp-
toms such as cough, sputum production, and
wheezing; presence of physician-diagnosed re-
spiratory disease such as asthma, bronchitis,
emphysema, or tuberculosis; hospitalization
for lung or chest conditions; the presence of
heart disease; employment exposures;  and cig-
arette smoking); (2) physical examination; and
(3) chest radiographic findings. The most im-
portant selection criteria are those based on
a history of past disease and respiratory symp
toms. A reference population should, ideal-
ly, be representative of the general popula-
tion from which the clientele of the laborato-
ry comes. Although a random sample of a
population is ideal, one report found that once
hospital patients were excluded, the method
for selecting the study sample used to gener-
ate reference vaiues  had relatively little effect
on either the mean value or the range of values
obtained (152).

Sources of Reference Equations
In the 196Os, a number of reference equations
were published based on data gathered in spe-
cific population groups such as laboratory
personnel, workers in a particular industry,
school populations, subjects attending a spe-
cific clinic, volunteers, and general industrial
workers (153-157).  Some are derived from
population-based data gathered in epidemi-
ologic studies carried out for other purposes;
in these studies reference equations are a

byproduct (56,63,  126, 149, 150). Others are
based on data gathered specifically for the
creation of reference equations (91, 158).

Determination of the “Normal Range”
FIXED PERCENT OF PREDICTED VALUES

The practice in many clinical laboratories has
been to classify values of FVC and FEV, less
than 80% of predicted as abnormal. This
fixed value has no statistical basis in adults
(91, 159-162). Although some studies have
shown that for adults of average age and
height, 80% of predicted FVC and FEV, is
close to the fifth percentile, use of a fried value
will result in shorter, older subjects being more
readily classified as “abnormal” (159, 162),
whereas taller, younger adult subjects are
more likely to be erroneously classified as
“normal.” The practice of using 80% of
predicted as the lower limit of normal for
FEF25-71%  or the instantaneous flows will
also cause important errors since, for these
flows, the lower limits of normal are closer
to 50% of predicted (149, 150). The practice
of using a fiied percent of predicted as a low-
er limit of normal may be acceptable in chil-
dren (163) (see section on DISTRIB~ONS  AND

bXVER  bMIIS  OF NORMAL).

FEV JFVC RATIO

Defining a fried FEVJFVC ratio as a lower
limit of normal is not recommended in adults
because FEVJFVC  is inversely related to age
and height (91, 149, 150). The use of a fried
ratio will therefore result in an apparent in-
crease in the prevalence of impairment as-
sociated with aging or with age-confounded
factors such as cigarette smoking or occupa-
tional exposures. In addition, some athletes
have values for FVC that are relatively larger
than those for FEV,, resulting in a lower
FEVJFVC. This may also be true of work-
ers in some physically demanding occupations
such as mining and deepsea  diving.

PERCENTILES AS TBE “LOWER LIMIT
OF Nom”

One statistically acceptable approach for es-
tablishing lower limits for any spirometric
measure is to define the lowest 5% of the ref-
erence population as below the lower limit
of normal (see section on DISTIUBUTIONS  AND

LOWER LQarrs  OF NORMAL). This implies a 5%
false positive misclassification, a rate gener-
ally considered acceptable.

Smoking as an Independent Variable
Subjects who smoke cigarettes usually have
lower values for spirometry and forced expi-
ratory flows even if they meet the same health
criteria for “normal” as nonsmokers (164).
Smoking has both biologic and technical ef-
fects on Dwo (9,165). A clear choice for the
most appropriate method of adjusting spiro-
metric indices for the effect of smoking is not
readily evident from published data in which
any of the following have been used: smok-
ing status (current smoker or exsmoker),
amount currently smoked, duration of smok-
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ing, and pack-years of smoking. Neglecting
the correlation of some of these factors (e.g.,
pack-years) with age can introduce errors in
analyzing the effect of smoking. In one study,
the lifetime loss of FEV, for the average male
smoker was 7.4 ml/pack-year, and for the av-
erage female smoker it was 4.4 ml/pack-year
(164). Current smoking also adds an acute def-
icit in FEV, of approximately 150 ml over and
above the cumulative effect of lifetime smok-
ing (164, 166).

The distribution of a smoking variable in
the reference population and its relation to
other health indicators will affect the regres-
sion term calculated for smoking. For exam-
ple, in one study a twofold greater deficit in
spirometric measurements in relation to pack-
years was found in subjects with chronic
cough compared with those without chronic
cough (167). The mean spirometric value may
not be the best index for determining lung
function deficit caused by smoking since the
effect on the susceptible minority tends to be
overwhelmed by the unaffected majority
(168). Whether the effects of smoking are
similar across other independent variables
such as sex and age is unknown. Some of the
sex differences in smoking-associated pulmo-
nary dysfunction may be related to differences
in smoking behavior (169). The effect of
smoking also increases with age (166). The
effect of smoking on the developing lung is
likely to be different from the effect of smok-
ing on the adult lung.

Finally, the effects of smoking cessation
on pulmonary function are inconsistent. Ex-
smokers are found to have both reversible and
irreversible ventilatory decrements (164,166,
170). Most cross-sectional studies in older sub-
jects have found older exsmokers to have
values intermediate between those who con-
tinue to smoke and those who have never
smoked. Young exsmokers may exhibit high-
er spirometric values than never smokers,
probably as a result of health selection effect
(134, 171). Whether the pulmonary function
of ex-smokers is better or worse than that of
current smokers probaby depends on the age
of the subjects, how long they have smoked,
and on why they abandoned smoking.

Cross-sectional and Longitudinal
Predictions

Cross-sectional data are subject to a bias
called “cohort” effect. A person who is 40
yr of age today is different from one who be-
came 40 two decades ago because of a varie-
ty of host and environmental factors (6,52).
The age-related lung function deficit predicted
from cross-sectional data tends to be greater
than that predicted from longitudinal pulmo-
nary function data in adults (67-70) and chil-
dren (172-174). Prediction equations based
on cross-sectional data are appropriate for
determining the prevalence of pulmonary
function impairment in defined populations.
They are less well-suited to determine age-
related events including the incidence or
progression of impairment. Percentiles of ad-
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, justed lung function (similar to those used portant issues in the selection of reference
by pediatricians to assess growth) have been values. However, neither is as important as
advocated by several investigators for assess- the choice of a reference population that (I)
ment of both growth and decline of pulmo- provides an appropriate comparison for the
nary function (56, 63, 126). A person would subjects to be evaluated, and (2) is based on
be expected to track along the same percen- measurements made with instruments and
tile as he or she ages if the loss (gain) in func- methods comparable to those used in the lab-
tion was at a rate comparable to that of the oratory for which reference values are being
reference population. selected (2, 5).

Criteria for Selection of
Reference Values

Pubiished Reference Equations

Criteria for selecting reference values to be
used in the clinical or in the epidemiologic
context fall into three categories: methodo-
logic, epidemiologic, and statistical (5).

(I) Methodologic  criteria. If possible, ref-
erence values should be based on data ob-
tained by trained operators using equipment
and techniques that meet ATS criteria (7-12).
In contrast with the use of the FVC in Ameri-
ca, predictions of VC from Europe are usual-
ly based on inspiratory vital capacity (IVC)
or slow expiratory vital capacity (EVC).  The
IVC and EVC are, on average, somewhat larg-
er than FVC in healthy subjects; in subjects
with airflow limitation, the differences are
more pronounced (4, 175).

(2) Epidemiologic criteria. The population
from which the subjects are drawn should be
similar with respect to age, height, sex, and
ethnic composition to the population to
whom the prediction values are to be applied.
Prediction equations should use age, height,
sex, and, probably, ethnic group as indepen-
dent variables. For most clinical uses they
should be based on cross-sectional studies of
lifetime nonsmokers.

For the convenience of readers, selected pub-
lished reference equations for adult whites and
blacks and scaling factors for blacks current-
ly in use are listed in tables 3 to 9. A compre-
hensive listing up to 1983 was published by
the ECCS (4). The results of a survey of ref-
erence equations used in North American pul-
monary teaching centers is shown in table 10.
Equations for children and adolescents are
detailed elsewhere (13,63,  117-119, 131, 149,
176, 177). Laboratories should use the pub-
lished reference equations that most closely
describe the populations tested in their labora-
tories. This may also be assessed empirically
by comparing the results for a group of 20
to 40 local reference subjects with those
provided by the intended reference equations.
The local reference subjects should be ap-
propriately selected by age, ethnic group, and
sex, to match the clientele of the laboratory
and should meet the selection criteria listed
in section CRITERIA  FOR SELECTION OF REF-
ERENCE %LUES.

Limitations of Currently
Available Equations

(3) Statistical criteria. These are discussed
in STATISTICAL CONSIDERATIONS IN THE DERI-
VATION OF PREDICTION EQUATIONS . Both bio-
logic plausibility and simplicity in the model
used to develop prediction equations are im-

Reference equations now available include rel-
atively few results for adolescents and the
elderly. Even fewer equations span the ages
from grade school through adulthood and,
with few exceptions, they are discontinuous
for children and adults (55, 178). Older sub-

jects  reflect their lifetime experiences with re-
spect to nutrition, health status, and other
factors and are therefore subject to a cohort
effect. Most equations in current use are based
on linear statistical models. All these aspects
are subject to change. For this reason, refer-
ence equations should be reviewed regularly.

interpretative Strategies
Conceptual Issues Concerning Normality

and the Limits of Normal
The word “normal” is used in a number of
ways (5,6, 13, 179). In popular use it means
ideal, conventional, or usual. It is used by
statisticians to describe a specific distribution
about a central tendency and by biologists in
ways that vary according to their focus of in-
terest. Anatomists, for instance, use it to de-
scribe structural variations consistent with
good function; physiologists use it to describe
variations that preserve the “internal milieu,”
and clinicians use it to describe variation with-
in the limits of “good health” and exclusive
of “disease” (5). Issues of biologic “normali-
ty” are discussed in greater detail elsewhere,
and interested readers are referred to those
reviews (5, 6, 179-181).

Because most laboratory tests are quantita-
tive variables with overlap between measure-
ments in healthy and diseased subjects, the
idea of a range of values defining biological-
ly “normal” is, in the view of its critics, mis-
leading (5,6,  182). For instance, in interpret-
ing laboratory test results where there is an
overlap between healthy and diseased popu-
lations, the “normal” range should theoreti-
cally change with different disease processes
and with the clinical questions being asked
(181). It has also been pointed out that select-
ing a normal range “requires careful evalua-
tion of benefit in terms of morbidity or mor-
tality, inconvenience, and distress caused to

TABLE 3

PREDICTED VALUES FOR FE’.‘, AND FVC DERIVED FROM SELECTED STUDIES OF
NONSMOKING CAUCASIAN MEN’

First  Author, Age Range
Year (Ref) on) Studied

Morris, 1971 (224) 20-84 517 3.63
Cherniack, 1972 (225) 15-79 870 3.74
Quanjer.  1977 (4) 21-64 189 3.59
Crapo.  1981 (91) 15-91 125 3.96*
Knudson, 1983 (149) 25-84 86 3.61
Dockery.  1985 (56) 25-74 624 3.78

Rota.  1986 (226) 20-70 443 3.95
Paoletti.  1986 (150) 29-64 59 3.83
Miller, 1986 (158) 18-85 176 3.94

FEV,t for
Ht 1.75 m.
Age 45 yr

Coeficient

Ht Age
RSD or

SEE

3.62 - 0.032
3.59 - 0.023
4.05 - 0.031
4.14 - 0.024
6.65 - 0.029

Equation
nonlineaP

4.99 -0.021
4.94 -0.027
5.66 - 0.023

0.55 4.84

NR 4.52
0.43 4.51
0.49 4.89s
0.62 4.64
0.40 4.72

0.44
0.48
0.41

WC?  for

Ht 1.75 m,
Age 45 Y

5.15
5.06
4.84

Regression
Coefficient

Ht Age

5.83 - 0.025
4.76 -0.014
6.11 - 0.032
6.00 - 0.021
8.44 - 0.030

Equation
nonlinear5

6.78 - 0.015
7.24 - 0.027
7.74 - 0.021

RSD or
SEE

0.74
N R

0.56
0.64
0.64
0.47

0.53
0.58
0.51

Detinilion  of abbraviations:  RSD  = re&ual  standard  daviatiin;  SEE = standard error of ttz8  estimate;  NR = not raponad.
* To ba  included studies had to (I) induda  man and women; (2)  adequately  dascdba  the mathods  used:  (3)  anal-e  spiromatric  values  in terms of aga  and height. lnstr~mants  of measurement

ware:  water spirometer  (56. 91. 224); dry or wedge spiromater  (158.  225); pneumotamograph  (4, 149. 150.  226).  Equation to pradii  f%V,  or NC using  this  table:

Predicted FEV, or WC = Prediiad v&at  for Ht 1.75 tn.  Age US + Ht Coefficient x (Ht - 1.75) l Age Coefficient x (Age - 45)

t Predicted value for Hr = 1.75 m. Age I 45.
*Studies carried out at en alttude of 1.400 m.
OFEV,  I Ht’(1.541 - 4.06 x lO-"  Age  - 6.14 x 101 Age’):  FVC = HF (1.75 - 1.35 x lo-’ Age - 1.01 x lo-’ Age’).
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,TABLE 4

PREDICTED VALUES FOR FEV, AND FVC DERIVED FROM SELECTED STUDIES OF
NONSMOKING CAUCASIAN WOMEN’

Firat Author,
Year (Ref)

FEV,T for
Regression Regression

Age Range
Coefficient FVCT  for

Number f-6 1.65 m, RSD or
Coefficient

Ht 1.65 m. RSD or
0 Studied Age45Yr Ht Age SEE Age 45 yr Ht Age SEE

Morris, 1971 (224) 20-w 471 2.72 3.56 - 0.025 0.47 3.54 4.53 - 0.024 0.52
Cherniack, 1972 (225) 15-79 452 2.67 2.37 -0.019 NR 3.36 3.08 -0.015 NR
Quanjer,  1977 (4) 21-64 514 2.71 3.17 - 0.031 0.35 3.39 4.64 - 0.027 0.42
crapo,  1981 (91) 15-64 126 2.92$ 3.42 - 0.026 0.33 3.54$ 4.91 -0.022 0.39
Knudson. 1983 (149) 20-87 264 2.79 3.09 - 0.020 0.39 3.36 4.27 - 0.017 0.49
Dockery,  1965 (56) 25-74 1,630 2.79 Equation 0.40 3.41 Equation 0.47

nonlinear§ nonlinear5
Aoca.  1986 (226) 20-70 427 2.67 3.17 - 0.025 0.31 3.72 4.54 - 0.021 0.40
Paoletti,  1986 (150) 21-64 313 2.64 2.43 - 0.020 0.29 3.76 4.12 -0.015 0.39
Miller,  1986 (158) 18-62 193 2.91 2.66 - 0.025 0.33 3.59 4.14 - 0.023 0.45

* To be induded  studii  had  to (7) include  men and women;  Q adequatety  describe the memods  used:  (3) snslyze  spimmetnc values  in terms of age and height. Instruments of measurement
were: wtef  SWometer  (66, 91. 224);  dry or Wedge spiromater  (156. 225);  pneumotachograph  (4, 149, 150. 226). Equation to predict FEV, or n/C using this table:

Predicted FEV,  or FVC  = Predicted value*  for Ht 1.65  tn. Age 46 + Ht Coefficient x (Ht - 1.65) + Age Coefficient x (Age - 45)

7 Predicted value for Ht = 1.65  m. Age  = 4.5 yr.
*StUdbScarriedaRat~aitih&of1,400lll.
0 = -FEV,  Ht* (1.332 4.06 x lO-’  Age - 6.14 x lO-’ m; FVC = HP (1.463 - 1.36 x 10-‘  Age - 1.01 x lo- Age’).

TABLE 5

PREDfCTED VALUES FOR FEV, AND FVC DERIVED FROM SELECTED STUDIES OF
BLACK MEN AND WOMEN’

First Author, Age Mean Number FEV, for
Year (Ref) or Range Studied Ht and AgeT

Regression
Coefficients

Ht Age
RSD or

SEE
NC for

Ht and AgeT

Regression
Coefficients

Ht Age
RSD or

SEE

Men
Johannaen. 1966 (227)
Miller, 1970 (229)
Oscbtwitz,  1972 (61)
Roaaiter.  1974 (229)
Lapp.  1974 (236)
Cookaon, 1976 (231)
Patrick, 1976 (232)

20-50 120
35-a 96

50.3 * 6.6 110
21-70 147

34.9 * 11.9 79
43.6 -c 15.1 141

16-65 213

Ht 1.75 m
Age 45 yr

2.96*
3.05
2.94
3.04
3.53
3.12
3.11

2.67
3.40
2.99
4.51
3.54
2.20
4.23

Ht 1.75 m
Age 45 yr

- 0.017 0.46 4.07$ 4.09 - 0.52
- 0.024 0.37 3.79 4.44 - 0.024 0.46
- 0.031 0.64 3.76 3.70 - 0.027 0.66
- 0.027 0.521 3.64 5.i7 - 0.019 0.596
- 0.025 0.23 4.11 3.94 - 0.021 0.32
- 0.024 0.50 3.74 3.90 - 0.017 0.65
- 0.023 NR 3.72 3.51 - 0.025 NR

Women
Ht 1.65 m Ht 1.65 m

Age45yr
Johannaen. 1966 (227) 20-50 100 Ag;.:*yr 2.18 - 0.013 0.34 2.74* 2.51 - 0.015 0.35
Miller, 1970 (228) 35-54 109 2.19 2.45 - 0.018 0.31 2.74 3.15 - 0.020 0.36
Cookaon, 1976 (231) 36.7 -c 11.6 102 2.35 2.40 - 0.026 0.41 2.86 3.00 -0.019 0.42
Patrick, 1976 (232) 16-65 117 2.10 1.49 - 0.014 N R 2.64 3.17 - 0.020 NR

’ ln.struments  of mdiPurement  used were: water spirometer  (227.223.231).  a dry or bellows spirometer  (226.230). and various others  (81,232).  Predicted values for men and woman are calculat-
ed as shown in footnotes to tables 3 and 4.

t Predicted value for  a 45yrold  man 1.75 m tall. and a 45yr-old  woman 1.66 m tall.
* Corrected from ATPS  to ETPS conditions, assuming a spimmeter temperature of 22O  C.
5 Inch&s  caucasian  subjects.

subjects by further investigation and tmat-
ment, and the costs of making the wrong de-
cision” (182). The “normal” range only gives
information about the distribution of test
results in the healthy population from which
they were derived. It says nothing about the
true positive rate, the false negative rate, or
the predictive power of a positive test.

To draw inferences about the presence of
disease from a test, one should, ideally, know
the prior probability that the patient has the
disease and the distributions of test values
for subjects with and without the disease in
question. Although this ideal is rarely met,

clinicians must use their understanding of the
clinical situation to put an interpretation in
proper perspective

Obstructive and Restrictive
Ventilatory Defects

DEFINITION OF AN O~~TIWCTNE  DEFECT

An obstructive ventilatory defect may be de-
fmed as a disproportionate reduction of max-
imal airflow from the lung with respect to the
maximal volume (VC) that can be displaced
from the lung. It indicates airflow limitation
and implies airway narrowing during expira-
tion. The earliest change associated with flow

limitation in small airways is thought to be
slowing in the terminal portion of the spiro-
gram,even when the initial part of the spiro-
gram is unaffected (1, 21-23). This slowing
is reflected in a proportionally greater reduc-
tion in the instantaneous flow measured af-
ter 75% of the FVC has been exhaled (FEFIS)
or in FEFSS-,5a than in FEV,. Abnormalities
in these midrange flow measurements during
a forced exhalation are, however, not specific
for small airway disease and, though sugges-
tive, should not be used to diagnose small air-
way disease in individual patients (183). As
airway disease becomes more advanced and/
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TABLE 6

PREDICTED VALUES FOR FEV,/FVC%  DERIVED FROM SELECTED STUDIES OF CAUCASIAN
AND BLACK MEN AND WOMEN’

First Author, Age Range
Year (Ret) (vr)

Regression
FEV,/FVC%T  f o r  Coefficients FEV,/FVC%T  for

Regression
Coefficients

Number Ht 1.75 m and RSD or Number Ht 1.65 m and RSD or
Studied Age 45 yr Ht Age SEE Studied Age 45 yr Ht Age SEE

Quanjer. 1977 (4) 21-64 189
Crapo, 1981 (91) 15-91 125
Knudson, 1983 (149) 25-85 86
Paoletti. 1986 (150) 8-64 263
Miller, 1986 (158) 18-85 176

Johannsen, 1968 (227)
Oscherwitz.  1972 (81)

Rossiter,  1974 (229)
Cookson,  1976 (231)

20-50
50.3

(* 6.6)
21-70
43.6

(2 15.1)

120
110

147 77.2 0.62 -0.34 7.26
141 81.4 - -0.25 10.7

Caucasian Men

78.4 -80.9* - 13.0
82.0 -
75.9 - 5.3
80.5 - 13.1

Black Men
75.0 -
i 7 . 7 4.2

-0.16 5.3 514
-0.15 4.8 126
-0.11 6.3 204
- 0.23 6.1 538
-0.15 5.6 193

-0.29 8.6
- 0.32 10.2

Caucasian Women
80.2 - 0.24 6.4
81.9* - 20.2 -0.25 5.3
82.8 -18.5 -0.19 7.6
70.5 - 4.311 - 0.31 5.8
82.3 -21.5 -0.15 6.8

Black Women

102 82.3 -0.38 11.7

* Table  comprttes  studies cited in tables 3 to 5. which also reported values  for FEV,/FVC%  analyzed in relation to height and age. For the instruments of measurement used, see footnotes
to tables 3 to 5. Note: studies of Caucasian subjects were confined to nonsmokers: studies of black sub)ects  included all smoking categories. Predicted values for FEv,/FVC  are calculated as
shown in footnotes to tables 3 and 4. Only one study gives equations for black women.

t Predicted vatue  for a 45-ywld  man 1.75 m tall, and a 45yrold  woman 1.65 m tall.
* Studies carried out at an attitude of 1.400  tn.
5 Includes Caucasian subjects.
Ii Coetficient  not significant.

TABLE 7

PREDICTED VALUES FOR DIFFUSING CAPACITY (DLCO)  AND Kco (DL&VA) DERIVED FROM SELECTED STUDIES OF MEN AND WOMEN’

First Author, Age Mean Number DLcoT  for
Year (Ref) = SD or Range Studied Ht and Age

Regression
Coefficients

Ht Age

RSD or DL&VAT for
SEE Ht and Age

Regression
Coefficients

Ht Age

RSD or
SEE

Men
Billiet,  1963 (233)
Cotes. 1965 (20)
Teculescu.  1970 (234)
Van Ganse. 1972 (235)
Frans, 1975 (236)
Marcq,  1976 (237)
Satorinne, 1976 (238)
Crapo. 1981 (239)
Miller, 1983 (165)
Paoletti, 1985 (240)
Knudson, 1987 (241)
Rota.  1990 (242)

Women
Silliet,  1963 (233)
Van Ganse. 1972 (235)
Salorinne, 1976 (238)
Hall, 1979 (243)
crapo.  1981 (239)
Miller. 1983 (165)
Paoletti, 1985 (240)
Knudson, 1987 (241)

20-75 57
19-72 127
19-67 47
25-79 70

39 f 12 64
17-79 64
20-69 69
15-91 123

43 f 16 74
19-64 80
25-64 71
20-70 194

20-68 41
24-76 72
20-69 101
27-74 113
17-84 122

43 f 15 130
18-64 291
20-86 99

Ht 1.75 m.
Age 45 yr

35.3
30.3
32.6
29.3
33.3
29.9
30.7
36.66
31.4
37.111
38.411
33.6

Ht 1.65 m,
Age 45 yr

25.2
20.3
25.0
3 0 . 1 ”
27.45
23.7
27.911
28.21)

57.6 - 0.24 4.2
32.5 - 0.20 5.1
33.3 - 0.30 4.2
16.4 - 0.20 3.8
28.5 -0.14 4.2
10.4 - 0.20 3.9
14.2 - 0.23 3.6
41.6 - 0.22 4.8
16.4 -0.23 4.8
44.1 -0.19 5.8
35.5 -0.27 4.6
36.7 - 0.20 4.4

21.9 -0.16
16.8 -0.16
21.9 -0.12
28.3 -0.19
25.6 -0.14
16.0 -0.11
15.7 -0.07
18.7 -0.15

3.6
3.6
2.8
4.1
3.6
4.0
4.3
4.5

Ht 1.75 m,

Age45Yr
4.96
4.83
5.17*
5.68
NR

4.59
5.02
5.455
4.77
4.8111
5.6111

- 0.04 0.92
- 0 . 0 4 0.81
- 0.04 0.73

- 0.90 -0.03 1.07

- 0.03
-3.53 - 0.03

-0.03
- 2.24 - 0.03
-0.12tt - 0.02
- 2.35w - 0.04

Equation nonstandard~

0.65
0.63
0.84
0.73
0.71
0.80

Ht 1.65 m.
Age 45 yr

. 5.55 -0.03
5.61 -0.17 - 0.01
5.27 - 3.96 -0.01
5 .66 ” - 0.02
5.469 -0.03
4.62 -1.81 - 0.02
4.8511 - 2.51 -0.02
5.3711 - 2.78w - 0.03

0.85
0.99
0.74
0.74
0.78
0.80
0.85
0.85

* Tabie  refers to 0~~0  and includes prediied vatues  from published reports in which the number of subjeots  studied and their age were given and in which equations for DL~ were deSCribeCl
in tarrhs  of height and age according to AT.6 recommendations (s). All but one study (20) refer to nonsmokers. Residual volume or FRC was measured as foflows:  single-breath helium dilution
(165.234.236-242).  muttipte-breath  helium dilution (20.233,243).  open cirouit  N, washout (235).  Predicted values  for DLCO and DUVn  are calculated  as Shown in fwtnotes  to tables 3 and 4.

t Predtted  vaiue for a 45yr-old  man 1.75 m tatl.  and a 45yroki woman 1.65 m tall.
* Resuits  adjusted to 1 alps.
g Measurements made at an aftiiude  of 1.4X tn.
0 Correctiin  for  breathholding time as in the Epidemiology Standardiation  Project (240.  241). Note that calculated DL is  sensitiie  to the methods used to calculate breathhofd  time.
1 Form  of the equation not that recommended by the AT6
** Results  caicuiated  for atl smoking categories and adjusted for smoking effect.
ft Coefficient not significant.
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TABLE 8

PREDICTED VALUES FOR TOTAL LUNG CAPACITY (TLC) AND RESIDUAL VOLUME (RV)
DERIVED FROM SELECTED STUDIES OF MEN AND WOMEN-

Reareseion &ore&on

First Author, Age Mean Number
Coefficients

RSD or
Coefficients

RSD or
Year (Ref) or Range Studied Ht and Age Ht Age SEE Ht and Age Ht Age SEE

Men
Goldman, 1959 (92)
Cotes, 1965 (20)
Boren, 1966 (155)
Black, 1974 (244)
Crapo, 1982 (245)

44 f 17 44
19-72 127
20-62 422
1659 83
15-91 123

Ht 1.75 m, Ht 1.75 m,
Age 45 yr Age 45 yr

6.61 9.40 -0.015 0.65 2.04 2.70 0.017 0.39
6.68 8.67 - 0.91 Not reported
6.35 7.80 - 0.87 1.62 1.90 0.012 0.53
6.84 7.80 - 0.68 2.15 3.80 0.034 0.57
6.72 7.95 0.003 0.79 1.67 2.16 0.021 0.37

Ht 1.65 m, Ht 1.65 m.
Women Age 45 yr Age 45 yr

Goldman, 1959 (92) 38 f 16 50 5.10 7.90 - 0.008 0.53 1.78 3.20 0.009 0.37
Grimby.  1963 (246) 18-72 58 5.05 7.31 - 0.016 0.52 1.44 2.92 0.008 0.35
Black. 1974 (244) 16-59 110 5.20 6.40 - 0.62 1.76 2.30 0.021 0.46
Hall, 1979 (243) 27-74 113 5.30 7.46 - 0.013 0.51 1.80 2.80 0.016 0.31
Crapo,  1982 (245) 17-04 122 5.20 5.90 - 0.54 1.73 1.97 0.020 0.38

' Only one (245)  Of thesa  studies Conforms  strictly to the AT.9  rscommandations  for splmmetry  (8): references 20. 155. 243. 244 included all smoking categories.  and in two (92. 246) smoking
Status was  not defined. R&dual  volume was fttaawred as follows: halium  rebreathing (20,92,  243.246). whole-body plethysmograph (244). single-breath helium dilution (245). and helium rebreath-
ing on open circuit N, washout III one study (155). Predicted values for TLC and RV are calculated as shown in fwtnwss  to tables 3 and 4.

7 Predicted value for a 45yr-old man 1.75 m tall. and a 45yrold  woman 1.65 m tall.

or more proximal airways become involved,
timed segments of the spirogram such as the
FEV, will become reduced out of proportion
to the reduction in VC.

DEFINITION OF A RESTRICTIVE DEFECT

A restrictive ventilatory defect is character-
ized physiologically by a reduction in TLC.
One may infer the presence of a restrictive
ventilatory defect when VC is reduced and
FEVJFVC is normal or increased. Severe air-
flow limitation is another common cause of
a reduced VC either because airflow is so slow
the subject cannot continue to exhale long
enough to complete emptying or because air-
ways collapse Occasionally, patients will have
a small VC, a normal FEVJFVC, and a nor-
mal TLC. If there is a contradiction between
VC and TLC in defining restriction the clas-
sification should be based on TLC.

TABLE 9

FACTORS FOR ADJUSTING REFERENCE
VALUES FOR CAUCASIANS WFH A

VIM TO THEIR BEING USED
FOR BLACK AMERICANS’

FEV,
W C
FEV,lFVC
TLC
RV
RVKLC
Diising  Capecity  (transfer fector)
TINA (BTPS)

0.66t
0.68t
0
0.88
0.93$
1.05
0.93
1.05

* 6wrce:  Rossiter  and Weill  with annotatipn  (229). Although
the average Caucasian admixture in studies of 6&k Anwii
cans varies. a raasonable  average is 22% (247).

t Also apply to women younger  than 55 yr of age; in Older
subjack.  the cofracticn  may bs larger (approximately 0.80;
Dcckery  ef al. [56]).

* A larger  correction (approximately 0.88)  was pmpnsad  by
Lapp  et al. (230).

Bronchodilator Response
Bronchial responsiveness is an integrated
physiologic mechanism involving airway ep-
ithelium, nerves, mediators, and bronchial
smooth muscle. Because the within-individual
difference in response to a series of different
bronchodilators is variable, and as many as
20 to 30% of responsive subjects will respond
to one type of agent but not to another (l&t),
the assumption that a single test of bronchodi-
lator response is adequate to assess both the
underlying airway responsiveness and the
potential for therapeutic benefits of bron-
chodilator therapy is overly simplistic (185).
The correlation between bronchoconstrlction
and bronchodilator responses is imperfect,
and it is not possible to infer with certainty
the presence of one from the other.

Data on the percent change in FVC, FEVI,
and FEF,,S,, after bronchodilator adminis-
tration in general population studies as well
as in patient populations are summarized in

table 11. These studies showed a tendency for
the calculated bronchodilator response to in-
crease with decreasing baseline VC or FEV,,
whether response was considered as an abso-
lute change or as a percent of the initial val-
ue Bronchodilator responses in patient-based
studies are, not surprisingly, somewhat high-
er than those in general population studies
(table 11).

Interpretation of change after a bronchodi-
lator should be made in light of the clinical
question. If the question is whether a patient
has an increased bronchodhator  response, the
appropriate reference is probably one of the
population-based studies. If the question is
whether the patient is different from other
patients or from previous visits, patient groups
may provide the most appropriate reference
data.

There is no clear consensus on what con-
stitutes reversibility in subjects with airflow
obstruction (192). In part, this is because there

TABLE 10

SURVEY OF SPIROMETRY  REFERENCE EQUATIONS USED IN
NORTH AMERICAN PULMONARY TRAINING CENTERS’

NC or VC FEV, FEV,lFVCT

M F M F M F

Morris ef al. (224) 65 65 65 65 58 60
Crap0  et al. (91) 27 27 27 27 29 29
Knudson et al. (149) 24 24 25 25
KoryeteL(153) 7 8
Koty et al. (249) 7 8
Chemiack et d. (225) 3 3 4 4
Miller et a/. (180) 2 2 2 2 2 2
Other studies* 11 11 6 8 11 9

- &sad on a questionnaire survey  of adutt  raspiratoty  diiass  training pmgrams  in the United Statas
and Canada. Responsas  from  139 of 160 institutions are summarizad  (248).

7 Thiny-nine  centers predictad  FEV,IFvC by dividing predicted FtZV,  by pradictad  FVC.
* Studies cited only once.
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c TABLE 11

RESPONSE TO BRONCHODILATOR: RESULTS FROM SELECTED POPULATION STUDIES

Population

1,063 subjects 8-75 yr of age
General population sample
from Tucson, AZ (186)

Agent/Mode of Delivery W C

Two inhalations of isoproterenol via 10.7%
metered-dose inhaler (403 ml)

FEV,

7.7%
(315 ml)

FEF,,.,,,
or FEF,

20%

Comments

95th percentile for percentage change from
baseline (absolute value in parentheses)

2.609 subjects; random sample
of three areas in Alberta,
Canada (187)

75 selected normal subjects

(188)

500 pg terbutaline administered
via spacer

Two inhalations from a
Bronkometer”’  metered-dose
inhaler

Females 9% - 95th percentile for percentage change from
(224 ml) baseline in asymptomatic never smokers

Males 9% with FEV, > 89% predicted (absolute
(338 ml) value in parentheses)

5.1% 10.1% 48.3% Upper 95% confidence limits (two-tailed)
(231 ml) (365 ml) for percentage change from baseline

RESPONSE TO BRONCHODILATOR: RESULTS FROM SELECTED PATIENT STUDIES

40 patients referred to
pulmonary function lab (189)

985 patients with COPD
participating in the IPPB
trial (190)

150 patients with airway
obstruction (191)

Placebo

256  pg isoproterenol air
compressor nebufiier

200 pg salbutamol or 500 ug
terbutaline via metered-dose
inhaler

14.9%
(340 ml)

15%

(330 mf)

12.3%
(178 ml)

15%

10%
(160 ml)

45.1% Upper 95% confidence interval change
after placebo inhalation. Absolute
values in parentheses.

Average increase as percent of initial FEV,
(5% as percent of predicted normal
FEV,)

95% confidence interval for absolute
change: absolute rather than relative
change preferred measure of
bronchcdilator response

is no consensus on how a bronchodilator re-
sponse should be expressed. The three most
common methods are: percent of the initial
spirometric value, percent of the initial
predicted baseline value, and absolute change
Expressing the change in FEV, as a percent
of predicted FEV, deserves further study as
it has been reported to have advantages over
current methods (193). When using the per-
cent change from the initial values as the
criterion, most authorities would require at
least a 12 to 15% increase in FEV,  from the
baseline value as necessary to define a
meaningful response Increments of less than
8% (or of less than 150 ml) are likely to be
within measurement variability (191,192). One
should interpret improvement in an individual
subject only if the percent change and abso-
lute change in FEV, or VC are clearly beyond
the expected variability of the measurement
during a single testing session. A patient may
respond to long-term bronchodilator thera-
py even though a bronchodilator response is
not seen in a single laboratory testing session.

The FEF21_,Sk  is a highly variable spiro-
metric test, in part because of its dependence
on FVC, which increases with expiratory time
with obstruction. If FVC changes, postbron-
chodilator FEF,,,,, is not comparable with
that’measured prebronchodilator. Volume ad-
justment of FEF2,_,5s. has been used to deal
with this issue (194,195). At least two studies
have assessed the utility of FEF,+,,,.  The
results were disappointing, with only 8% of
asthmatics (195) and 7% of patients with
chronic obstructive pulmonary disease
(COPD) (196)  identified by FEF2,,S, criteria
alone as outside the expected range Tests such
as the FEVJVC ratio and flow rates mea-

sured at some fraction of the VC may also
be misleading in assessing bronchodilator re-
sponse if expiratory time changes are not con-
sidered and if flows are not measured at the
same volume below TLC.

Current published criteria and the Work-
shop recommendations for determining bron-
chodilator response are given in table 12.

Interpretation of Lung Function Tests
in Clinical Practice

Pulmonary function tests may be used to ad-
dress major issues in clinical case manage-
ment. These include describing dysfunction
and assessing its severity, explaining it in terms
of diagnosis, establishing prognosis, planning
management, and assessing trends over time,
including changes after treatment. pulmonary
function tests may also be used to identify
an abnormality in subjects without a known
pulmonary disorder, as in preoperative assess-
ments, in routine health status evaluations,
and in clinical screening. Finally, pulmonary
function tests are increasingly requested as

part of health assessment on behalf of a third
party (cg., an insurance company or a gov-
ernmental agency) where the clinician is not
in his or her usual patient advocacy role and
the subject or patient is, consequently, wary.
In each of these situations, the question asked
of the puhnonary function laboratory is quite
different. Ideally, interpretations of pulmo-
nary function tests should depend on the pur-
pose of the tests and, when performed on pa-
tients with known disease, should be orient-
ed to answering the specific question of the
clinician ordering the procedure Tests inter-
preted without clinical information will be
limited in their clinical utility and the interpre-
tation will usually represent only a refined
description of the data obtained.

The first step in interpreting a lung func-
tion test is to evaluate the quality of the study.
If there are reasons to suspect the quality of
the test, avoid specific diagnostic statements.
Dysfunction discovered under these circum-
stances should indicate only the need for more
definitive testing.

TABLE 12

RECOMMENDED CRlTERlA FOR RESPONSE TO
A BRONCHODILATOR IN ADULTS

FVC FEV, FEF,7,~
Organiaation (%) (%) (%) Comments

American College of Chest Physicians (197) 15-25 15-25 15-25 % of baseline in at least
two of three tests

Intermountain Thoracic Society (19) 15 12 45 % of baseline

ATS (current document) 12 12 % of baseline and an
absolute change of 200  ml
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PATTERNS OF DYSFUNCTION

Certain patterns of physiologic abnormali-
ties can be recognized, and although they are
seldom if ever pathognomonic for a specific
disease entity, the types of clinical illnesses
most likely to produce the observed set of
physiologic disturbances can be pointed out.
Regardless of the extent of testing, the most
important point with regard to pattern rec-
ognition is the need to be conservative with
respect to suggesting a specific diagnosis for
the underlying disease process based only on
pulmonary function abnormalities. Recogni-
tion of characteristic patterns of dysfunction
depends a great deal the comprehensiveness
of the lung function evaluation. However,
even with only spirometric results, one can
determine whether the pattern is compatible
with obstruction with or without a reduction
in VC. A reduced VC without evidence of ex-
piratory slowing is a nonspecific finding.
There was controversy among Workshop par-
ticipants about using the term “restrictive”
when VC is low. The majority thought it was
acceptable to interpret the finding as indicat-
ing a “restrictive type of ventilatory impair-
ment,” or a “restrictive ventilatory defect”
while recognizing that it does not necessarily
indicate restrictive lung disease Others argued
the interpretation should be descriptive only,
in, simply noted as “reduced vital capacity”
or “nonobstructive defect,” and call for fur-
ther testing, including lung volumes, to clarify
its nature.

The VC, FEV,, and FEVJVC ratio are the
basic parameters used to interpret spirome-
try. Although FVC is often used in place of
VC it is preferable to use the largest VC,
whether obtained on inspiration (IVC), slow
expiration (EVC),  or forced expiration (FVC),
for clinical testing. The FVC is usually reduced
more than IVC or EVC in airflow obstruc-
tion. Limiting primary interpretation of spiro-
grams to three variables avoids the problem
of simultaneously examining a multitude of
measurements to see if any abnormalities are
present, a procedure that will lead to an inor-
dinate number of “abnormal” tests among the
healthiest groups in a population (198, 199).
Even when the rate of abnormality for any
single test is only 5%, the frequency of at least
one abnormal test was shown to be 10% in
251 healthy subjects when FEV,, FVC, and
FEVJFVC  ratio were examined and increased
to 24% when a battery of 14 different mea-
surements were analyzed (198).

The FEV,/VC  ratio is the most important
measurement for distinguishing an obstruc-
tive impairment. Expiratory flow measure-
ments other than the FEV, and FEVJVC
should be considered only after determining
the presence and clinical severity of obstruc-
tive impairment using the basic values men-
tioned above When FEV, and the FEVJVC
ratio are within the expected range, abnor-
malities in flow occurring late in the maxi-
mal expiratory flow-volume (MEFV) curve
should not be graded as to severity, and, if
mentioned, interpretation of their clinical sig-
nificance should be guarded. In the presence

of a borderline value for FEVJFVC,  how-
ever, they may help confirm the presence of
airway obstruction. The same is true for av-
erage flows such as FEF25-7501..  Even when
used in this limited way, the wide variability
of these tests in healthy subjects must be tak-
en into account in their interpretation.

One should be cautious in interpreting ob-
structive dysfunction when the FEV, and VC
are both above predicted even when the
FEV,/VC  ratio is below the lower limit of nor-
mal since this pattern is sometimes seen in
healthy subjects, including athletes. Tests oth-
er than spirometry, including lung volumes,
diffusing capacity, and blood gas determina-
tions allow amplifying statements on the over-
all pattern of the dysfunction observed dur-
ing spirometry.

UWER LIMITS OF “NORMAL”
m Cumx~  INTERPRETATION

Lower limits of normal are often used in clin-
ical practice without thoughtful reflection
about their inherent variability (5, 180, 181,
200-207)  or their implications (5, 182). (See
also sections DIST~I~JT~ON  AND I_ownn  Lams
OF Nom, DETERM~ATION  OF rrr~ NORMAL
RANGE, and CONCEPTUAL ISSUES CONCERN-
ING NORMALITY  AND  THE  Lr&irrS  OF NORMAL.)
Although clinical interpretation is usually
straightforward when a pulmonary function
result is well above or below a “lower limit
of normal,” this is not so when a measured
value falls close to the “lower limit of nor-
mal.” Predicting the presence or absence of
disease requires knowledge about the distri-
bution of dysfunction in various disease states
and the prior probability of disease. For ex-
ample, consider the meaning of a spiromet-
ric study that shows FEV, values and other
expiratory flow mtes  to be just above the lower
limit of normal. If the patient were a healthy
male who sought medical assistance because
he was disqualified for life insurance on the
basis of his spirometry, it would be appropri-
ate to interpret his spirometry as within nor-
mal limits. If, in contrast, the same data were
obtained from a smoker with complaints of
intermittent coughing and occasional wheez-
ing, it would be appropriate to suggest that
the study is consistent with mild obstructive
dysfunction, although it could also represent
a variant of normal. In both of these instances,
computer printouts, or robotic physician in-
terpretation that simplistically declare the
results to be “normal” or “abnormal” on the
basis of whether the observed values fall to
one side or the other of a single number, could
give information that does not perform a use-
ful service to the patient. One suggestion for
minimizing the problems of overly simplistic
use of the lower limits of “normal” in the in-
terpretation of lung function tests is use of
terms such as ‘Unusually low” rather than “ab-
normal” for tests close to the lower limit of
normal.

ASSESS~G S~nnrr~
Severity scores are most appropriately derived
from studies that relate pulmonary function
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test values to independent indices of perfor-
mance such as ability to work and function
in daily life, morbidity, and prognosis (208-
212). For instance, in general, ability to work
and to function in daily life relates to one’s
pulmonary function level. FVC and/or FEV,,
which also relate to maximal 90~ and work
effort, are used in several published systems
to rate impairment (208, 209).  Pulmonary
function level is also associated with morbidi-
ty; those with lower function having more re-
spiratory complaints (212). Lung function lev-
el is also associated with prognosis, includ-
ing a fatal outcome from heart as well as lung
disease (213, 214) even in patients who have
never smoked (215).  In the Framingham study,
vital capacity was a major independent predic-
tor of cardiovascular morbidity and mortali-
ty (213,214). In several occupational cohorts
FEV, and FEVJFVC were independent
predictors of all cause or respiratory disease
mortality (216-218). In addition, a meta-
analysis of mortality in six surveys in various
U.K. working populations showed that the
risk of dying of COPD was related to FEV,
level. In comparison to those whose FEV, at
initial examination was within 1 SD of aver-
age, those whose FEV, was more than 2 SD
below average were 12 times more likely to
die of COPD, over 10 times more likely to
die of non-neoplastic respiratory disease, and
more than twice as likely to die of vascular
disease over a 20-yr follow-up period (219).
A reduced FEV, also carries a 4- to S-fold
excess risk of lung cancer mortality (adjust-
ed for cigarette smoking) (220,221). Although
there is good evidence that FEV, correlates
with the severity of symptoms and prognosis
in many circumstances (208. 211, 212, 219),
the correlations do not allow one to accurately
predict symptoms or prognosis for individu-
al patients.

In clinical practice, predicted values are also
used to grade severity. The severity of the
spirometric abnormality is usually based on
the actual or percent predicted FEV, in the
case of obstructive disorders or on VC in
nonobstructive disorders. An example of an
algorithm sometimes employed for grading
severity when nothing is known about the clin-
ical question being asked is shown in table
13. It is intended only as an example and not
as a standard. Its approach is based as much
on clinical impression as on objective data.
Although clinical experience has always
played a major role in assessing severity, it
can be enhanced by more exact methods, and
physicians should probably view arbitrary
severity scoring systems with caution.

Comments on the severity or significance
of any abnormality depend on the circum-
stances under which a test is obtained. For
example the assessment of severity of obstruc-
tion illustrated in table 13 may be relevant to
COPD, but it would not be applicable to a
patient with tracheal stenosis whose obstruc-
tion could be life-threatening and yet classi-
fied as only mildly reduced by this scheme

The VC has some relationship to the ex-
tent of loss of functioning lung parenchyma
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. TABLE 13

EXAMPLE OF CRITERIA FOR ASSESSING THE SEVERITY OF ABNORMALITIES’

A. Normal: The test is interpreted as “within normal limits” if both the VC and the FEV,NC ratio are in
the normal range.

B. Obstructive abnormality: This is interpreted when the FEV,NC ratio is below the normal range. The
severity of the abnormality might be graded as follows:

“May be a physiological variant”
‘Mild”
“Moderate”
‘Moderately severe”
‘Severe”
“Very severe”

% Pred FEV, > 100
% Pred FEV, < 100 and >, 70
% Pred FEV, < 70 and > 60
% Pred FEV, < 60 and 2 50
% Pred FEV, < 50 and 2 34
% Pred FEV, < 34

C. Restrictive abnormality: This is most reliably interpreted on the basis ef TLC. If this is not available.
one may interpret a reduction in the VC without a reduction of the FEV,NC ratio as a “restriction of the
volume excursion of the lung.” The severity of the abnormality might be graded as follows:

Based on the TLC
“Mild” % Pred TLC < LLN but B 70
“Moderate” % Pred TLC < 70 and B 60
“Moderately severe” % Pred TLC < 60

Based on spirometry
“Mild” % Pred VC < LLN but 3 70
“Moderate” % Pred VC < 70 and B 60
“Moderately severe” % Pred VC < 60 and 3 50
Severe” % Pred VC < 50 and 2 34
“Very severe” % Pred VC < 34

Definition of abbreviation: LLN = lower limit of normal.
_ This schema was contributed by Burrows and Lebowitz.  It has been in use in the lung function laboratory at the Health

Sciences  Center in Tucson. Ariuona  for clinical purposes. It is intended only as an example  of a transparent schema for assessing
severity. Other schema may be acceptable as well. More work is required before any schema can be  adopted  as a standard. Note:
All statements regardmg  severity should be accompanied by a disclaimer such as “as assessed by spirometry” or “physiologic
assessments of seventy may differ from clinical assessments.”

TABLE 14

CHANGE IN SPIROMETRIC INDICES OVER TIME

Percent Chanaes Reauired to be Sianificant

FVC FEV, FEFz-7,

Within a day (222)
Normal subjects
Patients with COPD

Week to week (222)
Nonal  subjects
Patients with COPD

25 35 2 13
>, 11 3 13 > 23

> 11 > 12 >, 21
a 2 0 220 2 30

Year to year (69) > 15 >, 15

in many nonobstructive lung disorders. It is
also of some use in assessing respiratory mus-
cle involvement in certain neuromuscular dis-
eases. Here again, however, the VC may be
only slightly impaired in diffuse interstitial
diseases of sufficient severity to lead to
marked loss of diffusing capacity and severe
blood gas abnormalities, and a relatively small
decrement in VC may indicate the onset of
a severe respiratory problem in patients with
a rapidly progressive neuromuscular disease.

The FEVJVC ratio should not be used in
isolation to determine the severity of an ob-
structive disorder. Both the FEV, and VC may
decline with progression of disease, and an
FEVJVC of OS/l.0 indicates more impair-
ment than one of 2-O/4.0,  though both yield
a ratio of 50%. Systems that use FEV,/FVC
to grade the severity of obstruction must deal
with the effect of total expiratory time on FVC
and FEVJFVC (19).

C H A N G E S  I N  SPIROMEIRY  OVER TYME
Reliance should be placed on FEV, and VC
for examining changes over time as they are
the only spirometric variables that will con-
sistently and correctly reflect the direction of
the change in overall ventilatory function.
Even using these simple tests, it is never easy
to determine whether a change is “real” or
only a result of test variability. All lung func-
tion measurements tend to be more variable
when made weeks to months apart than when
repeated at the same test session or even daily
(222, 223). Changes should therefore be in-
terpreted cautiously. It is more likely that a
real change ha.s occurred when there are a se-
ries of tests that show a consistent trend. As
shown in table 14 significant changes, whether
statistical or biologic, vary by parameter, time
period, and the type of patient. For FVC and
VC in healthy subjects, within-day change of
5% or more, between-weeks changes of 11 to

12% or more, and yearly change of 15% or
more were generally thought by the Workshop
to be clinically important.

The clinician seeing the patient can often
interpret results of serial tests in a useful man-
ner, not reproducible by any simple algorithm.
For example, seemingly stable tests may prove
very reassuring in a patient receiving therapy
for a disease that is otherwise rapidly progres-
sive. The same tests may be very disappoint-
ing if one is treating a disorder that is expect-
ed to improve dramatically with the therapy
prescribed. Depending on the clinical situa-
tion, statistically insignificant trends in func-
tion may be very meaningful to the clinician.
The greatest errors occur when one attempts
to interpret serial changes in subjects with-
out disease because test variability will usu-
ally far exceed the true annual decline, and
reliable rates of change for an individual sub-
ject cannot be calculated without prolonged
follow-up (69). Thus, in subjects with “nor-
mal” lung function, changes in VC or FEV,
over 1 yr should probably exceed 15% (table
14) before any confidence can be given to the
opinion that a meaningful year-to-year change
has occurred.

Recommendations
Overall

TECHNICAL ISSUES

Although technical sources of variation in
spirometry have been fully dealt with in oth-
er documents, it was considered important
to reemphasize their key role, particularly in
relation to the following points.
1. Laboratory directors should be constantly

on guard to maintain the precision and ac-
curacy of the measurements made in their
laboratories and should be aware of the
potential sources of technical variation.
Quality control includes strict adherence
to ATS guidelines for equipment perfor-
mance and calibration.

2. Attention should be given to the spirome-
ter temperature where the tests are per-
formed. Temperature-related errors will be
reduced when the spirometer temperature
is between 17’ and 40’ C.

3. Computer calculations should be validat-
ed at the time equipment is purchased and
after any changes are made in software or
hardware.

BIOUXZIC  VARIAnoN AND
STATLSTrCAL  ISSUES

1. Laboratory directors should be aware of
the biologic Sources of within- and between-
individual variation in order to optimize
the application of lung function tests to a
particular patient. A number of within-
individual sources of variation fall within
the domain and control of the laboratory,
whereas  between-individual sources of vari-
ation are important in selecting appropri-
ate reference values.

2. Environmental sources of variation perti-
nent to a given patient are more likely to
be known to the referring clinician than to
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the laboratory director and should be used
in evaluating the clinical pertinence of a
given lung function report. Laboratory
directors should request this information
from clinicians.

3. Those who generate and report lung func-
tion tests should be aware of the strengths
and weaknesses of the statistical techniques
used to generate the prediction values used
for interpretation. Laboratory directors and
chest physicians should also be aware of
the strengths and limitations of the statisti-
cal concepts of normality.

Selecting Reference Values
GENERAL CONSIDERATIONS

1. Because of unexplained differences be-
tween published reference values, no one
set of reference values is likely to be ap-
plicable to all laboratories and all clientele
under all circumstances. The choice of ref-
erence values should be a matter of careful
consideration by laboratory directors. It
should not be left to the judgment of
manufacturers of automated equipment.

2. Laboratories should indicate the source of
reference values on their reports.

3. Ideally, reference values should be based
on data obtained using equipment and pro-
cedures that conform to current ATS recom-
mendations. The prediction equations listed
in tables 3 and 4 and published since 1981
conform to current ATS recommendations.

EPIDEMIOLOGIC CONS~DEXM~ONS
1. Reference values should not come from

studies based on hospital patients.
2. Reference values for most clinical applica-

tions should be based on cross-sectional
studies.

3. Subjects used to generate reference values
should be free of respiratory symptoms and
disease. It is preferable to choose reference
values for men and women from the same
population source.

4. Reference equations based on nonsmok-
ers should be used for most clinical appli-
cations. The problems in making adjust-
ments for the biologic effects of smoking
lead to the recommendation that such ad-
justments should not be part of routine clin-
ical interpretation. Such adjustments may,
occasionally, be made to address specific
questions.

5. Altitude may be important in the selection
of reference values for flow rates and Droo.

STATISTICAL CONSIDERATIONS

1. Prediction equations for adults should
include age and height as independent vari-
ables. Usually, separate equations are used
for men and women.

2. Linear equations perform adequately for
adults though they may overpredict in
young adults and underpredict in the
elderly.

3. Prediction equations should come from
studies that present lower limits of normal
or present information from which such
lower limits can be calculated.

4. Reference equations should, in general, not

be extrapolated for ages or heights beyond
those covered by the data that generated
them. If, for example, one calculates a
predicted FEV, for an 85-yr-old  person
from prediction equations based on a popu-
lation younger than 65 yr of age, the re-
port should contain a cautionary statement.

5. The choice of reference values should con-
sider the ethnic origins of the clientele of
the laboratory. Although it is preferable to
use equations based on the ethnic origins
of the subject being tested, this is not al-
ways possible or practical. For instance, if
a laboratory only occasionally serves sub-
jects of a particular ethnic group, it is ac-
ceptable to adjust for ethnic differences by
using a scaling factor as suggested in table 9.

LLWER  LIMITS OF NORMAL
1. Normal ranges should be based on calcu-

lated fifth percentiles. Estimates of fifth
percentiles based on the SEE are accept-
able for indices with distributions that are
close to Gaussian.

2. Lower limits of normal are variable and,
therefore, should not be considered as ar-
bitrary limits that correctly classify all pa-
tients into normal and abnormal groups.
Patient values that lie close to lower limits
should be interpreted with caution.

3. The use of 80% of predicted for a lower
limit of normal for adult pulmonary func-
tion parameters is not recommended. This
criterion works only for average persons
and for a limited number of parameters.
It creates major errors when applied to
FEFzs_,s,  and the instantaneous flows.
Fixed percent of predicted values may be
acceptable in children.

4. In adults, it is not acceptable to used a fixed
FEVJFVC  ratio as a lower lit of normal.

OTHER CON~IDERAX-~ONS
1. It is preferable for North American labora-

tories to select reference value studies based
on North American populations and Eu-
ropean laboratories studies based on Eu-
ropean populations because an important
portion of the variation between popula-
tion studies remains unexplained.

2. To assist in the choice of reference values,
it may be useful to make an empirical as-
sessment of how different equations relate
to measurements made in 20 to 40 healthy
subjects typical of the laboratory’s clien-
tele. If the distribution of these measure-
ments is, on the whole, within the range
predicted, the choice is probably suitable
If this is not the case, the differences may
be due to the laboratory (apparatus, tech-
nician, procedure) or it may be that the ref-
erence values are inappropriate for the
laboratory’s clientele. Both possibilities
should be considered.

Recommendations for Interpretation
OvERAu  CLW~~AL  IN~ERPR~~A~~ON

1. Because interpretation of the lung func-
tion tests of an individual patient is best
made in light of the clinical question asked
of the tests, the clinician requesting the test
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should frame this question as precisely as
possible. Likewise, the laboratory director
responsible for seeing that the tests are car-
ried out should insist that the clinical ques-
tion be included in the requisition.

2. Interpreters of lung function tests should
be conservative in suggesting a specific di-
agnosis based only on pulmonary function
abnormalities.

3. Borderline “normal” values should be in-
terpreted with caution. Such interpretations
should, when possible, use clinical infor-
mation in the decisions as to what is nor-
mal and what is abnormal.

4. The first step in interpretation is to evalu-
ate and comment on the quality of the tests.

5. The number of test indices (e.g.,  FVC,
FEV,, etc.) used in interpretation should
be limited to avoid an excessive number of
false positive results.

6. The primary guides for spirometry interpre-
tation should be VC (slow or forced), FEV,,
and FEVJVC.

7. Tests performed on children are best inter-
preted by those familar with pulmonary
function in children.

CONCERNING AIRWAY  OBSTRUCTION
1. FEVJVC should be the primary guide for

distinguishing obstructive from nonob-
structive patterns.

2. Instantaneous and mid flows may be used
to confirm the presence of airway obstruc-
tion in the presence of a borderline
FEV,/VC.

3. FEF,,-,5a  and the instantaneous flows
should not be used to diagnose small  air-
way disease in individual patients.

4. The pattern of a low FEVJVC ratio and
greater than average VC and FEV, should
be recognized as one that may occur in
healthy individuals.

5. The severity of airway obstruction should
be based on FEV, rather than FEVJVC.

6. Abnormalities in instantaneous flows and
FEF,,_,sr  should not be graded as to
severity when FEV, and FEVJVC are
within the normal range

CONCERNING  BRONCHODTLATOR
R~spoNsn

1. VC (forced or slow) and FEV, should be
the primary indices used to judge bron-
chodilator response. Total expiratory  time
should be considered when using FVC to
assess bronchodilator response since FVC
increases in obstructed patients as expira-
tory time increases.

2. A 12% increase, calculated from the
prebronchodilator value, and a 200-ml  in-
crease in either FVC or FEV, are reason-
able criteria for a positive bronchodilator
response in adults.

3. FEFlr,,a and the instantaneous flows
should be considered secondarily in evalu-
ating bronchodilator response If used, they
must be volume-adjusted or the effect or
changing FVC must be dealt with in the
interpretation.

4. Ratios such as FEVJVC should not be used
to judge bronchodilator response

.
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n 5. Patients may respond to bronchodilator
therapy even though a bronchodilator re-
sponse is absent in a laboratory test.

CONCERNING RESTRICTION
1. The diagnosis of a restrictive lung abnor-

mality is based on a reduced TLC. A re-
duced VC in the presence of a normal
FEV,/VC  may be used to suggest but not
diagnose the presence of restriction.

2. The severity of restriction should be based
on TLC. If VC is used to infer the presence
of restriction, severity may be based on VC.

This Statement was prepared by the par-
ticipants of a Workshop on Lung Function
Testing: Selection of Reference Values and In-
terpretative Strategies. The workshop partic-
ipants were: MARGARET BECKLAKE,  M.D., and
ROBERT  0. m M.D., Co-Chairpersons, A.
SONIA  Buts-r, M.D., BENJAMIN BURROWS,
M.D., JACK L. CLAUSEN,  M.D., ALLAN L.
COATES,  M.D., JOHN COTES,  D.M., Douu~s
W. DOCICERY , PH.D., REED M. GARDNER,
PH.D., JOHN L. H-SON, PH.D., JA M E S

HANLEY,  PH.D.,  ROBERT L. JO H N S O N, JR . ,
M.D., MICHAEL D. LEBOWITZ,  PH.D., PAOL~
PAOLETTI,  M.D., RENE PESLIN,  M.D., GEORGE
POLGAR,  M.D., Prrnlp H. QUANJER, M.D.,
MELVYN  S. TOCKMAN,  M.D., Seen-r  T. WEISS,

.M.D.,  MS., MARY ELLEN B. WOHL, M.D.
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UNIT SIX:  COMPARING OBSERVED TO PREDICTED NORMAL VALUES 
 
A. "Normal" Spirometry 
 
Lung function increases rapidly with growth during childhood and adolescence, reaches a peak 
sometime between the ages of 18 and 35, and then begins to slowly decline, even in healthy 
persons (29).   Persons who grow relatively tall also have relatively large lungs when compared to 
those who are shorter in stature.  Women on average, have lungs that are about 20% smaller than 
men of the same height and age (30).  For a given standing height, African-American men, on the 
average, have longer legs than Caucasian men, and a correspondingly shorter trunk size; and 
therefore slightly smaller lungs (29,31,32,33) explaining most of the differences between predicted 
values for Caucasian and African-American men.  All of the above factors mean that to optimally 
interpret spirometry results (observed values), you must first know the employee=s age, height, 
gender, and race or ethnicity. 
 
Before performing spirometry, record on a worksheet, or enter directly into a computer, the 
following information about the employee (at a minimum): 
 
1.  The employee=s date of birth (DOB), and their age calculated from the date of testing and their 
DOB.  Ask the employee their age, in order to verify the calculation. 
 
2.  The employee=s standing height in stocking feet should be measured using a stadiometer, and 
recorded in feet and inches, to the nearest half inch.  Verify this height with the employee.  Their 
height should then be converted to centimeters by multiplying their height in inches by 2.54. 
 
3.  The employee=s weight (in stocking feet) should also be measured to the nearest pound, using a 
scale which is accurate to within one pound.  The computer should convert their weight to 
kilograms (multiply pounds by 0.4536) and then calculate and display their body mass index 
(BMI) in kilograms per meter squared.  A BMI greater than 30 Kg/m2 indicates that the employee 
is overweight.  Body weight is not used to calculate spirometry reference values, but obesity can 
lower the measured lung volumes, and changes in body weight can result in small changes in lung 
function. 
 
4.  An attempt should be made to determine and record the employee=s race or ethnicity.  Often 
this can be done with adequate accuracy merely by observation.  If in doubt, ask the employee, 
explaining that race affects the reference values used for the test.  If the employee considers the 
question objectionable, or if their race or ethnicity does not clearly fit the limited categories 
available, just record Aunknown@ and use Caucasian reference equations (no race correction or 
race-specific reference value). 
 
B. Spirometry Reference Studies. 
 
There have been dozens of studies published in the medical literature which have determined 
spirometry reference values from groups of relatively healthy persons.  The OSHA Cotton Dust 
Standard, published in 1978 (10), mandated that spirometry reference equations, determined from 
healthy persons in Tucson, Arizona, and published by Knudson, et. al. in 1976 (32,33,34) be used 
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when performing spirometry testing to detect lung disease in employees working in the cotton 
textile industry.  Because the Knudson-1976 study did not include African-Americans, a “race 
correction factor” of 0.85 times the Knudson-1976 Caucasian reference value is recommended in 
the Cotton Dust Standard [10].  However in 1983, Knudson et. al. (35) published revised reference 
equations for their 1976 published values.  See Appendix E for more information about the Cotton 
Dust Standard.  The use of the Knudson equations to determine predicted normal values was 
adopted during the 1980s by many other industries for spirometry testing done in the occupational 
setting.  However, the instruments and techniques for performing spirometry have improved and 
the American Thoracic Society (ATS) has published updated detailed recommendations for the 
interpretation of spirometry in the clinical setting, most recently in 1991 (30) and 1995 (1).  When 
spirometry is being performed to comply with current regulations, the reference equations that are 
specified in the regulation must be utilized, such as Knudson 1976 in the OSHA Cotton Dust 
Standard.  When interpretation of spirometry is not specified by regulation, NIOSH recommends 
following the most recent update of the ATS recommendations for interpretation of spirometry and 
selecting reference values based on the third National Health and Nutrition Examination Survey 
(NHANES III), published in 1999 (29). 
 
It may be necessary to consult with the manufacturer of some older model spirometry systems to 
update the software to include the NHANES III spirometry reference equations for adults.  The use 
of older spirometry reference values when testing employees in the age range of 18-65 years of 
age may result in slightly lower predicted values for FEV1 and FVC when compared to using the 
NHANES III equations (29). 
 
Racial Differences in Spirometry. 
 
The NHANES III study (29) provides a separate set of spirometry reference equations for men and 
women of African-American, Caucasian, and Mexican-American ethnic groups. The NHANES III 
study did not provide spirometry reference equations for Asian-Americans, American Indians, East 
Indians, or other ethnic groups.  Other investigations suggest that spirometry results are not 
substantially different for American Indians when compared to Caucasians living in the United 
States (36,37); therefore, NIOSH recommends that when testing American Indian employees, the 
reference equations for Caucasians be used.  Large studies of Asians outside of the U.S. (39, 40) 
suggest that Asian FEV1 and FVC values are, on average about 15% lower than Caucasians of the 
same age, gender, and standing height.  However, smaller studies of Asian-Americans living in the 
U.S. (40,41) suggest that Asian-American FEV1 and FVC are approximately 6 to 7 % lower than 
Caucasians.  Therefore, until separate reference equations are published and accepted for Asian-
American and East Indian ethnic groups, the NHANES III reference equations for Caucasians 
should be used, but a correction factor of 0.94 should then be applied to the predicted values for 
FVC and FEV1.  Note that the predicted values are multiplied by the correction factor, not the 
observed values. 
 
C. The Lower Limit of the Normal (LLN) Range. 
 
The predicted value calculated from spirometry reference equations is the average or mean value 
observed from many healthy persons of the same age, gender, height, and race as the employee 
being tested.  The predicted value is actually in the middle of a rather wide, bell-shaped 
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distribution (range) of normal values.  For instance, some healthy persons may have FVC values as 
much as 20% lower than the predicted value. 
 
The lower limit of the normal range (LLN) is the threshold below which a value is considered 
abnormal - usually the value is set so that 95% of a “normal” population will have values above 
the LLN value and correspondingly, 5% of a “normal” population will have values below the 
LLN.  The LLN is about 80% of the predicted value for FEV1 and for FVC, but about 90% of the 
predicted value for the FEV1/FVC ratio, and about 60% of the predicted value for the FEF25-75%. 
 However, these are only rough Arules of thumb@ and the exact LLN should be determined using 
the reference equations.  If a race correction factor is used (0.85), the same race correction factor 
should be applied to the LLN value. 
 
What is Considered Abnormal? 
 
Abnormalities detected by spirometry may show one of three patterns: obstructive, restrictive, or 
mixed obstructive and restrictive. Employees with obstructive lung diseases, such as emphysema 
or chronic asthma, often have an abnormally low FEV1/FVC and a low FEV1 (below the LLN).  
Employees with fibrotic lung diseases, such as asbestosis, often have an abnormally low FVC, but 
their FEV1/FVC will generally be above the LLN.  Persons exposed to certain dusts, such as silica 
or coal mine dust, can develop either pattern of abnormality, or a mixed pattern with reductions of 
both the FEV1/FVC ratio and the FVC below the LLN. 
 
Occasionally, spirometry results from a worker without any apparent health problems are found to 
be slightly below the LLN.   In contrast, it is not unusual to have high FVC or high FEV1 
spirometry values.  In fact, when they begin working, a majority of individuals in blue collar jobs 
have lung function that is considerably above average, a phenomenon called the “healthy worker 
effect”.  Young adults who were competitive athletes in high school, trade school, or college 
(while their lungs were still growing) may have a percent predicted FVC above 120%.  On the 
other hand, it is unusual to have a percent predicted value above 140%, so if this occurs, be sure to 
check that the employee=s age or height was measured, recorded, transcribed, and entered 
correctly. If an unusually high percent predicted value cannot be explained by an error, you should 
check the calibration of your spirometer. 
 
D. How to Determine Predicted Values Using Look-up Tables. 
 
There are several methods available to calculate spirometry reference values, percent predicted 
values, and the LLN’s for an employee: 1) using a calculator, 2) using a nomogram, 3) using 
Alook-up@ tables, 4) using a personal computer or automated spirometry system which has already 
been programmed with the appropriate reference equations.   
 
There are two times when it is useful to determine spirometry predicted values without using a 
computer: 1) when learning about them (using this workbook); and, 2) when verifying (checking) 
the accuracy of the reference equations which have been programmed into a spirometry system 
that you are using for the first time. 
 
Abbreviated tables based on the NHANES III reference equations are provided in Appendix L for 
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the purpose of completing the examples given in this workbook and for verifying the accuracy of a 
spirometry system for computing the predicted values.  However, these small tables will not be 
adequate for the routine testing of employees, because the range and intervals of heights are 
limited.  Also, there may be slight differences (+ 0.02 liters), depending on whether a reference 
calculator, nomogram, or table is used. 
 
The steps for determining the predicted normal and the LLN values from the tables are: 
 
1. Choose the appropriate table from the six tables in Appendix L, based on the employee=s 

gender and race.  Use the employee=s height and age to find the predicted normal values and 
LLNs for the FVC, FEV1, and FEV1/FVC%. 

 
2. Use a pocket calculator to determine the percentage of the predicted values as follows: 

a. Divide the observed FEV1 and FVC by the predicted result. 
b. Multiply the answer by 100.  Round to one decimal place.  

 
An Example: 
 
A 30 year-old woman is a firefighter in Miami.  She is 4 foot 11 inches tall, 135 pounds, and states 
that she is a Mexican-American.  To determine her spirometry predicted values, choose Table 6 
from Appendix L for Mexican-American women.  Then note that her height is listed as 150 cm in 
the first column.  Find age 30 on the second vertical column and use a straight-edged ruler to 
underline the row of predicted values for 30 year old women of this height.  Move over to the third 
vertical column labeled AFVC Pred@ and read the value 3.21 L.  This is the predicted FVC in liters 
(BTPS) for this employee.  Also record the lower limit of the normal value for the FVC as 2.60 
liters, and the other predicted and LLN values for this employee from same row. 
 
Her FVC was measured (observed) as 2.85 liters (BTPS) and her FEV1 was 2.28 liters.  Use a 
pocket calculator to determine that her FEV1/FVC was 80.0%  To determine her FEV1 percent 
predicted value:  
 

 
 
Note that her FVC and FEV1 were both above the LLNs and both above 80% of the predicted 
values.  Her FEV1/FVC was also above the LLN.  Her results would be interpreted as normal, 
since all three of these values were within the normal ranges. 
 
  
EXERCISES: 
 
1. What is the predicted FVC value for a 60 year old, Caucasian male steelworker in Pittsburgh. 

 He is 71 inches tall and weighs 220 pounds. 
 

2. What is the predicted and LLN for FEV1 for a 40 year old African-American man, who is a 
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supervisor at a petrochemical company in Alabama.  He is 170 cm tall and weighs 170 
pounds. 

 
3. A 20 year old, third-generation Japanese-American man, working at an electronics plant in 

San Jose, has an FVC of 4.00 L.  He is 5 feet 11 inches tall and weighs 135 pounds.  What is 
his percent predicted FVC? 

 
4. What is the predicted FEV1 for a 40-year old African-American man, 170 cm tall, using the 

reference value recommended in the Cotton Dust Standard?  The Knudson 1976 (Cotton 
Dust) FEV1 reference value for a Caucasian subject of the same gender, age and height is 
3.56 liters.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FEEDBACK: 

 
1. His predicted FVC is 4.92 liters, based on a height of 180 cm.  Note that weight is not 

considered when calculating spirometry reference values. 
 
2. His predicted FEV1 is 3.23 liters, with a lower limit of 2.47 liters. 
 
3. Since there are no tables for Asian-Americans, use table 1 for Caucasian men who are 5 feet 

11 inches (180 cm) tall.  Reading from the table, the predicted FVC for a 20 year old 
Caucasian man of this height is 5.75 liters.  Then multiply this value by the suggested Asian-
American correction factor of 0.85 to estimate the predicted value for this employee as 4.89 
liters.  Divide his observed FVC of 4.80 liters by the predicted value of 4.89 to obtain his 
percent predicted FVC as 98.2%.  He clearly has a normal vital capacity since his percent 
predicted FVC is greater than 80% and his FVC is above the LLN value of 4.08 liters 
(0.85x4.80 = 4.08). 

 
4. The Cotton Dust standard recommends that a “correction factor” of 0.85 be multiplied times 

the FEV1 reference value from the Knudson-1976 study of Caucasians.  The predicted FEV1 
for a Caucasian male from Knudson-1976 is 3.56 liters.  Therefore, the predicted value for 
this African-American worker would be 0.85 x 3.56 = 3.03 liters. 
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APPENDIX L.  REFERENCE VALUES TABLES FROM NHANES III (Hankinson et. al. - 1999) 
 
Table 1. Caucasian-Males 
Height Age    FVC             FEV1           FEV1/FVC% 
              Pred   LLN      Pred   LLN     Pred   LLN 
170cm  20     5.10   4.25     4.30   3.58    83.9%  74.3% 
       30     4.97   4.12     4.08   3.36    81.9%  72.2% 
       40     4.79   3.94     3.83   3.11    79.8%  70.1% 
       50     4.55   3.70     3.55   2.83    77.7%  68.1% 
       60     4.26   3.41     3.23   2.51    75.7%  66.0% 
180cm  20     5.75   4.80     4.79   3.98    83.9%  74.3% 
       30     5.62   4.67     4.58   3.77    81.9%  72.2% 
       40     5.44   4.49     4.32   3.52    79.8%  70.1% 
       50     5.21   4.25     4.04   3.23    77.7%  68.1% 
       60     4.92   3.96     3.72   2.91    75.7%  66.0% 
190cm  20     6.44   5.38     5.31   4.41    83.9%  74.3% 
       30     6.31   5.25     5.10   4.20    81.9%  72.2% 
       40     6.13   5.07     4.85   3.95    79.8%  70.1% 
       50     5.90   4.83     4.56   3.66    77.7%  68.1% 
       60     5.61   4.54     4.24   3.34    75.7%  66.0% 
 
 
Table 2. African-American-Males 
Height Age    FVC             FEV1           FEV1/FVC% 
              Pred   LLN      Pred   LLN     Pred   LLN 
170cm  20     4.29   3.43     3.69   2.93    85.6%  75.2% 
       30     4.11   3.25     3.46   2.70    83.8%  73.3% 
       40     3.93   3.07     3.23   2.47    81.9%  71.5% 
       50     3.75   2.89     3.00   2.24    80.1%  69.7% 
       60     3.57   2.71     2.77   2.01    78.3%  67.9% 
180cm  20     4.88   3.91     4.15   3.30    85.6%  75.2% 
       30     4.69   3.73     3.92   3.07    83.8%  73.3% 
       40     4.51   3.55     3.69   2.84    81.9%  71.5% 
       50     4.33   3.37     3.46   2.61    80.1%  69.7% 
       60     4.15   3.18     3.23   2.38    78.3%  67.9% 
190cm  20     5.49   4.42     4.64   3.69    85.6%  75.2% 
       30     5.31   4.24     4.41   3.46    83.8%  73.3% 
       40     5.13   4.05     4.18   3.23    81.9%  71.5% 
       50     4.95   3.87     3.95   3.00    80.1%  69.7% 
       60     4.76   3.69     3.72   2.77    78.3%  67.9% 
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Table 3. Mexican-American-Males 
Height Age    FVC             FEV1           FEV1/FVC% 
              Pred   LLN      Pred   LLN     Pred   LLN 
170cm  20     5.14   4.31     4.41   3.71    85.7%  76.6% 
       30     4.96   4.13     4.12   3.41    83.5%  74.4% 
       40     4.74   3.91     3.82   3.12    81.3%  72.2% 
       50     4.49   3.66     3.53   2.83    79.1%  70.0% 
       60     4.20   3.37     3.24   2.54    76.9%  67.8% 
180cm  20     5.76   4.83     4.94   4.15    85.7%  76.6% 
       30     5.58   4.65     4.65   3.86    83.5%  74.4% 
       40     5.36   4.43     4.35   3.56    81.3%  72.2% 
       50     5.11   4.18     4.06   3.27    79.1%  70.0% 
       60     4.82   3.89     3.77   2.98    76.9%  67.8% 
190cm  20     6.42   5.38     5.50   4.62    85.7%  76.6% 
       30     6.24   5.20     5.20   4.33    83.5%  74.4% 
       40     6.02   4.99     4.91   4.03    81.3%  72.2% 
       50     5.77   4.73     4.62   3.74    79.1%  70.0% 
       60     5.48   4.44     4.33   3.45    76.9%  67.8% 
 
 
Table 4. Caucasian-Females 
Height Age    FVC             FEV1           FEV1/FVC% 
              Pred   LLN      Pred   LLN     Pred   LLN 
150cm  20     3.20   2.61     2.87   2.37    86.6%  76.8% 
       30     3.19   2.61     2.74   2.24    84.4%  74.6% 
       40     3.11   2.53     2.57   2.07    82.3%  72.5% 
       50     2.96   2.37     2.35   1.86    80.2%  70.4% 
       60     2.72   2.14     2.10   1.61    78.1%  68.3% 
160cm  20     3.66   2.99     3.23   2.66    86.6%  76.8% 
       30     3.65   2.98     3.09   2.53    84.4%  74.6% 
       40     3.57   2.90     2.92   2.35    82.3%  72.5% 
       50     3.42   2.75     2.71   2.14    80.2%  70.4% 
       60     3.18   2.51     2.46   1.89    78.1%  68.3% 
170cm  20     4.15   3.39     3.61   2.97    86.6%  76.8% 
       30     4.14   3.39     3.47   2.83    84.4%  74.6% 
       40     4.06   3.31     3.30   2.66    82.3%  72.5% 
       50     3.91   3.15     3.09   2.45    80.2%  70.4% 
       60     3.67   2.92     2.84   2.20    78.1%  68.3% 
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Table 5. African-American-Females 
Height Age    FVC             FEV1           FEV1/FVC% 
              Pred   LLN      Pred   LLN     Pred   LLN 
150cm  20     2.76   2.15     2.49   1.97    87.6%  76.9% 
       30     2.68   2.07     2.31   1.79    85.5%  74.9% 
       40     2.55   1.94     2.12   1.60    83.5%  72.8% 
       50     2.36   1.76     1.90   1.38    81.5%  70.8% 
       60     2.13   1.52     1.66   1.15    79.4%  68.7% 
160cm  20     3.18   2.49     2.82   2.24    87.6%  76.9% 
       30     3.10   2.41     2.65   2.06    85.5%  74.9% 
       40     2.97   2.28     2.45   1.86    83.5%  72.8% 
       50     2.78   2.10     2.24   1.65    81.5%  70.8% 
       60     2.55   1.86     2.00   1.41    79.4%  68.7% 
170cm  20     3.63   2.85     3.18   2.52    87.6%  76.9% 
       30     3.55   2.77     3.01   2.34    85.5%  74.9% 
       40     3.42   2.64     2.81   2.14    83.5%  72.8% 
       50     3.23   2.46     2.59   1.93    81.5%  70.8% 
       60     3.00   2.22     2.36   1.69    79.4%  68.7% 
 
 
Table 6. Mexican-American-Females 
Height Age    FVC             FEV1           FEV1/FVC% 
              Pred   LLN      Pred   LLN     Pred   LLN 
150cm  20     3.29   2.69     2.91   2.40    87.9%  78.5% 
       30     3.21   2.60     2.73   2.22    85.6%  76.3% 
       40     3.07   2.47     2.54   2.03    83.4%  74.1% 
       50     2.89   2.29     2.32   1.81    81.1%  71.8% 
       60     2.66   2.06     2.07   1.56    78.9%  69.6% 
160cm  20     3.73   3.05     3.28   2.70    87.9%  78.5% 
       30     3.65   2.96     3.11   2.53    85.6%  76.3% 
       40     3.51   2.83     2.91   2.33    83.4%  74.1% 
       50     3.33   2.64     2.69   2.11    81.1%  71.8% 
       60     3.10   2.41     2.45   1.87    78.9%  69.6% 
170cm  20     4.20   3.43     3.68   3.03    87.9%  78.5% 
       30     4.12   3.34     3.51   2.86    85.6%  76.3% 
       40     3.98   3.21     3.31   2.66    83.4%  74.1% 
       50     3.80   3.03     3.09   2.44    81.1%  71.8% 
       60     3.57   2.80     2.85   2.20    78.9%  69.6% 
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APPENDIX M. TABLES OF OBSTRUCTIVE/RESTRICTIVE PATTERNS 
 
The information below represents a method for interpretation of spirometric results.  This 
method is not required practice and other methods exist. 
 

LUNG DISEASES AND SPIROMETRY RESULTS   
Interpretation FEV1/FVC% FVC FEV1
Normal person normal normal normal 
 
Airway obstruction low normal or low low 
 
 
Lung Restriction normal low low 
 
Combination of low low low 
O bstruction/Restriction 
Adapted from Chronic Obstructive Pulmonary Disease, 5th Edition [1977]. American Lung 

ssociation (46). A 
 
 
 

GUIDELINES FOR ASSESSING DEGREE OF VENTILATORY IMPAIRMENT   
Interpretation Obstructive Pattern Restrictive Pattern
Normal FEV1/FVC% $ LLN FVC $ LLN 
 
Borderline FEV1/FVC < LLN & FEV1 $ LLN 
 
Mild FEV1 < 100 & $ 70% Pred FVC < LLN & $ 70% Pred 
 
Moderate FEV1 < 70 $ 50% Pred FVC < 70 & $ 50% Pred 
 
S evere FEV1 # 50% Pred FVC# 50% Pred 
Adapted from American Thoracic Society: Lung function testing: Selection of reference values 
and interpretative strategies [1991].  American Review of Respiratory Diseases 144:1202-1218 
30). ( 
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Part I  - General Information

Program Description

The Social Security Administration (SSA) administers two programs that provide benefits based on
disability: the Social Security disability insurance program (title II of the Social Security Act (the
Act)) and the supplemental security income (SSI) program (title XVI of the Act).

Title II provides for payment of disability benefits to individuals who are "insured" under the Act by
virtue of their contributions to the Social Security trust fund through the Social Security tax on their
earnings, as well as to certain disabled dependents of insured individuals. Title XVI provides for
SSI payments to individuals (including children under age 18) who are disabled and have limited
income and resources.

The Act and SSA's implementing regulations prescribe rules for deciding if an individual is
"disabled." SSA's criteria for deciding if someone is disabled are not necessarily the same as the
criteria applied in other Government and private disability programs.

Definition of Disability

For all individuals applying for disability benefits under title II, and for adults applying under title
XVI, the definition of disability is the same. The law defines disability as the inability to engage in
any substantial gainful activity by reason of any medically determinable physical or mental
impairment(s) which can be expected to result in death or which has lasted or can be expected to
last for a continuous period of not less than 12 months.

Disability in Children

Under title XVI, a child under age 18 will be considered disabled if he or she has a medically
determinable physical or mental impairment or combination of impairments that causes marked
and severe functional limitations, and that can be expected to cause death or that has lasted or
can be expected to last for a continuous period of not less than 12 months.

What is a "Medically Determinable Impairment"?

A medically determinable physical or mental impairment is an impairment that results from
anatomical, physiological, or psychological abnormalities which can be shown by medically
acceptable clinical and laboratory diagnostic techniques. A physical or mental impairment must be
established by medical evidence consisting of signs, symptoms, and laboratory findings-not only
by the individual's statement of symptoms.

The Disability Determination Process

Most disability claims are initially processed through a network of local Social Security field offices
and State agencies (usually called disability determination services, or DDSs). Subsequent
appeals of unfavorable determinations may be decided in the DDSs or by administrative law
judges in SSA's Office of Hearings and Appeals.
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Social Security Field Offices

SSA representatives in the field offices usually obtain applications for disability benefits, either in
person, by telephone, or by mail. The application and related forms ask for a description of the
claimant's impairment(s), names, addresses, and telephone numbers of treatment sources, and
other information that relates to the alleged disability. (The "claimant" is the person who is
requesting disability benefits.)

The field office is responsible for verifying nonmedical eligibility requirements, which may include
age, employment, marital status, or Social Security coverage information. The field office sends
the case to a DDS for evaluation of disability.

State Disability Determination Services

The DDSs, which are fully funded by the Federal Government, are State agencies responsible for
developing medical evidence and rendering the initial determination on whether the claimant is or
is not disabled or blind under the law.

Usually, the DDS tries to obtain evidence from the claimant's own medical sources first. If that
evidence is unavailable or insufficient to make a determination, the DDS will arrange for a
consultative examination (CE) in order to obtain the additional information needed. The claimant's
treating source is the preferred source for the CE; however, the DDS may also obtain the CE from
an independent source. (See Part II, Evidentiary Requirements, for more information about CEs.)

After completing its initial development, the DDS makes the disability determination. The
determination is made by a two-person adjudicative team consisting of a medical or psychological
consultant (who is a physician or psychologist) and a disability examiner. If the adjudicative team
finds that additional evidence is still needed, the consultant or examiner may recontact a medical
source(s) and ask for supplemental information.

The DDS also makes a determination whether the claimant is a candidate for vocational
rehabilitation (VR). If so, the DDS makes a referral to the State VR agency.

After the DDS makes the disability determination, it returns the case to the field office for
appropriate action depending on whether the claim is allowed or denied. If the DDS finds the
claimant disabled, SSA will complete any outstanding non-disability development, compute the
benefit amount, and begin paying benefits. If the claimant is found not disabled, the file is retained
in the field office in case the claimant decides to appeal the determination.

If the claimant files an appeal of an initial unfavorable determination, the appeal is usually handled
much the same as the initial claim, except that the disability determination is made by a different
adjudicative team in the DDS than the one that handled the original case.

Office of Hearings and Appeals

Claimants dissatisfied with the first appeal of a determination may file subsequent appeals. The
second appeal is processed by a Hearing Office within SSA's Office of Hearings and Appeals. An
administrative law judge makes the second appeal decision, usually after conducting a hearing
and receiving any additional evidence from the claimant's medical sources or other sources.
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Medical development by the Office of Hearings and Appeals is frequently conducted through the
DDS. However, hearing offices may also contact medical sources directly. In rare circumstances,
an administrative law judge may issue a subpoena requiring production of evidence or testimony
at a hearing.

The Role of the Health Professional

Health professionals play a vital role in the disability determination process and participate in the
process in a variety of ways:

� As treating sources or other medical sources who provide medical evidence on behalf of their
patients;

� As CE sources to perform, for a fee, examinations and/or tests that are needed;
� As full-time or part-time medical or psychological consultants reviewing claims in a DDS, in one

of SSA’s regional offices, or in SSA central office; or
� As medical experts who testify at administrative law judge hearings.

Treating Sources

A treating source is a claimant's own physician, psychologist, or other acceptable medical source
who has provided the claimant with medical treatment or evaluation and has or has had an
ongoing treatment relationship with the claimant. The treating source is usually the best source of
medical evidence about the nature and severity of an individual's impairment(s).
If an additional examination or testing is needed, SSA usually considers a treating source to be the
preferred source for performing the examination or test for his or her own patient.

The treating source is neither asked nor expected to make a decision whether the claimant is
disabled. However, a treating source will usually be asked to provide a statement about the
claimant's ability, despite his or her impairments, to do work-related physical or mental activities.

Consultative Examiners for the DDS

In the absence of sufficient medical evidence from a claimant's own medical sources, SSA,
through the State DDS, may request an additional examination(s). These CEs are performed by
physicians (including osteopaths), psychologists or, in certain circumstances, other health
professionals. All CE sources must be currently licensed in the State and have the training and
experience to perform the type of examination or test SSA requests.

Fees for CEs are set by each State and may vary from State to State. Each State agency is
responsible for comprehensive oversight management of its CE program.

Medical professionals who perform CEs must have a good understanding of SSA's disability
programs and their evidentiary requirements. In addition, these medical professionals are made
fully aware of their responsibilities and obligations regarding confidentiality and:

� CE scheduling intervals;
� CE report content;
� Elements of a complete CE;
� When a complete CE is not required; and
� Signature requirements.
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See Part II for more information about CEs.

Program Medical Professionals

Physicians of virtually all specialties and psychologists at the State, regional, or national levels
review claims for disability benefits. The review work is performed in the State DDSs or SSA’s
regional office or headquarters. It is strictly a paper review in which the program physician or
psychologist usually has no contact with the claimant.

Medical Experts

Because there is no direct involvement of medical professionals in the disability decisions made by
administrative law judges in the Office of Hearings and Appeals, administrative law judges
sometimes request expert testimony on complex medical issues. Each Hearing Office maintains a
roster of medical experts who are called to testify as expert witnesses at hearings. The experts are
paid a fee for their services.

Confidentiality of Records

Two separate laws, the Freedom of Information Act and the Privacy Act, have special significance
for Federal agencies. Under the Freedom of Information Act, Federal agencies are required to
provide the public with access to their files and records. This means the public has the right, with
certain exceptions, to examine records pertaining to the functions, procedures, final opinions, and
policy of these Federal agencies.

The Privacy Act permits an individual or his or her authorized representative to examine records
pertaining to him or her in a Federal agency. For disability applicants, this means that an individual
may request to see the medical or other evidence used to evaluate his or her application for
disability benefits under the Social Security or the SSI programs. (This evidence, however, is not
available to the general public.)

SSA screens all requests to see medical evidence in a claim file to determine if release of the
evidence directly to the individual might have an adverse effect on that individual. If so, the report
will be released only to an authorized representative designated by the individual.

Questions and Answers About Social Security Disability Programs

This information is designed to provide a more thorough understanding of the disability programs
administered by SSA. Following are some of the most frequent questions asked about these
programs.

Q. Who can get disability benefits under Social Security?

A.  Under the Social Security disability insurance program (title II of the Act), there are three
basic categories of individuals who can qualify for benefits on the basis of disability:

� A disabled insured worker under 65.

� A person disabled since childhood (before age 22) who is a dependent of a deceased
insured parent or a parent entitled to title II disability or retirement benefits.
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� A disabled widow or widower, age 50-60 if the deceased spouse was insured under
Social Security.

Under title XVI, or SSI, there are two basic categories under which a financially needy
person can get payments on the basis of disability:

� An adult age 18 or over who is disabled.

� A child (under age 18) who is disabled.

Q. How is the disability determination made?

A. SSA’s regulations provide for disability evaluation under a procedure known as the
"sequential evaluation process." For adults, this process requires sequential review of the
claimant's current work activity, the severity of his or her  impairment(s), the claimant's
residual functional capacity, his or her past work, and his or her age, education, and work
experience. For children applying for SSI, the process requires sequential review of the
child's current work activity (if any), the severity of his or her impairment(s), and an
assessment of whether his or her impairment(s) results in marked and severe functional
limitations. If an adult or child is found disabled or not disabled at any point in the
evaluation, the evaluation does not continue.

Q. When do disability benefits start?

A. The law provides that, under the Social Security disability program, disability benefits for
workers and widows usually cannot begin for 5 months after the established onset of the
disability. The 5 month waiting period does not apply to individuals filing as children of
workers. Under SSI, disability payments may begin as early as the date the individual files
an application.

In addition, under the SSI disability program, an applicant may be found "presumptively
disabled," and receive cash payments for up to 6 months while the formal disability
determination is made. The presumptive payment is designed to allow a needy individual to
meet his or her basic living expenses during the time it takes to process the application. If it
is finally determined that the individual is not disabled, he or she is not required to refund
the payments. There is no provision for a finding of presumptive disability under the title II
program.

Q. What can an individual do if he or she disagrees with the determination?

A. If an individual disagrees with the initial determination in the case, he or she may appeal it.
The first administrative appeal is a reconsideration, which is generally a case review at the
State level by an adjudicative team that was not involved in the original determination. If
dissatisfied with the reconsideration determination, the individual may request a hearing
before an administrative law judge. If he or she is dissatisfied with the hearing decision, the
final administrative appeal is for review by the Appeals Council. In general, a claimant has
60 days to appeal an unfavorable determination or decision. Appeals must be filed in
writing and may be submitted by mail or in person to any Social Security office.
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If the individual exhausts all administrative appeals, but wishes to continue pursuing the
case, he or she may file a civil suit in Federal District Court and eventually appeal all the
way to the United States Supreme Court.

Q. Can individuals receiving disability benefits or payments get Medicare or Medicaid
coverage?

A. Medicare helps pay hospital and doctor bills of disabled or retired people who have worked
long enough under Social Security to be insured for Social Security benefits. It generally
covers people who are 65 and over; people who have been determined to be disabled and
have been receiving benefits for at least 24 months; and people who need long-term
dialysis treatment for chronic kidney disease or require a kidney transplant. In general,
Medicare pays 80 percent of reasonable charges.

In most States, individuals who qualify for SSI disability payments also qualify for
Medicaid. (The name varies in some States-the term "Medicaid" is not used everywhere.)
The program covers all of the approved charges of the Medicaid patient. Medicaid is
financed by Federal and State matching funds, but eligibility rules may vary from State to
State.

Q. Can someone work and still receive disability benefits?

A. Social Security rules make it possible for people to test their ability to work without losing
their rights to cash benefits and Medicare or Medicaid. These rules are called "work
incentives." The rules are different for title II and title XVI, but under both programs they
may provide:

� continued cash benefits;
� continued help with medical bills;
� help with work expenses; or
� vocational training.

For more information about work incentives, ask any Social Security office for the
publication: "A Summary Guide to Social Security and Supplemental Security Income Work
Incentives for People with Disabilities."
Go to www.ssa.gov/work/ResourcesToolkit/redbook_page.htm

Q. How can the individual receive vocational training services?

A. Applicants for disability payments may be referred to a State VR agency for rehabilitation
services. The referral may be made by the DDS, Social Security, the treating source, or by
personal request.  The services may be medical or nonmedical and may include
counseling, teaching of new employment skills, training in the use of prostheses, and job
placement. In determining whether VR services would be beneficial in returning a person to
employment, the medical evidence from the treating source may be very important.
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Part II  - Evidentiary Requirements

Medical Evidence

Under both the title II and title XVI programs, medical evidence is the cornerstone for the
determination of disability.

Each person who files a disability claim is responsible for providing medical evidence showing that
he or she has an impairment(s) and how severe the impairment(s) is. However, SSA will help
claimants get medical reports from their own medical sources when the claimants give SSA
permission to do so. This medical evidence generally comes from sources who have treated or
evaluated the claimant for his or her impairment(s).

Acceptable Medical Sources

Documentation of the existence of a claimant's impairment must come from medical professionals
defined by SSA regulations as "acceptable medical sources." Once the existence of an impairment
is established, all the medical and nonmedical evidence is considered in assessing impairment
severity.

"Acceptable medical sources" generally include licensed physicians (medical or osteopathic
doctors), licensed or certified psychologists, licensed optometrists (for measurement of visual
acuity and visual fields), licensed podiatrists (for purposes of establishing impairments of the foot,
or foot and ankle only, depending on the State in which the podiatrist practices), and qualified
speech-language pathologists (for establishing speech or language impairments). Social Security
also requests copies of medical evidence from hospitals, clinics, or other health facilities where a
claimant has been treated. All medical reports received are considered during the disability
determination process.

Medical Evidence From Treating Sources

Currently, many disability claims are decided on the basis of medical evidence from treating
sources. SSA regulations place special emphasis on evidence from treating sources because they
are likely to be the medical professionals most able to provide a detailed longitudinal picture of the
claimant's impairments and may bring a unique perspective to the medical evidence that cannot
be obtained from the medical findings alone or from reports of individual examinations or brief
hospitalizations. Therefore, timely, accurate, and adequate medical reports from treating sources
accelerate the processing of the claim because they can greatly reduce or eliminate the need for
additional medical evidence to complete the claim.

Other Evidence

Information from other sources may also help show the extent to which a person's impairment(s)
affects his or her ability to function. Other sources include public and private social welfare
agencies, non-medical sources such as teachers, day care providers, social workers and
employers, and other practitioners such as naturopaths, chiropractors, and audiologists.
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Medical Reports

Physicians, psychologists, and other health professionals are frequently asked by SSA to submit
reports about an individual's impairment. Therefore, it is important to know what evidence SSA
needs. Medical reports should include:

� medical history;
� clinical findings (such as the results of physical or mental status examinations);
� laboratory findings (such as blood pressure, x-rays);
� diagnosis;
� treatment prescribed with response and prognosis;
� a statement providing an opinion about what the claimant can still do despite his or her

impairment(s), based on the medical source's findings on the above factors. This statement
should describe, but is not limited to, the individual's ability to perform work-related activities,
such as sitting, standing, walking, lifting, carrying, handling objects, hearing, speaking, and
traveling. In cases involving mental impairments, it should describe the individual's ability to
understand, to carry out and remember instructions, and to respond appropriately to
supervision, coworkers, and work pressures in a work setting. For a child, the statement
should describe his or her functional limitations in learning, motor functioning, performing
self-care activities, communicating, socializing, and completing tasks (and, if a child is a
newborn or young infant from birth to age 1, responsiveness to stimuli).

Consultative Examinations

If the evidence provided by the claimant's own medical sources is inadequate to determine if he or
she is disabled, additional medical information may be sought by recontacting the treating source
for additional information or clarification, or by arranging for a CE. The treating source is the
preferred source for a CE if he or she is qualified, equipped, and willing to perform the
examination for the authorized fee. Even if only a supplemental test is required, the treating
source is ordinarily the preferred source for this service. However, SSA’s rules provide for using
an independent source (other than the treating source) for a CE or diagnostic study if:

� the treating source prefers not to perform the examination;
� the treating source does not have the equipment to provide the specific    data needed;
� there are conflicts or inconsistencies in the file that cannot be resolved by going back to the

treating source;
� the claimant prefers another source and has good reason for doing so; or
� prior experience indicates that the treating source may not be a productive source.

Consultative Examination Report Content

A complete CE is one which involves all the elements of a standard examination in the applicable
medical specialty. A complete consultative examination t report should include the following
elements:

� the claimant's major or chief complaint(s);

� a detailed description, within the area of specialty of the examination, of the history of the
major complaint(s);
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� a description, and disposition, of pertinent "positive" and "negative" detailed findings based on
the history, examination, and laboratory tests related to the major complaint(s), and any other
abnormalities or lack thereof reported or found during examination or laboratory testing;

� results of laboratory and other tests (e.g., X-rays) performed according to the requirements
stated in the Listing of Impairments (see Part III);

� the diagnosis and prognosis for the claimant's impairment(s);

� a statement about what the claimant can still do despite his or her impairment(s), unless the
claim is based on statutory blindness. This statement should describe the opinion of the
consulting physician or psychologist about the claimant's ability, despite his or her
impairment(s), to do work-related activities such as sitting, standing, walking, lifting, carrying,
handling objects, hearing, speaking, and traveling; and, in cases of mental impairment(s), the
opinion of the physician or psychologist about the individual's ability to understand, to carry out
and remember instructions, and to respond appropriately to supervision, coworkers, and work
pressures in a work setting. For a child, the statement should describe the child's functional
limitations in learning, motor functioning, performing self care activities, communicating,
socializing, and completing tasks (and, if the child is a newborn or young infant from birth to
age 1, responsiveness to stimuli); and

� the consultative physician or psychologist will consider, and provide some explanation or
comment on, the claimant's major complaint(s) and any other abnormalities found during the
history and examination or reported from the laboratory tests. The history, examination,
evaluation of laboratory test results, and the conclusions will represent the information
provided by the physician or psychologist who signs the report.

Evidence Relating to Symptoms

In developing evidence of the effects of symptoms, such as pain, shortness of breath, or fatigue,
on a claimant's ability to function, SSA investigates all avenues presented that relate to the
complaints. These include information provided by treating and other sources regarding:

� the claimant's daily activities;
� the location, duration, frequency, and intensity of the pain or other symptom;
� precipitating and aggravating factors;
� the type, dosage, effectiveness, and side effects of any medication;
� treatments, other than medications, for the relief of pain or other symptoms;
� any measures the claimant uses or has used to relieve pain or other symptoms; and
� other factors concerning the claimant's functional limitations due to pain or other symptoms.

In assessing the claimant's pain or other symptoms, the decisionmaker(s) must give full
consideration to all of the above-mentioned factors. It is important that medical sources address
these factors in the reports they provide.
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Part III - Listing of Impairments

The Listing of Impairments describes, for each major body system, impairments that are
considered severe enough to prevent a person from doing any gainful activity (or in the case of
children under age 18 applying for SSI, cause marked and severe functional limitations). Most
of the listed impairments are permanent or expected to result in death, or a specific statement
of duration is made. For all others, the evidence must show that the impairment has lasted or is
expected to last for a continuous period of at least 12 months. The criteria in the Listing of
Impairments are applicable to evaluation of claims for disability benefits or payments under both
the Social Security disability insurance and SSI programs.

Part A of the Listing of Impairments contains medical criteria that apply to adults age 18 and
over. The medical criteria in part A may also be applied in evaluating impairments in persons
under age 18 if the disease processes have a similar effect on adults and younger persons.

Part B contains additional medical criteria that apply only to the evaluation of impairments of
persons under age 18. Certain criteria in part A do not give appropriate consideration to the
particular effects of the disease processes in childhood, i.e., when the disease process is
generally found only in children or when the disease process differs in its effect on children and
adults. Additional criteria are included in part B, and the impairment categories are, to the
extent possible, numbered to maintain a relationship with their counterparts in part A. In
evaluating disability for a person under age 18, part B will be used first. If the medical criteria in
part B do not apply, then the medical criteria in part A will be used.

The criteria in the Listing of Impairments apply only to one step of the multi-step sequential
evaluation process. At that step, the presence of an impairment that meets the criteria in the
Listing of Impairments (or that is of equal severity) is usually sufficient to establish that an
individual who is not working is disabled. However, the absence of a listing-level impairment
does not mean the individual is not disabled. Rather, it merely requires the adjudicator to move
on to the next step of the process and apply other rules in order to resolve the issue of
disability.
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Listing of Impairments

Part A

The following sections in Part A are applicable to individuals age 18 and over and to children
under age 18 where criteria are appropriate.

Section
 1.00 Musculoskeletal System
 2.00 Special Senses and Speech
 3.00 Respiratory System
 4.00 Cardiovascular System
 5.00 Digestive System
 6.00 Genito-urinary System
 7.00 Hemic and Lymphatic System
 8.00 Skin
 9.00 Endocrine System
10.00 Multiple Body Systems
11.00 Neurological
12.00 Mental Disorders
13.00 Neoplastic Diseases
14.00 Immune System

1.00     Musculoskeletal System

A.  Disorders of the musculoskeletal system may result from hereditary, congenital, or acquired
pathologic processes. Impairments may result from infectious, inflammatory, or degenerative
processes, traumatic or developmental events, or neoplastic, vascular, or toxic/metabolic
diseases.

B.  Loss of function.
 
1.  General. Under this section, loss of function may be due to bone or joint deformity or
destruction from any cause; miscellaneous disorders of the spine with or without radiculopathy
or other neurological deficits; amputation; or fractures or soft tissue injuries, including burns,
requiring prolonged periods of immobility or convalescence. For inflammatory arthritides that
may result in loss of function because of inflammatory peripheral joint or axial arthritis or
sequelae, or because of extra-articular features, see 14.00B6. Impairments with neurological
causes are to be evaluated under 11.00ff.

2.  How we define loss of function in these listings.

a. General. Regardless of the cause(s) of a musculoskeletal impairment, functional loss for
purposes of these listings is defined as the inability to ambulate effectively on a sustained basis
for any reason, including pain associated with the underlying musculoskeletal impairment, or
the inability to perform fine and gross movements effectively on a sustained basis for any
reason, including pain associated with the underlying musculoskeletal impairment. The inability
to ambulate effectively or the inability to perform fine and gross movements effectively must
have lasted, or be expected to last, for at least 12 months. For the purposes of these criteria,
consideration of the ability to perform these activities must be from a physical standpoint alone.
When there is an inability to perform these activities due to a mental impairment, the criteria in
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12.00ff are to be used. We will determine whether an individual can ambulate effectively or can
perform fine and gross movements effectively based on the medical and other evidence in the
case record, generally without developing additional evidence about the individual’s ability to
perform the specific activities listed as examples in 1.00B2b(2) and 1.00B2c.

b. What we mean by inability to ambulate effectively.

(1) Definition. Inability to ambulate effectively means an extreme limitation of the ability to walk;
i.e., an impairment(s) that interferes very seriously with the individual's ability to independently
initiate, sustain, or complete activities. Ineffective ambulation is defined generally as having
insufficient lower extremity functioning (see 1.00J) to permit independent ambulation without the
use of a hand-held assistive device(s) that limits the functioning of both upper extremities.
(Listing 1.05C is an exception to this general definition because the individual has the use of
only one upper extremity due to amputation of a hand.)

(2) To ambulate effectively, individuals must be capable of sustaining a reasonable walking
pace over a sufficient distance to be able to carry out activities of daily living. They must have
the ability to travel without companion assistance to and from a place of employment or school.
Therefore, examples of ineffective ambulation include, but are not limited to, the inability to walk
without the use of a walker, two crutches or two canes, the inability to walk a block at a
reasonable pace on rough or uneven surfaces, the inability to use standard public
transportation, the inability to carry out routine ambulatory activities, such as shopping and
banking, and the inability to climb a few steps at a reasonable pace with the use of a single
hand rail. The ability to walk independently about one's home without the use of assistive
devices does not, in and of itself, constitute effective ambulation.

c. What we mean by inability to perform fine and gross movements effectively. Inability to
perform fine and gross movements effectively means an extreme loss of function of both upper
extremities; i.e., an impairment(s) that interferes very seriously with the individual's ability to
independently initiate, sustain, or complete activities. To use their upper extremities effectively,
individuals must be capable of sustaining such functions as reaching, pushing, pulling,
grasping, and fingering to be able to carry out activities of daily living. Therefore, examples of
inability to perform fine and gross movements effectively include, but are not limited to, the
inability to prepare a simple meal and feed oneself, the inability to take care of personal
hygiene, the inability to sort and handle papers or files, and the inability to place files in a file
cabinet at or above waist level.

d. Pain or other symptoms. Pain or other symptoms may be an important factor contributing to
functional loss. In order for pain or other symptoms to be found to affect an individual's ability to
perform basic work activities, medical signs or laboratory findings must show the existence of a
medically determinable impairment(s) that could reasonably be expected to produce the pain or
other symptoms. The musculoskeletal listings that include pain or other symptoms among their
criteria also include criteria for limitations in functioning as a result of the listed impairment,
including limitations caused by pain. It is, therefore, important to evaluate the intensity and
persistence of such pain or other symptoms carefully in order to determine their impact on the
individual's functioning under these listings. See also §§ 404.1525(f) and 404.1529 of this part,
and §§ 416.925(f) and 416.929 of part 416 of this chapter.
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C.  Diagnosis and evaluation.

1. General. Diagnosis and evaluation of musculoskeletal impairments should be supported, as
applicable, by detailed descriptions of the joints, including ranges of motion, condition of the
musculature (e.g., weakness, atrophy), sensory or reflex changes, circulatory deficits, and
laboratory findings, including findings on x-ray or other appropriate medically acceptable
imaging. Medically acceptable imaging includes, but is not limited to, x-ray imaging,
computerized axial tomography (CAT scan) or magnetic resonance imaging (MRI), with or
without contrast material, myelography, and radionuclear bone scans. "Appropriate" means that
the technique used is the proper one to support the evaluation and diagnosis of the impairment.

2. Purchase of certain medically acceptable imaging. While any appropriate medically
acceptable imaging is useful in establishing the diagnosis of musculoskeletal impairments,
some tests, such as CAT scans and MRIs, are quite expensive, and we will not routinely
purchase them. Some, such as myelograms, are invasive and may involve significant risk. We
will not order such tests. However, when the results of any of these tests are part of the existing
evidence in the case record we will consider them together with the other relevant evidence.

3. Consideration of electrodiagnostic procedures. Electrodiagnostic procedures may be useful
in establishing the clinical diagnosis, but do not constitute alternative criteria to the
requirements of 1.04.

D.  The physical examination must include a detailed description of the rheumatological,
orthopedic, neurological, and other findings appropriate to the specific impairment being
evaluated. These physical findings must be determined on the basis of objective observation
during the examination and not simply a report of the individual's allegation; e.g., "He says his
leg is weak, numb.” Alternative testing methods should be used to verify the abnormal findings;
e.g., a seated straight-leg raising test in addition to a supine straight-leg raising test. Because
abnormal physical findings may be intermittent, their presence over a period of time must be
established by a record of ongoing management and evaluation. Care must be taken to
ascertain that the reported examination findings are consistent with the individual's daily
activities.

E.  Examination of the spine.

1. General. Examination of the spine should include a detailed description of gait, range of
motion of the spine given quantitatively in degrees from the vertical position (zero degrees) or,
for straight-leg raising from the sitting and supine position (zero degrees), any other appropriate
tension signs, motor and sensory abnormalities, muscle spasm, when present, and deep
tendon reflexes. Observations of the individual during the examination should be reported; e.g.,
how he or she gets on and off the examination table. Inability to walk on the heels or toes, to
squat, or to arise from a squatting position, when appropriate, may be considered evidence of
significant motor loss. However, a report of atrophy is not acceptable as evidence of significant
motor loss without circumferential measurements of both thighs and lower legs, or both upper
and lower arms, as appropriate, at a stated point above and below the knee or elbow given in
inches or centimeters. Additionally, a report of atrophy should be accompanied by
measurement of the strength of the muscle(s) in question generally based on a grading system
of 0 to 5 , with 0 being complete loss of strength and 5 being maximum strength. A specific
description of atrophy of hand muscles is acceptable without measurements of atrophy but
should include measurements of grip and pinch strength.
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2. When neurological abnormalities persist. Neurological abnormalities may not completely
subside after treatment or with the passage of time. Therefore, residual neurological
abnormalities that persist after it has been determined clinically or by direct surgical or other
observation that the ongoing or progressive condition is no longer present will not satisfy the
required findings in 1.04. More serious neurological deficits (paraparesis, paraplegia) are to be
evaluated under the criteria in 11.00ff.

F.  Major joints refers to the major peripheral joints, which are the hip, knee, shoulder, elbow,
wrist-hand, and ankle-foot, as opposed to other peripheral joints (e.g., the joints of the hand or
forefoot) or axial joints (i.e., the joints of the spine.) The wrist and hand are considered together
as one major joint, as are the ankle and foot. Since only the ankle joint, which consists of the
juncture of the bones of the lower leg (tibia and fibula) with the hindfoot (tarsal bones), but not
the forefoot, is crucial to weight bearing, the ankle and foot are considered separately in
evaluating weight bearing.

G.  Measurements of joint motion are based on the techniques described in the chapter on the
extremities, spine, and pelvis in the current edition of the "Guides to the Evaluation of
Permanent Impairment" published by the American Medical Association.

H.  Documentation.

1. General. Musculoskeletal impairments frequently improve with time or respond to treatment.
Therefore, a longitudinal clinical record is generally important for the assessment of severity
and expected duration of an impairment unless the claim can be decided favorably on the basis
of the current evidence.

2. Documentation of medically prescribed treatment and response. Many individuals, especially
those who have listing-level impairments, will have received the benefit of medically prescribed
treatment. Whenever evidence of such treatment is available it must be considered.

3. When there is no record of ongoing treatment. Some individuals will not have received
ongoing treatment or have an ongoing relationship with the medical community despite the
existence of a severe impairment(s). In such cases, evaluation will be made on the basis of the
current objective medical evidence and other available evidence, taking into consideration the
individual's medical history, symptoms, and medical source opinions. Even though an individual
who does not receive treatment may not be able to show an impairment that meets the criteria
of one of the musculoskeletal listings, the individual may have an impairment(s) equivalent in
severity to one of the listed impairments or be disabled based on consideration of his or her
residual functional capacity (RFC) and age, education and work experience.

4. Evaluation when the criteria of a musculoskeletal listing are not met. These listings are only
examples of common musculoskeletal disorders that are severe enough to prevent a person
from engaging in gainful activity. Therefore, in any case in which an individual has a medically
determinable impairment that is not listed, an impairment that does not meet the requirements
of a listing, or a combination of impairments no one of which meets the requirements of a
listing, we will consider medical equivalence. (See §§ 404.1526 and 416.926.) Individuals who
have an impairment(s) with a level of severity that does not meet or equal the criteria of the
musculoskeletal listings may or may not have the RFC that would enable them to engage in
substantial gainful activity. Evaluation of the impairment(s) of these individuals should proceed
through the final steps of the sequential evaluation process in §§ 404.1520 and 416.920 (or, as
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appropriate, the steps in the medical improvement review standard in §§ 404.1594 and
416.994).

I.  Effects of treatment.

1. General. Treatments for musculoskeletal disorders may have beneficial effects or adverse
side effects. Therefore, medical treatment (including surgical treatment) must be considered in
terms of its effectiveness in ameliorating the signs, symptoms, and laboratory abnormalities of
the disorder, and in terms of any side effects that may further limit the individual.

2. Response to treatment. Response to treatment and adverse consequences of treatment may
vary widely. For example, a pain medication may relieve an individual's pain completely,
partially, or not at all. It may also result in adverse effects, e.g., drowsiness, dizziness, or
disorientation, that compromise the individual's ability to function. Therefore, each case must be
considered on an individual basis, and include consideration of the effects of treatment on the
individual's ability to function.

3. Documentation. A specific description of the drugs or treatment given (including surgery),
dosage, frequency of administration, and a description of the complications or response to
treatment should be obtained. The effects of treatment may be temporary or long-term. As
such, the finding regarding the impact of treatment must be based on a sufficient period of
treatment to permit proper consideration or judgment about future functioning.

J.  Orthotic, prosthetic, or assistive devices.

1. General. Consistent with clinical practice, individuals with musculoskeletal impairments may
be examined with and without the use of any orthotic, prosthetic, or assistive devices as
explained in this section.

2. Orthotic devices. Examination should be with the orthotic device in place and should include
an evaluation of the individual's maximum ability to function effectively with the orthosis. It is
unnecessary to routinely evaluate the individual's ability to function without the orthosis in place.
If the individual has difficulty with, or is unable to use, the orthotic device, the medical basis for
the difficulty should be documented. In such cases, if the impairment involves a lower extremity
or extremities, the examination should include information on the individual's ability to ambulate
effectively without the device in place unless contraindicated by the medical judgment of a
physician who has treated or examined the individual.

3. Prosthetic devices. Examination should be with the prosthetic device in place. In amputations
involving a lower extremity or extremities, it is unnecessary to evaluate the individual's ability to
walk without the prosthesis in place. However, the individual's medical ability to use a
prosthesis to ambulate effectively, as defined in 1.00B2b, should be evaluated. The condition of
the stump should be evaluated without the prosthesis in place.

4. Hand-held assistive devices. When an individual with an impairment involving a lower
extremity or extremities uses a hand-held assistive device, such as a cane, crutch or walker,
examination should be with and without the use of the assistive device unless contraindicated
by the medical judgment of a physician who has treated or examined the individual. The
individual's ability to ambulate with and without the device provides information as to whether,
or the extent to which, the individual is able to ambulate without assistance. The medical basis
for the use of any assistive device (e.g., instability, weakness) should be documented. The
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requirement to use a hand-held assistive device may also impact on the individual's functional
capacity by virtue of the fact that one or both upper extremities are not available for such
activities as lifting, carrying, pushing, and pulling.

K. Disorders of the spine, listed in 1.04, result in limitations because of distortion of the bony
and ligamentous architecture of the spine and associated impingement on nerve roots
(including the cauda equina) or spinal cord. Such impingement on nerve tissue may result from
a herniated nucleus pulposus, spinal stenosis, arachnoiditis, or other miscellaneous conditions.
Neurological abnormalities resulting from these disorders are to be evaluated by referral to the
neurological listings in 11.00ff, as appropriate. (See also 1.00B and E.)

1. Herniated nucleus pulposus is a disorder frequently associated with the impingement of a
nerve root. Nerve root compression results in a specific neuro-anatomic distribution of
symptoms and signs depending upon the nerve root(s) compromised.

2. Spinal arachnoiditis.

a. General. Spinal arachnoiditis is a condition characterized by adhesive thickening of the
arachnoid which may cause intermittent ill-defined burning pain and sensory dysesthesia, and
may cause neurogenic bladder or bowel incontinence when the cauda equina is involved.

b. Documentation. Although the cause of spinal arachnoiditis is not always clear, it may be
associated with chronic compression or irritation of nerve roots (including the cauda equina) or
the spinal cord. For example, there may be evidence of spinal stenosis, or a history of spinal
trauma or meningitis. Diagnosis must be confirmed at the time of surgery by gross description,
microscopic examination of biopsied tissue, or by findings on appropriate medically acceptable
imaging. Arachnoiditis is sometimes used as a diagnosis when such a diagnosis is unsupported
by clinical or laboratory findings. Therefore, care must be taken to ensure that the diagnosis is
documented as described in 1.04B. Individuals with arachnoiditis, particularly when it involves
the lumbosacral spine, are generally unable to sustain any given position or posture for more
than a short period of time due to pain.

3. Lumbar spinal stenosis is a condition that may occur in association with degenerative
processes, or as a result of a congenital anomaly or trauma, or in association with Paget's
disease of the bone. Pseudoclaudication, which may result from lumbar spinal stenosis, is
manifested as pain and weakness, and may impair ambulation. Symptoms are usually bilateral,
in the low back, buttocks, or thighs, although some individuals may experience only leg pain
and, in a few cases, the leg pain may be unilateral. The pain generally does not follow a
particular neuro-anatomical distribution, i.e., it is distinctly different from the radicular type of
pain seen with a herniated intervertebral disc, is often of a dull, aching quality, which may be
described as "discomfort" or an "unpleasant sensation," or may be of even greater severity,
usually in the low back and radiating into the buttocks region bilaterally. The pain is provoked by
extension of the spine, as in walking or merely standing, but is reduced by leaning forward. The
distance the individual has to walk before the pain comes on may vary. Pseudoclaudication
differs from peripheral vascular claudication in several ways. Pedal pulses and Doppler
examinations are unaffected by pseudoclaudication. Leg pain resulting from peripheral vascular
claudication involves the calves, and the leg pain in vascular claudication is ordinarily more
severe than any back pain that may also be present. An individual with vascular claudication will
experience pain after walking the same distance time after time, and the pain will be relieved
quickly when walking stops.



20

4. Other miscellaneous conditions that may cause weakness of the lower extremities, sensory
changes, areflexia, trophic ulceration, bladder or bowel incontinence, and that should be
evaluated under 1.04 include, but are not limited to, osteoarthritis, degenerative disc disease,
facet arthritis, and vertebral fracture. Disorders such as spinal dysrhaphism (e.g., spina bifida),
diastematomyelia, and tethered cord syndrome may also cause such abnormalities. In these
cases, there may be gait difficulty and deformity of the lower extremities based on neurological
abnormalities, and the neurological effects are to be evaluated under the criteria in 11.00ff.

L. Abnormal curvatures of the spine. Abnormal curvatures of the spine (specifically, scoliosis,
kyphosis and kyphoscoliosis) can result in impaired ambulation, but may also adversely affect
functioning in body systems other than the musculoskeletal system. For example, an
individual's ability to breathe may be affected; there may be cardiac difficulties (e.g., impaired
myocardial function); or there may be disfigurement resulting in withdrawal or isolation. When
there is impaired ambulation, evaluation of equivalence may be made by reference to 14.09A.
When the abnormal curvature of the spine results in symptoms related to fixation of the
dorsolumbar or cervical spine, evaluation of equivalence may be made by reference to 14.09B.
When there is respiratory or cardiac involvement or an associated mental disorder, evaluation
may be made under 3.00ff, 4.00ff, or 12.00ff, as appropriate. Other consequences should be
evaluated according to the listing for the affected body system.

M. Under continuing surgical management, as used in 1.07 and 1.08, refers to surgical
procedures and any other associated treatments related to the efforts directed toward the
salvage or restoration of functional use of the affected part. It may include such factors as post-
surgical procedures, surgical complications, infections, or other medical complications, related
illnesses, or related treatments that delay the individual's attainment of maximum benefit from
therapy.

N. After maximum benefit from therapy has been achieved in situations involving fractures of an
upper extremity (1.07), or soft tissue injuries (1.08), i.e., there have been no significant changes
in physical findings or on appropriate medically acceptable imaging for any 6-month period after
the last definitive surgical procedure or other medical intervention, evaluation must be made on
the basis of the demonstrable residuals, if any. A finding that 1.07 or 1.08 is met must be based
on a consideration of the symptoms, signs, and laboratory findings associated with recent or
anticipated surgical procedures and the resulting recuperative periods, including any related
medical complications, such as infections, illnesses, and therapies which impede or delay the
efforts toward restoration of function. Generally, when there has been no surgical or medical
intervention for 6 months after the last definitive surgical procedure, it can be concluded that
maximum therapeutic benefit has been reached. Evaluation at this point must be made on the
basis of the demonstrable residual limitations, if any, considering the individual's impairment-
related symptoms, signs, and laboratory findings, any residual symptoms, signs, and laboratory
findings associated with such surgeries, complications, and recuperative periods, and other
relevant evidence.

O. Major function of the face and head, for purposes of listing 1.08, relates to impact on any or
all of the activities involving vision, hearing, speech, mastication, and the initiation of the
digestive process.

P. When surgical procedures have been performed, documentation should include a copy of
the operative notes and available pathology reports.
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Q. Effects of obesity. Obesity is a medically determinable impairment that is often associated
with disturbance of the musculoskeletal system, and disturbance of this system can be a major
cause of disability in individuals with obesity. The combined effects of obesity with
musculoskeletal impairments can be greater than the effects of each of the impairments
considered separately. Therefore, when determining whether an individual with obesity has a
listing-level impairment or combination of impairments, and when assessing a claim at other
steps of the sequential evaluation process, including when assessing an individual's residual
functional capacity, adjudicators must consider any additional and cumulative effects of obesity.

1.01 Category of Impairments, Musculoskeletal

1.02 Major dysfunction of a joint(s) (due to any cause): Characterized by gross
anatomical deformity (e.g., subluxation, contracture, bony or fibrous ankylosis,
instability) and chronic joint pain and stiffness with signs of limitation of motion or other
abnormal motion of the affected joint(s), and findings on appropriate medically
acceptable imaging of joint space narrowing, bony destruction, or ankylosis of the
affected joint(s). With:

A. Involvement of one major peripheral weight-bearing joint (i.e., hip, knee, or ankle), resulting
in inability to ambulate effectively, as defined in 1.00B2b;

OR

B. Involvement of one major peripheral joint in each upper extremity (i.e., shoulder, elbow, or
wrist-hand), resulting in inability to perform fine and gross movements effectively, as defined in
1.00B2c.

1.03 Reconstructive surgery or surgical arthrodesis of a major weight- bearing joint,
with inability to ambulate effectively, as defined in 1.00B2b, and return to effective
ambulation did not occur, or is not expected to occur, within 12 months of onset.

1.04 Disorders of the spine (e.g., herniated nucleus pulposus, spinal arachnoiditis, spinal
stenosis, osteoarthritis, degenerative disc disease, facet arthritis, vertebral fracture),
resulting in compromise of a nerve root (including the cauda equina) or the spinal cord.
With:

A. Evidence of nerve root compression characterized by neuro-anatomic distribution of pain,
limitation of motion of the spine, motor loss (atrophy with associated muscle weakness or
muscle weakness) accompanied by sensory or reflex loss and, if there is involvement of the
lower back, positive straight-leg raising test (sitting and supine);

OR

B. Spinal arachnoiditis, confirmed by an operative note or pathology report of tissue biopsy, or
by appropriate medically acceptable imaging, manifested by severe burning or painful
dysesthesia, resulting in the need for changes in position or posture more than once every
2 hours;

OR



22

C. Lumbar spinal stenosis resulting in pseudoclaudication, established by findings on
appropriate medically acceptable imaging, manifested by chronic nonradicular pain and
weakness, and resulting in inability to ambulate effectively, as defined in 1.00B2b.

1.05 Amputation (due to any cause).

A. Both hands;

OR

B. One or both lower extremities at or above the tarsal region, with stump complications
resulting in medical inability to use a prosthetic device to ambulate effectively, as defined in
1.00B2b, which have lasted or are expected to last for at least 12 months;

OR

C. One hand and one lower extremity at or above the tarsal region, with inability to ambulate
effectively, as defined in 1.00B2b;

OR

D. Hemipelvectomy or hip disarticulation.

1.06 Fracture of the femur, tibia, pelvis, or one or more of the tarsal bones. With:

A. Solid union not evident on appropriate medically acceptable imaging and not clinically solid;

AND

B. Inability to ambulate effectively, as defined in 1.00B2b, and return to effective ambulation did
not occur or is not expected to occur within 12 months of onset.

1.07 Fracture of an upper extremity with nonunion of a fracture of the shaft of the humerus,
radius, or ulna, under continuing surgical management, as defined in 1.00M, directed
toward restoration of functional use of the extremity, and such function was not restored
or expected to be restored within 12 months of onset.

1.08 Soft tissue injury (e.g., burns) of an upper or lower extremity, trunk, or face and head,
under continuing surgical management, as defined in 1.00M, directed toward the
salvage or restoration of major function, and such major function was not restored or
expected to be restored within 12 months of onset. Major function of the face and head
is described in 1.00O.

2.00     Special Senses and Speech

A.  Disorders of Vision

1.  Causes of impairment. Diseases or injury of the eyes may produce loss of visual acuity or
loss of the peripheral field. Loss of visual acuity results in inability to distinguish detail and
prevents reading and fine work. Loss of the peripheral field restricts the ability of an individual to
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move about freely. The extent of impairment of sight should be determined by visual acuity and
peripheral field testing.

2. Visual acuity. Loss of visual acuity may result in impaired distant or near vision, or both.
However, you to meet the level of severity described in 2.02 and 2.04, only the remaining visual
acuity for distance of the better eye with best correction based on the Snellen test chart
measurement may be used. Correction obtained by special visual aids (e.g., contact lenses) will
be considered if the individual has the ability to wear such aids.

3.  Field of vision. Impairment of peripheral vision may result if there is contraction of the visual
fields. The contraction may be either symmetrical or irregular. The extent of the remaining
peripheral visual field will be determined by usual perimetric methods at a distance of 330 mm.
under illumination of not less than 7-foot candles. For the phakic eye (the eye with a lens), a 3
mm. white disc target will be used, and for the aphakic eye (the eye without a lens), a 6 mm.
white disc target will be used. In neither instance should corrective spectacle lenses be worn
during the examination but if they have been used, this fact must be stated.

Measurements obtained on comparable perimetric devices may be used; this does not include
the use of tangent screen measurements. For measurements obtained using the Goldmann
perimeter, the object size designation III and the illumination designation 4 should be used for
the phakic eye, and the object size designation IV and illumination designation 4 for the aphakic
eye.

Field measurements must be accompanied by notated field charts, a description of the type and
size of the target and the test distance. Tangent screen visual fields are not acceptable as a
measurement of peripheral field loss.

Where the loss is predominantly in the lower visual fields, a system such as the weighted grid
scale for perimetric fields as described by B. Esterman (see Grid for Scoring Visual Fields, II.
Perimeter, Archives of Ophthalmology, 79:400, 1968) may be used for determining whether the
visual field loss is comparable to that described in Table 2.

4.  Muscle function. Paralysis of the third cranial nerve producing ptosis, paralysis of
accommodation, and dilation and immobility of the pupil may cause significant visual
impairment. When all the muscles of the eye are paralyzed including the iris and ciliary body
(total ophthalmoplegia), the condition is considered a severe impairment provided it is bilateral.
A finding of severe impairment based primarily on impaired muscle function must be supported
by a report of an actual measurement of ocular motility.

5.  Visual efficiency. Loss of visual efficiency may be caused by disease or injury resulting in
reduction of visual acuity or visual field. The visual efficiency of one eye is the product of the
percentage of visual acuity efficiency and the percentage of visual field efficiency. (See tables
no. I and 2, following 2.09.)

6.  Special situations. Aphakia represents a visual handicap in addition to the loss of visual
acuity. The term monocular aphakia would apply to an individual who has had the lens removed
from one eye, and who still retains the lens in the other eye, or to an individual who has only
one eye which is aphakic. The term binocular aphakia would apply to an individual who has had
both lenses removed. In cases of binocular aphakia, the efficiency of the better eye will be
accepted as 75 percent of its value. In cases of monocular aphakia, where the better eye is
aphakic, the visual efficiency will be accepted as 50 percent of the value. (If an individual has
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binocular aphakia, and the central visual acuity in the poorer eye can be corrected only to
20/200, or less, the visual efficiency of the better eye will be accepted as 50 percent of its
value.)

Ocular symptoms of systemic disease may or may not produce a disabling visual impairment.
These manifestations should be evaluated as part of the underlying disease entity by reference
to the particular body system involved.

7.  Statutory Blindness. The term "statutory blindness" refers to the degree of visual impairment
which defines the term "blindness" in the Social Security Act. Both 2.02 and 2.03A and B
denote statutory blindness.

B.   Otolaryngology

1.  Hearing impairment. Hearing ability should be evaluated in terms of the person's ability to
hear and distinguish speech.

Loss of hearing can be quantitatively determined by an audiometer which meets the standards
of the American National Standards Institute (ANSI) for air and bone conducted stimuli (i.e.,
ANSI S 3.6-1969 and ANSI S 3.13-1972, or subsequent comparable revisions) and performing
all hearing measurements in an environment which meets the ANSI standard for maximal
permissible background sound (ANSI S 3.1-1977).

Speech discrimination should be determined using a standardized measure of speech
discrimination ability in quiet at a test presentation level sufficient to ascertain maximum
discrimination ability. The speech discrimination measure (test) used, and the level at which
testing was done must be reported.

Hearing tests should be preceded by an otolaryngologic examination and should be performed
by or under the supervision of an otolaryngologist or audiologist qualified to perform such tests.

In order to establish an independent medical judgment as to the level of impairment in a
claimant alleging deafness, the following examinations should be reported: Otolaryngologic
examination, pure tone air and bone audiometry, speech reception threshold (SRT), and
speech discrimination testing. A copy of reports of medical examination and audiologic
evaluations must be submitted.

Cases of alleged "deaf mutism" should be documented by a hearing evaluation. Records
obtained from a speech and hearing rehabilitation center or a special school for the deaf may
be acceptable, but if these reports are not available, or are found to be inadequate, a current
hearing evaluation should be submitted as outlined in the preceding paragraph.

2.  Vertigo associated with disturbances of labyrinthine-vestibular function, including Meniere's
disease. These disturbances of balance are characterized by an hallucination of motion or a
loss of position sense and a sensation of dizziness which may be constant or may occur in
paroxysmal attacks. Nausea, vomiting, ataxia, and incapacitation are frequently observed,
particularly during the acute attack. It is important to differentiate the report of rotary vertigo
from that of "dizziness" which is described as light-headedness, unsteadiness, confusion, or
syncope.
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Meniere's disease is characterized by paroxysmal attacks of vertigo, tinnitus, and fluctuating
hearing loss. Remissions are unpredictable and irregular, but may be long-lasting; hence, the
severity of impairment is best determined after prolonged observation and serial
reexaminations.

The diagnosis of a vestibular disorder requires a comprehensive neuro-otolaryngologic
examination with a detailed description of the vertiginous episodes, including notation of
frequency, severity, and duration of the attacks. Pure tone and speech audiometry with the
appropriate special examinations, such as Bekesy audiometry, are necessary. Vestibular
function is accessed by positional and caloric testing, preferably by electronystagmography.
When polytomograms, contrast radiography, or other special tests have been performed,
copies of the reports of these tests should be obtained, in addition to appropriate medically
acceptable imaging reports of the skull and temporal bone. Medically acceptable imaging
includes, but is not limited to, x-ray imaging, computerized axial tomography (CAT scan) or
magnetic resonance imaging (MRI), with or without contrast material, myelography, and
radionuclear bone scans.  “Appropriate” means that the technique used is the proper one to
support the evaluation and diagnosis of the impairment.

3. Loss of Speech. In evaluating the loss of speech, the ability to produce speech by any means
includes the use of mechanical or electronic devices that improve voice or articulation.
Impairments of speech may also be evaluated under the body system for the underlying
disorder, such as neurologic disorders, 11.00ff.

2.01 Category of Impairments, Special Senses and Speech

  2.02 Impairment of visual acuity. Remaining vision in the better eye after best correction is
20/200 or less.

2.03 Contraction of peripheral visual fields in the better eye.

A.  To 10O or less from the point of fixation; or

B.  So the widest diameter subtends an angle no greater than 20 degrees; or

C.  To 20 percent or less visual field efficiency.

2.04 Loss of visual efficiency. The visual efficiency of the better eye after best correction is
20 percent or less. (The percent of remaining visual efficiency is equal to the product of
the percent of remaining visual acuity efficiency and the percent of remaining visual field
efficiency.)

2.05 [Reserved.]

2.06 Total bilateral ophthalmoplegia.

2.07 Disturbance of labyrinthine-vestibular function (Including Meniere's disease),
characterized by a history of frequent attacks of balance disturbance, tinnitus, and
progressive loss of hearing. With both A and B:

 A.  Disturbed function of vestibular labyrinth demonstrated by caloric or other vestibular tests;
and
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B.  Hearing loss established by audiometry.

2.08 Hearing impairments (hearing not restorable by a hearing aid) manifested by:

A.  Average hearing threshold sensitivity for air conduction of 90 decibels or greater, and for
bone conduction to corresponding maximal levels, in the better ear, determined by the simple
average of hearing threshold levels at 500, 1000, and 2000 hz. (see 2.OOB 1); or

B.  Speech discrimination scores of 40 percent or less in the better ear.

2.09 Loss of speech due to any cause, with inability to produce by any means speech that
can be heard, understood, or sustained.

Table No.1. – Percentage of visual acuity efficiency corresponding to visual acuity notations for
distance in the phakic and aphakic eye (better eye).

Snellen Percent Visual Acuity Efficiency
English Metric Phakic1 Aphakic

Monocular2
Aphakic

Binocular3

20/16 6/5 100 50 75
20/20 6/6 100 50 75
20/25 6/7.5 95 47 71
20/32 6/10 90 45 67
20/40 6/12 85 42 64
20/50 6/15 75 37 56
20/64 6/20 65 32 49
20/80 6/24 60 30 45

20/100 6/30 50 25 37
20/125 6/38 40 20 30
20/160 6/48 30 - 22
20/200 6/60 20 - -

Column and Use

1Phakic.-1. A lens is present in both eyes. 2. A lens is present in the better eye and absent in
the poorer eye. 3. A lens is present in one eye and the other eye is enucleated.

2Monocular.-1. A lens is absent in the better eye and present in the poorer eye. 2. The lenses
are absent in both eyes; however, the visual acuity in the poorer eye after best correction is
20/200 or less. 3. A lens is absent from one eye and the other eye is enucleated.

3Binocular.-1. The lenses are absent from both eyes and the visual acuity in the poorer eye
after best correction is greater than 20/200.
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Table No. 2. – Chart of visual field showing extent of normal field and method of computing
percent of visual field efficiency.

Left Eye (O.S.) Right Eye (O.D.)

1.  Diagram of right eye illustrates extent of normal visual field as tested on standard perimeter
at 3/330 (3 mm. white disc at a distance of 330 mm.) under 7 foot-candles illumination. The
sums of the eight principal meridians of this field total 500 degrees.

2.  The percent of visual field efficiency is obtained by adding the number of degrees of the
eight principal meridians of the contracted field and dividing by 500. Diagram of left eye
illustrates visual field contracted to 30 degrees in the temporal and down and out meridians and
to 20 degrees in the remaining six meridians. The percent of visual field efficiency of this field
is: 6x20 + 2x30 = 180 divided by 500 = 0.36 or 36 percent remaining visual field efficiency, or
64 percent loss.

3.00 Respiratory System

A.  Introduction. The listings in this section describe impairments resulting from respiratory
disorders based on symptoms, physical signs, laboratory test abnormalities, and response to a
regimen of treatment prescribed by a treating source. Respiratory disorders along with any
associated impairment(s) must be established by medical evidence.  Evidence must be
provided in sufficient detail to permit an independent reviewer to evaluate the severity of the
impairment.

Many individuals, especially those who have listing-level impairments, will have received the
benefit of medically prescribed treatment. Whenever there is evidence of such treatment, the
longitudinal clinical record must include a description of the treatment prescribed by the treating
source and response in addition to information about the nature and severity of the impairment.
It is important to document any prescribed treatment and response, because this medical
management may have improved the individual's functional status. The longitudinal record
should provide information regarding functional recovery, if any.
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Some individuals will not have received ongoing treatment or have an ongoing relationship with
the medical community, despite the existence of a severe impairment(s). An individual who
does not receive treatment may or may not be able to show the existence of an impairment that
meets the criteria of these listings. Even if an individual does not show that his or her
impairment meets the criteria of these listings, the individual may have an impairment(s)
equivalent in severity to one of the listed impairments or be disabled because of a limited
residual functional capacity. Unless the claim can be decided favorably on the basis of the
current evidence, a longitudinal record is still important because it will provide information about
such things as the ongoing medical severity of the impairment, the level of the individual's
functioning, and the frequency, severity, and duration of symptoms. Also, the asthma listing
specifically includes a requirement for continuing signs and symptoms despite a regimen of
prescribed treatment.

Impairments caused by chronic disorders of the respiratory system generally produce
irreversible loss of pulmonary function due to ventilatory impairments, gas exchange
abnormalities, or a combination of both. The most common symptoms attributable to these
disorders are dyspnea on exertion, cough, wheezing, sputum production, hemoptysis, and
chest pain. Because these symptoms are common to many other diseases, a thorough medical
history, physical examination, and chest x-ray or other appropriate imaging technique are
required to establish chronic pulmonary disease. Pulmonary function testing is required to
assess the severity of the respiratory impairment once a disease process is established by
appropriate clinical and laboratory findings.

Alterations of pulmonary function can be due to obstructive airway disease (e.g., emphysema,
chronic bronchitis, asthma), restrictive pulmonary disorders with primary loss of lung volume
(e.g., pulmonary resection, thoracoplasty, chest cage deformity as in kyphoscoliosis or obesity),
or infiltrative interstitial disorders (e.g., diffuse pulmonary fibrosis). Gas exchange abnormalities
without significant airway obstruction can be produced by interstitial disorders. Disorders
involving the pulmonary circulation (e.g., primary pulmonary hypertension, recurrent
thromboembolic disease, primary or secondary pulmonary vasculitis) can produce pulmonary
vascular hypertension and, eventually, pulmonary heart disease (cor pulmonale) and right heart
failure. Persistent hypoxemia produced by any chronic pulmonary disorder also can result in
chronic pulmonary hypertension and right heart failure. Chronic infection, caused most
frequently by mycobacterial or mycotic organisms, can produce extensive and progressive lung
destruction resulting in marked loss of pulmonary function. Some disorders, such as
bronchiectasis, cystic fibrosis, and asthma, can be associated with intermittent exacerbations of
such frequency and intensity that they produce a disabling impairment, even when pulmonary
function during periods of relative clinical stability is relatively well-maintained.

Respiratory impairments usually can be evaluated under these listings on the basis of a
complete medical history, physical examination, a chest x-ray or other appropriate imaging
techniques, and spirometric pulmonary function tests. In some situations, most typically with a
diagnosis of diffuse interstitial fibrosis or clinical findings suggesting cor pulmonale, such as
cyanosis or secondary polycythemia, an impairment may be underestimated on the basis of
spirometry alone. More sophisticated pulmonary function testing may then be necessary to
determine if gas exchange abnormalities contribute to the severity of a respiratory impairment.
Additional testing might include measurement of diffusing capacity of the lungs for carbon
monoxide or resting arterial blood gases. Measurement of arterial blood gases during exercise
is required infrequently. In disorders of the pulmonary circulation, right heart catheterization with
angiography and/or direct measurement of pulmonary artery pressure may have been done to
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establish a diagnosis and evaluate severity. When performed, the results of the procedure
should be obtained. Cardiac catheterization will not be purchased.

These listings are examples of common respiratory disorders that are severe enough to prevent
a person from engaging in a gainful activity. When an individual has a medically-determinable
impairment that is not listed, an impairment which does not meet a listing, or a combination of
impairments no one of which meets a listing, we will consider whether the individual's
impairment or combination of impairments is medically equivalent in severity to a listed
impairment. Individuals who have an impairment(s) with a level of severity which does not meet
or equal the criteria of the listings may or may not have the residual functional capacity (RFC)
which would enable them to engage in substantial gainful activity. Evaluation of the
impairment(s) of these individuals will proceed through the final steps of the sequential
evaluation process.

B.  Mycobacterial, mycotic, and other chronic persistent infections of the lung. These disorders
are evaluated on the basis of the resulting limitations in pulmonary function. Evidence of chronic
infections, such as active mycobacterial diseases or mycoses with positive cultures, drug
resistance, enlarging parenchymal lesions, or cavitation, is not, by itself, a basis for determining
that an individual has a disabling impairment expected to last 12 months. In those unusual
cases of pulmonary infection that persist for a period approaching 12 consecutive months, the
clinical findings, complications, therapeutic considerations, and prognosis must be carefully
assessed to determine whether, despite relatively well-maintained pulmonary function, the
individual nevertheless has an impairment that is expected to last for at least 12 consecutive
months and prevent gainful activity.

C.  Episodic respiratory disease. When a respiratory impairment is episodic in nature, as can
occur with exacerbations of asthma, cystic fibrosis, bronchiectasis, or chronic asthmatic
bronchitis, the frequency and intensity of episodes that occur despite prescribed treatment are
often the major criteria for determining the level of impairment. Documentation for these
exacerbations should include available hospital, emergency facility and/or physician records
indicating the dates of treatment; clinical and laboratory findings on presentation, such as the
results of spirometry and arterial blood gas studies (ABGS); the treatment administered; the
time period required for treatment; and the clinical response. Attacks of asthma, episodes of
bronchitis or pneumonia or hemoptysis (more than blood-streaked sputum), or respiratory
failure as referred to in paragraph B of 3.03, 3.04, and 3.07, are defined as prolonged
symptomatic episodes lasting one or more days and requiring intensive treatment, such as
intravenous bronchodilator or antibiotic administration or prolonged inhalational bronchodilator
therapy in a hospital, emergency room or equivalent setting. Hospital admissions are defined as
inpatient hospitalizations for longer than 24 hours.  The medical evidence must also include
information documenting adherence to a prescribed regimen of treatment as well as a
description of physical signs. For asthma, the medical evidence should include spirometric
results obtained between attacks that document the presence of baseline airflow obstruction.

D.  Cystic fibrosis is a disorder that affects either the respiratory or digestive body systems or
both and is responsible for a wide and variable spectrum of clinical manifestations and
complications. Confirmation of the diagnosis is based upon an elevated sweat sodium
concentration or chloride concentration accompanied by one or more of the following: the
presence of chronic obstructive pulmonary disease, insufficiency of exocrine pancreatic
function, meconium ileus, or a positive family history. The quantitative pilocarpine iontophoresis
procedure for collection of sweat content must be utilized. Two methods are acceptable: the
"Procedure for the Quantitative Iontophoretic Sweat Test for Cystic Fibrosis" published by the
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Cystic Fibrosis Foundation and contained in, "A Test for Concentration of Electrolytes in Sweat
in Cystic Fibrosis of the Pancreas Utilizing Pilocarpine lontophoresis," Gibson, I.E., and Cooke,
R.E., Pediatrics, Vol. 23:545, 1959; or the "Wescor Macroduct System." To establish the
diagnosis of cystic fibrosis, the sweat sodium or chloride content must be analyzed
quantitatively using an acceptable laboratory technique. Another diagnostic test is the "CF gene
mutation analysis" for homozygosity of the cystic fibrosis gene. The pulmonary manifestations
of this disorder should be evaluated under 3.04. The nonpulmonary aspects of cystic fibrosis
should be evaluated under the digestive body system (5.00).  Because cystic fibrosis may
involve the respiratory and digestive body systems, the combined effects of the involvement of
these body systems must be considered in case adjudication.

E.  Documentation of pulmonary function testing. The results of spirometry that are used for
adjudication under paragraphs A and B of 3.02 and paragraph A of 3.04 should be expressed in
liters (L), body temperature and pressure saturated with water vapor (BTPS). The reported
one-second forced expiratory volume (FEV1) and forced vital capacity (FVC) should represent
the largest of at least three satisfactory forced expiratory maneuvers. Two of the satisfactory
spirograms should be reproducible for both pre-bronchodilator tests and, if indicated,
post-bronchodilator tests. A value is considered reproducible if it does not differ from the largest
value by more than 5 percent or 0.1 L, whichever is greater. The highest values of the FEV1
and FVC, whether from the same or different tracings, should be used to assess the severity of
the respiratory impairment. Peak flow should be achieved early in expiration, and the spirogram
should have a smooth contour with gradually decreasing flow throughout expiration. The zero
time for measurement of the FEV1 and FVC, if not distinct, should be derived by linear
back-extrapolation of peak flow to zero volume. A spirogram is satisfactory for measurement of
the FEV1 if the expiratory volume at the back-extrapolated zero time is less than 5 percent of
the FVC or 0.1 L, whichever is greater. The spirogram is satisfactory for measurement of the
FVC if maximal expiratory effort continues for at least 6 seconds, or if there is a plateau in the
volume-time curve with no detectable change in expired volume (VE) during the last 2 seconds
of maximal expiratory effort.

Spirometry should be repeated after administration of an aerosolized bronchodilator under
supervision of the testing personnel if the pre-bronchodilator FEV1 value is less than 70 percent
of the predicted normal value. Pulmonary function studies should not be performed unless the
clinical status is stable (e.g., the individual is not having an asthmatic attack or suffering from an
acute respiratory infection or other acute illness). Wheezing is common in asthma, chronic
bronchitis, or chronic obstructive pulmonary disease and does not preclude testing. The effect
of the administered bronchodilator in relieving bronchospasm and improving ventilatory function
is assessed by spirometry. If a bronchodilator is not administered, the reason should be clearly
stated in the report. Pulmonary function studies performed to assess airflow obstruction without
testing after bronchodilators cannot be used to assess levels of impairment in the range that
prevents any gainful work activity, unless the use of bronchodilators is contraindicated.
Post-bronchodilator testing should be performed 10 minutes after bronchodilator administration.
The dose and name of the bronchodilator administered should be specified. The values in
paragraphs A and B of 3.02 must only be used as criteria for the level of ventilatory impairment
that exists during the individual's most stable state of health (i.e., any period in time except
during or shortly after an exacerbation).

The appropriately labeled spirometric tracing, showing the claimant's name, date of testing,
distance per second on the abscissa and the distance per liter (L) on the ordinate, must be
incorporated into the file. The manufacturer and model number of the device used to measure
and record the spirogram should be stated. The testing device must accurately measure both
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time and volume, the latter to within 1 percent of a 3 L calibrating volume.  If the spirogram was
generated by any means other than direct pen linkage to a mechanical displacement-type
spirometer, the testing device must have had a recorded calibration performed previously on
the day of the spirometric measurement.

If the spirometer directly measures flow, and volume is derived by electronic integration, the
linearity of the device must be documented by recording volume calibrations at three different
flow rates of approximately 30 L/min 3 L/6 sec) 60 L/min 3 L/3 sec), and 180 L/min 3 L/sec).
The volume calibrations should agree to within 1 percent of a 3 L calibrating volume. The
proximity of the flow sensor to the individual should be noted, and it should be stated whether or
not a BTPS correction factor was used for the calibration recordings and for the individual's
actual spirograms.

The spirogram must be recorded at a speed of at least 20 mm/sec, and the recording device
must provide a volume excursion of at least 10 mm/L. If reproductions of the original spirometric
tracings are submitted, they must be legible and have a time scale of at least 20 mm/sec and a
volume scale of at least 10 mm/L to permit independent measurements. Calculation of FEV1
from a flow-volume tracing is not acceptable; i.e., the spirogram and calibrations must be
presented in a volume-time format at a speed of at least 20 mm/sec and a volume excursion of
at least 10 mm/L to permit independent evaluation.

A statement should be made in the pulmonary function test report of the individual's ability to
understand directions as well as his or her effort and cooperation in performing the pulmonary
function tests.

The pulmonary function tables in 3.02 and 3.04 are based on measurement of standing height
without shoes. If an individual has marked spinal deformities (e.g., kyphoscoliosis), the
measured span between the fingertips with the upper extremities abducted 90 degrees should
be substituted for height when this measurement is greater than the standing height without
shoes.

F.  Documentation of Chronic Impairment of Gas Exchange.

1.  Diffusing capacity of the lungs for carbon monoxide (DLCO). A diffusing capacity of the
lungs for carbon monoxide study should be purchased in cases in which there is documentation
of chronic pulmonary disease, but the existing evidence, including properly performed
spirometry, is not adequate to establish the level of functional impairment. Before purchasing
DLCO measurements, the medical history, physical examination, reports of chest x-ray or other
appropriate imaging techniques, and spirometric test results must be obtained and reviewed
because favorable decisions can often be made based on available evidence without the need
for DLCO studies. Purchase of a DLCO study may be appropriate when there is a question of
whether an impairment meets or is equivalent in severity to a listing, and the claim cannot
otherwise be favorably decided.

The DLCO should be measured by the single breath technique with the individual relaxed and
seated. At sea level, the inspired gas mixture should contain approximately 0.3 percent carbon
monoxide (CO), 10 percent helium (He), 21 percent oxygen (O2), and the balance, nitrogen. At
altitudes above sea level, the inspired O2 concentration may be raised to provide an inspired O2
tension of approximately 150 mm Hg. Alternatively, the sea level mixture may be employed at
altitude and the measured DLCO corrected for ambient barometric pressure. Helium may be
replaced by another inert gas at an appropriate concentration. The inspired volume (VI) during
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the DLCO maneuver should be at least 90 percent of the previously determined vital capacity
(VC). The inspiratory time for the VI should be less than 2 seconds, and the breath-hold time
should be between 9 and 11 seconds. The washout volume should be between 0.75 and 1.00
L, unless the VC is less than 2 L. In this case, the washout volume may be reduced to 0.50 L;
any such change should be noted in the report. The alveolar sample volume should be between
0.5 and 1.0 L and be collected in less than 3 seconds. At least 4 minutes should be allowed for
gas washout between repeat studies.

A DLCO should be reported in units of ml CO, standard temperature, pressure, dry
(STPD)/min/mm Hg uncorrected for hemoglobin concentration and be based on a single-breath
alveolar volume determination. Abnormal hemoglobin or hematocrit values, and/or
carboxyhemoglobin levels should be reported along with diffusing capacity.

The DLCO value used for adjudication should represent the mean of at least two acceptable
measurements, as defined above. In addition, two acceptable tests should be within 10 percent
of each other or 3 ml CO(STPD)min/mm Hg, whichever is larger. The percent difference should
be calculated as 100 x (test 1 - test 2)/average DLCO.

The ability of the individual to follow directions and perform the test properly should be
described in the written report. The report should include tracings of the VI, breath-hold
maneuver, and VE appropriately labeled with the name of the individual and the date of the test.
The time axis should be at least 20 mm/sec and the volume axis at least 10 mm/L.  The
percentage concentrations of inspired O2, and inspired and expired CO and He for each of the
maneuvers should be provided.  Sufficient data must be provided, including documentation of
the source of the predicted equation,  to permit verification that the test was performed
adequately, and that, if necessary, corrections for anemia or carboxyhemoglobin were made
appropriately.

2.   Arterial blood gas studies (ABGS). An ABGS performed at rest (while breathing room air,
awake and sitting or standing) or during exercise should be analyzed in a laboratory certified by
a State or Federal agency. If the laboratory is not certified, it must submit evidence of
participation in a national proficiency testing program as well as acceptable quality control at the
time of testing. The report should include the altitude of the facility and the barometric pressure
on the date of analysis.

Purchase of resting ABGS may be appropriate when there is a question of whether an
impairment meets or is equivalent in severity to a listing, and the claim cannot otherwise be
favorably decided. If the results of a DLCO study are greater than 40 percent of predicted
normal but less than 60 percent of predicted normal, purchase of resting ABGS should be
considered. Before purchasing resting ABGS, a program physician, preferably one experienced
in the care of patients with pulmonary disease, must review all clinical and laboratory data short
of this procedure, including spirometry, to determine whether obtaining the test would present a
significant risk to the individual.

3.  Exercise testing.  Exercise testing with measurement of arterial blood gases during exercise
may be appropriate in cases in which there is documentation of chronic pulmonary disease, but
full development, short of exercise testing, is not adequate to establish if the impairment meets
or is equivalent in severity to a listing, and the claim cannot otherwise be favorably decided. In
this context, "full development" means that results from spirometry and measurement of DLCO
and resting ABGS have been obtained from treating sources or through purchase. Exercise
arterial blood gas measurements will be required infrequently and should be purchased only
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after careful review of the medical history, physical examination, chest x-ray or other
appropriate imaging techniques, spirometry, DLCO, electrocardiogram (ECG), hernatocrit or
hemoglobin, and resting blood gas results by a program physician, preferably one experienced
in the care of patients with pulmonary disease, to determine whether obtaining the test would
present a significant risk to the individual. Oximetry and capillary blood gas analysis are not
acceptable substitutes for the measurement of arterial blood gases. Arterial blood gas samples
obtained after the completion of exercise are not acceptable for establishing an individual's
functional capacity.

Generally, individuals with a DLCO greater than 60 percent of predicted normal would not be
considered for exercise testing with measurement of blood gas studies. The exercise test
facility must be provided with the claimant's clinical records, reports of chest x-ray or other
appropriate imaging techniques, and any spirometry, DLCO, and resting blood gas results
obtained as evidence of record. The testing facility must determine whether exercise testing
presents a significant risk to the individual; if it does, the reason for not performing the test must
be reported in writing.

 4.  Methodology.  Individuals considered for exercise testing first should have resting arterial
blood partial pressure of oxygen (P02), resting arterial blood partial pressure of carbon dioxide
(PC02) and negative log of hydrogen ion concentration (pH) determinations by the testing
facility. The sample should be obtained in either the sitting or standing position. The individual
should then perform exercise under steady state conditions, preferably on treadmill, breathing
room air, for a period of 4 to 6 minutes at a speed and grade providing an Oxygen consumption
of approximately 17.5 ml/kg/ min (5 METs). If a bicycle ergometer is used, an exercise
equivalent of 5 METs (e.g., 450 kpm/min, or 75 watts for a 176 pound (80 kilogram) person)
should be used. If the individual is able to complete this level of exercise without achieving
listing-level hypoxemia, then he or she should be exercised at higher workloads to determine
exercise capacity. A warm-up period of treadmill walking or cycling may be performed to
acquaint the individual with the exercise procedure.  If during the warm-up period the individual
cannot achieve an exercise level of 5 METs, a lower workload may be selected in keeping with
the estimate of exercise capacity. The individual should be monitored by ECG throughout the
exercise and in the immediate post-exercise period. Blood pressure and an ECG should be
recorded during each minute of exercise. During the final 2 minutes of a specific level of steady
state exercise, an arterial blood sample should be drawn and analyzed for oxygen pressure (or
tension) (PO2), carbon dioxide pressure (or tension) (PCO2), and pH. At the discretion of the
testing facility, the sample may be obtained either from an indwelling arterial catheter or by
direct arterial puncture. If possible, in order to evaluate exercise capacity more accurately, a
test site should be selected that has the capability to measure minute ventilation, O2
consumption, and carbon dioxide (CO2) production. If the claimant fails to complete 4 to 6
minutes of steady state exercise, the testing laboratory should comment on the reason and
report the actual duration and levels of exercise performed. This comment is necessary to
determine if the individual 's test performance was limited by lack of effort or other impairment
(e.g., cardiac, peripheral vascular, musculoskeletal, neurological).

The exercise test report should contain representative ECG strips taken before, during and
after exercise; resting and exercise arterial blood gas values; treadmill speed and grade
settings, or, if a bicycle ergometer was used, exercise levels expressed in watts or kpm/min;
and the duration of exercise. Body weight also should be recorded. If measured, O2
consumption (STPD), minute ventilation (BTPS), and CO2 production (STPD) also should be
reported. The altitude of the test site, its normal range of blood gas values, and the barometric
pressure on the test date must be noted.
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G.  Chronic cor pulmonale and pulmonary vascular disease.  The establishment of an
impairment attributable to irreversible cor pulmonale secondary to chronic pulmonary
hypertension requires documentation by signs and laboratory findings of right ventricular
overload or failure (e.g., an early diastolic right-sided gallop on auscultation, neck vein
distension, hepatomegaly, peripheral edema, right ventricular outflow tract enlargement on
x-ray or other appropriate imaging techniques, right ventricular hypertrophy on ECG, and
increased pulmonary artery pressure measured by right heart catheterization available from
treating sources). Cardiac catheterization will not be purchased. Because hypoxemia may
accompany heart failure and is also a cause of pulmonary hypertension, and may be
associated with hypoventilation and respiratory acidosis, arterial blood gases may demonstrate
hypoxemia (decreased PO2), CO2 retention (increased PCO2), and acidosis (decreased pH).
Polycythemia with an elevated red blood cell count and hernatocrit may be found in the
presence of chronic hypoxemia.

P-pulmonale on the ECG does not establish chronic pulmonary hypertension or chronic cor
pulmonale. Evidence of florid right heart failure need not be present at the time of adjudication
for a listing (e.g., 3.09) to be satisfied, but the medical evidence of record should establish that
cor pulmonale is chronic and irreversible.

H.  Sleep-related breathing disorders.  Sleep-related breathing disorders (sleep apneas) are
caused by periodic cessation of respiration associated with hypoxemia and frequent arousals
from sleep. Although many individuals with one of these disorders will respond to prescribed
treatment, in some, the disturbed sleep pattern and associated chronic nocturnal hypoxemia
cause daytime sleepiness with chronic pulmonary hypertension and/or disturbances in cognitive
function. Because daytime sleepiness can affect memory, orientation and personality, a
longitudinal treatment record may be needed to evaluate mental functioning. Not all individuals
with sleep apnea develop a functional impairment that affects work activity. When any gainful
work is precluded, the physiologic basis for the impairment may be chronic cor pulmonale.
Chronic hypoxemia due to episodic apnea may cause pulmonary hypertension (see 3.00G and
3.09). Daytime somnolence may be associated with disturbance in cognitive vigilance.
Impairment of cognitive function may be evaluated under organic mental disorders (12.02).

 I.  Effects of obesity.  Obesity is a medically determinable impairment that is often associated
with disturbance of the respiratory system, and disturbance of this system can be a major
cause of disability in individuals with obesity.  The combined effects of obesity with respiratory
impairments can be greater than the effects of each of the impairments considered separately.
Therefore, when determining whether an individual with obesity has a listing-level impairment or
combination of impairments, and when assessing a claim at other steps of the sequential
evaluation process, including when assessing an individual's residual functional capacity,
adjudicators must consider any additional and cumulative effects of obesity.

3.01 Category of Impairments, Respiratory System

3.02 Chronic pulmonary insufficiency

A.  Chronic obstructive pulmonary disease due to any cause, with the FEV1 equal to or less
than the values specified in table I corresponding to the person's height without shoes. (In
cases of marked spinal deformity, see 3.00E.);
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Table I

Height without
Shoes (centimeters)

Height without
Shoes (inches)

FEV1 Equal to
or less than (L,BTPS)

154 or less               60 or less 1.05
155-160               61-63 1.15
161-165               64-65 1.25
166-170               66-67 1.35
171-175               68-69 1.45
176-180               70-71 1.55
181 or more               72 or more 1.65

Or

B. Chronic restrictive ventilatory disease, due to any cause, with the FVC equal to or less than
the values specified in Table II corresponding to the person's height without shoes. (In cases of
marked spinal deformity, see 3.00E.);

Table II

Height without
Shoes (centimeters)

Height without
Shoes (inches)

FVC Equal to
or less than (L,BTPS)

154 or less               60 or less 1.25
155-160               61-63 1.35
161-165               64-65 1.45
166-170               66-67 1.55
171-175               68-69 1.65
176-180               70-71 1.75
181 or more               72 or more 1.85

Or

C. Chronic impairment of gas exchange due to clinically documented pulmonary disease. With:

1.  Single breath DLCO (see 3.00Fl) less than 10.5 ml/min/mrn Hg or less than 40 percent of
the predicted normal value. (Predicted values must either be based on data obtained at the test
site or published values from a laboratory using the same technique as the test site. The source
of the predicted values should be reported. If they are not published, they should be submitted
in the form of a table or nomogram); or

2.  Arterial blood gas values of PO2 and simultaneously determined PCO2 measured while at
rest (breathing room air, awake and sitting or standing) in a clinically stable condition on at least
two occasions, three or more weeks apart within a 6-month period, equal to or, less then the
values specified in the applicable table III-A or III-B or III-C:
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Table III-A

(Applicable at test sites less than 3,000 feet above sea level)

Arterial PCO2
(mm Hg) and

Arterial PO2
Equal to or Less
than (mm Hg)

30 or below . . . . . . . . . 65
31 . . . . . . . . . . . . . . . . 64
32 . . . . . . . . . . . . . . . . 63
33 . . . . . . . . . . . . . . . . 62
34 . . . . . . . . . . . . . . . . 61
35 . . . . . . . . . . . . . . . . 60
36 . . . . . . . . . . . . . . . . 59
37 . . . . . . . . . . . . . . . . 58
38 . . . . . . . . . . . . . . . . 57
39 . . . . . . . . . . . . . . . . 56
40 or above . . . . . . . . . 55

Table III-B

(Applicable at test sites 3,000 through 6,000 feet above sea level)

Arterial PCO2
(mm Hg) and

Arterial PO2
Equal to or Less
than (mm Hg)

30 or below . . . . . . . . . 60
31 . . . . . . . . . . . . . . . . 59
32 . . . . . . . . . . . . . . . . 58
33 . . . . . . . . . . . . . . . . 57
34 . . . . . . . . . . . . . . . . 56
35 . . . . . . . . . . . . . . . . 55
36 . . . . . . . . . . . . . . . . 54
37 . . . . . . . . . . . . . . . . 53
38 . . . . . . . . . . . . . . . . 52
39 . . . . . . . . . . . . . . . . 51
40 or above . . . . . . . . . 50
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Table III-C

(Applicable at test sites over 6,000 feet above sea level)

Arterial PCO2
(mm H-) and

Arterial PO2
equal to or less
than (mm Hg)

30 or below . . . . . . . . . 55
31 . . . . . . . . . . . . . . . . 54
32 . . . . . . . . . . . . . . . . 53
33 . . . . . . . . . . . . . . . . 52
34 . . . . . . . . . . . . . . . . 51
35 . . . . . . . . . . . . . . . . 50
36 . . . . . . . . . . . . . . . . 49
37 . . . . . . . . . . . . . . . . 48
38 . . . . . . . . . . . . . . . . 47
39 . . . . . . . . . . . . . . . . 46
40 or above . . . . . . . . . 45

Or

3. Arterial blood gas values of PO2 and simultaneously determined PCO2 during steady state
exercise breathing room air (level of exercise equivalent to or less than 17.5 ml O2
consumption/kg/min or 5 METs) equal to or less than the values specified in the applicable
table III-A or III-B or III-C in 3.02 C2.

3.03 Asthma. With:

A.  Chronic asthmatic bronchitis. Evaluate under the criteria for chronic obstructive pulmonary
disease in 3.02A;

Or

B.  Attacks (as defined in 3.00C), in spite of prescribed treatment and requiring physician
intervention, occurring at least once every 2 months or at least six times a year. Each in-patient
hospitalization for longer than 24 hours for control of asthma counts as two attacks, and an
evaluation period of at least 12 consecutive months must be used to determine the frequency of
attacks.

3.04 Cystic fibrosis. With:

A.  An FEV1 equal to or less than the appropriate value specified in table IV corresponding to
the individual's height without shoes. (In cases of marked spinal deformity, see. 3.00E.);

Or

B.  Episodes of bronchitis or pneumonia or hemoptysis (more than bloodstreaked sputum) or
respiratory failure (documented according to 3.00C, requiring physician intervention, occurring
at least once every 2 months or at least six times a year. Each inpatient hospitalization for
longer than 24 hours for treatment counts as two episodes, and an evaluation period of at least
12 consecutive months must be used to determine the frequency of episodes;
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Or

C.  Persistent pulmonary infection accompanied by superimposed, recurrent, symptomatic
episodes of increased bacterial infection occurring at least once every 6 months and requiring
intravenous or nebulization antimicrobial therapy.

Table IV

(Applicable only for evaluation under 3.04A - cystic fibrosis)

Height without
Shoes (centimeters)

Height without
Shoes(inches)

FEV Equal to
or less than (L,BTPS)

154 or less 60 or less                1.45
155-159 61-62                1.55
160-164 63-64                1.65
165-169 65-66                1.75
170-174 67-68                1.85
175-179 69-70                1.95
180 or more 71 or more                2.05

3.05 (Reserved)

3.06 Pneumoconiosis (demonstrated by appropriate imaging techniques). Evaluate under
the appropriate criteria in 3.02.

3.07 Bronchiectasis (demonstrated by appropriate imaging techniques). With:

A.  Impairment of pulmonary function due to extensive disease. Evaluate under the appropriate
criteria in 3.02;

Or

B.  Episodes of bronchitis or pneumonia or hemoptysis (more than bloodstreaked sputum) or
respiratory failure (documented according to 3.00C), requiring physician intervention, occurring
at least once every 2 months or at least six times a year. Each inpatient hospitalization for
longer than 24 hours for treatment counts as two episodes, and an evaluation of at least 12
consecutive months must be used to determine the frequency of episodes.

3.08 Mycobacterial, mycotic, and other chronic persistent infections of the lung (see
3.00B). Evaluate under the appropriate criteria in 3.02.

3.09 Cor pulmonale secondary to chronic pulmonary vascular hypertension. Clinical
evidence of cor pulmonale (documented according to 3.00G) with:

A.  Mean pulmonary artery pressure greater than 40 mm Hg;

Or

B.  Arterial hypoxemia. Evaluate under the criteria in 3.02C2;
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Or

C.  Evaluate under the applicable criteria in 4.02.

3.10 Sleep-related breathing disorders. Evaluate under 3.09 (chronic cor pulmonale), or
12.02 (organic mental disorders).

3.11 Lung transplant. Consider under a disability for 12 months following the date of
surgery; thereafter, evaluate the residual impairment.

4.00 Cardiovascular System

A.  Introduction. The listings in this section describe impairments resulting from cardiovascular
disease based on symptoms, physical signs, laboratory test abnormalities, and response to a
regimen of therapy prescribed by a treating source. A longitudinal clinical record covering a
period of not less than 3 months of observations and therapy is usually necessary for the
assessment of severity and expected duration of cardiovascular impairment, unless the claim
can be decided favorably on the basis of the current evidence. All relevant evidence must be
considered in assessing disability.

Many individuals, especially those who have listing-level impairments, will have received the
benefit of medically prescribed treatment. Whenever there is evidence of such treatment, the
longitudinal clinical record must include a description of the therapy prescribed by the treating
source and response, in addition to information about the nature and severity of the impairment.
It is important to document any prescribed therapy and response because this medical
management may have improved the individual's functional status. The longitudinal record
should provide information regarding functional recovery, if any.

Some individuals will not have received ongoing treatment or have an ongoing relationship with
the medical community despite the existence of a severe impairment(s). Unless the claim can
be decided favorably on the basis of the current evidence, a longitudinal record is still important
because it will provide information about such things as the ongoing medical severity of the
impairment, the degree of recovery from cardiac insult, the level of the individual's functioning,
and the frequency, severity, and duration of symptoms. Also, several listings include a
requirement for continuing signs and symptoms despite a regimen of prescribed treatment.
Even though an individual who does not receive treatment may not be able to show an
impairment that meets the criteria of these listings, the individual may have an impairment(s)
equivalent in severity to one of the listed impairments or be disabled because of a limited
residual functional capacity.

Indeed, it must be remembered that these listings are only examples of common cardiovascular
disorders that are severe enough to prevent a person from engaging in gainful activity.
Therefore, in any case in which you have a medically determinable impairment that is not listed,
or a combination of impairments no one of which meets a listing, we will consider a medical
equivalence determination.  Individuals who have an impairment(s) with a level of severity which
does not meet or equal the criteria of the cardiovascular listings may or may not have the
residual functional capacity (RFC) which would enable them to engage in substantial gainful
activity. Evaluation of the impairment(s) of these individuals should proceed through the final
steps of the sequential evaluation process (or, as appropriate, the steps in the medical
improvement review standard).
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B.  Cardiovascular impairment results from one or more of four consequences of heart disease:

1. Chronic heart failure or ventricular dysfunction.

2.  Discomfort or pain due to myocardial ischemia, with or without necrosis of heart muscle.

3.  Syncope, or near syncope, due to inadequate cerebral perfusion from any cardiac cause
such as obstruction of flow or disturbance in rhythm or conduction resulting in inadequate
cardiac output.

4.  Central cyanosis due to right-to-left shunt, arterial desaturation, or pulmonary vascular
disease.

Impairment from diseases of arteries and veins may result from disorders of the vasculature in
the central nervous system (I 1.04A, B), eyes (2.02-2.04), kidney (6.02), and other organs.

C.  Documentation. Each individual's file must include sufficiently detailed reports on history,
physical examinations, laboratory studies, and any prescribed therapy and response to allow an
independent reviewer to assess the severity and duration of the cardiovascular impairment.

1.  Electrocardiography.

a. An original or legible copy of the 12-lead electrocardiogram (ECG) obtained at rest must be
submitted, appropriately dated and labeled, with the standardization inscribed on the tracing.
Alteration in standardization of specific leads (such as to accommodate large QRS amplitudes)
must be identified on those leads.

(1) Detailed descriptions or computer- averaged signals without original or legible copies of
the ECG as described in subsection 4.00C1a are not acceptable.

(2) The effects of drugs or electrolyte abnormalities must be considered as possible
noncoronary causes of ECG abnormalities of ventricular repolarization; i.e., those involving the
ST segment and T wave. If available, the predrug (especially digitalis glycoside) ECG should be
submitted.

(3) The term "ischemic" is used in 4.04A to describe an abnormal ST segment deviation.
Nonspecific repolarization abnormalities should not be confused with "ischemic" changes.

b. ECGs obtained in conjunction with treadmill, bicycle, or arm exercise tests should meet the
following specifications:

(1) ECGs must include the original calibrated ECG tracings or a legible copy.
(2) A 12-lead baseline ECG must be recorded in the upright position before exercise.
(3) A 12-lead ECG should be recorded at the end of each minute of exercise, including at

the time the ST segment abnormalities reach or exceed the criteria for abnormality described in
4.04A or the individual experiences chest discomfort or other abnormalities, and also when the
exercise test is terminated.

(4) If ECG documentation of the effects of hyperventilation is obtained, the exercise test
should be deferred for at least 10 minutes because metabolic changes of hyperventilation may
alter the physiologic and ECG response to exercise.

(5) Post-exercise ECGs should be recorded using a generally accepted protocol consistent
with the prevailing state of medical knowledge and clinical practice.

(6) All resting, exercise, and recovery ECG strips must have a standardization inscribed on
the tracing. The ECG strips should be labeled to indicate the times recorded and the
relationship to the stage of the exercise protocol. The speed and grade (treadmill test) or work
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rate (bicycle or arm ergometric test) should be recorded. The highest level of exercise
achieved, blood pressure levels during testing, and the reason(s) for terminating the test
(including limiting signs or symptoms) must be recorded.

2.  Purchasing exercise tests.

a. It is well recognized by medical experts that exercise testing is the best tool currently
available for estimating maximal aerobic capacity in individuals with cardiovascular
impairments. Purchase of an exercise test may be appropriate when there is a question
whether an impairment meets or is equivalent in severity to one of the listings, or when there is
insufficient evidence in the record to evaluate aerobic capacity, and the claim cannot otherwise
be favorably decided. Before purchasing an exercise test, a program physician, preferably one
with experience in the care of patients with cardiovascular disease, must review the pertinent
history, physical examinations, and laboratory tests to determine whether obtaining the test
would present a significant risk to the individual (see 4.00C2c). Purchase may be indicated
when there is no significant risk to exercise testing and there is no timely test of record. An
exercise test is generally considered timely for 12 months after the date performed, provided
there has been no change in clinical status that may alter the severity of the cardiac
impairment.

b. Methodology.

(1) When an exercise test is purchased it should be a "sign- or symptom-limited" test
characterized by a progressive multistage regimen. A purchased exercise test must be
performed using a generally accepted protocol consistent with the prevailing state of medical
knowledge and clinical practice. A description of the protocol that was followed must be
provided and the test must meet the requirements of 4.00CIb and this section. A pre-exercise
posthyperventilation tracing may be essential for the proper evaluation of an "abnormal" test in
certain circumstances, such as in women with evidence of mitral valve prolapse.

(2) The exercise test should be paced to the capabilities of the individual and be
supervised by a physician. With a treadmill test, the speed, grade (incline) and duration of
exercise must be recorded for each exercise test stage performed.

Other exercise test protocols or techniques that are used should utilize similar workloads.

(3) Levels of exercise should be described in terms of workload and duration of each
stage; e.g., treadmill speed and grade, or bicycle ergometer work rate in kpm/min or watts.

(4) Normally, systolic blood pressure and heart rate increase gradually with exercise. A
decrease in systolic blood pressure during exercise below the usual resting level is often
associated with ischemia-induced left ventricular dysfunction resulting in decreased cardiac
output. Some individuals (because of deconditioning or apprehension) with increased
sympathetic responses may increase their systolic blood pressure and heart rate above their
usual resting level just before and early into exercise. This occurrence may limit the ability to
assess the significance of an early decrease in systolic blood pressure and heart rate if
exercise is discontinued shortly after initiation. In addition, isolated systolic hypertension may be
a manifestation of arteriosclerosis.

(5) The exercise laboratory's physical environment, staffing, and equipment should meet
the generally accepted standards for adult exercise test laboratories.

c. Risk factors in exercise testing.
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The following are examples of situations in which exercise testing will not be purchased:
unstable progressive angina pectoris, a history of acute myocardial infarction within the past 3
months, New York Heart Association (NYHA) class IV heart failure, cardiac drug toxicity,
uncontrolled serious arrhythmia (including uncontrolled atrial fibrillation, Mobitz II, and
third-degree block), Wolff-Parkinson-White syndrome, uncontrolled severe systemic arterial
hypertension, marked pulmonary hypertension, unrepaired aortic dissection, left main stenosis
of 50 percent or greater, marked aortic stenosis, chronic or dissecting aortic aneurysm, recent
pulmonary embolism, hypertrophic cardiomyopathy, limiting neurological or musculoskeletal
impairments, or an acute illness. In addition, an exercise test should not be purchased for
individuals for whom the performance of the test is considered to constitute a significant risk by
a program physician, preferably one experienced in the care of patients with cardiovascular
disease, even in the absence of any of the above risk factors. In defining risk, the program
physician, in accordance with the regulations and other instructions on consultative
examinations, will generally give great weight to the treating physicians' opinions and will
generally not override them. In the rare situation in which the program physician does override
the treating source's opinion, a written rationale must be prepared documenting the reasons for
overriding the opinion.

d. In order to permit maximal, attainable restoration of functional capacity, exercise testing
should not be purchased until 3 months after an acute myocardial infarction, surgical
myocardial revascularization, or other open-heart surgical procedures. Purchase of an exercise
test should also be deferred for 3 months after percutaneous transluminal coronary angioplasty
because restenosis with ischernic symptoms may occur within a few months of angioplasty (see
4.001)). Also, individuals who have had a period of bedrest or inactivity (e.g., 2 weeks) that
results in a reversible deconditioned state may do poorly if exercise testing is performed at that
time.

e. Evaluation.

(1) Exercise testing is evaluated on the basis of the work level at which the test becomes
abnormal, as documented by onset of signs or symptoms and any ECG abnormalities listed in
4.04A. The ability or inability to complete an exercise test is not, by itself, evidence that a
person is free from ischemic heart disease. The results of an exercise test must be considered
in the context of all of the other evidence in the individual's case record. If the individual is under
the care of a treating physician for a cardiac impairment, and this physician has not performed
an exercise test and there are no reported significant risks to testing (see 4.00C2c), a
statement should be requested from the treating physician explaining why it was not done or
should not be done before deciding whether an exercise test should be purchased.  In those
rare situations in which the treating source's opinion is overridden, follow 4.00C2c. If there is no
treating physician, the program physician will be responsible for assessing the risk to exercise
testing.

(2) Limitations to exercise test interpretation include the presence of noncoronary or
nonischernic factors that may influence the hemodynamic and ECG response to exercise. such
as hypokalemia or other electrolyte abnormality, hyperventilation, vasoregulatory
deconditioning, prolonged periods of physical inactivity (e.g., 2 weeks of bedrest), significant
anemia, left bundle branch block pattern on the ECG (and other conduction abnormalities that
do not preclude the purchase of exercise testing), and other heart diseases or abnormalities
(particularly va1vular heart disease). Digitalis glycosides may cause ST segment abnormalities
at rest, during, and after exercise. Digitalis or other drug-related ST segment displacement,
present at rest, may become accentuated with exercise and make ECG interpretation difficult,
but such drugs do not invalidate an otherwise normal exercise test. Diuretic-induced
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hypokalemia and left ventricular hypertrophy may also be, associated with repolarization
changes and behave similarly. Finally, treatment with beta blockers slows the heart rate more at
nearmaximal exertion than at rest; this limits apparent chronotropic capacity.

3.  Other studies.

Information from two-dimensional and Doppler echocardiographic studies of ventricular size
and function as well as radionuclide (thallium201) myocardial "perfusion" or radionuclide
(technetium 99m) ventriculograms (RVG or MUGA) may be useful. These techniques can
provide a reliable estimate of ejection fraction. In selected cases, these tests may be purchased
after a medical history and physical examination, report of appropriate medically acceptable
imaging, ECGs, and other appropriate tests have been evaluated, preferably by a program
physician with experience in the care of patients with cardiovascular disease.  Medically
acceptable imaging includes, but is not limited to, x-ray imaging, computerized axial
tomography (CAT scan) or magnetic resonance imaging (MRI), with or without contrast
material, myelography, and radionuclear bone scans.  “Appropriate” means that the technique
used is the proper one to support the evaluation and diagnosis of the impairment.  Purchase
should be considered when other information available is not adequate to assess whether the
individual may have severe ventricular dysfunction or myocardial ischemia and there is no
significant risk involved (follow 4.00C2a guides), and the claim cannot be favorably decided on
any other basis.

Exercise testing, with measurement of maximal oxygen uptake (VO2) provides an accurate
determination of aerobic capacity. An exercise test without measurement of oxygen uptake
provides an estimate of aerobic capacity. When the results of tests with measurement of
oxygen uptake are available, every reasonable effort should be made to obtain them.

The recording of properly calibrated ambulatory ECGs for analysis of ST segment signals with
a concomitantly recorded symptom and treatment log may permit more adequate evaluation of
chest discomfort during activities of daily living, but the significance of these data for disability
evaluation has not been established in the absence of symptoms (e.g., silent ischemia). This
information (including selected segments of both the ECG recording and summary report of the
patient diary) may be submitted for the record.

4. Cardiac catheterization will not be purchased by the Social Security Administration.

a. Coronary arteriography.

If results of such testing are available, the report should be obtained and considered as to the
quality and type of data provided and its relevance to the evaluation of the impairment. A copy
of the report of the cardiac catheterization and ancillary studies should also be obtained. The
report should provide information citing the method of assessing coronary arterial lumen
diameter and the nature and location of obstructive lesions. Drug treatment at baseline and
during the procedure should be reported. Coronary artery spasm induced by intracoronary
catheterization is not to be considered evidence of ischemic disease. Some individuals with
significant coronary atherosclerotic obstruction have collateral vessels that supply the
myocardium distal to the arterial obstruction so that there is no evidence of myocardial damage
or ischemia, even with exercise. When available, quantitative computer measurements and
analyses should be considered in the interpretation of severity of stenotic lesions.

b.  Left ventriculography (by angiography).
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The report should describe the wall motion of the myocardium with regard to any areas of
hypokinesis, akinesis, or dyskinesis, and the overall contraction of the ventricle as measured by
the ejection fraction. Measurement of chamber volumes and pressures may be useful. When
available, quantitative computer analysis provides precise measurement of segmental left
ventricular wall thickness and motion. There is often a poor correlation between left ventricular
function at rest and functional capacity for physical activity.

D.  Treatment and relationship to functional status.
1.  In general, conclusions about the severity of a cardiovascular impairment cannot be made
on the basis of type of treatment rendered or anticipated. The overall clinical and laboratory
evidence, including the treatment plan(s) or results, should be persuasive that a listing-level
impairment exists. The amount of function restored and the time required for improvement after
treatment (medical, surgical, or a prescribed program of progressive physical activity) vary with
the nature and extent of the disorder, the type of treatment, and other factors.  Depending upon
the timing of this treatment in relation to the alleged onset date of disability, impairment
evaluation may need to be deferred for a period of up to 3 months from the date of treatment to
permit consideration of treatment effects. Evaluation should not be deferred if the claim can be
favorably decided based upon the available evidence.

2.  The usual time after myocardial infarction, valvular and/or revascularization surgery for
adequate assessment of the results of treatment is considered to be 3 months. If an exercise
test is performed by a treating source within a week or two after angioplasty, and there is no
significant change in clinical status during the 3-month period after the angioplasty that would
invalidate the implications of the exercise test results, the exercise test results may be used to
reflect functional capacity during the period in question. However, if the test was done
immediately following an acute myocardial infarction or during a period of protracted inactivity,
the results should not be projected to 3 months even if there is no change in clinical status.

3.  An individual who has undergone cardiac transplantation will be considered under a disability
for I year following the surgery because, during the first year, there is a greater likelihood of
rejection of the organ and recurrent infection. After the first year posttransplantation, continuing
disability evaluation will be based upon residual impairment as shown by symptoms, signs, and
laboratory findings. Absence of symptoms, signs, and laboratory findings indicative of cardiac
dysfunction will be included in the consideration of whether medical improvement (as defined in
§§ 404.1579(b)(1) and (c)(1), 404.1594 (b)(1) and (c)(1), or 416.994 (b)(1)(i) and (b)(2)(i), as
appropriate) has occurred.

E.  Clinical syndromes.

1.  Chronic heart failure (ventricular dysfunction) is considered in these listings as one category
whatever its etiology, i.e., atherosclerotic, hypertensive, rheumatic, pulmonary, congenital or
other organic heart disease. Chronic heart failure may manifest itself by:

a. Pulmonary or systemic congestion, or both; or

b. Symptoms of limited cardiac output, such as weakness, fatigue, or intolerance of physical
activity.
For the purpose of 4.02A, pulmonary and systemic congestion are not considered to have been
established unless there is or has been evidence of fluid retention, such as hepatomegaly or
ascites, or peripheral or pulmonary edema of cardiac origin. The findings of fluid retention need
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not be present at the time of adjudication because congestion may be controlled with
medication. Chronic heart failure due to limited cardiac output is not considered to have been
established for the purpose of 4.02B unless symptoms occur with ordinary daily activities; i.e.,
activity restriction as manifested by a need to decrease activity or pace, or to rest intermittently,
and are associated with one or more physical signs or abnormal laboratory studies listed in
4.02B. These studies include exercise testing with ECG and blood pressure recording and/or
appropriate imaging techniques, such as two-dimensional echocardiography or radionuclide or
contrast ventriculography. The exercise criteria are outlined in 4.02B1. In addition, other
abnormal symptoms, signs, or laboratory test results that lend credence to the impression of
ventricular dysfunction should be considered.

2.  For the purposes of 4.03, hypertensive cardiovascular disease is evaluated by reference to
the specific organ system involved (heart, brain, kidneys, or eyes). The presence of organic
impairment must be established by appropriate physical signs and laboratory test abnormalities
as specified in 4.02 or 4.04, or for the body system involved.

3.  Ischemic (coronary) heart disease may result in an impairment due to myocardial ischemia
and/or ventricular dysfunction or infarction. For the purposes of 4.04, the clinical determination
that discomfort of myocardial ischemic origin (angina pectoris) is present must be supported by
objective evidence as described under 4.00C 1, 2, 3, or 4.

a. Discomfort of myocardial ischemic origin (angina pectoris) is discomfort that is precipitated
by effort and/or emotion and promptly relieved by sublingual nitroglycerin, other rapidly acting
nitrates, or rest. Typically the discomfort is located in the chest (usually substernal) and
described as crushing, squeezing, burning, aching, or oppressive. Sharp, sticking, or cramping
discomfort is considered less common or atypical. Discomfort occurring with activity or emotion
should be described specifically as to timing and usual inciting factors (type and intensity),
character, location, radiation, duration, and response to nitrate therapy or rest.

b. So-called anginal equivalent may be localized to the neck, jaw(s), or hand(s) and has the
same precipitating and relieving factors as typical chest discomfort. Isolated shortness of breath
(dyspnea) is not considered an anginal equivalent for purposes of adjudication.

c. Variant angina of the Prinzmetal type; i.e., rest angina with transitory ST segment elevation
on ECG, may have the same significance as typical angina, described in 4.00E3a.

d. If there is documented evidence of silent ischemia or restricted activity to prevent chest
discomfort, this information must be considered along with all available evidence to determine if
an equivalence decision is appropriate.

e. Chest discomfort of myocardial ischernic origin is usually caused by coronary artery disease.
However, ischemic discomfort may be caused by noncoronary artery conditions, such as critical
aortic stenosis, hypertrophic cardiomyopathy, pulmonary hypertension, or anemia.  These
conditions should be distinguished from coronary artery disease, because the evaluation
criteria, management, and prognosis (duration) may differ from that of coronary artery disease.

f. Chest discomfort of nonischemic origin may result from other cardiac conditions such as
pericarditis and mitral valve prolapse. Noncardiac conditions may also produce symptoms
mimicking that of myocardial ischemia. These conditions include gastrointestinal tract disorders,
such as esophageal spasm, esophagitis, hiatal hernia, biliary tract disease, gastritis, peptic
ulcer, and pancreatitis, and musculoskeletal syndromes, such as chest wall muscle spasm,
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chest wall syndrome (especially after coronary bypass surgery), costochondritis, and cervical or
dorsal arthritis. Hyperventilation may also mimic ischemic discomfort. Such disorders should be
considered before concluding that chest discomfort is of myocardial ischemic origin.

4.  Peripheral arterial disease.

The level of impairment is based on the symptomatology, physical findings, Doppler studies
before and after a standard exercise test, or angiographic findings.
The requirements for evaluating peripheral arterial disease in 4.12B are based on the ratio of
the systolic blood pressure at the ankle to the systolic blood pressure at the brachial artery,
determined in the supine position at the same time. Techniques for obtaining ankle systolic
blood pressures include Doppler, plethysmographic studies, or other techniques.

Listing 4.12B1 is met when the resting ankle/brachial systolic blood pressure ratio is less than
0.50. Listing 4.12B2 provides additional criteria for evaluating peripheral arterial impairment on
the basis of exercise studies when the resting ankle/brachial systolic blood pressure ratio is
0.50 or above. The decision to obtain exercise studies should be based on an evaluation of the
existing clinical evidence, but exercise studies are rarely warranted when the resting
ankle/brachial systolic blood pressure ratio is 0.80 or above. The results of exercise studies
should describe the level of exercise, e.g., speed and grade of the treadmill settings, the
duration of exercise, symptoms during exercise, the reasons for stopping exercise if the
expected level of exercise was not attained, blood pressures at the ankle and other pertinent
sites measured after exercise, and the time required to return the systolic blood pressure
toward or to the pre-exercise level. When an exercise Doppler study is purchased by the Social
Security Administration, the requested exercise must be on a treadmill at 2 mph on a 10 or 12
percent grade for 5 minutes. Exercise studies should not be performed on individuals for whom
exercise poses a significant risk.

Application of the criteria in 4.12B may be limited in individuals who have marked calcific
(Monckeberg's) sclerosis of the peripheral arteries or marked small vessel disease associated
with diabetes mellitus.

F.  Effects of obesity. Obesity is a medically determinable impairment that is often associated
with disturbance of the cardiovascular system, and disturbance of this system can be a major
cause of disability in individuals with obesity.  The combined effects of obesity with
cardiovascular impairments can be greater than the effects of each of the impairments
considered separately.  Therefore, when determining whether an individual with obesity has a
listing-level impairment or combination of impairments, and when assessing a claim at other
steps of the sequential evaluation process, including when assessing an individual's residual
functional capacity, adjudicators must consider any additional and cumulative effects of obesity.

4.01 Category of Impairments, Cardiovascular System

4.02 Chronic heart failure while on a regimen of prescribed treatment (see 4.00A if there is
no regimen of prescribed treatment). With one of the following:

A.  Documented cardiac enlargement by appropriate imaging techniques (e.g., a cardiothoracic
ratio of greater than 0.50 on a PA chest x-ray with good inspiratory effort or left ventricular
diastolic diameter of greater than 5.5 cm on two-dimensional echocardiography), resulting in
inability to carry on any physical activity, and with symptoms of inadequate cardiac output,
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pulmonary congestion, systemic congestion, or anginal syndrome at rest (e.g., recurrent or
persistent fatigue, dyspnea, orthopnea, anginal discomfort);

Or

B.  Documented cardiac enlargement by appropriate imaging techniques (see 4.02A) or
ventricular dysfunction manifested by S3, abnormal wall motion, or left ventricular ejection
fraction of 30 percent or less by appropriate imaging techniques; and

1. Inability to perform on an exercise test at a workload equivalent to 5 METs or less due to
symptoms of chronic heart failure, or, in rare instances, a need to stop exercise testing at less
than this level of work because of:

a. Three or more consecutive ventricular premature beats or three or more multiform beats; or

b. Failure to increase systolic blood pressure by 10 mmHg, or decrease in systolic pressure
below the usual resting level (see 4.00C2b); or

c. Signs attributable to inadequate cerebral perfusion, such as ataxic gait or mental confusion,
and

 2.  Resulting in marked limitation of physical activity, as demonstrated by fatigue, palpitation,
dyspnea, or anginal discomfort on ordinary physical activity, even though the individual is
comfortable at rest;

Or

C.  Cor pulmonale fulfilling the criteria in 4.02A or B.

4.03 Hypertensive cardiovascular disease. Evaluate under 4.02 or 4.04, or under the
criteria for the affected body system (2.02 through 2.04, 6.02, or 11.04A or B).

4.04 Ischemic heart disease, with chest discomfort associated with myocardial ischemia, as
described in 4.00E3, while on a regimen of prescribed treatment (see 4.00A if there is
no regimen of prescribed treatment). With one of the following:

A.  Sign-or-symptom limited exercise test demonstrating at least one of the following
manifestations at a workload equivalent to 5 METs or less:

1.  Horizontal or downsloping depression, in the absence of digitalis glycoside therapy and/or
hypokalemia, of the ST segment of at least -0.10 millivolts (-1.0 mm) in at least 3 consecutive
complexes that are on a level baseline in any lead (other than AVR) and that have a typical
ischemic time course of development and resolution (progression of horizontal or downsloping
ST depression with exercise, and persistence of depression of at least -0.10 millivolts for at
least 1 minute of recovery); or

2.  An upsloping ST junction depression, in the absence of digitalis glycoside therapy and/or
hypokalemia, in any lead (except AVR) of at least -0.2 millivolts or more for at least 0.08
seconds after the J junction and persisting for at least 1 minute of recovery; or
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3.  At least 0.1 millivolt (1 mm) ST elevation above resting baseline during both exercise and 3
or more minutes of recovery in ECG leads with low R and T waves in the leads demonstrating
the ST segment displacement; or
4.  Failure to increase systolic pressure by 10 mmHg, or decrease in systolic pressure below
usual clinical resting level (see 4.00C2b); or

5.  Documented reversible radionuclide "perfusion" (thallium201) defect at an exercise level
equivalent to 5 METs or less;

Or
B.  Impaired myocardial function, documented by evidence (as outlined under 4.00C3 or
4.00C4b) of hypokinetic, akinetic, or dyskinetic myocardial free wall or septal wall motion with
left ventricular ejection fraction of 30 percent or less, and an evaluating program physician,
preferably one experienced in the care of patients with cardiovascular disease, has concluded
that performance of exercise testing would present a significant risk to the individual, and
resulting in marked limitation of physical activity, as demonstrated by fatigue, palpitation,
dyspnea, or anginal discomfort on ordinary physical activity, even though the individual is
comfortable at rest;

Or

C.  Coronary artery disease, demonstrated by angiography (obtained independent of Social
Security disability evaluation), and an evaluating program physician, preferably one experienced
in the care of patients with cardiovascular disease, has concluded that performance of exercise
testing would present a significant risk to the individual, with both 1 and 2:

1.  Angiographic evidence revealing:

a. 50 percent or more narrowing of a nonbypassed left main coronary artery; or

b. 70 percent or more narrowing of another nonbypassed coronary artery; or

c. 50 percent or more narrowing involving a long (greater than 1 cm) segment of a
nonbypassed coronary artery; or

 d. 50 percent or more narrowing of at least 2 nonbypassed coronary arteries; or

e. Total obstruction of a bypass graft vessel; and

2.  Resulting in marked limitation of physical activity, as demonstrated by fatigue, palpitation,
dyspnea, or anginal discomfort on ordinary physical activity, even though the individual is
comfortable at rest.

4.05 Recurrent arrhythmias, not related to reversible causes such as electrolyte
abnormalities or digitalis glycoside or antiarrhythmic drug toxicity, resulting in
uncontrolled repeated episodes of cardiac syncope or near syncope and arrhythmia
despite prescribed treatment (see 4.00A if there is no prescribed treatment),
documented by resting or ambulatory (Holter) electrocardiography coincident with the
occurrence of syncope or near syncope.
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4.06 Symptomatic congenital heart disease (cyanotic or acyanotic), documented by
appropriate imaging techniques (as outlined under 4.00C3) or cardiac catheterization.
With one of the following:

A.  Cyanosis at rest, and:

1.  Hematocrit of 55 percent or greater, or

2.  Arteria1 O2 saturation of less than 90 percent in room air, or resting arterial PO2 of 60 Torr or
less:

Or

B.  Intermittent right-to-left shunting resulting in cyanosis on exertion (e.g., Eisenmenger's
physiology) and with arterial PO2 of 60 Torr or less at a workload equivalent to 5 METs or less;

Or

C.  Chronic heart failure with evidence of ventricular dysfunction, as described in 4.02;

Or

D. Recurrent arrhythmias as described in 4.05;

Or

E.  Secondary pulmonary vascular obstructive disease with a mean pulmonary arterial pressure
elevated to at least 70 percent of the mean systemic arterial pressure.

4.07 Valvular heart disease or other stenotic defects, or valvular regurgitation,
documented by appropriate imaging techniques or cardiac catheterization. Evaluate
under the criteria in 4.02, 4.04, 4.05, or 11.04.

4.08 Cardiomyopathies, documented by appropriate imaging techniques or cardiac
catheterization. Evaluate under the criteria in 4.02, 4.04, 4.05 or 11.04.

4.09 Cardiac transplantation. Consider under a disability for 1 year following surgery;
thereafter, reevaluate residual impairment under 4.02 to 4.08.

4.10 Aneurysm of aorta or major branches, due to any cause (e.g., atherosclerosis, cystic
medial necrosis, Marfan syndrome, trauma), demonstrated by an appropriate imaging
technique. With one of the following:

A.  Acute or chronic dissection not controlled by prescribed medical or surgical treatment;

Or

B.  Chronic heart failure as described under 4.02;

Or
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C.  Renal failure as described under 6.02;

Or

D.  Neurological complications as described under 11.04.

4.11 Chronic venous insufficiency of a lower extremity. With incompetency or obstruction
of the deep venous system and one of the following;

A.  Extensive brawny edema;

Or

B.  Superficial varicosities, stasis dermatitis, and recurrent or persistent ulceration which has
not healed following at least 3 months of prescribed medical or surgical therapy.

4.12 Peripheral arterial disease. With one of the following:

A. Intermittent claudication with failure to visualize (on arteriogram obtained independent of
Social Security disability evaluation) the common femoral or deep femoral artery in one
extremity;

Or

B.  Intermittent claudication with marked impairment of peripheral arterial circulation as
determined by Doppler studies showing:

1.  Resting ankle/brachial systolic blood pressure ratio of less than 0.50; or

2.  Decrease in systolic blood pressure at the ankle on exercise (see 4.00E4) of 50 percent or
more of pre-exercise level at the ankle, and requiring 10 minutes or more to return to
pre-exercise level.

5.00 Digestive System

A.  Disorders of the digestive system which result in a marked impairment usually do so
because of interference with nutrition, multiple recurrent inflammatory lesions, or complications
of disease, such as fistulae, abscesses, or recurrent obstruction. Such complications usually
respond to treatment. These complications must be shown to persist on repeated examinations
despite therapy for a reasonable presumption to be made that a marked impairment will last for
a continuous period of at least 12 months.

B.  Malnutrition or weight loss from gastrointestinal disorders. When the primary disorder of the
digestive tract has been established (e.g., enterocolitis, chronic pancreatitis,
postgastrointestinal resection, or esophageal stricture, stenosis, or obstruction), the resultant
interference with nutrition will be considered under the criteria in 5.08. This will apply whether
the weight loss is due to primary or secondary disorders of malabsorption, malassimilation or
obstruction.

C.  Surgical diversion of the intestinal tract, including colostomy or ileostomy, are not listed
since they do not represent impairments which preclude all work activity if the individual is able
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to maintain adequate nutrition and function of the stoma. Dumping syndrome which may follow
gastric resection rarely represents a marked impairment which would continue for 12 months.
Peptic ulcer disease with recurrent ulceration after definitive surgery ordinarily responds to
treatment. To be considered a severe impairment which will last for at least 12 months, a
recurrent ulcer after definitive surgery must be demonstrated despite therapy by repeated
appropriate medically acceptable imaging of the upper gastrointestinal or by gastroscopic
examinations. Medically acceptable imaging includes, but is not limited to, x-ray imaging,
computerized axial tomography (CAT scan) or magnetic resonance imaging (MRI), with or
without contrast material, myelography, and radionuclear bone scans.  “Appropriate” means
that the technique used is the proper one to support the evaluation and diagnosis of the
impairment. Definitive surgical procedures are those designed to control the ulcer disease
process (i.e, vagotomy and pyloroplasty, subtotal gastrectomy, etc.). Simple closure of a
perforated ulcer does not constitute definitive surgical therapy for peptic ulcer disease.

5.01 Category of Impairments, Digestive System

5.02 Recurrent upper gastrointestinal hemorrhage from undetermined cause with
anemia manifested by hematocrit of 30 percent or less on repeated examinations.

5.03 Stricture, stenosis, or obstruction of the esophagus (demonstrated by endoscopy
or other appropriate medically acceptable imaging) with weight loss as described
under listing 5.08.

5.04 Peptic ulcer disease (demonstrated by endoscopy or other appropriate medically
acceptable imaging). With:

A.  Recurrent ulceration after definitive surgery persistent despite therapy; or

B.  Inoperable fistula formation; or

C.  Recurrent obstruction demonstrated by endoscopy or other appropriate medically
acceptable imaging; or,

D.  Weight loss as described under 5.08.

5.05 Chronic liver disease (e.g., portal, postnecrotic, or biliary cirrhosis; chronic active
hepatitis; Wilson's disease). With:

A.  Esophageal varices (demonstrated by endoscopy or other appropriate medically acceptable
imaging) with a documented history of massive hemorrhage attributable to these varices.
Consider under disability for 3 years following the last massive hemorrhage; thereafter,
evaluate the residual impairment; or

B.  Performance of a shunt operation for esophageal varices. Consider under a disability for 3
years following surgery; thereafter, evaluate the residual impairment; or

C.  Serum bilirubin of 2.5 mg. per deciliter (100 ml.) or greater persisting on repeated
examinations for at least 5 months; or
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D.  Ascites, not attributable to other causes, recurrent or persisting for at least 5 months,
demonstrated by abdominal paracentesis or associated with persistent hypoalbuminemia of 3.0
gm. per deciliter (100 ml.) or less; or

E.  Hepatic encephalopathy. Evaluate under the criteria in Listing 12.02; or

F.  Confirmation of chronic liver disease by liver biopsy (obtained independent of Social Security
disability evaluation) and one of the following:

1.  Ascites not attributable to other causes, recurrent or persisting for at least 3 months,
demonstrated by abdominal paracentesis or associated with persistent hypoalbuminemia of 3.0
gm. per deciliter (100 ml.) or less; or

2.  Serum bilirubin of 2.5 mg. per deciliter (100 ml.) or greater on repeated examinations for at
least 3 months; or

3.  Hepatic cell necrosis or inflammation, persisting for at least 3 months, documented by
repeated abnormalities of prothrombin time and enzymes indicative of hepatic dysfunction.

5.06 Chronic ulcerative or granulomatous colitis (demonstrated by endoscopy barium
enema, biopsy, or operative findings). With:

A.  Recurrent bloody stools documented on repeated examinations and anemia manifested by
hematocrit of 30 percent or less on repeated examinations; or

B.  Persistent or recurrent systemic manifestations. such as arthritis, iritis, fever, or liver
dysfunction, not attributable to other causes; or

C.  Intermittent obstruction due to intractable abscess, fistula formation, or
stenosis; or 

D.  Recurrence of findings of A, B, or C, above after total colectomy: or

E.  Weight loss as described under 5.08.

5.07 Regional enteritis (Demonstrated by operative findings, barium studies, biopsy, or
endoscopy).  With:

A.  Persistent or recurrent intestinal obstruction evidenced by abdominal pain, distention,
nausea, and vomiting and accompanied by stenotic areas of small bowel with proximal
intestinal dilation;  or

B.  Persistent or recurrent systemic manifestations such as arthritis, iritis, fever, or liver
dysfunction, not attributable to other causes; or

C.  Intermittent obstruction due to intractable abscess or fistula formation; or

D.  Weight loss as described under 5.08.
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5.08 Weight loss due to any persisting gastrointestinal disorder: (The following weights
are to be demonstrated to have persisted for at least 3 months despite prescribed
therapy and expected to persist at this level for at least 12 months.) With:

A.  Weight equal to or less than the values specified in Table I or II; or

B.  Weight equal to or less than the values specified in Table III or IV and one of the following
abnormal findings on repeated examinations:

1.  Serum albumin of 3.0 gm. per deciliter (100 ml.) or less; or

2.  Hematocrit of 30 percent or less; or

3.  Serum calcium of 8.0 mg. per deciliter (100 ml.) (4.0 mEq./L) or less; or

4.  Uncontrolled diabetes mellitus due to pancreatic dysfunction with repeated hyperglycemia,
hypoglycemia, or ketosis; or

5.  Fat in stool of 7 gm. or greater per 24-hour stool specimen; or

6.  Nitrogen in stool of 3 gm. or greater per 24-hour specimen; or

7.  Persistent or recurrent ascites or edema not attributable to other causes.

Tables of Weight Reflecting Malnutrition Scaled According to Height and Sex--to be used
only in connection with 5.08.

Table I – Men Table II – Women

Height without
Shoes (inches)

Weight
(pounds)

Height without
shoe (inches)

Weight
(pounds)

61 . . . . . . . . . . . . . . 90 58 . . . . . . . . . . . . . . . . . . .77
62 . . . . . . . . . . . . . . 92 59 . . . . . . . . . . . . . . . . . . .79
63 . . . . . . . . . . . . . . 94 60 . . . . . . . . . . . . . . . . . . .82
64 . . . . . . . . . . . . . . 97 61 . . . . . . . . . . . . . . . . . . .84
65 . . . . . . . . . . . . . . 99 62 . . . . . . . . . . . . . . . . . . .86
66 . . . . . . . . . . . . . . 102 63 . . . . . . . . . . . . . . . . . . .89
67 . . . . . . . . . . . . . . 106 64 . . . . . . . . . . . . . . . . . . .91
68 . . . . . . . . . . . . . . 109 65 . . . . . . . . . . . . . . . . . . .94
69 . . . . . . . . . . . . . . 112 66 . . . . . . . . . . . . . . . . . . .98
70 . . . . . . . . . . . . . . 115 67 . . . . . . . . . . . . . . . . . . .101
71 . . . . . . . . . . . . . . 118 68 . . . . . . . . . . . . . . . . . . .104
72 . . . . . . . . . . . . . . 122 69 . . . . . . . . . . . . . . . . . . .107
73 . . . . . . . . . . . . . . 125 70 . . . . . . . . . . . . . . . . . . .110
74 . . . . . . . . . . . . . . 128 71 . . . . . . . . . . . . . . . . . . .114
75 . . . . . . . . . . . . . . 131 72 . . . . . . . . . . . . . . . . . .117
76 . . . . . . . . . . . . . . 134 73 . . . . . . . . . . . . . . . . . . .120
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Table III - Men Table IV – Women

Height without
Shoes (inches)

Weight
(pounds)

Height without
shoe (inches)

Weight
(pounds)

61 . . . . . . . . . . . . . . 95 58 . . . . . . . . . . . . . . . . . . .82
62 . . . . . . . . . . . . . . 98 59 . . . . . . . . . . . . . . . . . . .84
63 . . . . . . . . . . . . . . 100 60 . . . . . . . . . . . . . . . . . . .87
64 . . . . . . . . . . . . . . 103 61 . . . . . . . . . . . . . . . . . . .89
65 . . . . . . . . . . . . . . 106 62 . . . . . . . . . . . . . . . . . . .92
66 . . . . . . . . . . . . . . 109 63 . . . . . . . . . . . . . . . . . . .94
67 . . . . . . . . . . . . . . 112 64 . . . . . . . . . . . . . . . . . . .97
68 . . . . . . . . . . . . . . 116 65 . . . . . . . . . . . . . . . . . . .100
69 . . . . . . . . . . . . . . 119 66 . . . . . . . . . . . . . . . . . . .104
70 . . . . . . . . . . . . . . 122 67 . . . . . . . . . . . . . . . . . . .107
71 . . . . . . . . . . . . . . 126 68 . . . . . . . . . . . . . . . . . . .111
72 . . . . . . . . . . . . . . 129 69 . . . . . . . . . . . . . . . . . . .114
73 . . . . . . . . . . . . . . 133 70 . . . . . . . . . . . . . . . . . . .117
74 . . . . . . . . . . . . . . 136 71 . . . . . . . . . . . . . . . . . . .121
75 . . . . . . . . . . . . . . 139 72 . . . . . . . . . . . . . . . . . . .124
76 . . . . . . . . . . . . . . 143 73 . . . . . . . . . . . . . . . . . . .128

5.09 Liver transplant. Consider under a disability for 12 months following the date of
surgery; thereafter, evaluate the residual impairment(s).

6.00 Genito-Urinary System

A.  Determination of the presence of chronic renal disease will be based upon (1) a history,
physical examination, and laboratory evidence of renal disease, and (2) indications of its
progressive nature or laboratory evidence of deterioration of renal function. Medically
acceptable imaging includes, but is not limited to, x-ray imaging, computerized axial
tomography (CAT scan) or magnetic resonance imaging (MRI), with or without contrast
material, myelography, and radionuclear bone scans.  “Appropriate” means that the technique
used is the proper one to support the evaluation and diagnosis of the impairment.

B.  Nephrotic Syndrome. The medical evidence establishing the clinical diagnosis must include
the description of extent of tissue edema, including pretibial, periorbital, or presacral edema.
The presence of ascites, pleural effusion, pericardial effusion, and hydroarthrosis should be
described if present. Results of pertinent laboratory tests must be provided. If a renal biopsy
has been performed, the evidence should include a copy of the report of microscopic
examination of the specimen. Complications such as severe orthostatic hypotension, recurrent
infections or venous thromboses should be evaluated on the basis of resultant impairment.

C.  Hemodialysis, peritoneal dialysis, and kidney transplantation. When an individual is
undergoing periodic dialysis because of chronic renal disease, severity of impairment is
reflected by the renal function prior to the institution of dialysis.

The amount of function restored and the time required to effect improvement in an individual
treated by renal transplant depend upon various factors, including adequacy of post transplant
renal function, incidence and severity of renal infection, occurrence of rejection crisis, the
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presence of systemic complications (anemia, neuropathy, etc.), and side effects of
corticosteroids or immuno-suppressive agents. A convalescent period of at least 12 months is
required before it can be reasonably determined whether the individual has reached a point of
stable medical improvement.

D.  Evaluate associated disorders and complications according to the appropriate body system
Listing.

6.01 Category of Impairments, Genito-Urinary System

6.02 Impairment of renal function, due to any chronic renal disease expected to last 12
months (e.g., hypertensive vascular disease, chronic nephritis, nephrolithiasis,
polycystic disease, bilateral hydronephrosis, etc.) With:

A.  Chronic hemodialysis or peritoneal dialysis necessitated by irreversible renal failure; or

B.  Kidney transplant. Consider under a disability for 12 months following surgery; thereafter,
evaluate the residual impairment (see 6.00C); or

C.  Persistent elevation of serum creatinine to 4 mg. per deciliter (100 ml.) or greater or
reduction of creatinine clearance to 20 ml. per minute (29 liters/ 24 hours) or less, over at least
3 months, with one of the following:

1.  Renal osteodystrophy manifested by severe bone pain shown by appropriate medically
acceptable imaging (e.g., osteitis fibrosa, marked osteoporosis, pathologic fractures); or

2.  A clinical episode of pericarditis; or

3.  Persistent motor or sensory neuropathy; or

4.  Intractable pruritus; or

5.  Persistent fluid overload syndrome resulting in diastolic hypertension (110 mm. or above) or
signs of vascular congestion; or

6.  Persistent anorexia with recent weight loss and current weight meeting the values in 5.08,
Table III or IV; or

7.  Persistent hematocrits of 30 percent or less.

6.06 Nephrotic syndrome, with significant anasarca, persistent for at least 3 months
despite prescribed therapy. With:

A.  Serum albumin of 3.0 gm. per deciliter (100 ml.) or less and proteinuria of 3.5 gm. per 24
hours or greater; or

B.  Proteinuria of 10.0 gm. per 24 hours or greater.

7.00 Hemic and Lymphatic System
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A.  Impairment caused by anemia should be evaluated according to the ability of the individual
to adjust to the reduced oxygen-carrying capacity of the blood. A gradual reduction in red cell
mass, even to very low values, is often well tolerated in individuals with a healthy cardiovascular
system.

B.  Chronicity is indicated by persistence of the condition for at least 3 months. The laboratory
findings cited must reflect the values reported on more than one examination over that 3-month
period. Medically acceptable imaging includes, but is not limited to, x-ray imaging, computerized
axial tomography (CAT scan) or magnetic resonance imaging (MRI), with or without contrast
material, myelography, and radionuclear bone scans.  “Appropriate” means that the technique
used is the proper one to support the evaluation and diagnosis of the impairment.

C.  Sickle cell disease refers to a chronic hemolytic anemia associated with sickle cell
hemoglobin, either homozygous or in combination with thalassemia or with another abnormal
hemoglobin (such as C or F).

Appropriate hematologic evidence for sickle cell disease, such as hemoglobin electrophoresis,
must be included. Vaso-occlusive or aplastic episodes should be documented by description of
severity, frequency, and duration.

Major visceral episodes include meningitis, osteomyelitis, pulmonary infections or infarctions,
cerebrovascular accidents, congestive heart failure, genito-urinary involvement, etc.

D.  Coagulation defects. Chronic inherited coagulation disorders must be documented by
appropriate laboratory evidence. Prophylactic therapy such as with antihemophilic globulin
(AHG) concentrate does not in itself imply severity.

E.  Acute leukemia (including T-cell lymphoblastic lymphoma). Initial diagnosis of acute
leukemia or T-cell lymphoblastic llymphoma must be based upon definitive bone marrow
pathologic evidence. Recurrent disease may be documented by peripheral blood, bone marrow,
or cerebrospinal fluid examination., The pathology report must be included.

The acute phase of chronic myelocytic (granulocytic) leukemia should be considered under the
requirements for acute leukemia.

The criteria in 7.11 contain the designated duration of disability implicit in the finding of a listed
impairment. Following the designated time period, a documented diagnosis itself is no longer
sufficient to establish a marked impairment. The level of any remaining impairment must be
evaluated on the basis of the medical evidence.

7.01 Category of Impairments, Hemic and Lymphatic System

7.02 Chronic anemia (hematocrit persisting at 30 percent or less due to any cause) With:

A.  Requirement of one or more blood transfusions on an average of at least once every 2
months; or

B.  Evaluation of the resulting impairment under criteria for the affected body system.

7.05 Sickle cell disease, or one of its variants. With:



57

A.  Documented painful (thrombotic) crises occurring at least three times during the 5 months
prior to adjudication; or

B.  Requiring extended hospitalization (beyond emergency care) at least three times during the
12 months prior to adjudication; or

C.  Chronic, severe anemia with persistence of hematocrit of 26 percent or less; or

D.  Evaluate the resulting impairment under the criteria for the affected body system.

7.06 Chronic thrombocytopenia (due to any cause), with platelet counts repeatedly below
40,000/ cubic millimeter. With:

A.  At least one spontaneous hemorrhage, requiring transfusion, within 5 months prior to
adjudication; or

B.  Intracranial bleeding within 12 months prior to adjudication.

7.07 Hereditary telangiectasia with hemorrhage requiring transfusion at
least three times during the 5 months prior to adjudication.

7.08 Coagulation defects (hemophilia or a similar disorder) with spontaneous
hemorrhage requiring transfusion at least three times during the 5 months prior to
adjudication.

7.09 Polycythemia vera (with erythrocytosis, splenomegaly, and leukocytosis or
thrombocytosis). Evaluate the resulting impairment under the criteria for the affected
body system.

7.10 Myelofibrosis (myeloproliferative syndrome). With:

A.  Chronic anemia. Evaluate according to the criteria of 7.02; or

B.  Documented recurrent systemic bacterial infections occurring at least 3 times during the 5
months prior to adjudication; or

C.  Intractable bone pain with radiologic evidence of osteosclerosis.

7.11 Acute leukemia (including T-cell lymphoblastic lymphoma). Consider under a
disability for 2 1/2 years from the time of initial diagnosis.

7.12 Chronic leukemia. Evaluate according to the criteria of 7.02, 7.06, 7.10B, 7.11, 7.17, or
13.06A.

7.13 Lymphomas. Evaluate under the criteria in 13.06A.

7.14 Macroglobulinemia or heavy chain disease, confirmed by serum or urine protein
electrophoresis or immunoelectrophoresias. Evaluate impairment under criteria for
affected body system or under 7.02, 7.06, or 7.08.
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7.15 Chronic granulocytopenia (due to any cause). With both A and B:

A.  Absolute neutrophil counts repeatedly below 1,000 cells/cubic millimeter; and

B.  Documented recurrent systemic bacterial infections occurring at least 3 times during the 5
months prior to adjudication.

7.16 Multiple myeloma (confirmed by appropriate serum or urine protein
electrophoresis and bone marrow findings). With:

A.  Appropriate medically acceptable imaging evidence of bony involvement with intractable
bone pain; or

B.  Evidence of renal impairment as described in 6.02; or

C.  Hypercalcemia with serum calcium levels persistently greater than 11 mg. per deciliter (100
ml.) for at least 1 month despite prescribed therapy; or

D.  Plasma cells (100 or more cells/ cubic millimeter) in the peripheral blood.

7.17 Aplastic anemias or hematologic malignancies (excluding acute leukemia and T-
cell lymphoblastic lymphoma): With bone marrow or stem cell transplantation.
Consider under a disability for 12 months following transplantation; thereafter, evaluate
according to the primary characteristics of the residual impairment.

8.00 Skin

A.  Skin lesions may result in a marked, long-lasting impairment if they involve extensive body
areas or critical areas such as the hands or feet and become resistant to treatment. These
lesions must be shown to have persisted for a sufficient period of time despite therapy for a
reasonable presumption to be made that a marked impairment will last for a continuous period
of at least 12 months. The treatment for some of the skin diseases listed in this section may
require the use of high dosage of drugs with possible serious side effects; these side effects
should be considered in the overall evaluation of impairment.

B.  When skin lesions are associated with systemic disease and where that is the predominant
problem, evaluation should occur according to the criteria in the appropriate section.
Disseminated (systemic) lupus erythematosus and scleroderma usually involve more than one
body system and should be evaluated under 14.02 and 14.04. Neoplastic skin lesions should be
evaluated under 13.00ff. When skin lesions (including burns) are associated with contractures
or limitation of joint motion, that impairment should be evaluated under 1.00ff.

8.01 Category of Impairments, Skin

8.02 Exfoliative dermatitis, ichthyosis, ichthyosiform erythroderma. With extensive
lesions not responding to prescribed treatment.

8.03 Pemphigus, lerythema multiforme bullosum, bullous pemphigoid, dermatitis
herpetiformis. With extensive lesions not responding to prescribed treatment.



59

8.04 Deep mycotic infections. With extensive fungating, ulcerating lesions not responding
to prescribed treatment.

8.05 Psoriasis, atopic dermatitis, dyshidrosis. With extensive lesions including
involvement of the hands or feet which impose a marked limitation of function and which
are not responding to prescribed treatment.

8.06 Hidradenitis suppurativa, acne conglobata. With extensive lesions, involving the
axillae or perineurn not responding to prescribed medical treatment and not amenable to
surgical treatment.

9.00 Endocrine System

Cause of impairment. Impairment is caused by overproduction or underproduction of hormones,
resulting in structural or functional changes in the body. Where involvement of other organ
systems has occurred as a result of a primary endocrine disorder, these impairments should be
evaluated according to the criteria under the appropriate sections. Medically acceptable imaging
includes, but is not limited to, x-ray imaging, computerized axial tomography (CAT scan) or
magnetic resonance imaging (MRI), with or without contrast material, myelography, and
radionuclear bone scans.  “Appropriate” means that the technique used is the proper one to
support the evaluation and diagnosis of the impairment.

9.01 Category of Impairments, Endocrine System

9.02    Thyroid Disorders. Evaluate the resulting impairment under the criteria for the affected
body system.

9.03 Hyperparathyroidism. With:

A.  Generalized decalcification of bone on appropriate medically acceptable imaging study and
elevation of plasma calcium to 11 mg. per deciliter (100 ml) or greater; or

B.  A resulting impairment. Evaluate according to the criteria in the affected body system.

9.04 Hypoparathyroidism. With:

A.  Severe recurrent tetany; or

B.  Recurrent generalized convulsions; or

C.  Lenticular cataracts. Evaluate under the criteria in 2.00ff.

9.05 Neurohypophyseal insufficiency (diabetes insipidus). With urine specific gravity of
1.005 or below, persistent for at least 3 months and recurrent dehydration.

9.06 Hyperfunction of the adrenal cortex. Evaluate the resulting impairment under the
criteria for the affected body system.
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9.08 Diabetes mellitus. With:

A.  Neuropathy demonstrated by significant and persistent disorganization of motor function in
two extremities resulting in sustained disturbance of gross and dexterous movements, or gait
and station (see 11.00C); or

B.  Acidosis occurring at least on the average of once every 2 months documented by
appropriate blood chemical tests (pH or pC02 or bicarbonate levels); or

C.  Retinitis proliferans; evaluate the visual impairment under the criteria in 2.02, 2.03, or 2.04.

10.00 Multiple Body Systems

A.  Down syndrome (except for mosaic Down syndrome (see 10.00C)) established by clinical
findings, including the characteristic physical features, and laboratory evidence is considered to
meet the requirement of listing 10.06, commencing at birth.

B.  Documentation must include confirmation of a positive diagnosis by a clinical description of
the usual abnormal physical findings associated with the condition and definitive laboratory
tests, including chromosomal analysis.  Medical evidence that is persuasive that a positive
diagnosis has been confirmed by appropriate laboratory testing, at some time prior to
evaluation, is acceptable in lieu of a copy of the actual laboratory report.

C.  Other chromosomal abnormalities; e.g., mosaic Down syndrome, fragile X syndrome,
phenylketonuria, and fetal alcohol syndrome, produce a pattern of multiple impairments but
manifest in a wide range of impairment severity.  Therefore, the effects of these impairments
should be evaluated under the affected body system.

10.01 Category of Impairments, Multiple Body Systems

10.06 Down syndrome (excluding mosaic Down syndrome) established by clinical and
laboratory findings, as described in 10.00B.  Consider the individual disabled from birth.

11.00 Neurological

A.  Epilepsy. In epilepsy, regardless of etiology, degree of impairment will be determined
according to type, frequency, duration, and sequelae of seizures. At least one detailed
description of a typical seizure is required. Such description includes the presence or absence
of aura, tongue bites, sphincter control, injuries associated with the attack, and postictal
phenomena. The reporting physician should indicate the extent to which description of seizures
reflects his own observations and the source of ancillary information. Testimony of persons
other than the claimant is essential for description of type and frequency of seizures if
professional observation is not available.

Under 11.02 and 11.03, the criteria can be applied only if the impairment persists despite the
fact that the individual is following prescribed antiepileptic treatment. Adherence to prescribed
antiepileptic therapy can ordinarily be determined from objective clinical findings in the report of
the physician currently providing treatment for epilepsy. Determination of blood levels of
phenytoin sodium or other antiepileptic drugs may serve to indicate whether the prescribed
medication is being taken. When seizures are occurring at the frequency stated in 11.02 or
11.03, evaluation of the severity of the impairment must include consideration of the serum
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drug levels. Should serum drug levels appear therapeutically inadequate, consideration should
be given as to whether this is caused by individual idiosyncrasy in absorption or metabolism of
the drug. Blood drug levels should be evaluated in conjunction with all other evidence to
determine the extent of compliance. When the reported blood drug levels are low, therefore, the
information obtained from the treating source should include the physician's statement as to
why the levels are low and the results of any relevant diagnostic studies concerning the blood
levels. Where adequate seizure control is obtained only with unusually large doses, the
possibility of impairment resulting from the side effects of this medication must also be
assessed. Where documentation shows that use of alcohol or drugs affects adherence to
prescribed therapy or may play a part in the precipitation of seizures, this must also be
considered in the overall assessment of impairment level.

B.  Brain tumors. The diagnosis of malignant brain tumors must be established, and the
persistence of the tumor should be evaluated, under the criteria described in 13.00 B and C for
neoplastic disease.

In histologically malignant tumors, the pathological diagnosis alone will be the decisive criterion
for severity and expected duration (see 11.05A). For other tumors of the brain, the severity and
duration of the impairment will be determined on the basis of symptoms, signs, and pertinent
laboratory findings (11.05B).

C.  Persistent disorganization of motor function in the form of paresis or paralysis, tremor or
other involuntary movements, ataxia and sensory disturbances (any or all of which may be due
to cerebral, cerebellar, brain stem, spinal cord, or peripheral nerve dysfunction) which occur
singly or in various combinations, frequently provides the sole or partial basis for decision in
cases of neurological impairment. The assessment of impairment depends on the degree of
interference with locomotion and/or interference with the use of fingers, hands and arms.

D.  In conditions which are episodic in character, such as multiple sclerosis or myasthenia
gravis, consideration should be given to frequency and duration of exacerbations, length of
remissions, and permanent residuals.

E.  Multiple sclerosis. The major criteria for evaluating impairment caused by multiple sclerosis
are discussed in Listing 11.09. Paragraph A provides criteria for evaluating disorganization of
motor function and gives reference to 11.04B (11.04B then refers to 11.00C). Paragraph B
provides references to other listings for evaluating visual or mental impairments caused by
multiple sclerosis. Paragraph C provides criteria for evaluating the impairment of individuals
who do not have muscle weakness or other significant disorganization of motor function at rest,
but who do develop muscle weakness on activity as a result of fatigue.

Use of the criteria in 11.09C is dependent upon (1) documenting a diagnosis of multiple
sclerosis, (2) obtaining a description of fatigue considered to be characteristic of multiple
sclerosis, and (3) obtaining evidence that the system has actually become fatigued. The
evaluation of the magnitude of the impairment must consider the degree of exercise and the
severity of the resulting muscle weakness.

The criteria in 11.09C deal with motor abnormalities which occur on activity. If the
disorganization of motor function is present at rest, paragraph A must be used, taking into
account any further increase in muscle weakness resulting from activity.
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Sensory abnormalities may occur, particularly involving central visual acuity. The decrease in
visual acuity may occur after brief attempts at activity involving near vision, such as reading.
This decrease in visual acuity may not persist when the specific activity is terminated, as with
rest, but is predictably reproduced with resumption of the activity. The impairment of central
visual acuity in these cases should be evaluated under the criteria in Listing 2.02, taking into
account the fact that the decrease in visual acuity will wax and wane.

Clarification of the evidence regarding central nervous system dysfunction responsible for the
symptoms may require supporting technical evidence of functional impairment such as evoked
response tests during exercise.

F.  Traumatic brain injury (TBI). The guidelines for evaluating impairments caused by cerebral
trauma are contained in 11.18.  Listing 11.18 states that cerebral trauma is to be evaluated
under 11.02, 11.03, 11.04, and 12.02, as applicable.

TBI may result in neurological and mental impairments with a wide variety of posttraumatic
symptoms and signs.  The rate and extent of recovery can be highly variable and the long-term
outcome may be difficult to predict in the first few months post-injury.  Generally, the
neurological impairment (s) will stabilize more rapidly than any mental impairment (s).
Sometimes a mental impairment may appear to improve immediately following TBI and then
worsen, or, conversely, it may appear much worse initially but improve after a few months.
Therefore, the mental findings immediately following TBI may not reflect the actual severity of
your mental impairment (s).  The actual severity of a mental impairment may not become
apparent until 6 months post-injury.

In some cases, evidence of a profound neurological impairment is sufficient to permit a finding
of disability within 3 months post-injury.  If a finding of disability within 3 months post-injury is
not possible based on any neurological impairment (s), we will defer adjudication of the claim
until we obtain evidence of your neurological or mental impairments at least 3 months post-
injury.  If a finding of disability still is not possible at that time, we will again defer adjudication
of the claim until we obtain evidence at least 6 months post-injury.  At that time, we will fully
evaluate any neurological and mental impairments and adjudicate the claim.

11.01 Category of Impairments, Neurological

11.02 Epilepsy – convulsive epilepsy, (grand mal or psychomotor), documented
detailed description of a typical seizure pattern, including all associated
phenomena; occurring more frequently than once a month, in spite of at least 3
months of prescribed treatment. With:

A.  Daytime episodes (loss of consciousness and convulsive seizures) or

B.  Nocturnal episodes manifesting residuals which interfere significantly with activity during the
day.

11.03 Epilepsy – nonconvulsive (petit mal, psychomotor, or focal), documented by
detailed description of a typical seizure pattern including all associated
phenomena, occurring more frequently than once weekly in spite of at least 3
months of prescribed treatment. With alteration of awareness or loss of
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consciousness and transient postictal manifestations of unconventional behavior or
significant interference with activity during the day.

11.04 Central nervous system vascular accident. With one of the following more than 3
months post-vascular accident:

A.  Sensory or motor aphasia resulting in ineffective speech or communication; or

B.  Significant and persistent disorganization of motor function in two extremities, resulting in
sustained disturbance of gross and dexterous movements, or gait and station (see 11.00C).

11.05 Brain tumors

A.  Malignant gliomas (astrocytoma - grades III and IV, glioblastorna multiforme),
medulloblastoma, ependymoblastorna, or primary sarcoma; or

B.  Astrocytoma (grades I and II), meningioma, pituitary tumors, oligodendroglioma,
ependymoma, clivus chordoma, and benign tumors. Evaluate under 11.02, 11.03, 11.04A or B,
or 12.02.

11.06 Parkinsonian syndrome with the following signs: Significant rigidity, bradykinesia, or
tremor in two extremities, which, singly or in combination, result in sustained disturbance
of gross and dexterous movements, or gait and station.

11.07 Cerebral palsy. With:

A.  IQ of 70 or less; or

B.  Abnormal behavior patterns, such as destructiveness or emotional instability; or

C.  Significant interference in communication due to speech, hearing, or visual defect; or

D.  Disorganization of motor function as described in 11.04B.

11.08 Spinal cord or nerve root lesions, due to any cause with disorganization of motor
function as described in 11.04B.

11.09 Multiple sclerosis. With:

A.  Disorganization of motor function as described in 11.04B; or

B.  Visual or mental impairment as described under the criteria in 2.02, 2.03, 2.04, or 12.02; or

C.  Significant, reproducible fatigue of motor function with substantial muscle weakness on
repetitive activity, demonstrated on physical examination, resulting from neurological
dysfunction in areas of the central nervous system known to be pathologically involved by the
multiple sclerosis process.
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11.10 Amyotrophic lateral sclerosis. With:

A.  Significant bulbar signs; or

B.  Disorganization of motor function as described in 11.04B.

11.11 Anterior poliomyelitis. With:

A.  Persistent difficulty with swallowing or breathing; or

B.  Unintelligible speech; or

C.  Disorganization of motor function as described in 11.04B.

11.12 Myasthenia gravis. With:

A.  Significant difficulty with speaking, swallowing, or breathing while on prescribed therapy; or

B.  Significant motor weakness of muscles of extremities on repetitive activity against resistance
while on prescribed therapy.

11.13 Muscular dystrophy with disorganization of motor function as described in 11.04B.

11.14 Peripheral neuropathies. With disorganization of motor function as described in
11.04B, in spite of prescribed treatment.

11.15 [Reserved.]:

11.16 Subacute combined cord degeneration (pernicious anemia) with disorganization
of motor function as described in 11.04B, not significantly improved by
prescribed treatment.

11.17 Degenerative disease not listed elsewhere, such as Huntington's chorea,
Friedreich's ataxia, and spino-cerebellar degeneration.  With:

A.  Disorganization of motor function as described in 11.04B; or

B.  Chronic brain syndrome. Evaluate under 12.02.

11.18 Cerebral trauma.

Evaluate under the provisions of 11.02, 11.03, 11.04, and 12.02, as applicable.
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11.19 Syringomyelia. With:

A.  Significant bulbar signs; or

B.  Disorganization of motor function as described in 11.04B.

12.00 Mental Disorders

A.  Introduction:  The evaluation of disability on the basis of mental disorders requires
documentation of a medically determinable impairment(s), consideration of the degree of
limitation such impairment(s) may impose on the individual's ability to work, and consideration
of whether these limitations have lasted or are expected to last for a continuous period of at
least 12 months.  The listings for mental disorders are arranged in nine diagnostic categories:
Organic mental disorders (12.02); schizophrenic, paranoid and other psychotic disorders
(12.03); affective disorders (12.04); mental retardation (12.05); anxiety-related disorders
(12.06); somatoform disorders (12.07); personality disorders (12.08); substance addiction
disorders (12.09); and autistic disorder and other pervasive developmental disorders (12.10).
Each listing, except 12.05 and 12.09, consists of a statement describing the disorder(s)
addressed by the listing, paragraph A criteria (a set of medical findings), and paragraph B
criteria (a set of impairment-related functional limitations).  There are additional functional
criteria (paragraph C criteria) in 12.02, 12.03, 12.04, and 12.06, discussed herein.  We will
assess the paragraph B criteria before we apply the paragraph C criteria.  We will  assess the
paragraph C criteria only if we find that the paragraph B criteria are not satisfied.  We will find
that you have a listed impairment if the diagnostic description in the introductory paragraph and
the criteria of both paragraphs A and B (or A and C, when appropriate) of the listed impairment
are satisfied.

The criteria in paragraph A substantiate medically the presence of a particular mental disorder.
Specific symptoms, signs, and laboratory findings in the paragraph A criteria of any of the
listings in this section cannot be considered in isolation from the description of the mental
disorder contained at the beginning of each listing category.  Impairments should be analyzed
or reviewed under the mental category(ies) indicated by the medical findings.  However, we
may also consider mental impairments under physical body system listings, using the concept
of medical equivalence, when the mental disorder results in physical dysfunction.  (See, for
instance, 12.00D12 regarding the evaluation of anorexia nervosa and other eating disorders.)

The criteria in paragraphs B and C describe impairment-related functional limitations that are
incompatible with the ability to do any gainful activity.  The functional limitations in paragraphs B
and C must be the result of the mental disorder described in the diagnostic description, that is
manifested by the medical findings in paragraph A.

The structure of the listing for mental retardation (12.05) is different from that of the other
mental disorders listings.  Listing 12.05 contains an introductory paragraph with the diagnostic
description for mental retardation.  It also contains four sets of criteria (paragraphs A through
D).  If your impairment satisfies the diagnostic description in the introductory paragraph and any
one of the four sets of criteria, we will find that your impairment meets the listing.  Paragraphs A
and B contain criteria that describe disorders we consider severe enough to prevent your doing
any gainful activity without any additional assessment of functional limitations.  For
paragraph C, we will assess the degree of functional limitation the additional impairment(s)
imposes to determine if it significantly limits your physical or mental ability to do basic work
activities, i.e., is a “severe” impairment(s), as defined in §§ 404.1520(c) and 416.920(c).  If the
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additional impairment(s) does not cause limitations that are “severe” as defined in
§§ 404.1520(c) and 416.920(c), we will not find that the additional impairment(s) imposes “an
additional and significant work-related limitation of function,” even if you are unable to do your
past work because of the unique features of that work.  Paragraph D contains the same
functional criteria that are required under paragraph B of the other mental disorders listings.

The structure of the listing for substance addiction disorders, 12.09, is also different from that
for the other mental disorder listings.  Listing 12.09 is structured as a reference listing; that is, it
will only serve to indicate which of the other listed mental or physical impairments must be used
to evaluate the behavioral or physical changes resulting from regular use of addictive
substances.

The listings are so constructed that an individual with an impairment(s) that meets or is
equivalent in severity to the criteria of a listing could not reasonably be expected to do any
gainful activity.  These listings are only examples of common mental disorders that are
considered severe enough to prevent an individual from doing any gainful activity.  When you
have a medically determinable severe mental impairment that does not satisfy the diagnostic
description or the requirements of the paragraph A criteria of the relevant listing, the
assessment of the paragraph B and C criteria is critical to a determination of equivalence.

If your impairment(s) does not meet or is not equivalent in severity to the criteria of any listing,
you may or may not have the residual functional capacity (RFC) to do substantial gainful activity
(SGA).  The determination of mental RFC is crucial to the evaluation of your capacity to do SGA
when your impairment(s) does not meet or equal the criteria of the listings, but is nevertheless
severe.

RFC is a multidimensional description of the work-related abilities you retain in spite of your
medical impairments.  An assessment of your RFC complements the functional evaluation
necessary for paragraphs B and C of the listings by requiring consideration of an expanded list
of work-related capacities that may be affected by mental disorders when your impairment(s) is
severe but neither meets nor is equivalent in severity to a listed mental disorder.

B.  Need for medical evidence: We must establish the existence of a medically determinable
impairment(s) of the required duration by medical evidence consisting of symptoms, signs, and
laboratory findings (including psychological test findings).  Symptoms are your own description
of your physical or mental impairment(s).  Psychiatric signs are medically demonstrable
phenomena that indicate specific psychological abnormalities, e.g., abnormalities of behavior,
mood, thought, memory, orientation, development, or perception, as described by an
appropriate medical source.  Symptoms and signs generally cluster together to constitute
recognizable mental disorders described in the listings.  The symptoms and signs may be
intermittent or continuous depending on the nature of the disorder.

C.  Assessment of severity: We measure severity according to the functional limitations
imposed by your medically determinable mental impairment(s).  We assess functional
limitations using the four criteria in paragraph B of the listings: Activities of daily living; social
functioning; concentration, persistence, or pace; and episodes of decompensation.  Where we
use "marked" as a standard for measuring the degree of limitation, it means more than
moderate but less than extreme.  A marked limitation may arise when several activities or
functions are impaired, or even when only one is impaired, as long as the degree of limitation is
such as to interfere seriously with your ability to function independently, appropriately,
effectively, and on a sustained basis.  See §§ 404.1520a and 416.920a.
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1.  Activities of daily living include adaptive activities such as cleaning, shopping, cooking,
taking public transportation, paying bills, maintaining a residence, caring appropriately for your
grooming and hygiene, using telephones and directories, and using a post office.  In the context
of your overall situation, we assess the quality of these activities by their independence,
appropriateness, effectiveness, and sustainability.  We will determine the extent to which you
are capable of initiating and participating in activities independent of supervision or direction.

We do not define “marked” by a specific number of activities of daily living in which functioning
is impaired, but by the nature and overall degree of interference with function.  For example, if
you do a wide range of activities of daily living, we may still find that you have a marked
limitation in your daily activities if you have serious difficulty performing them without direct
supervision, or in a suitable manner, or on a consistent, useful, routine basis, or without undue
interruptions or distractions.

2.  Social functioning refers to your capacity to interact independently, appropriately, effectively,
and on a sustained basis with other individuals.  Social functioning includes the ability to get
along with others, such as family members, friends, neighbors, grocery clerks, landlords, or bus
drivers.  You may demonstrate impaired social functioning by, for example, a history of
altercations, evictions, firings, fear of strangers, avoidance of interpersonal relationships, or
social isolation.  You may exhibit strength in social functioning by such things as your ability to
initiate social contacts with others, communicate clearly with others, or interact and actively
participate in group activities.  We also need to consider cooperative behaviors, consideration
for others, awareness of others' feelings, and social maturity.  Social functioning in work
situations may involve interactions with the public, responding appropriately to persons in
authority (e.g., supervisors), or cooperative behaviors involving coworkers.

We do not define "marked" by a specific number of different behaviors in which social
functioning is impaired, but by the nature and overall degree of interference with function.  For
example, if you are highly antagonistic, uncooperative, or hostile but are tolerated by local
storekeepers, we may nevertheless find that you have a marked limitation in social functioning
because that behavior is not acceptable in other social contexts.

3.  Concentration, persistence, or pace refers to the ability to sustain focused attention and
concentration sufficiently long to permit the timely and appropriate completion of tasks
commonly found in work settings.  Limitations in concentration, persistence, or pace are best
observed in work settings, but may also be reflected by limitations in other settings.  In addition,
major limitations in this area can often be assessed through clinical examination or
psychological testing.  Wherever possible, however, a mental status examination or
psychological test data should be supplemented by other available evidence.

On mental status examinations, concentration is assessed by tasks such as having you
subtract serial sevens or serial threes from 100.  In psychological tests of intelligence or
memory, concentration is assessed through tasks requiring short-term memory or through
tasks that must be completed within established time limits.

In work evaluations, concentration, persistence, or pace is assessed by testing your ability to
sustain work using appropriate production standards, in either real or simulated work tasks
(e.g., filing index cards, locating telephone numbers, or disassembling and reassembling
objects).  Strengths and weaknesses in areas of concentration and attention can be discussed
in terms of your ability to work at a consistent pace for acceptable periods of time and until a
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task is completed, and your ability to repeat sequences of action to achieve a goal or an
objective.

We must exercise great care in reaching conclusions about your ability or inability to complete
tasks under the stresses of employment during a normal workday or workweek based on a
time-limited mental status examination or psychological testing by a clinician, or based on your
ability to complete tasks in other settings that are less demanding, highly structured, or more
supportive.  We must assess your ability to complete tasks by evaluating all the evidence, with
an emphasis on how independently, appropriately, and effectively you are able to complete
tasks on a sustained basis.

We do not define "marked" by a specific number of tasks that you are unable to complete, but
by the nature and overall degree of interference with function.  You may be able to sustain
attention and persist at simple tasks but may still have difficulty with complicated tasks.
Deficiencies that are apparent only in performing complex procedures or tasks would not satisfy
the intent of this paragraph B criterion.  However, if you can complete many simple tasks, we
may nevertheless find that you have a marked limitation in concentration, persistence, or pace if
you cannot complete these tasks without extra supervision or assistance, or in accordance with
quality and accuracy standards, or at a consistent pace without an unreasonable number and
length of rest periods, or without undue interruptions or distractions.

4.  Episodes of decompensation are exacerbations or temporary increases in symptoms or
signs accompanied by a loss of adaptive functioning, as manifested by difficulties in performing
activities of daily living, maintaining social relationships, or maintaining concentration,
persistence, or pace.  Episodes of decompensation may be demonstrated by an exacerbation
in symptoms or signs that would ordinarily require increased treatment or a less stressful
situation (or a combination of the two).  Episodes of decompensation may be inferred from
medical records showing significant alteration in medication; or documentation of the need for a
more structured psychological support system (e.g., hospitalizations, placement in a halfway
house, or a highly structured and directing household); or other relevant information in the
record about the existence, severity, and duration of the episode.

The term repeated episodes of decompensation, each of extended duration in these listings
means three episodes within 1 year, or an average of once every 4 months, each lasting for at
least 2 weeks.  If you have experienced more frequent episodes of shorter duration or less
frequent episodes of longer duration, we must use judgment to determine if the duration and
functional effects of the episodes are of equal severity and may be used to substitute for the
listed finding in a determination of equivalence.

D.  Documentation: The evaluation of disability on the basis of a mental disorder requires
sufficient evidence to (1) establish the presence of a medically determinable mental
impairment(s), (2) assess the degree of functional limitation the impairment(s) imposes, and (3)
project the probable duration of the impairment(s).  See §§ 404.1512 and 416.912 for a
discussion of what we mean by "evidence" and how we will assist you in developing your claim.
Medical evidence must be sufficiently complete and detailed as to symptoms, signs, and
laboratory findings to permit an independent determination.  In addition, we will consider
information from other sources when we determine how the established impairment(s) affects
your ability to function.  We will consider all relevant evidence in your case record.
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1.  Sources of evidence.

a. Medical evidence.  There must be evidence from an acceptable medical source showing that
you have a medically determinable mental impairment.  See §§ 404.1508, 404.1513, 416.908,
and 416.913.  We will make every reasonable effort to obtain all relevant and available medical
evidence about your mental impairment(s), including its history, and any records of mental
status examination, psychological testing, and hospitalizations and treatment.  Whenever
possible, and appropriate, medical source evidence should reflect the medical source's
considerations of information from you and other concerned persons who are aware of your
activities of daily living; social functioning; concentration, persistence, or pace; or episodes of
decompensation.

Also, in accordance with standard clinical practice, any medical source assessment of your
mental functioning should take into account any sensory, motor, or communication
abnormalities, as well as your cultural and ethnic background.

b. Information from the individual.  Individuals with  mental impairments can often provide
accurate descriptions of their limitations.  The presence of a mental impairment does not
automatically rule you out as a reliable source of information about your own functional
limitations.  When you have a mental impairment and are willing and able to describe your
limitations, we will try to obtain such information from you.  However, you may not be willing or
able to fully or accurately describe the limitations resulting from your impairment(s).  Thus, we
will carefully examine the statements you provide to determine if they are consistent with the
information about, or general pattern of, the impairment as described by the medical and other
evidence, and to determine whether additional information about your functioning is needed
from you or other sources.

c. Other information.  Other professional health care providers (e.g., psychiatric nurse,
psychiatric social worker) can normally provide valuable functional information, which should be
obtained when available and needed.  If necessary, information should also be obtained from
nonmedical sources, such as family members and others who know you, to supplement the
record of your functioning in order to establish the consistency of the medical evidence and
longitudinality of impairment severity, as discussed in 12.00D2.  Other sources of information
about functioning include, but are not limited to, records from work evaluations and
rehabilitation progress notes.

2.  Need for longitudinal evidence.  Your level of functioning may vary considerably over time.
The level of your functioning at a specific time may seem relatively adequate or, conversely,
rather poor.  Proper evaluation of your impairment(s) must take into account any variations in
the level of your functioning in arriving at a determination of severity over time.  Thus, it is vital
to obtain evidence from relevant sources over a sufficiently long period prior to the date of
adjudication to establish your impairment severity.

3.  Work attempts.  You may have attempted to work or may actually have worked during the
period of time pertinent to the determination of disability.  This may have been an independent
attempt at work or it may have been in conjunction with a community mental health or sheltered
program, and it may have been of either short or long duration.  Information concerning your
behavior during any attempt to work and the circumstances surrounding termination of your
work effort are particularly useful in determining your ability or inability to function in a work
setting.  In addition, we should also examine the degree to which you require special supports
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(such as those provided through supported employment or transitional employment programs)
in order to work.

4.  Mental status examination.  The mental status examination is performed in the course of a
clinical interview and is often partly assessed while the history is being obtained.  A
comprehensive mental status examination generally includes a narrative description of your
appearance, behavior, and speech; thought process (e.g., loosening of associations); thought
content (e.g., delusions); perceptual abnormalities (e.g., hallucinations); mood and affect (e.g.,
depression, mania); sensorium and cognition (e.g., orientation, recall, memory, concentration,
fund of information, and intelligence); and judgment and insight.  The individual case facts
determine the specific areas of mental status that need to be emphasized during the
examination.

5.  Psychological testing.

a. Reference to a "standardized psychological test" indicates the use of a psychological test
measure that has appropriate validity, reliability, and norms, and is individually administered by
a qualified specialist.  By "qualified," we mean the specialist must be currently licensed or
certified in the State to administer, score, and interpret psychological tests and have the training
and experience to perform the test.

b. Psychological tests are best considered as standardized sets of tasks or questions designed
to elicit a range of responses.  Psychological testing can also provide other useful data, such as
the specialist's observations regarding your ability to sustain attention and concentration, relate
appropriately to the specialist, and perform tasks independently (without prompts or reminders).
Therefore, a report of test results should include both the objective data and any clinical
observations.

c. The salient characteristics of a good test are:  (1) Validity, i.e., the test measures what it is
supposed to measure; (2) reliability, i.e., the consistency of results obtained over time with the
same test and the same individual; (3) appropriate normative data, i.e., individual test scores
can be compared to test data from other individuals or groups of a similar nature,
representative of that population; and (4) wide scope of measurement, i.e., the test should
measure a broad range of facets/aspects of the domain being assessed.  In considering the
validity of a test result, we should note and resolve any discrepancies between formal test
results and the individual's customary behavior and daily activities.

6.  Intelligence tests.

a. The results of standardized intelligence tests may provide data that help verify the presence
of mental retardation or organic mental disorder, as well as the extent of any compromise in
cognitive functioning.  However, since the results of intelligence tests are only part of the overall
assessment, the narrative report that accompanies the test results should comment on whether
the IQ scores are considered valid and consistent with the developmental history and the
degree of functional limitation.

b. Standardized intelligence test results are essential to the adjudication of all cases of mental
retardation that are not covered under the provisions of 12.05A.  Listing 12.05A may be the
basis for adjudicating cases where the results of standardized intelligence tests are unavailable,
e.g., where your condition precludes formal standardized testing.
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c. Due to such factors as differing means and standard deviations, identical IQ scores obtained
from different tests do not always reflect a similar degree of intellectual functioning.  The IQ
scores in 12.05 reflect values from tests of general intelligence that have a mean of 100 and a
standard deviation of 15; e.g., the Wechsler series.  IQs obtained from standardized tests that
deviate from a mean of 100 and a standard deviation of 15 require conversion to a percentile
rank so that we can determine the actual degree of limitation reflected by the IQ scores.  In
cases where more than one IQ is customarily derived from the test administered, e.g., where
verbal, performance, and full scale IQs are provided in the Wechsler series, we use the lowest
of these in conjunction with 12.05.

d. Generally, it is preferable to use IQ measures that are wide in scope and include items that
test both verbal and performance abilities.  However, in special circumstances, such as the
assessment of individuals with sensory, motor, or communication abnormalities, or those whose
culture and background are not principally English-speaking, measures such as the Test of
Nonverbal Intelligence, Third Edition (TONI-3), Leiter International Performance Scale-Revised
(Leiter-R), or Peabody Picture Vocabulary Test-Third Edition (PPVT-III) may be used.

e. We may consider exceptions to formal standardized psychological testing when an individual
qualified by training and experience to perform such an evaluation is not available, or in cases
where appropriate standardized measures for your social, linguistic, and cultural background
are not available.  In these cases, the best indicator of severity is often the level of adaptive
functioning and how you perform activities of daily living and social functioning.

7.  Personality measures and projective testing techniques.  Results from standardized
personality measures, such as the Minnesota Multiphasic Personality Inventory-Revised
(MMPI-II), or from projective types of techniques, such as the Rorschach and the Thematic
Apperception Test (TAT), may provide useful data for evaluating several types of mental
disorders.  Such test results may be useful for disability evaluation when corroborated by other
evidence, including results from other psychological tests and information obtained in the
course of the clinical evaluation, from treating and other medical sources, other professional
health care providers, and nonmedical sources.  Any inconsistency between test results and
clinical history and observation should be explained in the narrative description.

8.  Neuropsychological assessments.  Comprehensive neuropsychological examinations may
be used to establish the existence and extent of compromise of brain function, particularly in
cases involving organic mental disorders.  Normally, these examinations include assessment of
cerebral dominance, basic sensation and perception, motor speed and coordination, attention
and concentration, visual-motor function, memory across verbal and visual modalities, receptive
and expressive speech, higher-order linguistic operations, problem-solving, abstraction ability,
and general intelligence.  In addition, there should be a clinical interview geared toward
evaluating pathological features known to occur frequently in neurological disease and trauma;
e.g., emotional lability, abnormality of mood, impaired impulse control, passivity and apathy, or
inappropriate social behavior.  The specialist performing the examination may administer one of
the commercially available comprehensive neuropsychological batteries, such as the
Luria-Nebraska or the Halstead-Reitan, or a battery of tests selected as relevant to the
suspected brain dysfunction.  The specialist performing the examination must be properly
trained in this area of neuroscience.

9.  Screening tests.  In conjunction with clinical examinations, sources may report the results of
screening tests; i.e., tests used for gross determination of level of functioning.  Screening
instruments may be useful in uncovering potentially serious impairments, but often must be
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supplemented by other data.  However, in some cases the results of screening tests may show
such obvious abnormalities that further testing will clearly be unnecessary.

10.  Traumatic brain injury (TBI).  In cases involving TBI, follow the documentation and
evaluation guidelines in 11.00F.

11.  Anxiety disorders.  In cases involving agoraphobia and other phobic disorders, panic
disorders, and posttraumatic stress disorders, documentation of the anxiety reaction is
essential.  At least one detailed description of your typical reaction is required.  The description
should include the nature, frequency, and duration of any panic attacks or other reactions, the
precipitating and exacerbating factors, and the functional effects.  If the description is provided
by a medical source, the reporting physician or psychologist should indicate the extent to which
the description reflects his or her own observations and the source of any ancillary information.
Statements of other persons who have observed you may be used for this description if
professional observation is not available.

12.  Eating disorders.  In cases involving anorexia nervosa and other eating disorders, the
primary manifestations may be mental or physical, depending upon the nature and extent of the
disorder.  When the primary functional limitation is physical; e.g., when severe weight loss and
associated clinical findings are the chief cause of inability to work, we may evaluate the
impairment under the appropriate physical body system listing.  Of course, we must also
consider any mental aspects of the impairment, unless we can make a fully favorable
determination or decision based on the physical impairment(s) alone.

E.  Chronic mental impairments.  Particular problems are often involved in evaluating mental
impairments in individuals who have long histories of repeated hospitalizations or prolonged
outpatient care with supportive therapy and medication.  For instance, if you have chronic
organic, psychotic, and affective disorders, you may commonly have your life structured in such
a way as to minimize your stress and reduce your symptoms and signs.  In such a case, you
may be much more impaired for work than your symptoms and signs would indicate.  The
results of a single examination may not adequately describe your sustained ability to function.
It is, therefore, vital that we review all pertinent information relative to your condition, especially
at times of increased stress.  We will attempt to obtain adequate descriptive information from all
sources that have treated you in the time period relevant to the determination or decision.

F.  Effects of structured settings.  Particularly in cases involving chronic mental disorders, overt
symptomatology may be controlled or attenuated by psychosocial factors such as placement in
a hospital, halfway house, board and care facility, or other environment that provides similar
structure.  Highly structured and supportive settings may also be found your home.  Such
settings may greatly reduce the mental demands placed on you.  With lowered mental
demands, overt symptoms and signs of the underlying mental disorder may be minimized.  At
the same time, however, your ability to function outside of such a structured or supportive
setting may not have changed.  If your symptomatology is controlled or attenuated by
psychosocial factors, we must consider your ability to function outside of such highly structured
settings.  For these reasons, identical paragraph C criteria are included in 12.02, 12.03, and
12.04.  The paragraph C criterion of 12.06 reflects the uniqueness of agoraphobia, an anxiety
disorder manifested by an overwhelming fear of leaving the home.

G.  Effects of medication.  We must give attention to the effects of medication on your
symptoms, signs, and ability to function.  While drugs used to modify psychological functions
and mental states may control certain primary manifestations of a mental disorder, e.g.,
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hallucinations, impaired attention, restlessness, or hyperactivity, such treatment may not affect
all functional limitations imposed by the mental disorder.  In cases where overt
symptomatology is attenuated by the use of such drugs, particular attention must be focused
on the functional limitations that may persist.  We will consider these functional limitations in
assessing impairment severity.  See the paragraph C criteria in 12.02, 12.03, 12.04, and 12.06.
Drugs used in the treatment of some mental illnesses may cause drowsiness, blunted affect, or
other side effects involving other body systems.  We will consider such side effects when we
evaluate the overall severity of your impairment.  Where adverse effects of medications
contribute to the impairment severity and the impairment(s) neither meets nor is equivalent in
severity to any listing but is nonetheless severe, we will consider such adverse effects in the
RFC assessment.

H.  Effects of treatment.  With adequate treatment some individuals with chronic mental
disorders not only have their symptoms and signs ameliorated, but they also return to a level of
function close to the level of function they had before they developed symptoms or signs of
their mental disorders.  Treatment may or may not assist in the achievement of a level of
adaptation adequate to perform sustained SGA.  See the paragraph C criteria in 12.02, 12.03,
12.04, and 12.06.

I.  Technique for reviewing evidence in mental disorders claims to determine the level of
impairment severity.  We have developed a special technique to ensure that we obtain,
consider, and properly evaluate all the evidence we need to evaluate impairment severity in
claims involving mental impairment(s).  We explain this technique in §§ 404.1520a and
416.920a.

12.01 Category of Impairments - Mental

12.02 Organic mental disorders: Psychological or behavioral abnormalities associated with a
dysfunction of the brain.  History and physical examination or laboratory tests
demonstrate the presence of a specific organic factor judged to be etiologically related
to the abnormal mental state and loss of previously acquired functional abilities.

The required level of severity for these disorders is met when the requirements in both A and B
are satisfied, or when the requirements in C are satisfied.

A.  Demonstration of a loss of specific cognitive abilities or affective changes and the medically
documented persistence of at least one of the following:

1.  Disorientation to time and place; or

2.  Memory impairment, either short-term (inability to learn new information), intermediate, or
long-term (inability to remember information that was known sometime in the past); or

3.  Perceptual or thinking disturbances (e.g., hallucinations, delusions); or

4.  Change in personality; or

5.  Disturbance in mood; or

6.  Emotional lability (e.g., explosive temper outbursts, sudden crying, etc.) and impairment in
impulse control; or
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7.  Loss of measured intellectual ability of at least 15 I.Q. points from premorbid levels or overall
impairment index clearly within the severely impaired range on neuropsychological testing, e.g.,
Luria-Nebraska, Halstead-Reitan, etc;

AND

B.  Resulting in at least two of the following:

1.  Marked restriction of activities of daily living; or

2.  Marked difficulties in maintaining social functioning; or

3.  Marked difficulties in maintaining concentration, persistence, or pace; or

4.  Repeated episodes of decompensation, each of extended duration;

OR
C.  Medically documented history of a chronic organic mental disorder of at least 2 years’
duration that has caused more than a minimal limitation of ability to do basic work activities,
with symptoms or signs currently attenuated by medication or psychosocial support, and one of
the following:

1.  Repeated episodes of decompensation, each of extended duration; or

 2.  A residual disease process that has resulted in such marginal adjustment that even a
minimal increase in mental demands or change in the environment would be predicted to cause
the individual to decompensate; or

3.  Current history of 1 or more years' inability to function outside a highly supportive living
arrangement, with an indication of continued need for such an arrangement.

12.03 Schizophrenic, paranoid and other psychotic disorders: Characterized by the onset
of psychotic features with deterioration from a previous level of functioning.

The required level of severity for these disorders is met when the requirements in both A and B
are satisfied, or when the requirements in C are satisfied.

A.  Medically documented persistence, either continuous or intermittent, of one or more of the
following:

1.  Delusions or hallucinations; or

2.  Catatonic or other grossly disorganized behavior; or

3.  Incoherence, loosening of associations, illogical thinking, or poverty of content of speech if
associated with one of the following:

a. Blunt affect; or

b. Flat affect; or
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c. Inappropriate affect;

OR

4.  Emotional withdrawal and/or isolation;

AND

B.  Resulting in at least two of the following:

1.  Marked restriction of activities of daily living; or

2.  Marked difficulties in maintaining social functioning; or

3.  Marked difficulties in maintaining concentration, persistence, or pace; or

4.  Repeated episodes of decompensation, each of extended duration;

OR

C.  Medically documented history of a chronic schizophrenic, paranoid, or other psychotic
disorder of at least 2 years' duration that has caused more than a minimal limitation of ability to
do basic work activities, with symptoms or signs currently attenuated by medication or
psychosocial support, and one of the following:

1.  Repeated episodes of decompensation, each of extended duration; or

2.  A residual disease process that has resulted in such marginal adjustment that even a
minimal increase in mental demands or change in the environment would be predicted to cause
the individual to decompensate; or

3.  Current history of 1 or more years’ inability to function outside a highly supportive living
arrangement, with an indication of continued need for such an arrangement.

12.04 Affective disorders:  Characterized by a disturbance of mood, accompanied by a full or
partial manic or depressive syndrome.  Mood refers to a prolonged emotion that colors
the whole psychic life; it generally involves either depression or elation.

The required level of severity for these disorders is met when the requirements in both A and B
are satisfied, or when the requirements in C are satisfied.

A.  Medically documented persistence, either continuous or intermittent, of one of the following:

1.  Depressive syndrome characterized by at least four of the following:

a. Anhedonia or pervasive loss of interest in almost all activities; or

b. Appetite disturbance with change in weight; or

c. Sleep disturbance; or
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d. Psychomotor agitation or retardation; or

e. Decreased energy; or

f. Feelings of guilt or worthlessness; or

g. Difficulty concentrating or thinking; or

h. Thoughts of suicide; or
 

i. Hallucinations, delusions, or paranoid thinking; or

2.  Manic syndrome characterized by at least three of the following:

a. Hyperactivity; or

b. Pressure of speech; or

c. Flight of ideas; or

d. Inflated self-esteem; or

e. Decreased need for sleep; or

f. Easy distractibility; or

g. Involvement in activities that have a high probability of painful consequences which are not
recognized; or

h. Hallucinations, delusions or paranoid thinking; or

3.  Bipolar syndrome with a history of episodic periods manifested by the full symptomatic
picture of both manic and depressive syndromes (and currently characterized by either or both
syndromes);

AND

B.  Resulting in at least two of the following:

1.  Marked restriction of activities of daily living; or

2.  Marked difficulties in maintaining social functioning; or

3.  Marked difficulties in maintaining concentration, persistence, or pace; or

4.  Repeated episodes of decompensation, each of extended duration;

OR
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C.  Medically documented history of a chronic affective disorder of at least 2 years' duration that
has caused more than a minimal limitation of ability to do basic work activities, with symptoms
or signs currently attenuated by medication or psychosocial support, and one of the following:

1.  Repeated episodes of decompensation, each of extended duration; or

2.  A residual disease process that has resulted in such marginal adjustment that even a
minimal increase in mental demands or change in the environment would be predicted to cause
the individual to decompensate; or

3.  Current history of 1 or more years’ inability to function outside a highly supportive living
arrangement, with an indication of continued need for such an arrangement.

12.05 Mental retardation: Mental retardation refers to significantly subaverage general
intellectual functioning with deficits in adaptive functioning initially manifested during the
developmental period; i.e., the evidence demonstrates or supports onset of the
impairment before age 22.

The required level of severity for this disorder is met when the requirements in A, B, C, or D are
satisfied.

A.  Mental incapacity evidenced by dependence upon others for personal needs (e.g., toileting,
eating, dressing, or bathing) and inability to follow directions, such that the use of standardized
measures of intellectual functioning is precluded;

OR

B.  A valid verbal, performance, or full scale IQ of 59 or less;

OR

C.  A valid verbal, performance, or full scale IQ of 60 through 70 and a physical or other mental
impairment imposing an additional and significant work-related limitation of function;

OR

D.  A valid verbal, performance, or full scale IQ of 60 through 70, resulting in at least two of the
following:

1.  Marked restriction of activities of daily living; or

2.  Marked difficulties in maintaining social functioning; or

3.  Marked difficulties in maintaining concentration, persistence, or pace; or

4.  Repeated episodes of decompensation, each of extended duration.

12.06 Anxiety-related disorders: In these disorders anxiety is either the predominant
disturbance or it is experienced if the individual attempts to master symptoms; for
example, confronting the dreaded object or situation in a phobic disorder or resisting the
obsessions or compulsions in obsessive compulsive disorders.
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The required level of severity for these disorders is met when the requirements in both A and B
are satisfied, or when the requirements in both A and C are satisfied.

A.  Medically documented findings of at least one of the following:

1.  Generalized persistent anxiety accompanied by three out of four of the following signs or
symptoms:

a. Motor tension; or

b. Autonomic hyperactivity; or

c. Apprehensive expectation; or

d. Vigilance and scanning; or

2.  A persistent irrational fear of a specific object, activity, or situation which results in a
compelling desire to avoid the dreaded object, activity, or situation; or

3.  Recurrent severe panic attacks manifested by a sudden unpredictable onset of intense
apprehension, fear, terror and sense of impending doom occurring on the average of at least
once a week; or

4.  Recurrent obsessions or compulsions which are a source of marked distress; or

5.  Recurrent and intrusive recollections of a traumatic experience, which are a source of marked
distress;

AND

B.  Resulting in at least two of the following:

1.  Marked restriction of activities of daily living; or

2.  Marked difficulties in maintaining social functioning; or

3.  Marked difficulties in maintaining concentration, persistence, or pace; or

4.  Repeated episodes of decompensation, each of extended duration.

OR

C.  Resulting in complete inability to function independently outside the area of one's home.

12.07 Somatoform disorders: Physical symptoms for which there are no demonstrable
organic findings or known physiological mechanisms.

The required level of severity for these disorders is met when the requirements in both A and B
are satisfied.
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A.  Medically documented by evidence of one of the following:

1.  A history of multiple physical symptoms of several years duration, beginning before age 30,
that have caused the individual to take medicine frequently, see a physician often and alter life
patterns significantly; or

2.  Persistent nonorganic disturbance of one of the following:

a. Vision, or

b. Speech; or

c. Hearing; or

d. Use of a limb; or

e. Movement and its control (e.g., coordination disturbance, psychogenic seizures, akinesia,
dyskinesia; or

f. Sensation (e.g., diminished or heightened).

3.  Unrealistic interpretation of physical signs or sensations associated with the preoccupation
or belief that one has a serious disease or injury;

AND

B.  Resulting in at least two of the following:

1.  Marked restriction of activities of daily living; or

2.  Marked difficulties in maintaining social functioning; or

3.  Marked difficulties in maintaining concentration, persistence, or pace; or

4.  Repeated episodes of decompensation, each of extended duration.

12.08 Personality disorders: A personality disorder exists when personality traits are
inflexible and maladaptive and cause either significant impairment in social or
occupational functioning or subjective distress.  Characteristic features are typical of the
individual's long-term functioning and are not limited to discrete episodes of illness.

The required level of severity for these disorders is met when the requirements in both A and B
are satisfied.

A.  Deeply ingrained, maladaptive patterns of behavior associated with one of the following:

1.  Seclusiveness or autistic thinking; or

2.  Pathologically inappropriate suspiciousness or hostility; or

3.  Oddities of thought, perception, speech and behavior; or
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4.  Persistent disturbances of mood or affect; or
5.  Pathological dependence, passivity, or aggressivity; or

6.  Intense and unstable interpersonal relationships and impulsive and damaging behavior;

AND

B.  Resulting in at least two of the following:

1.  Marked restriction of activities of daily living; or

2.  Marked difficulties in maintaining social functioning; or

3.  Marked difficulties in maintaining concentration, persistence, or pace; or

4.  Repeated episodes of decompensation, each of extended duration.

12.09 Substance addiction disorders: Behavioral changes or physical changes associated
with the regular use of substances that affect the central nervous system.

The required level of severity for these disorders is met when the requirements in any of the
following (A through I) are satisfied.

A.  Organic mental disorders.  Evaluate under 12.02.

B.  Depressive syndrome.  Evaluate under 12.04.

C.  Anxiety disorders.  Evaluate under 12.06.

D.  Personality disorders.  Evaluate under 12.08.

E.  Peripheral neuropathies.  Evaluate under 11.14.

F.  Liver damage.  Evaluate under 5.05.

G.  Gastritis.  Evaluate under 5.04.

H. Pancreatitis.  Evaluate under 5.08.

I.  Seizures.  Evaluate under 11.02 or 11.03.

12.10 Autistic disorder and other pervasive developmental disorders: Characterized by
qualitative deficits in the development of reciprocal social interaction, in the development
of verbal and nonverbal communication skills, and in imaginative activity.  Often, there is
a markedly restricted repertoire of activities and interests, which frequently are
stereotyped and repetitive.

The required level of severity for these disorders is met when the requirements in both A and B
are satisfied.
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A.  Medically documented findings of the following:

1.  For autistic disorder, all of the following:

a. Qualitative deficits in reciprocal social interaction; and

b. Qualitative deficits in verbal and nonverbal communication and in imaginative activity; and

c. Markedly restricted repertoire of activities and interests;

OR

2.  For other pervasive developmental disorders, both of the following:

a. Qualitative deficits in reciprocal social interaction; and

b. Qualitative deficits in verbal and nonverbal communication and in imaginative activity;

AND

B.  Resulting in at least two of the following:

1.  Marked restriction of activities of daily living; or

2.  Marked difficulties in maintaining social functioning; or

3.  Marked difficulties in maintaining concentration, persistence, or pace; or

4.  Repeated episodes of decompensation, each of extended duration.

13.00 Neoplastic Diseases, Malignant

A.  Introduction: The determination or the level of impairment resulting from malignant tumors is
made from a consideration of the site of the lesion, the histogenesis of the tumor, the extent of
involvement, the apparent adequacy and response to therapy (surgery, irradiation, hormones,
chemotherapy, etc.), and the magnitude of the post-therapeutic residuals.

B.  Documentation: The diagnosis of malignant tumors should be established on the basis of
symptoms, signs, and laboratory findings. The site of the primary, recurrent, and metastatic
lesion must be specified in all cases of malignant neoplastic diseases. If an operative procedure
has been performed, the evidence should include a copy of the operative note and the report of
the gross and microscopic examination of the surgical specimen. If these documents are not
obtainable, then the summary of hospitalization or a report from the treating physician must
include details of the findings at surgery and the results of the pathologist's gross and
microscopic examination of the tissues.

For those cases in which a disabling impairment was not established when therapy was begun
but progression of the disease is likely, current medical evidence should include a report of
recent examination directed especially at local or regional recurrence, soft part or skeletal
metastases, and significant post-therapeutic residuals.



82

C.  Evaluation: Usually, when the malignant tumor consists only of a local lesion with
metastases to the regional lymph nodes which apparently has been completely excised,
imminent recurrence or metastases is not anticipated. A number of exceptions are noted in the
specific Listings. For adjudicative purposes, "distant metastases" or "metastases beyond the
regional lymph nodes" refers to metastasis beyond the lines of the usual radical en bloc
resection.

Local or regional recurrence after radical surgery or pathological evidence of incomplete
excision by radical surgery is to be equated with unresectable lesions (except for carcinoma of
the breast, 13.09C) and, for the purposes of our program, may be evaluated as "inoperable."

Local or regional recurrence after incomplete excision of a localized and still completely
resectable tumor is not to be equated with recurrence after radical surgery. In the evaluation of
lymphomas, the tissue type and site of involvement are not necessarily indicators of the degree
of impairment.

When a malignant tumor has metastasized beyond the regional lymph nodes, the impairment
will usually be found to meet the requirements of a specific listing. Exceptions are
hormone-dependent tumors, isotopesensitive metastases, and metastases from seminoma of
the testicles which are controlled by definitive therapy.

When the original tumor and any metastases have apparently disappeared and have not been
evident for 3 or more years, the impairment does not meet the criteria under this body system.

D.  Effects of therapy. Significant post-therapeutic residuals, not specifically included in the
category of impairments for malignant neoplasms, should be evaluated according to the
affected body system.

Where the impairment is not listed in the Listing of Impairments and is not medically equivalent
to a listed impairment, the impact of any residual impairment including that caused by therapy
must be considered. The therapeutic regimen and consequent adverse response to therapy
may vary widely; therefore, each case must be considered on an individual basis. It is essential
to obtain a specific description of the therapeutic regimen, including the drugs given, dosage,
frequency of drug administration, and plans for continued drug administration. It is necessary to
obtain a description of the complications or any other adverse response to therapy such as
nausea, vomiting, diarrhea, weakness, dermatologic disorders, or reactive mental disorders.
Since the severity of the adverse effects of anticancer chemotherapy may change during the
period of drug administration, the decision regarding the impact of drug therapy should be
based on a sufficient period of therapy to permit proper consideration.

E.  Onset. To establish onset of disability prior to the time a malignancy is first demonstrated to
be inoperable or beyond control by other modes of therapy (and prior evidence is nonexistent)
requires medical judgment based on medically reported symptoms, the type of the specific
malignancy, its location, and extent of involvement when first demonstrated.

13.01 Category of Impairments, Neoplastic Diseases, Malignant

13.02 Head and neck (except salivary glands--13.07, thyroid gland--13.08, and mandible,
maxilla, orbit, or temporal fossa--13.11):

A.  Inoperable; or
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B.  Not controlled by prescribed therapy; or

C.  Recurrent after radical surgery or irradiation; or

D.  With distant metastases; or

E.  Epidermoid carcinoma occurring in the pyriform sinus or posterior third of the tongue.

13.03 Sarcoma of skin:

A.  Angiosarcoma with metastases to regional lymph nodes or beyond; or

B.  Mycosis fungoides with metastases to regional lymph nodes, or with visceral involvement.

13.04 Sarcoma of soft parts: Not controlled by prescribed therapy.

13.05 Malignant melanoma:

A.  Recurrent after wide excision; or

B.  With metastases to adjacent skin (satellite lesions) or elsewhere.

13.06 Lymph nodes:

A.  Hodgkin's disease or non-Hodgkin's lymphoma with progressive disease not controlled by
prescribed therapy; or

B.  Metastatic carcinoma in a lymph node (except for epidermoid carcinoma in a lymph node in
the neck) where the primary site is not determined after adequate search; or

C.  Epidermoid carcinoma in a lymph node in the neck not responding to prescribed therapy.

13.07 Salivary glands - carcinoma or sarcoma with metastases beyond the regional lymph
nodes.

13.08 Thyroid gland

A. Anaplastic (undifferentiated) carcinoma of the thyroid; or

B. Carcinoma with metastases beyond the regional lymph nodes, not controlled by prescribed
therapy. Th

13.09 Breast:

A.  Inoperable carcinoma; or

B.  Inflammatory carcinoma; or

C.  Recurrent carcinoma, except local recurrence controlled by prescribed therapy; or
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D.  Distant metastases from breast carcinoma (bilateral breast carcinoma, synchronous or
metachronous, is usually primary in each breast); or

E.  Sarcoma with metastases anywhere.

13.10 Skeletal system (exclusive of the jaw):

A.  Malignant primary tumors with evidence of metastases and not controlled by prescribed
therapy; or

B.  Metastatic carcinoma to bone where the primary site is not determined after adequate
search.

13.11 Mandible, maxilla, orbit, or temporal fossa:

A.  Sarcoma of any type with metastases; or

B.  Carcinoma of the antrum with extension into the orbit or ethmoid or sphenoid sinus, or with
regional or distant metastases; or

C.  Orbital tumors with intracranial extension; or

D.  Tumors of the temporal fossa with perforation of skull and meningeal involvement; or

E.  Adamantinoma with orbital or intracranial infiltration; or

F.  Tumors of Rathke's pouch with infiltration of the base of the skull or metastases.

13.12 Brain or spinal cord:

A.  Metastatic carcinoma to brain or spinal cord.

B.  Evaluate other tumors under the criteria described in 11.05 and 11.08.

13.13 Lungs:

A.  Unresectable or with incomplete excision; or

B.  Recurrence or metastases after resection; or

C.  Oat cell (small cell) carcinoma; or

D.  Squamous cell carcinoma, with metastases beyond the hilar lymph nodes; or

E.  Other histologic types of carcinoma, including undifferentiated and mixed-cell types (but
excluding oat cell carcinoma, 13.13C, and squamous cell carcinoma, 13.13D), with metastases
to the hilar lymph nodes.

13.14 Pleura or mediastinum:

A. Malignant mesothelioma of pleura; or
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B.  Malignant tumors, metastatic to pleura; or

C.  Malignant primary tumor of the mediastinum not controlled by prescribed therapy.

13.15 Abdomen:

A.  Generalized carcinomatosis; or

B.  Retroperitoneal cellular sarcoma not controlled by prescribed therapy; or

C.  Ascites with demonstrated malignant cells.

13.16 Esophagus or stomach:

A.  Carcinoma or sarcoma of the esophagus; or

B.  Carcinoma of the stomach with metastases to the regional lymph nodes or extension to
surrounding structures; or

C.  Sarcoma of stomach not controlled by prescribed therapy; or

D.  Inoperable carcinoma; or

E.  Recurrence of metastasis after resection.

13.17 Small intestine:

A.  Carcinoma, sarcoma, or carcinoid tumor with metastases beyond the regional lymph nodes;
or

B.  Recurrence of carcinoma, sarcoma, or carcinoid tumor after resection; or

C.  Sarcoma, not controlled by prescribed therapy.

13.18 Large intestine (from ileocecal valve to and including anal canal) - carcinoma or
sarcoma:

A.  Unresectable; or

B.  Metastases beyond the regional lymph nodes; or

C.  Recurrence or metastases after resection.

13.19 Liver or gallbladder:

A.  Primary or metastatic malignant tumors of the liver; or

B.  Carcinoma of the gallbladder; or

C.  Carcinoma of the bile ducts.
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13.20 Pancreas:

A.  Carcinoma except islet cell carcinoma; or

B.  Islet cell carcinoma which is unresectable and physiologically active.

13.21 Kidneys, adrenal glands, or uUreters - Carcinoma:

A.  Unresectable; or

B.  With hematogenous spread to distant sites; or

C.  With metastases to regional lymph nodes.

13.22 Urinary bladder-carcinoma. With:

A.  Infiltration beyond the bladder wall; or

B.  Metastases to regional lymph nodes; or

C.  Unresectable; or

D.  Recurrence after total cystectomy; or

E.  Evaluate renal impairment after total cystectomy under the criteria in 6.02.

13.23 Prostate gland - carcinoma not controlled by prescribed therapy.

13.24 Testicles:

A.  Choriocarcinoma; or

B.  Other malignant primary tumors with progressive disease not controlled by prescribed
therapy.

13.25 Uterus-carcinoma or sarcoma (corpus or cervix):

A.  Inoperable and not controlled by prescribed therapy; or

B.  Recurrent after total hysterectomy; or

C.  Total pelvic exenteration.

13.26 Ovaries-all malignant, primary or recurrent tumors. With:

A.  Ascites with demonstrated malignant cells; or

B.  Unresectable infiltration; or

C.  Unresectable metastases to omentum or elsewhere in the peritoneal cavity; or
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D.  Distant metastases.

13.27 Leukemia: Evaluate under the criteria of 7.00ff, Hemic and Lymphatic System.

13.28 Uterine (fallopian) tubes--carcinoma or sarcoma:

A.  Unresectable, or

B.  Metastases to regional lymph nodes.

13.29 Penis-carcinoma, with metastases to regional lymph nodes.

13.30 Vulva-carcinoma, with distant metastases.

14.00 Immune System

A.  Listed disorders include impairments involving deficiency of one or more components of the
immune system (i.e., antibody-producing B cells; a number of different types of cells associated
with cell-mediated immunity including T-lymphocytes, macrophages and monocytes; and
components of the complement system).

B.  Dysregulation of the immune system may result in the development of a connective tissue
disorder. Connective tissue disorders include several chronic multisystem disorders that differ in
their clinical manifestation, course, and outcome. They generally evolve and persist for months
or years, may result in loss of functional abilities, and may require long-term, repeated
evaluation and management.

The documentation needed to establish the existence of a connective tissue disorder is medical
history, physical examination, selected laboratory studies, appropriate medically acceptable
imaging and, in some instances, tissue biopsy. Medically acceptable imaging includes, but is
not limited to, x-ray imaging, computerized axial tomography (CAT scan) or magnetic
resonance imaging (MRI), with or without contrast material, myelography, and radionuclear
bone scans.  “Appropriate” means that the technique used is the proper one to support the
evaluation and diagnosis of the impairment. However, the Social Security Administration will not
purchase diagnostic tests or procedures that may involve significant risk, such as biopsies or
angiograms. Generally, the existing medical evidence will contain this information.

A longitudinal clinical record of at least 3 months demonstrating active disease despite
prescribed treatment during this period with the expectation that the disease will remain active
for 12 months is necessary for assessment of severity and duration of impairment.

To permit appropriate application of a listing, the specific diagnostic features that should be
documented in the clinical record for each of the disorders are summarized for systemic lupus
erythematosus (SLE), systemic vasculitis, systemic sclerosis and scleroderma, polymyositis or
dermatomyositis, and undifferentiated connective tissue disorders and the inflammatory
arthritides.

In addition to the limitations caused by the connective tissue disorder per se, the chronic
adverse effects of treatment (e.g., corticosteroid-related ischemic necrosis of bone) may result
in functional loss.
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These disorders may preclude performance of any gainful activity by reason of serious loss of
function because of disease affecting a single organ or body system, or lesser degrees of
functional loss because of disease affecting two or more organs/body systems associated with
significant constitutional symptoms and signs of severe fatigue, fever, malaise, weight loss, and
joint pain and stiffness. We use the term "severe" in these listings to describe medical severity;
the term does not have the same meaning as it does when we use it in connection with a
finding at the second step of the sequential evaluation processes in §§ 404.1520, 416.920, and
416.924.

1.  Systemic lupus erythematosus (14.02) - This disease is characterized clinically by
constitutional symptoms and signs (e.g., fever, fatigability, malaise, weight loss), multisystem
involvement, and frequently, anemia, leukopenia, or thrombocytopenia. Immunologically, an
array of circulating serum auto-antibodies can occur, but are highly variable in pattern.
Generally the medical evidence will show that patients with this disease will fulfill The 1982
Revised Criteria for the Classification of Systemic Lupus Erythematosus of the American
College of Rheumatology. (Tan, E.M., et al., Arthritis Rheum. 25:11271-1277, 1982).

2.  Systemic vasculitis (14.03) - This disease occurs acutely in association with adverse drug
reactions, certain chronic infections and, occasionally, malignancies. More often it is idiopathic
and chronic. There are several clinical patterns, including classical polyarteritis nodosa, aortic
arch arteritis, giant cell arteritis, Wegener's granulomatosis, and vasculitis associated with other
connective tissue disorders (e.g., rheumatoid arthritis, SLE, Sjogren's syndrome,
cryoglobulinemia). Cutaneous vasculitis may or may not be associated with systemic
involvement and the patterns of vascular and ischemic involvement are highly variable. The
diagnosis is confirmed by angiography or tissue biopsy when the disease is suspected clinically.
Most patients who are stated to have this disease will have the results of the confirmatory
angiogram or biopsy in their medical records.

3.  Systemic sclerosis and scleroderma (14.04) - These disorders constitute a spectrum of
disease in which thickening of the skin is the clinical hallmark. Raynaud's phenomena, often
severe and progressive, are especially frequent and may be the peripheral manifestation of a
generalized vasospastic abnormality in the heart, lungs, and kidneys. The CREST syndrome
(calcinosis, Raynaud's phenomena, esophageal dysmotility, sclerodactyly, and telangiectasia) is
a variant that may slowly progress to the generalized process, systemic sclerosis, over years. In
addition to skin and blood vessels, the major organ/body system involvement includes the
gastrointestinal tract, lungs, heart, kidneys, and muscle. Although arthritis can occur, joint
dysfunction results primarily from soft tissue/cutaneous thickening, fibrosis, and contractures.

4.  Polymyositis or dermatomyositis (14.05) - This disorder is primarily an inflammatory process
in striated muscle, which can occur alone or in association with other connective tissue
disorders or malignancy. Weakness, and less frequently, pain and tenderness of the proximal
limb-girdle musculature are the cardinal manifestations. Involvement of the cervical muscles,
the cricopharyngeals, the intercostals, and diaphragm may occur in those with listing level
disease.

Weakness of the pelvic girdle, as contemplated in Listing 14.05.A, may result in significant
difficulty climbing stairs or rising from a chair without use of the arms. Proximal limb weakness
in the upper extremities may result in inability to lift objects, and interference with dressing and
combing hair. Weakness of anterior neck flexors may impair the ability to lift the head from the
pillow in bed. The diagnosis is supported by elevated serum muscle enzymes (creatine
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phosphokinase (CPK), aminotransferases, aldolase), characteristic abnormalities on
electromyography, and myositis on muscle biopsy.

5.  Undifferentiated connective tissue disorder (14.06) - This listing includes syndromes with
clinical and immunologic features of several connective tissue disorders, but that do not satisfy
the criteria for any of the disorders described; for instance, the individual may have clinical
features of systemic lupus erythematosus and systemic vasculitis and the serologic findings of
rheumatoid arthritis. It also includes overlap syndromes with clinical features of more than one
established connective tissue disorder. For example, the individual may have features of both
rheumatoid arthritis and scleroderma. The correct designation of this disorder is important for
assessment of prognosis.

6. Inflammatory arthritis (14.09) includes a vast array of disorders that differ in cause, course,
and outcome. For example, inflammatory spondyloarthropathies include ankylosing spondylitis,
Reiter's syndrome and other reactive arthropathies, psoriatic arthropathy, Behçet's disease, and
Whipple's disease, as well as undifferentiated spondylitis. Inflammatory arthritis of peripheral
joints likewise comprises many disorders, including rheumatoid arthritis, Sjögren's syndrome,
psoriatic arthritis, crystal deposition disorders, and Lyme disease. Clinically, inflammation of
major joints may be the dominant problem causing difficulties with ambulation or fine and gross
movements, or the arthritis may involve other joints or cause less restriction of ambulation or
other movements but be complicated by extra-articular features that cumulatively result in
serious functional deficit. When persistent deformity without ongoing inflammation is the
dominant feature of the impairment, it should be evaluated under 1.02, or, if there has been
surgical reconstruction, 1.03.

a. In 14.09A, the term major joints refers to the major peripheral joints, which are the hip, knee,
shoulder, elbow, wrist-hand, and ankle-foot, as opposed to other peripheral joints (e.g., the
joints of the hand or forefoot) or axial joints (i.e., the joints of the spine.) The wrist and hand are
considered together as one major joint, as are the ankle and foot. Since only the ankle joint,
which consists of the juncture of the bones of the lower leg (tibia and fibula) with the hindfoot
(tarsal bones), but not the forefoot, is crucial to weight bearing, the ankle and foot are
considered separately in evaluating weight bearing.

b. The terms inability to ambulate effectively and inability to perform fine and gross movements
effectively in 14.09A have the same meaning as in 1.00B2b and 1.00B2c and must have lasted,
or be expected to last, for at least 12 months.

c. Inability to ambulate effectively is implicit in 14.09B. Even though individuals who
demonstrate the findings of 14.09B will not ordinarily require bilateral upper limb assistance, the
required ankylosis of the cervical or dorsolumbar spine will result in an extreme loss of the
ability to see ahead, above, and to the side.

d. As in 14.02 through 14.06, extra-articular features of an inflammatory arthritis may satisfy the
criteria for a listing in an involved extra-articular body system. Such impairments may be found
to meet a criterion of 14.09C. Extra-articular impairments of lesser severity should be evaluated
under 14.09D and 14.09E. Commonly occurring extra-articular impairments include
keratoconjunctivitis sicca, uveitis, iridocyclitis, pleuritis, pulmonary fibrosis or nodules, restrictive
lung disease, pericarditis, myocarditis, cardiac arrhythmias, aortic valve insufficiency, coronary
arteritis, Raynaud's phenomena, systemic vasculitis, amyloidosis of the kidney, chronic anemia,
thrombocytopenia, hypersplenism with compromised immune competence (Felty's syndrome),
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peripheral neuropathy, radiculopathy, spinal cord or cauda equina compression with sensory
and motor loss, and heel enthesopathy with functionally limiting pain.

e. The fact that an individual is dependent on steroids, or any other drug, for the control of
inflammatory arthritis is, in and of itself, insufficient to find disability. Advances in the treatment
of inflammatory connective tissue disease and in the administration of steroids for its treatment
have corrected some of the previously disabling consequences of continuous steroid use.
Therefore, each case must be evaluated on its own merits, taking into consideration the
severity of the underlying impairment and any adverse effects of treatment.

C.  Allergic disorders (e.g., asthma or atopic dermatitis) are discussed and evaluated under the
appropriate listing of the affected body system.

D.  Human immunodeficiency virus (HIV) infection.

1.  HIV infection is caused by a specific retrovirus and may be characterized by susceptibility to
one or more opportunistic diseases, cancers, or other conditions, as described in 14.08. Any
individual with HIV infection, including one with a diagnosis of acquired immunodeficiency
syndrome (AIDS), may be found disabled under this listing if his or her impairment meets any of
the criteria in 14.08 or is of equivalent severity to any impairment in 14.08.

2.  Definitions. In 14.08, the terms "resistant to treatment" "recurrent" and "disseminated" have
the same general meaning as used by the medical community. The precise meaning of any of
these terms will depend upon the specific disease or condition in question, the body system
affected, the usual course of the disorder and its treatment, and the other circumstances of the
case.

"Resistant to treatment" means that a condition did not respond adequately to an appropriate
course of treatment. Whether a response is adequate, or a course of treatment appropriate, will
depend on the facts of the particular case.

"Recurrent" means that a condition that responded adequately to an appropriate course of
treatment has returned after a period of remission or regression. The extent of response (or
remission) and the time periods involved will depend on the facts of the particular case.

"Disseminated" means that a condition is spread widely over a considerable area or body
system(s). The type and extent of the spread will depend on the specific disease.

As used in 14.08I, "significant involuntary weight loss" does not correspond to a specific
minimum amount or percentage of weight loss. Although, for purposes of this listing, an
involuntary weight loss of at least 10 percent of baseline is always considered significant, loss
of less than 10 percent may or may not be significant, depending on the individual's baseline
weight and body habitus. (For example, a 7-pound weight loss in a 100-pound female who is 63
inches tall might be considered significant; but a 14-pound weight loss in a 200-pound female
who is the same height might not be significant.)

3.  Documentation of HIV infection. The medical evidence must include documentation of HIV
infection. Documentation may be by laboratory evidence or by other generally acceptable
methods consistent with the prevailing state of medical knowledge and clinical practice.
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a. Documentation of HIV infection by definitive diagnosis. A definitive diagnosis of HIV infection
is documented by one or more of the following laboratory tests:

i. A serum specimen that contains HIV antibodies. HIV antibodies are usually detected by a
screening test. The most commonly used screening test is the ELISA. Although this test is
highly sensitive, it may yield false positive results. Therefore, positive results from an ELISA
must be confirmed by a more definitive test (e.g., Western Blot, immunofluorescence assay).

ii. A specimen that contains HIV antigen (e.g., serum specimen, lymphocyte culture, or
cerebrospinal fluid (CSF) specimen).

iii. Other test(s) that are highly specific for detection of HIV (e.g., polymerase chain reaction
(PCR)), or that are acceptable methods of detection consistent with the prevailing state of
medical knowledge.

When laboratory testing for HIV infection has been performed, every reasonable effort must be
made to obtain reports of the results of that testing.

Individuals who have HIV infection or other disorders of the immune system may undergo tests
to determine T-helper lymphocyte (CD4) counts. The extent of immune depression correlates
with the level or rate of decline of the CD4 count. In general, when the CD4 count is 200/mm3 or
less (14 percent or less), the susceptibility to opportunistic disease is considerably increased.
However, a reduced CD4 count alone does not establish a definitive diagnosis of HIV infection,
or document the severity or functional effects of HIV infection.

b. Other acceptable documentation of HIV infection.

HIV infection may also be documented without the definitive laboratory evidence described in
paragraph a, provided that such documentation is consistent with the prevailing state of medical
knowledge and clinical practice and is consistent with the other evidence. If no definitive
laboratory evidence is available, HIV infection may be documented by the medical history,
clinical and laboratory findings, diagnosis(es) indicated in the medical evidence. For example, a
diagnosis of HIV infection will be accepted without definitive laboratory evidence if the individual
has an opportunistic disease (e.g., toxoplasmosis of the brain, pneumocystis carinii pneumonia
(PCP)) predictive of a defect in cell-mediated immunity, and there is no other known cause of
diminished resistance to that disease (e.g., long-term steroid treatment, lymphoma). In such
cases, every reasonable effort must be made to obtain full details of the history, medical
findings, and results of testing.

4.  Documentation of the manifestations of HIV infection. The medical evidence must also
include documentation of the manifestations of HIV infection. Documentation may be by
laboratory evidence or by other generally acceptable methods consistent with the prevailing
state of medical knowledge and clinical practice.

a. Documentation of the manifestations of HIV infection by definitive diagnosis.

The definitive method of diagnosing opportunistic diseases or conditions that are manifestations
of HIV infection is by culture, serological test, or microscopic examination of biopsied tissue or
other material (e.g., bronchial washings). Therefore, every reasonable effort must be made to
obtain specific laboratory evidence of an opportunistic disease or other condition whenever this
information is available. If a histological or other test has been performed, the evidence should
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include a copy of the appropriate report. If the report is not obtainable, the summary of
hospitalization or a report from the treating source should include details of the findings and
results of the diagnostic studies (including radiographic studies) or microscopic examination of
the appropriate tissues or body fluids.

Although a reduced CD4 lymphocyte count may show that there is an increased susceptibility to
opportunistic infections and diseases (see 14.001) 3a, above), that alone does not establish the
presence, severity, or functional effects of a manifestation of HIV infection.

b. Other acceptable documentation of the manifestations of HIV infection.

Manifestations of HIV infection may also be documented without the definitive laboratory
evidence described in paragraph a, provided that such documentation is consistent with the
prevailing state of medical knowledge and clinical practice and is consistent with the other
evidence. If no definitive laboratory evidence is available, manifestations of HIV infection may
be documented by medical history, clinical and laboratory findings, and diagnosis(es) indicated
in the medical evidence. In such cases, every reasonable effort must be made to obtain full
details of the history, medical findings, and results of testing.

Documentation of cytomegalovirus (CMV) disease (14.08D) presents special problems because
diagnosis requires identification of viral inclusion bodies or a positive culture from the affected
organ, and the absence of any other infectious agent. A positive serology test identifies
infection with the virus, but does not confirm a disease process.

With the exception of chorioretinitis (which may be diagnosed by an ophthalmologist),
documentation of CMV disease requires confirmation by biopsy or other generally acceptable
methods consistent with the prevailing state of medical knowledge and clinical practice.

5.  Manifestations specific to women. Most women with severe immunosuppression secondary
to HIV infection exhibit the typical opportunistic infections and other conditions, such as
pneumocystis carinii pneumonia (PCP), candida esophagitis, wasting syndrome,
cryptococcosis, and toxoplasmosis. However HIV infection may have different manifestations,
in women than in men. Adjudicators must carefully scrutinize the medical evidence and be alert
to the variety of medical conditions specific to or common in women with HIV infection that may
affect their ability to function in the workplace.

Many of these manifestations (e.g., vulvovaginal candidiasis, pelvic inflammatory disease)
occur in women with or without HIV infection, but can be more severe or resistant to treatment,
or occur more frequently in a woman whose immune system is suppressed. Therefore, when
evaluating the claim of a woman with HIV infection, it is important to consider gynecologic and
other problems specific to women, including any associated symptoms (e.g., pelvic pain), in
assessing the severity of the impairment and resulting functional limitations. Manifestations of
HIV infection in women may be evaluated under the specific criteria (e.g., cervical cancer under
14.08E), under an applicable general category (e.g., pelvic inflammatory disease under
14.08A5) or, in appropriate cases, under 14.08N.

6.  Evaluation. The criteria in 14.08 do not describe the full spectrum of diseases or conditions
manifested by individuals with HIV infection. As in any case, consideration must be given to
whether an individual's impairment(s) meets or equals in severity any other listing in appendix 1
of subpart P (e.g., a neoplastic disorder listed in 13.00ff). Although 14.08 includes
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cross-references to other listings for the more common manifestations of HIV infection, other
listings may apply.

In addition, the impact of all impairments, whether or not related to HIV infection, must be
considered. For example, individuals with HIV infection may manifest signs and symptoms of a
mental impairment (e.g., anxiety, depression), or of another physical impairment. Medical
evidence should include documentation of all physical and mental impairments, and the
impairment(s) should be evaluated not only under the relevant listing(s) in 14.08, but under any
other appropriate listing(s).

It is also important to remember that individuals with HIV infection, like all other individuals, are
evaluated under the full five-step sequential evaluation process described in Section 404.1520
and Section 416.920. If an individual with HIV infection is working and engaging in substantial
gainful activity (SGA), or does not have a severe impairment, the case will be decided at the
first or second step of the sequential evaluation process, and does not require evaluation under
these listings. For an individual with HIV infection who is not engaging in SGA and has a severe
impairment, but whose impairment(s) does not meet or equal in severity the criteria of a listing,
evaluation must proceed through the final steps of the sequential evaluation process (or, as
appropriate, the steps in the medical improvement review standard) before any conclusion can
be reached on the issue of disability.

7.  Effect of treatment. Medical treatment must be considered in terms of its effectiveness in
ameliorating the signs, symptoms, and laboratory abnormalities of the specific disorder, or of
the HIV infection itself (e.g. antiretroviral agents) and in terms of any side effects of treatment
that may further impair the individual.

Response to treatment and adverse or beneficial consequences of treatment may vary widely.
For example, an individual with HIV infection who develops pneumonia or tuberculosis may
respond to the same antibiotic regimen used in treating individuals without HIV infection, but
another individual with HIV infection may not respond to the same regimen.

Therefore, each case must be considered on an individual basis, along with the effects of
treatment on the individual’s ability to function.

A specific description of the drugs or treatment given (including surgery), dosage, frequency of
administration, and a description of the complications or response to treatment should be
obtained. The effects of treatment may be temporary or long term. As such, the decision
regarding the impact of treatment should be based on a sufficient period of treatment to permit
proper consideration.

 8.  Functional criteria. Paragraph N of 14.08 establishes standards for evaluating
manifestations of HIV infection that do not meet the requirements listed in 14.08A-M. Paragraph
N is applicable for manifestations that are not listed in 14.08A-M, as well as those listed in
14.08A-M that do not meet the criteria of any of the rules in 14.08A-M.

For individuals with HIV infection evaluated under 14.08N, listing-level severity will be assessed
in terms of the functional limitations imposed by the impairment. The full impact of signs,
symptoms, and laboratory findings on the claimant's ability to function must be considered.
Important factors to be considered in evaluating the functioning of individuals with HIV infection
include, but are not limited to: symptoms, such as fatigue and pain; characteristics of the
illness, such as the frequency and duration of manifestations or periods of exacerbation and
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remission in the disease course; and the functional impact of treatment for the disease,
including the side effects of medication.

As used in 14.08N, "repeated" means that the conditions occur on an average of 3 times a
year, or once every 4 months, each lasting 2 weeks or more; or the conditions do not last for 2
weeks but occur substantially more frequently than 3 times in a year or once every 4 months; or
they occur less often than an average of 3 times a year or once every 4 months but last
substantially longer than 2 weeks.

To meet the criteria in 14.08N, an individual with HIV infection must demonstrate a marked level
of restriction in one of three general areas of functioning: activities of daily living; social
functioning; and difficulties in completing tasks due to deficiencies in concentration,
persistence, or pace. Functional restrictions may result from the impact of the disease process
itself on mental or physical functioning, or both. This could result from extended or intermittent
symptoms, such as depression, fatigue, or pain, resulting in a limitation of the ability to
concentrate, to persevere at a task, or to perform the task at an acceptable rate of speed.
Limitations may also result from the side effects of medication.

When "marked" is used as a standard for measuring the degree of functional limitation, it
means more than moderate, but less than extreme. A marked limitation does not represent a
quantitative measure of the individual's ability to do an activity for a certain percentage of the
time. A marked limitation may be present when several activities or functions are impaired or
even when only one is impaired. However, an individual need not be totally precluded from
performing an activity to have a marked limitation, as long as the degree of limitation is such as
to seriously interfere with the ability to function independently, appropriately, and effectively.
The term "marked" does not imply that the impaired individual is confined to bed, hospitalized,
or in a nursing home.

Activities of daily living include, but are not limited to, such activities as doing, household
chores, grooming and hygiene, using a post office, taking public transportation, and paying bills.
An individual with HIV infection who, because of symptoms such as pain imposed by the illness
or its treatment, is not able to maintain a household or take public transportation on a sustained
basis or without assistance (even though he or she is able to perform some self-care activities)
would have marked limitation of activities of daily living.

Social functioning includes the capacity to interact appropriately and communicate effectively
with others. An individual with HIV infection who, because of symptoms or a pattern of
exacerbation and remission caused by the illness or its treatment, cannot engage in social
interaction on a sustained basis (even though he or she is able to communicate with close
friends or relatives) would have marked difficulty maintaining social functioning.

Completing tasks in a timely manner involves the ability to sustain concentration, persistence,
or pace to permit timely completion of tasks commonly found in work settings. An individual with
HIV infection who, because of HIV-related fatigue or other symptoms, is unable to sustain
concentration or pace adequate to complete simple work-related tasks (even though he or she
is able to do routine activities of daily living) would have marked difficulty completing tasks.

14.01 Category of Impairments, Immune System

14.02 Systemic lupus erythematosus. Documented as described in 14.00B1, with:
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A.  One of the following:

1.  Joint involvement, as described under the criteria in 1.00; or

2.  Muscle involvement, as described under the criteria in 14.05; or

3.  Ocular involvement, as described under the criteria in 2.00ff; or

4. Respiratory involvement, as described under the criteria in 3.00ff; or

5.  Cardiovascular involvement, as described under the criteria in 4.00ff or 14.04D; or

6.  Digestive involvement, as described under the criteria in 5.00ff; or

1. Renal involvement, as described under the criteria in 6.00ff; or

8.  Hematologic involvement, as described under the criteria in 7.00ff; or

9.  Skin involvement, as described under the criteria in 8.00ff; or

10. Neurological involvement, as described under the criteria in I 1.00ff, or

11. Mental involvement, as described under the criteria in 12.00ff.

Or

B.  Lesser involvement of two or more organs/body systems listed in paragraph A, with
significant, documented, constitutional symptoms and signs of severe fatigue, fever, malaise,
and weight loss. At least one of the organs/body systems must be involved to at least a
moderate level of severity.

14.03 Systemic vasculitis. Documented as described in 14.00B2, including documentation by
angiography or tissue biopsy, with:

A.  Involvement of a single organ or body system, as described under the criteria in 14.02A.

Or

B.  Lesser involvement of two or more organs/body systems listed in 14.02A, with significant,
documented, constitutional symptoms and signs of severe fatigue, fever, malaise, and weight
loss. At least one of the organs/body systems must be involved to at least a moderate level of
severity.

14.04 Systemic sclerosis and scleroderma. Documented as described in 14.00B3, with:

A.  One of the following:

1.  Muscle involvement, as described under the criteria in 14.05; or

2.  Respiratory involvement, as described under the criteria in 3.00ff; or
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3.  Cardiovascular involvement, as described under the criteria in 4.00ff; or

4.  Digestive involvement, as described under the criteria in 5.00ff, or

5.  Renal involvement, as described under the criteria in 6.00ff.

Or

B.  Lesser involvement of two or more organs/body systems listed in paragraph A, with
significant, documented, constitutional symptoms and signs of severe fatigue, fever, malaise,
and weight loss. At least one of the organs/body systems must be involved to at least a
moderate level of severity.

Or

C.  Generalized scleroderma with digital contractures.

Or

D.  Severe Raynaud's phenomena, characterized by digital ulcerations, ischemia, or gangrene.

14.05  Polymyositis or dermatomyositis. Documented as described in 14.00B4, with:

A.  Severe proximal limb-girdle (shoulder and/or pelvic) muscle weakness, as described in
14.00B4.

Or

B.  Less severe limb-girdle muscle weakness than in 14.05A, associated with cervical muscle
weakness and one of the following to at least a moderate level of severity:

1.  Impaired swallowing with dysphagia and episodes of aspiration due to
cricopharyngeal weakness, or

2.  Impaired respiration due to intercostal and diaphragmatic muscle weakness.

Or

C.  If associated with malignant tumor, as described under the criteria in 13.00ff.

Or

D.  If associated with generalized connective tissue disease, as described under the criteria in
14.02, 14.03, 14.04, or 14.06.

14.06 Undifferentiated connective tissue disorder. Documented as described in 14.00B5,
and with impairment as described under the criteria in 14.02A, 14.02B, or 14.04.

14.07 Immunoglobulin deficiency syndromes or deficiencies of cell-mediated immunity,
excepting HIV infection. Associated with documented, recurrent severe infection
occurring 3 or more times within a 5-month period.
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14.08 Human immunodeficiency virus (HIV) infection. With documentation as described in
14.00D3 and one of the following:

A.  Bacterial infections:

1.  Mycobacterial infection (e.g., caused by M. avium-intracellulare, M. kansasii, or M.
tuberculosis) at site other than the lungs, skin, or cervical or hilar lymph nodes; or pulmonary
tuberculosis resistant to treatment; or

2.  Nocardiosis; or

3.  Salmonella bacteremia, recurrent non-typhoid; or

4.  Syphilis or neurosyphilis - evaluate sequelae under the criteria for the affected body system
(e.g., 2.00 Special Senses and Speech, 4.00 Cardiovascular System, 11.00 Neurological); or

5.  Multiple or recurrent bacterial infection(s), including pelvic inflammatory disease, requiring
hospitalization or intravenous antibiotic treatment 3 or more times in 1 year.

Or

B.  Fungal infections:

1.  Aspergillosis; or

2.  Candidiasis, at a site other than the skin, urinary tract, intestinal tract, or oral or vulvovaginal
mucous membranes; or candidiasis involving the esophagus, trachea, bronchi, or lungs; or

3.  Coccidioidomycosis, at a site other than the lungs or lymph nodes; or

4.  Cryptococcosis, at a site other than the lungs (e.g., cryptococcal meningitis); or

5.  Histoplasmosis, at a site other than the lungs or lymph nodes; or

6.  Mucormycosis.
Or

C.  Protozoan or helminthic infections:

1.  Cryptosporidiosis, isosporiasis, or microsporidiosis, with diarrhea lasting for 1 month or
longer; or

2.  Pneumocystis carinii pneumonia or extrapulmonary pneumocystis carinii infection; or

3.  Strongyloidiasis, extra-intestinal; or

4.  Toxoplasmosis of an organ other than the liver, spleen, or lymph nodes.

Or
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D.  Viral infections:

1.  Cytomegalovirus disease (documented as described in 14.00B4b) at a site other than the
liver, spleen, or lymph nodes; or

2.  Herpes simplex virus causing:

a. Mucocutaneous infection (e.g., oral, genital, perianal) lasting for 1 month or longer; or

b. Infection at a site other than the skin or mucous membranes (e.g., bronchitis, pneumonitis,
esophagitis, or encephalitis); or

c. Disseminated infection; or

3.  Herpes zoster, either disseminated or with multidermatomal eruptions that are resistant to
treatment; or

4.  Progressive multifocal leukoencephalopathy; or

5.  Hepatitis, as described under the criteria in 5.05.

Or

E.  Malignant neoplasms:

1.  Carcinoma of the cervix, invasive, FIGO stage II and beyond; or

2.  Kaposi's sarcoma with:

a. Extensive oral lesions; or

b.  Involvement of the gastrointestinal tract, lungs, or other visceral organs; or

c. Involvement of the skin or mucous membranes, as described under the criteria in 14.08F; or

3.  Lymphoma (e.g., primary lymphoma of the brain, Burkitt’s lymphoma,
immunoblastic sarcoma, other non-Hodgkins lymphoma, Hodgkin’s disease); or

4.  Squamous cell carcinoma of the anus.

Or

F.  Conditions of the skin or mucous membranes (other than described in B2, D2, or D3,
above), with extensive fungating or ulcerating lesions not responding to treatment (e.g.,
dermatological conditions such as eczema or psoriasis, vulvovaginal or other mucosal candida,
condyloma caused by human papillomavirus, genital ulcerative disease), or evaluate under the
criteria in 8.00ff.

Or

G.  Hematologic abnormalities:
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1.  Anemia, as described under the criteria in 7.02; or

2.  Granulocytopenia, as described under the criteria in 7.15; or

3.  Thrombocytopenia, as described under the criteria in 7.06.

Or

H.  Neurological abnormalities:

1.  HIV encephalopathy, characterized by cognitive or motor dysfunction that limits function and
progresses; or

2.  Other neurological manifestations of HIV infection (e.g., peripheral neuropathy) as described
under the criteria in 11.00ff.

Or

I.  HIV wasting syndrome, characterized by involuntary weight loss of 10 percent or more of
baseline (or other significant involuntary weight loss, as described in 14.00D2) and, in the
absence of a concurrent illness that could explain the findings, either:

1.  Chronic diarrhea with two or more loose stools daily lasting for 1 month or longer; or

2.  Chronic weakness and documented fever greater than 38oC (100.40oF) for the majority of 1
month or longer.

Or

J.  Diarrhea, lasting for 1 month or longer, resistant to treatment, and requiring intravenous
hydration, intravenous alimentation, or tube feeding.

Or

K.  Cardiomyopathy, as described under the criteria in 4.00ff or 11.04.

Or

L.  Nephropathy, as described under the criteria in 6.00ff.

Or

M.  One or more of the following infections (other than described in A-L, above), resistant to
treatment or requiring hospitalization or intravenous treatment 3 or more times in I year (or
evaluate sequelae under the criteria for the affected body system).

1.  Sepsis; or

2.  Meningitis; or
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3.  Pneumonia; or

4.  Septic Arthritis; or

5.  Endocarditis; or

6.  Sinusitis documented by appropriate medically acceptable imaging.

Or

N.  Repeated (as defined in 14.00D8) manifestations of HIV infection (including those listed in
14.08A-M, but without the requisite findings; e.g., carcinoma of the cervix not meeting the
criteria in 14.08E, diarrhea not meeting the criteria in 14.08J, or other manifestations; e.g., oral
hairy leukoplakia, myositis) resulting in significant, documented symptoms or signs (e.g.,
fatigue, fever, malaise, weight loss, pain, night sweats) and one of the following at the marked
level (as defined in 14.00D8):

1.  Restriction of activities of daily living; or

2.  Difficulties in maintaining social functioning; or

3.  Difficulties in completing tasks in a timely manner due to deficiencies in
concentration, persistence, or pace.

14.09 Inflammatory arthritis.  Documented as described in 14.00B6, with one of the
following:

A.  History of joint pain, swelling, and tenderness, and signs on current physical examination of
joint inflammation or deformity in two or more major joints resulting in inability to ambulate
effectively or inability to perform fine and gross movements effectively, as defined in 14.00B6b
and 1.00B2b and B2c;

or

B.  Ankylosing spondylitis or other spondyloarthropathy, with diagnosis established by findings
of unilateral or bilateral sacroiliitis (e.g., erosions or fusions), shown by appropriate medically
acceptable imaging, with both:

1.  History of back pain, tenderness, and stiffness, and

2.  Findings on physical examination of ankylosis (fixation) of the dorsolumbar or cervical spine
at 45o or more of flexion measured from the vertical position (zero degrees);

or

C.  An impairment as described under the criteria in 14.02A.

or

D.  Inflammatory arthritis, with signs of peripheral joint inflammation on current examination, but
with lesser joint involvement than in A and lesser extra-articular features than in C, and:
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1.  Significant, documented constitutional symptoms and signs (e.g., fatigue, fever, malaise,
weight loss), and

2.  Involvement of two or more organs/body systems (see 14.00B6d). At least one of the
organs/body systems must be involved to at least a moderate level of severity.

or

E.  Inflammatory spondylitis or other inflammatory spondyloarthropathies, with lesser deformity
than in B and lesser extra-articular features than in C, with signs of unilateral or bilateral
sacroiliitis on appropriate medically acceptable imaging; and with the extra-articular features
des cribed in 14.09D.
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PART B

The following sections provide medical criteria for the evaluation of impairments of children
under age 18 (where criteria in Part A do not give appropriate consideration to the particular
disease process in childhood).

Section
100.00 Growth Impairment
101.00 Musculoskeletal System
102.00 Special Senses and Speech
103.00 Respiratory System
104.00 Cardiovascular System
105.00 Digestive System
106.00 Genito-Urinary System
107.00     Hemic and Lymphatic System
109.00     Endocrine System
110.00     Multiple Body Systems
111.00     Neurological
112.00     Mental Disorders
113.00     Neoplastic Diseases - Malignant
114.00     Immune System

100.00 Growth Impairment

A.  Impairment of growth may be disabling in itself or it may be an indicator of the severity of the
impairment due to a specific disease process. Determinations of growth impairment should be
based upon the comparison of current height with at least three previous determinations,
including length at birth, if available, Heights (or lengths) should be plotted on a standard
growth chart, such as derived from the National Center for Health Statistics: NCHS Growth
Charts. Height should be measured without shoes. Body weight corresponding to the  ages
represented by the heights should be furnished. The adult heights of the child's natural parents
and the heights and ages of siblings should also be furnished. This will provide a basis upon
which to identify those children whose short stature represents a familial characteristic rather
than a result of disease. This is particularly true for adjudication under 100.02B.

B.  Bone age determinations should include a full descriptive report of medically acceptable
imaging specifically obtained to determine bone age and must cite the standardization method
used. Where appropriate medically acceptable imaging must be obtained currently as a basis
for adjudication under 100.03, views or scans of the left hand and wrist should be ordered.  In
addition appropriate medically acceptable imaging of the knee and ankle should be obtained
when cessation of growth is being evaluated in an older child at, or past, puberty.  Medically
acceptable imaging includes, but is not limited to, x-ray imaging, computerized axial
tomography (CAT scan) or magnetic resonance imaging (MRI), with or without contrast
material, myelography, and radionuclear bone scans.  “Appropriate” means that the technique
used is the proper one to support the evaluation and diagnosis of the impairment.

C.  The criteria in this section are applicable until closure of the major epiphyses. The cessation
of significant increase in height at that point would prevent the application of these criteria.

100.01 Category of Impairments, Growth
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100.02 Growth impairment, considered to be related to an additional specific medically
determinable impairment, and one of the following:

A.  Fall of greater than 15 percentiles in height which is sustained; or

B.  Fall to, or persistence of, height below the third percentile.

100.03 Growth impairment, not identified as being related to an additional, specific medically
determinable impairment. With:

A. Fall of greater than 25 percentiles in height which is sustained; and

B.  Bone age greater than two standard deviations (2 SD) below the mean for chronological age
(see 100.00B).

101.00 Musculoskeletal System

A.  Disorders of the musculoskeletal system may result from hereditary, congenital, or acquired
pathologic processes. Impairments may result from infectious, inflammatory, or degenerative
processes, traumatic or developmental events, or neoplastic, vascular, or toxic/metabolic
diseases.

B.  Loss of function.

1.  General. Under this section, loss of function may be due to bone or joint deformity or
destruction from any cause; miscellaneous disorders of the spine with or without radiculopathy
or other neurological deficits; amputation; or fractures or soft tissue injuries, including burns,
requiring prolonged periods of immobility or convalescence. For inflammatory arthritides that
result in loss of function because of inflammatory peripheral joint or axial arthritis or sequelae,
or because of extra-articular features, see 114.00E. Impairments with neurological causes are
to be evaluated under 111.00ff.

2.  How we define loss of function in these listings.

a. General. Regardless of the cause(s) of a musculoskeletal impairment, functional loss for
purposes of these listings is defined as the inability to ambulate effectively on a sustained basis
for any reason, including pain associated with the underlying musculoskeletal impairment, or
the inability to perform fine and gross movements effectively on a sustained basis for any
reason, including pain associated with the underlying musculoskeletal impairment. The inability
to ambulate effectively or the inability to perform fine and gross movements effectively must
have lasted, or be expected to last, for at least 12 months. For the purposes of these criteria,
consideration of the ability to perform these activities must be from a physical standpoint alone.
When there is an inability to perform these activities due to a mental impairment, the criteria in
112.00ff are to be used. We will determine whether a child can ambulate effectively or can
perform fine and gross movements effectively based on the medical and other evidence in the
case record, generally without developing additional evidence about the child’s ability to perform
the specific activities listed as examples in 101.00B2b(2) and (3) and 101.00B2c(2) and (3).

b. What we mean by inability to ambulate effectively.



104

(1) Definition. Inability to ambulate effectively means an extreme limitation of the ability to walk;
i.e., an impairment that interferes very seriously with the child's ability to independently initiate,
sustain, or complete activities. Ineffective ambulation is defined generally as having insufficient
lower extremity functioning (see 101.00J) to permit independent ambulation without the use of a
hand-held assistive device(s) that limits the functioning of both upper extremities.
(Listing 101.05C is an exception to this general definition because the child has the use of only
one upper extremity due to amputation of a hand.)

(2) How we assess inability to ambulate effectively for children too young to be expected to walk
independently. For children who are too young to be expected to walk independently,
consideration of function must be based on assessment of limitations in the ability to perform
comparable age-appropriate activities with the lower extremities, given normal developmental
expectations. For such children, an extreme level of limitation means skills or performance at no
greater than one-half of age-appropriate expectations based on an overall developmental
assessment rather than on one or two isolated skills.

(3) How we assess inability to ambulate effectively for older children. Older children, who would
be expected to be able to walk when compared to other children the same age who do not have
impairments, must be capable of sustaining a reasonable walking pace over a sufficient
distance to be able to carry out age-appropriate activities. They must have the ability to travel
age-appropriately without extraordinary assistance to and from school or a place of
employment. Therefore, examples of ineffective ambulation for older children include, but are
not limited to, the inability to walk without the use of a walker, two crutches or two canes, the
inability to walk a block at a reasonable pace on rough or uneven surfaces, the inability to use
standard public transportation, the inability to carry out age-appropriate school activities
independently, and the inability to climb a few steps at a reasonable pace with the use of a
single hand rail. The ability to walk independently about the child's home or a short distance at
school without the use of assistive devices does not, in and of itself, constitute effective
ambulation.

c. What we mean by inability to perform fine and gross movements effectively.

(1) Definition. Inability to perform fine and gross movements effectively means an extreme loss
of function of both upper extremities; i.e., an impairment that interferes very seriously with the
child's ability to independently initiate, sustain, or complete activities. To use their upper
extremities effectively, a child must be capable of sustaining such functions as reaching,
pushing, pulling, grasping, and fingering in an age-appropriate manner to be able to carry out
age-appropriate activities.

(2) How we assess inability to perform fine and gross movements in very young children. For
very young children, the consideration is limitations in the ability to perform comparable age-
appropriate activities involving the upper extremities given normal developmental expectations.
Determinations of extreme limitation in such children should be made by comparison with the
limitations for persistent motor dysfunction for infants and young children described in 110.07A.

(3) How we assess inability to perform fine and gross movements in older children. For older
children, examples of inability to perform fine and gross movements effectively include, but are
not limited to, the inability to prepare a simple meal and feed oneself, the inability to take care
of personal hygiene, or the inability to sort and handle papers or files, depending upon which
activities are age-appropriate.
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d. Pain or other symptoms. Pain or other symptoms may be an important factor contributing to
functional loss. In order for pain or other symptoms to be found to affect a child's ability to
function in an age-appropriate manner or to perform basic work activities, medical signs or
laboratory findings must show the existence of a medically determinable impairment(s) that
could reasonably be expected to produce the pain or other symptoms. The musculoskeletal
listings that include pain or other symptoms among their criteria also include criteria for
limitations in functioning as a result of the listed impairment, including limitations caused by
pain. It is, therefore, important to evaluate the intensity and persistence of such pain or other
symptoms carefully in order to determine their impact on the child's functioning under these
listings. See also §§ 404.1525(f) and 404.1529 of this part, and §§ 416.925(f) and 416.929 of
part 416 of this chapter.

C.  Diagnosis and evaluation.

1.  General. Diagnosis and evaluation of musculoskeletal impairments should be supported, as
applicable, by detailed descriptions of the joints, including ranges of motion, condition of the
musculature (e.g., weakness, atrophy), sensory or reflex changes, circulatory deficits, and
laboratory findings, including findings on x-ray or other appropriate medically acceptable
imaging. Medically acceptable imaging includes, but is not limited to, x-ray imaging,
computerized axial tomography (CAT scan) or magnetic resonance imaging (MRI), with or
without contrast material, myelography, and radionuclear bone scans. "Appropriate" means that
the technique used is the proper one to support the evaluation and diagnosis of the impairment.

2.  Purchase of certain medically acceptable imaging. While any appropriate medically
acceptable imaging is useful in establishing the diagnosis of musculoskeletal impairments,
some tests, such as CAT scans and MRIs, are quite expensive, and we will not routinely
purchase them. Some, such as myelograms, are invasive and may involve significant risk. We
will not order such tests. However, when the results of any of these tests are part of the existing
evidence in the case record we will consider them together with the other relevant evidence.

3.  Consideration of electrodiagnostic procedures. Electrodiagnostic procedures may be useful
in establishing the clinical diagnosis, but do not constitute alternative criteria to the
requirements of 101.04.

D.  The physical examination must include a detailed description of the rheumatological,
orthopedic, neurological, and other findings appropriate to the specific impairment being
evaluated. These physical findings must be determined on the basis of objective observation
during the examination and not simply a report of the child's allegation; e.g., "He says his leg is
weak, numb.” Alternative testing methods should be used to verify the abnormal findings; e.g.,
a seated straight-leg raising test in addition to a supine straight-leg raising test. Because
abnormal physical findings may be intermittent, their presence over a period of time must be
established by a record of ongoing management and evaluation. Care must be taken to
ascertain that the reported examination findings are consistent with the child's age and
activities.

E.  Examination of the spine.

1.  General. Examination of the spine should include a detailed description of gait, range of
motion of the spine given quantitatively in degrees from the vertical position (zero degrees) or,
for straight-leg raising from the sitting and supine position (zero degrees), any other appropriate
tension signs, motor and sensory abnormalities, muscle spasm, when present, and deep
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tendon reflexes. Observations of the child during the examination should be reported; e.g., how
he or she gets on and off the examination table. Inability to walk on the heels or toes, to squat,
or to arise from a squatting position, when appropriate, may be considered evidence of
significant motor loss. However, a report of atrophy is not acceptable as evidence of significant
motor loss without circumferential measurements of both thighs and lower legs, or both upper
and lower arms, as appropriate, at a stated point above and below the knee or elbow given in
inches or centimeters. Additionally, a report of atrophy should be accompanied by
measurement of the strength of the muscle(s) in question generally based on a grading system
of 0 to 5, with 0 being complete loss of strength and 5 being maximum strength. A specific
description of atrophy of hand muscles is acceptable without measurements of atrophy but
should include measurements of grip and pinch strength. However, because of the unreliability
of such measurement in younger children, these data are not applicable to children under
5 years of age.

2.  When neurological abnormalities persist. Neurological abnormalities may not completely
subside after treatment or with the passage of time. Therefore, residual neurological
abnormalities that persist after it has been determined clinically or by direct surgical or other
observation that the ongoing or progressive condition is no longer present will not satisfy the
required findings in 101.04. More serious neurological deficits (paraparesis, paraplegia) are to
be evaluated under the criteria in 111.00ff.

F.  Major joints refers to the major peripheral joints, which are the hip, knee, shoulder, elbow,
wrist-hand, and ankle-foot, as opposed to other peripheral joints (e.g., the joints of the hand or
forefoot) or axial joints (i.e., the joints of the spine.) The wrist and hand are considered together
as one major joint, as are the ankle and foot. Since only the ankle joint, which consists of the
juncture of the bones of the lower leg (tibia and fibula) with the hindfoot (tarsal bones), but not
the forefoot, is crucial to weight bearing, the ankle and foot are considered separately in
evaluating weight bearing.

G.  Measurements of joint motion are based on the techniques described in the chapter on the
extremities, spine, and pelvis in the current edition of the "Guides to the Evaluation of
Permanent Impairment" published by the American Medical Association.

H.  Documentation.

1.  General. Musculoskeletal impairments frequently improve with time or respond to treatment.
Therefore, a longitudinal clinical record is generally important for the assessment of severity
and expected duration of an impairment unless the child is a newborn or the claim can be
decided favorably on the basis of the current evidence.

2.  Documentation of medically prescribed treatment and response. Many children, especially
those who have listing-level impairments, will have received the benefit of medically prescribed
treatment. Whenever evidence of such treatment is available it must be considered.

3.  When there is no record of ongoing treatment. Some children will not have received ongoing
treatment or have an ongoing relationship with the medical community despite the existence of
a severe impairment(s). In such cases, evaluation will be made on the basis of the current
objective medical evidence and other available evidence, taking into consideration the child's
medical history, symptoms, and medical source opinions. Even though a child who does not
receive treatment may not be able to show an impairment that meets the criteria of one of the
musculoskeletal listings, the child may have an impairment(s) that is either medically or, in the
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case of a claim for benefits under part 416 of this chapter, functionally equivalent in severity to
one of the listed impairments.

4.  Evaluation when the criteria of a musculoskeletal listing are not met. These listings are only
examples of common musculoskeletal disorders that are severe enough to find a child disabled.
Therefore, in any case in which a child has a medically determinable impairment that is not
listed, an impairment that does not meet the requirements of a listing, or a combination of
impairments no one of which meets the requirements of a listing, we will consider whether the
child's impairment(s) is medically or, in the case of a claim for benefits under part 416 of this
chapter, functionally equivalent in severity to the criteria of a listing. (See §§ 404.1526, 416.926,
and 416.926a.) Individuals with claims for benefits under part 404, who have an impairment(s)
with a level of severity that does not meet or equal the criteria of the musculoskeletal listings
may or may not have the RFC that would enable them to engage in substantial gainful activity.
Evaluation of the impairment(s) of these individuals should proceed through the final steps of
the sequential evaluation process in § 404.1520 (or, as appropriate, the steps in the medical
improvement review standard in § 404.1594).

I.  Effects of treatment.

1.  General. Treatments for musculoskeletal disorders may have beneficial effects or adverse
side effects. Therefore, medical treatment (including surgical treatment) must be considered in
terms of its effectiveness in ameliorating the signs, symptoms, and laboratory abnormalities of
the disorder, and in terms of any side effects that may further limit the child.

2.  Response to treatment. Response to treatment and adverse consequences of treatment
may vary widely. For example, a pain medication may relieve a child's pain completely, partially,
or not at all. It may also result in adverse effects, e.g., drowsiness, dizziness, or disorientation,
that compromise the child's ability to function. Therefore, each case must be considered on an
individual basis, and include consideration of the effects of treatment on the child's ability to
function.

3.  Documentation. A specific description of the drugs or treatment given (including surgery),
dosage, frequency of administration, and a description of the complications or response to
treatment should be obtained. The effects of treatment may be temporary or long-term. As
such, the finding regarding the impact of treatment must be based on a sufficient period of
treatment to permit proper consideration or judgment about future functioning.

J.  Orthotic, prosthetic, or assistive devices.

1.  General. Consistent with clinical practice, children with musculoskeletal impairments may be
examined with and without the use of any orthotic, prosthetic, or assistive devices as explained
in this section.

2.  Orthotic devices. Examination should be with the orthotic device in place and should include
an evaluation of the child's maximum ability to function effectively with the orthosis. It is
unnecessary to routinely evaluate the child's ability to function without the orthosis in place. If
the child has difficulty with, or is unable to use, the orthotic device, the medical basis for the
difficulty should be documented. In such cases, if the impairment involves a lower extremity or
extremities, the examination should include information on the child's ability to ambulate
effectively without the device in place unless contraindicated by the medical judgment of a
physician who has treated or examined the child.
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3.  Prosthetic devices. Examination should be with the prosthetic device in place. In
amputations involving a lower extremity or extremities, it is unnecessary to evaluate the child's
ability to walk without the prosthesis in place. However, the child's medical ability to use a
prosthesis to ambulate effectively, as defined in 101.00B2b, should be evaluated. The condition
of the stump should be evaluated without the prosthesis in place.

4.  Hand-held assistive devices. When a child with an impairment involving a lower extremity or
extremities uses a hand-held assistive device, such as a cane, crutch or walker, examination
should be with and without the use of the assistive device unless contraindicated by the medical
judgment of a physician who has treated or examined the child. The child's ability to ambulate
with and without the device provides information as to whether, or the extent to which, the child
is able to ambulate without assistance. The medical basis for the use of any assistive device
(e.g., instability, weakness) should be documented. The requirement to use a hand-held
assistive device may also impact on the child's functional capacity by virtue of the fact that one
or both upper extremities are not available for such activities as lifting, carrying, pushing, and
pulling.

K.  Disorders of the spine, listed in 101.04, result in limitations because of distortion of the bony
and ligamentous architecture of the spine and associated impingement on nerve roots
(including the cauda equina) or spinal cord. Such impingement on nerve tissue may result from
a herniated nucleus pulposus or other miscellaneous conditions. Neurological abnormalities
resulting from these disorders are to be evaluated by referral to the neurological listings in
111.00ff, as appropriate. (See also 101.00B and E.)

1.  Herniated nucleus pulposus is a disorder frequently associated with the impingement of a
nerve root, but occurs infrequently in children. Nerve root compression results in a specific
neuro-anatomic distribution of symptoms and signs depending upon the nerve root(s)
compromised.

2.  Other miscellaneous conditions that may cause weakness of the lower extremities, sensory
changes, areflexia, trophic ulceration, bladder or bowel incontinence, and that should be
evaluated under 101.04 include, but are not limited to, lysosomal disorders, metabolic
disorders, vertebral osteomyelitis, vertebral fractures and achondroplasia. Disorders such as
spinal dysrhaphism, (e.g., spina bifida) diastematomyelia, and tethered cord syndrome may
also cause such abnormalities. In these cases, there may be gait difficulty and deformity of the
lower extremities based on neurological abnormalities, and the neurological effects are to be
evaluated under the criteria in 111.00ff.

L.  Abnormal curvatures of the spine. Abnormal curvatures of the spine (specifically, scoliosis,
kyphosis and kyphoscoliosis) can result in impaired ambulation, but may also adversely affect
functioning in body systems other than the musculoskeletal system. For example, a child's
ability to breathe may be affected; there may be cardiac difficulties (e.g., impaired myocardial
function); or there may be disfigurement resulting in withdrawal or isolation. When there is
impaired ambulation, evaluation of equivalence may be made by reference to 114.09A. When
the abnormal curvature of the spine results in symptoms related to fixation of the dorsolumbar
or cervical spine, evaluation of equivalence may be made by reference to 114.09B. When there
is respiratory or cardiac involvement or an associated mental disorder, evaluation may be made
under 103.00ff, 104.00ff, or 112.00ff, as appropriate. Other consequences should be evaluated
according to the listing for the affected body system.
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M.  Under continuing surgical management, as used in 101.07 and 101.08, refers to surgical
procedures and any other associated treatments related to the efforts directed toward the
salvage or restoration of functional use of the affected part. It may include such factors as post-
surgical procedures, surgical complications, infections, or other medical complications, related
illnesses, or related treatments that delay the child's attainment of maximum benefit from
therapy.

N.  After maximum benefit from therapy has been achieved in situations involving fractures of
an upper extremity (101.07), or soft tissue injuries (101.08), i.e., there have been no significant
changes in physical findings or on appropriate medically acceptable imaging for any 6-month
period after the last definitive surgical procedure or other medical intervention, evaluation must
be made on the basis of the demonstrable residuals, if any. A finding that 101.07 or 101.08 is
met must be based on a consideration of the symptoms, signs, and laboratory findings
associated with recent or anticipated surgical procedures and the resulting recuperative
periods, including any related medical complications, such as infections, illnesses, and
therapies which impede or delay the efforts toward restoration of function. Generally, when
there has been no surgical or medical intervention for 6 months after the last definitive surgical
procedure, it can be concluded that maximum therapeutic benefit has been reached. Evaluation
at this point must be made on the basis of the demonstrable residual limitations, if any,
considering the child's impairment-related symptoms, signs, and laboratory findings, any
residual symptoms, signs, and laboratory findings associated with such surgeries,
complications, and recuperative periods, and other relevant evidence.

O.  Major function of the face and head, for purposes of listing 101.08, relates to impact on any
or all of the activities involving vision, hearing, speech, mastication, and the initiation of the
digestive process.

P.  When surgical procedures have been performed, documentation should include a copy of
the operative notes and available pathology reports.

101.01 Category of Impairments, Musculoskeletal

101.02 Major dysfunction of a joint(s) (due to any cause): Characterized by gross
anatomical deformity (e.g., subluxation, contracture, bony or fibrous ankylosis,
instability) and chronic joint pain and stiffness with signs of limitation of motion or other
abnormal motion of the affected joint(s), and findings on appropriate medically
acceptable imaging of joint space narrowing, bony destruction, or ankylosis of the
affected joint(s). With:

A.  Involvement of one major peripheral weight-bearing joint (i.e., hip, knee, or ankle), resulting
in inability to ambulate effectively, as defined in 101.00B2b;

OR

B.  Involvement of one major peripheral joint in each upper extremity (i.e., shoulder, elbow, or
wrist-hand), resulting in inability to perform fine and gross movements effectively, as defined in
101.00B2c.

101.03 Reconstructive surgery or surgical arthrodesis of a major weight-bearing joint,
with inability to ambulate effectively, as defined in 101.00B2b, and return to effective
ambulation did not occur, or is not expected to occur, within 12 months of onset.
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101.04 Disorders of the spine (e.g., lysosomal disorders, metabolic disorders, vertebral
osteomyelitis, vertebral fracture, achondroplasia) resulting in compromise of a nerve
root (including the cauda equina) or the spinal cord, with evidence of nerve root
compression characterized by neuro-anatomic distribution of pain, limitation of motion
of the spine, motor loss (atrophy with associated muscle weakness or muscle
weakness) accompanied by sensory or reflex loss and, if there is involvement of the
lower back, positive straight-leg raising test (sitting and supine).

101.05 Amputation (due to any cause).

A.  Both hands;

OR

B.  One or both lower extremities at or above the tarsal region, with stump complications
resulting in medical inability to use a prosthetic device to ambulate effectively, as defined in
101.00B2b, which have lasted or are expected to last for at least 12 months;

OR

C.  One hand and one lower extremity at or above the tarsal region, with inability to ambulate
effectively, as defined in 101.00B2b;

OR

B. D.  Hemipelvectomy or hip disarticulation.

101.06 Fracture of the femur, tibia, pelvis, or one or more of the tarsal bones. With:

A.  Solid union not evident on appropriate medically acceptable imaging, and not clinically solid;

AND 

B.  Inability to ambulate effectively, as defined in 101.00B2b, and return to effective ambulation
did not occur or is not expected to occur within 12 months of onset.

101.07 Fracture of an upper extremity with nonunion of a fracture of the shaft of the
humerus, radius, or ulna, under continuing surgical management, as defined in
101.00M, directed toward restoration of functional use of the extremity, and such
function was not restored or expected to be restored within 12 months of onset.

101.08 Soft tissue injury (e.g., burns) of an upper or lower extremity, trunk, or face and
head, under continuing surgical management, as defined in 101.00M, directed toward
the salvage or restoration of major function, and such major function was not restored
or expected to be restored within 12 months of onset. Major function of the face and
head is described in 101.00O.
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102.00  Special Senses and Speech

A.  Visual impairments in children. Impairment of visual acuity should be determined with use of
the standard Snellen test chart. Where this cannot be used, as in very young children, a
complete description of the findings should be provided, using other appropriate methods of
examination, including a description of the techniques used for determining the visual acuity for
distance.

The accommodative reflex is generally not present in children under 6 months of age. In
premature infants, it may not be present until 6 months plus the number of months the child is
premature. Therefore, absence of accommodative reflex will be considered as indicating a
visual impairment only in children above this age (6 months).

Documentation of a visual disorder must include a description of the ocular pathology.

B.  Hearing impairments in children. The criteria for hearing impairments in children take into
account that a lesser impairment in hearing which occurs at an early age may result in a severe
speech and language disorder.

Improvement by a hearing aid, as predicted by the testing procedure, must be demonstrated to
be feasible in that child, since younger children may be unable to use a hearing aid effectively.

The type of audiometric testing performed must be described and a copy of the results must be
included. The pure tone air conduction hearing levels in 102.08 are based on American National
Standard Institute Specifications for Audiometers, S3.6 - 1969 (ANSI-1969). The report should
indicate the specifications used to calibrate the audiometer.

The finding of a severe impairment will be based on the average hearing levels at 500, 1000,
2000, and 3000 Hertz (Hz) in the better ear, and on speech discrimination, as specified in
102.08.

102.01 Category of Impairments, Special Sense Organs

102.02 Impairments of visual acuity

A.  Remaining vision in the better eye after best correction is 20/200 or less; or

B.  For children below 3 years of age at time of adjudication:

1.  Absence of accommodative reflex (see 102.00A for exclusion of children under 6 months of
age); or

2.  Retrolental fibroplasia with macular scarring or neovascularization; or

3.  Bilateral congenital cataracts with visualization of retinal red reflex only or when associated
with other ocular pathology.

102.08 Hearing impairments

A.  For children below 5 years of age at time of adjudication, inability to hear air conduction
thresholds at an average of 40 decibels (db) hearing level or greater in the better ear; or
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B.  For children 5 years of age and above at time of adjudication:

1.  Inability to hear air conduction thresholds at an average of 70 decibels (db) or greater in the
better ear; or

2.  Speech discrimination scores at 40 percent or less in the better ear; or

3.  Inability to hear air conduction thresholds at an average of 40 decibels (db) or greater in the
better ear, and a speech and language disorder which significantly affects the clarity and
content of the speech and is attributable to the hearing impairment.

103.00 Respiratory System

A.  Introduction. The listings in this section describe impairments resulting from respiratory
disorders based on symptoms, physical signs, laboratory test abnormalities, and response to a
regimen of treatment prescribed by a treating source. Respiratory disorders, along with any
associated impairment(s) must be established by medical evidence. Evidence must be provided
in sufficient detail to permit an independent reviewer to evaluate the severity of the impairment.
Reasonable efforts should be made to ensure evaluation by a program physician specializing in
childhood respiratory impairments or a qualified pediatrician.

Many children, especially those who have listing-level impairments, will have received the
benefit of medically prescribed treatment. Whenever there is such evidence, the longitudinal
clinical record must include a description of the treatment prescribed by the treating source and
response, in addition to information about the nature and severity of the impairment. It is
important to document any prescribed treatment and response because this medical
management may have improved the child's functional status. The longitudinal record should
provide information regarding functional recovery, if any.

Some children will not have received ongoing treatment or have an ongoing relationship with
the medical community, despite the existence of a severe impairment(s). A child who does not
receive treatment may or may not be able to show an impairment that meets the criteria of
these listings. Even if a child does not show that his or her impairment meets the criteria of
these listings, the child may have an impairment(s) that medically or functionally equals the
listings. Unless the claim can be decided favorably on the basis of the current evidence, a
longitudinal record is still important because it will provide information about such things as the
ongoing medical severity of the impairment, the level of the child's functioning, and the
frequency, severity, and duration of symptoms. Also, the asthma listing specifically includes a
requirement for continuing signs and symptoms despite a regimen of prescribed treatment.

Evaluation should include consideration of adverse effects of respiratory impairment in all
relevant body systems, and especially on the child's growth and development or mental
functioning, as described under the growth impairment (100.00), neurological (111.00), and
mental disorders (112.00) listings.

It must be remembered that these listings are only examples of common respiratory disorders
that are severe enough to find a child disabled. When a child has a medically determinable
impairment that is not listed, an impairment that does not meet the requirements of a listing, or
a combination of impairments no one of which meets the requirements of a listing, we will make
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a determination whether the child's impairment(s) medically or functionally equals the listings.
(See §§ 404.1526, 416.926, and 416.926a.)

B.  Documentation of pulmonary function testing. The results of spirometry that are used for
adjudication, under the 103.02 A and B, 103.03, and 103.04 of these listings should be
expressed in liters (L), body temperature and pressure saturated with water vapor (BTPS). The
reported one-second forced expiratory volume (FEV1) and forced vital capacity (FVC) should
represent the largest of at least three satisfactory forced expiratory maneuvers. Two of the
satisfactory spirograms should be reproducible for both pre-bronchodilator tests and, if
indicated, postbronchodilator tests. A value is considered reproducible if it does not differ from
the largest value by more than 5 percent or 0. 1 L, whichever is greater. The highest values of
the FEV1, and FVC, whether from the same or different tracings, should be used to assess the
severity of the respiratory impairment.

Peak flow should be achieved early in expiration, and the spirogram should have a smooth
contour with gradually decreasing flow throughout expiration. The zero time for measurement of
the FEV1 and FVC, if not distinct, should be derived by linear back-extrapolation of peak flow to
zero volume. A spirogram is satisfactory for measurement of the FEV1 if the expiratory volume
at the back-extrapolated zero time is less than 5 percent of the FVC or 0.1 L, whichever is
greater. The spirogram is satisfactory for measurement of the FVC if maximal expiratory effort
continues for at least 6 seconds, or if there is a plateau in the volume-time curve with no
detectable change in expired volume (VE) during the last 2 seconds of maximal expiratory
effort.

Spirometry should be repeated after administration of an aerosolized bronchodilator under
supervision of the testing personnel if the prebronchodilator FEV1 value is less than the
appropriate reference value in table I or III, as appropriate. If a bronchodilator is not
administered, the reason should be clearly stated in the report. Pulmonary function studies
should not be performed unless the clinical status is stable (e.g., the child is not having an
asthmatic attack or suffering from an acute respiratory infection or other acute illness.).
Wheezing is common in asthma, chronic bronchitis, or chronic obstructive pulmonary disease
and does not preclude testing. Pulmonary function studies performed to assess airflow
obstruction without testing after bronchodilators cannot be used to assess levels of impairment
in the range that prevents a child from performing age appropriate activities unless the use of
bronchodilators is contraindicated. Post-bronchodilator testing, should be performed 10 minutes
after bronchodilator administration. The dose and name of the bronchodilator administered
should be specified. The values in 103.02 and 103.04 must only be used as criteria for the level
of ventilatory impairment that exists during the child's most stable state of health (i.e., any
period in time except during or shortly after an exacerbation).  If the spirogram was generated
by any means other than direct pen linkage to a mechanical displacement-type spirometer, the
testing device must have had a recorded calibration performed previously on the day of the
spirometric measurement.

The appropriately labeled spirometric tracing, showing the child' s name, date of testing,
distance per second on the abscissa and the distance per liter (L) on the ordinate, must be
incorporated into the file. The manufacturer and model number of the device used to measure
and record the spirogram should be stated. The testing device must accurately measure both
time and volume, the latter to within 1 percent of a 3 L calibrating volume. If the spirogram was
generated by any means other than by direct pen linkage to a mechanical displacement-type
spirometer, the spirometric tracing must show a recorded calibration of volume units using a
mechanical volume input such as a 3 L syringe.
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If the spirometer directly measures flow, and volume is derived by electronic integration, the
linearity of the device must be documented by recording volume calibrations at three different
flow rates of approximately 30 L/min (3 L/6 sec), 60 L/min (3 L/3 sec), and 180 L/min (3 L/sec).
The volume calibrations should agree to within 1 percent of a 3 L calibrating volume. The
proximity of the flow sensor to the child should be noted, and it should be stated whether or not
a BTPS correction factor was used for the calibration recordings and for the child's actual
spirograms.

The spirogram must be recorded at a speed of at least 20 mm/sec, and the recording device
must provide a volume excursion of at least 10 mm/L. If reproductions of the original spirometric
tracings are submitted, they must be legible and have a time scale of at least 20 mm/sec and a
volume scale of at least 10 mm/L to permit independent measurements. Calculation of FEV1
from a flow-volume tracing is not acceptable; i.e., the spirogram and calibrations must be
presented in a volume-time format at a speed of at least 20 mm/sec and a volume excursion of
at least 10 mm/L to permit independent evaluation.

A statement should be made in the pulmonary function test report of the child's ability to
understand directions, as well as his or her effort and cooperation in performing the pulmonary
function tests.

Purchase of a pulmonary function test is appropriate only when the child is capable of
performing reproducible forced expiratory maneuvers. This capability usually occurs around age
6. Purchase of a pulmonary function test may be appropriate when there is a question of
whether an impairment meets or is equivalent in severity to a listing, and the claim cannot
otherwise be favorably decided.

The pulmonary function tables in 103.02 and 103.04 are based on measurement of standing
height without shoes. If a child has marked spinal deformities (e.g. kyphoscoliosis), the
measured span between the fingertips with the upper extremities abducted 90 degrees should
be substituted for height when this measurement is greater than the standing height without
shoes.

C.  Documentation of chronic impairment of gas exchange.

1.  Arterial blood gas studies (ABGS). An ABGS performed at rest (while breathing room air,
awake and sitting or standing) should be analyzed in a laboratory certified by a State or Federal
agency. If the laboratory is not certified, it must submit evidence of participation in a national
proficiency testing program as well as acceptable quality control at the time of testing. The
report should include the altitude of the facility and the barometric pressure on the date of
analysis.

Purchase of a resting ABGS may be appropriate when there is a question of whether an
impairment meets or is equivalent in severity to a listing, and the claim cannot otherwise be
favorably decided. Before purchasing resting ABGS a program physician, preferably one
experienced in the care of children with pulmonary disease, must review the clinical and
laboratory data short of this procedure, including spirometry, to determine whether obtaining the
test would present a significant risk to the child.

2.  Oximetry. Pulse oximetry may be substituted for arterial blood gases in children under 12
years of age. The oximetry unit should employ the basic technology of spectrophotometric
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plethysmography as described in Taylor, M.B., and Whitwain, J.G., "Current Status of Pulse
Oximetry," "Anesthesia," Vol. 41. No. 9, pp. 943-949, 1986. The unit should provide a visual
display of the pulse signal and the corresponding oxygen saturation. A hard copy of the
readings (heart rate and saturation) should be provided. Readings should be obtained for a
minimum of 5 minutes. The written report should describe patient activity during the recording;
i.e., sleep rate, feeding, or exercise. Correlation between the actual heart rate determined by a
trained observer and that displayed by the oximeter should be provided. A statement should be
made in the report of the child's effort and cooperation during the test.

Purchase of oximetry may be appropriate when there is a question of whether an impairment
meets or is equivalent in severity to a listing, and the claim cannot otherwise be favorably
decided.

D.  Cystic fibrosis is a disorder that affects either the respiratory or digestive body systems or
both and may impact on a child's growth and development. It is responsible for a wide and
variable spectrum of clinical manifestations and complications. Confirmation of the diagnosis is
based upon an elevated sweat sodium concentration or chloride concentration accompanied by
one or more of the following: the presence of chronic obstructive pulmonary disease,
insufficiency of exocrine pancreatic function, meconium ileus, or a positive family history. The
quantitative pilocarpine iontophoresis procedure for collection of sweat content must be utilized.
Two methods are acceptable: the "Procedure for the Quantitative Iontophoretic Sweat Test for
Cystic Fibrosis" published by the Cystic Fibrosis Foundation and contained in, "A Test for
Concentration of Electrolytes in Sweat in Cystic Fibrosis of the Pancreas Utilizing Pilocarpine
Iontophoresis," Gibson, I.E., and Cooke, R.E., Pediatrics, Vol. 23:545, 1959; or the "Wescor
Macroduct System." To establish the diagnosis of cystic fibrosis, the sweat sodium or chloride
content must be analyzed quantitatively using an acceptable laboratory technique. Another
diagnostic test is the "CF gene mutation analysis" for homozygosity of the cystic fibrosis gene.
The pulmonary manifestations of this disorder should be evaluated under 103.04. The
nonpulmonary aspects of cystic fibrosis should be evaluated under the listings for digestive
system (105.00) or growth impairments (100.00). Because cystic fibrosis may involve the
respiratory and digestive body systems, as well as impact on a child's growth and development,
the combined effects of this involvement must be considered in case adjudication.

Medically acceptable imaging includes, but is not limited to, x-ray imaging, computerized axial
tomography (CAT scan) or magnetic resonance imaging (MRI), with or without contrast
material, myelography, and radionuclear bone scans. “Appropriate” means that the technique
used is the proper one to support the evaluation and diagnosis of the impairment.

E.  Bronchopulmonary dysplasia (BPD). Bronchopulmonary dysplasia is a form of chronic
obstructive pulmonary disease that arises as a consequence of acute lung injury in the newborn
period and treatment of hyaline membrane disease, meconium aspiration, neonatal pneumonia
and apnea of prematurity. The diagnosis is established by the requirement for continuous or
nocturnal supplemental oxygen for more than 30 days, in association with characteristic
changes on medically acceptable imaging and clinical signs of respiratory dysfunction, including
retractions, rales, wheezing, and tachypnea.
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103.01 Category of Impairments, Respiratory System

103.02 Chronic Pulmonary insufficiency. With:

A.  Chronic obstructive pulmonary disease due to any cause with the FEV1 equal to or less than
the value specified in Table I corresponding to the child's height without shoes. (In cases of
marked spinal deformity, see 103.00B.);

Table I

Height without
Shoes
(centimeters)

Height without
Shoes (inches)

FEV1 equal to
or less than
(L,BTPS)

119 or less. . . . . 46 or less . . . . . . . . . 0.65
120-129. . . . . . . 47-50 . . . . . . . . . . . . 0.75
130-139 . . . . . . . 51-54 . . . . . . . . . . . . 0.95
140-149 . . . . . . . 55-58 . . . . . . . . . . . . 1.15
150-159 . . . . . . . 59-62 . . . . . . . . . . . . 1.35
160-164 . . . . . . . 63-64 . . . . . . . . . . . . 1.45
165-169 . . . . . . . 65-66 . . . . . . . . . . . . 1.55
170 or more . . . . 67 or more . . . . . . . . 1.65

Or

B.  Chronic restrictive ventilatory disease, due to any cause, with the FVC equal to or less then
the value specified in Table II corresponding to the child's height without shoes. (In cases of
marked spinal deformity, see 103.00B.);

Table II

Height without
Shoes
(centimeters)

Height without
shoes (inches)

FVC equal to
or less than
(L,BTPS)

119 or less . . . . 46 or less . . . . . . . . . 0.65
120-129 . . . . . . 47-50 . . . . . . . . . . . . 0.85
130-139 . . . . . . 51-54 . . . . . . . . . . . . 1.05
140-149 . . . . . . 55-58 . . . . . . . . . . . . 1.25
150-159 . . . . . . 59-62 . . . . . . . . . . . . 1.45
160-164 . . . . . . 63-64 . . . . . . . . . . . . 1.65
165-169 . . . . . . 65-66 . . . . . . . . . . . . 1.75
170 or more . . . 67 or more . . . . . . . . 2.05

Or

C.  Frequent need for:

1.  Mechanical ventilation; or
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2.  Nocturnal supplemental oxygen as required by persistent or recurrent episodes of
hypoxemia;

Or

D.  The presence of a tracheostomy in a child under 3 years of age;

Or

E.  Bronchopulmonary dysplasia characterized by two of the following;

1.  Prolonged expirations; or

2.  Intermittent wheezing or increased respiratory effort as evidenced by retractions, flaring and
tachypnea; or

3.  Hyperinflation and scarring on a chest radiograph or other appropriate imaging techniques;
or

4.  Bronchodilator or diuretic dependency; or

5.  A frequent requirement for nocturnal supplemental oxygen; or

6.  Weight disturbance with:

a. An involuntary weight loss (or failure to gain weight at an appropriate rate for age) resulting in
a fall of 15 percentiles from established growth curve (on standard growth charts) which
persists for 2 months or longer; or

b. An involuntary weight loss (or failure to gain weight at an appropriate rate for age) resulting in
a fall to below the third percentile from established growth curve (on standard growth charts)
which persists for 2 months or longer;

Or

F.  Two required hospital admissions (each longer than 24 hours) within a 6-month period for
recurrent lower respiratory tract infections or acute respiratory distress associated with:

1.  Chronic wheezing or chronic respiratory distress; or

2.  Weight disturbance with;

a. An involuntary weight loss (or failure to gain weight at an appropriate rate for age) resulting in
a fall of 15 percentiles from established growth curve (on standard growth charts) which
persists for 2 months or longer; or

b. An involuntary weight loss (or failure to gain weight at an appropriate rate for age) resulting in
a fall to below the third percentile from established growth curve (on standard growth charts)
which persists for 2 months or longer;

Or
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G.  Chronic hypoventilation (Pa CO2  greater than 45 mm Hg) or chronic cor pulmonale as
described under the appropriate criteria in 104.02;

Or

H.  Growth impairment as described under the criteria in 100.00.

103.03 Asthma. With:

A.  FEV1 equal to or less than the value specified in Table I of 103.02A:

Or

B.  Attacks (as defined in 3.00C), in spite of prescribed treatment requiring physician
intervention, occurring at least once every 2 months or at least six times a year. Each inpatient
hospitalization for longer than 24 hours for control of asthma counts as two attacks, and an
evaluation period of at least 12 consecutive months must be used to determine the frequency of
attacks.

Or

C.  Persistent low-grade wheezing between acute attacks or absence of extended
symptom-free periods requiring daytime and nocturnal use of sympathomimetic bronchodilators
with one of the following:

1.  Persistent prolonged expiration with radiographic or other appropriate imaging techniques
evidence of pulmonary hyperinflation or peribronchial disease; or

2.  Short courses of corticosteroids that average more than 5 days per month for at least 3
months during a 12-month period;

Or

D.  Growth impairment as described under the criteria in 100.00.

103.04 Cystic fibrosis. With:

A.  An FEV1 equal to or less than the appropriate value specified in Table III corresponding to
the child’s height without shoes. (In cases of marked spinal deformity, see. 103.00B.);

Or

B.  For children in whom pulmonary function testing cannot be performed, the presence of two
of the following:

1.  History of dyspnea on exertion or accumulation of secretions as manifested by repetitive
coughing or cyanosis; or

2.  Persistent bilateral rales and rhonchi or substantial reduction of breath sounds related to
mucous plugging of the trachea or bronchi; or
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3.  Appropriate medically acceptable imaging evidence of extensive disease, such as thickening
of the proximal bronchial airways or persistence of bilateral peribronchial infiltrates;

Or

C.  Persistent pulmonary infection accompanied by superimposed, recurrent,
symptomatic episodes of increased bacterial infection occurring at least once every 6 months
and requiring intravenous or nebulization antimicrobial treatment;

Or

D.  Episodes of bronchitis or pneumonia or hemoptysis ( more than bloodstreaked sputum) or
respiratory failure (documented according to 3.00C, requiring physician intervention, occurring
at least once every 2 months or at least six times a year. Each inpatient hospitalization for
longer than 24 hours for treatment counts as two episodes, and an evaluation period of at least
12 consecutive months must be used to determine the frequency of episodes;

Or

E.  Growth impairment as described under the criteria in 100.00.

Table III

(Applicable only for evaluation under 103.04A - cystic fibrosis)

Height without
Shoes
(centimeters)

Height without
Shoes(inches)

FEV1 equal to
or less than
(L,BTPS)

119 or less . . . . . 46 or less . . . . . . . . . 0.75
120-129 . . . . . . . 47-50 . . . . . . . . . . . . 0.85
130-139 . . . . . . . 51-54 . . . . . . . . . . . . 1.05
140-149 . . . . . . . 55-58 . . . . . . . . . . . . 1.35
150-159 . . . . . . . 59-62 . . . . . . . . . . . . 1.55
160-164 . . . . . . . 63-64 . . . . . . . . . . . . 1.85
165-169 . . . . . . . 65-66 . . . . . . . . . . . . 2.05
170 or more . . . 67 or more . . . . . . . . 2.25

104.00 Cardiovascular System

A. Introduction. The listings in this section describe childhood impairments resulting from
congenital or acquired cardiovascular disease based on symptoms, physical signs, laboratory
test abnormalities, and response to a regimen of therapy prescribed by a treating source. A
longitudinal clinical record covering a period of not less than 3 months of observations and
therapy is usually necessary for the assessment of severity and expected duration unless the
child is a neonate or the claim can be decided favorably on the basis of the current evidence.
All relevant evidence must be considered in assessing a child's disability. Reasonable efforts
should be made to ensure evaluation by a program physician specializing in childhood
cardiovascular impairments or a qualified pediatrician.
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Examples of congenital defects include: abnormalities of cardiac septation, such as ventricular
septal defect or atrioventricular (AV) canal; abnormalities resulting in cyanotic heart disease,
such as tetralogy of Fallot or transposition of the vessels; valvular defects or obstructions to
ventricular outflow, including pulmonary or aortic stenosis and/or coarctation of the aorta; and
major abnormalities of ventricular development, including hypoplastic left heart syndrome or
pulmonary tricuspid atresia with hypoplastic right ventricle. Acquired heart disease may be due
to cardiomyopathy, rheumatic heart disease, Kawasaki syndrome, or other etiologies. Recurrent
arrhythmias, severe enough to cause functional impairment, may be seen with congenital or
acquired heart disease or, more rarely, in children with structurally normal hearts.

Cardiovascular impairments, especially chronic heart failure and congenital heart disease, may
result in impairments in other body systems including, but not limited to, growth, neurological,
and mental. Therefore, evaluation should include consideration of the adverse effects of
cardiovascular impairment in all relevant body systems, and especially on the child's growth and
development, or mental functioning, as described under the Growth impairment (100.00),
Neurological (111.00), and Mental retardation (112.05) listings.

Many children, especially those who have listing-level impairments, will have received the
benefit of medically prescribed treatment. Whenever there is evidence of such treatment, the
longitudinal clinical record must include a description of the therapy prescribed by the treating
source and response, in addition to information about the nature and severity of the impairment.
It is important to document any prescribed therapy and response because this medical
management may have improved the child's functional status. The longitudinal record should
provide information regarding functional recovery, if any.

Some children will not have received ongoing treatment or have an ongoing relationship with
the medical community despite the existence of a severe impairment(s). Unless the claim can
be decided favorably on the basis of the current evidence, a longitudinal record is still important
because it will provide information about such things as the ongoing medical severity of the
impairment, the level of the child's functioning, and the frequency, severity, and duration of
symptoms. Also, several listings include a requirement for continuing signs and symptoms
despite a regimen of prescribed treatment. Even though a child who does not receive treatment
may not be able to show an impairment that meets the criteria of these listings, the child may
have an impairment(s) that medically or functionally equals the listings.

Indeed, it must be remembered that these listings are only examples of common cardiovascular
disorders that are severe enough to find a child disabled. When you have a medically
determinable impairment that is not listed, an impairment that does not meet the requirements
of a listing, or a combination of impairments no one of which meets the requirements of a
listing, we will consider a determination whether your  impairment(s) medically equals or, as
appropriate, or functionally equals the listings. (See §§ 404.1526, 416.926, and 416.926a.)

B.  Documentation

Each child's file must include sufficiently detailed reports on history, physical examinations,
laboratory studies, and any prescribed therapy and response to allow an independent reviewer
to assess the severity and duration of the cardiovascular impairment. Data should be obtained
preferably from an office or center experienced in pediatric cardiac assessment. The actual
electrocardiographic tracing (or adequately marked photocopy) and echocardiogram report with
a copy of relevant echocardiographic views should be included (see Part A, 4.00C1).
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Results of additional studies necessary to substantiate the diagnosis or to document the
severity of the impairment, including two-dimensional and Doppler echocardiography, and
radionuclide ventriculograms, should be obtained, as appropriate, according to Part A, 4.00C3.
Ambulatory electrocardiographic monitoring may also be obtained if necessary to document the
presence or severity of an arrhythmia.

Exercise testing, though increasingly used, is still less frequently indicated in children than in
adults, and can rarely be successfully performed in children under 6 years of age. It may be of
value in the assessment of some arrhythmias, in the assessment of the severity of chronic
heart failure, and in the assessment of recovery of function following cardiac surgery or other
therapy. It will only be purchased by the Social Security Administration if the case cannot be
decided based on the available evidence and, if purchased, must be performed in a specialty
center for pediatric cardiology or other facility qualified to perform exercise testing for children.

Purchased exercise tests should be performed using a generally accepted protocol consistent
with the prevailing state of medical knowledge and clinical practice. An exercise test should not
be purchased for a child for whom the performance of the test is considered to constitute a
significant risk by a program physician. See 4.00C2c.

Cardiac catheterization will not be purchased by the Social Security Administration. If the results
of catheterization are otherwise available, they should be obtained.

C.  Treatment and relationship to functional status.

In general, conclusions about the severity of a cardiovascular impairment cannot be made on
the basis of type of treatment rendered or anticipated. The overall clinical and laboratory
evidence, including the treatment plan(s) or results, should be persuasive that a listing-level
impairment exists. The amount of function restored and the time required for improvement after
treatment (medical, surgical, or a prescribed program of progressive physical activity) vary with
the nature and extent of the disorder, the type of treatment, and other factors. Depending upon
the timing of this treatment in relation to the alleged onset date of disability, impairment
evaluation may need to be deferred for a period of up to 3 months from the date of treatment to
permit consideration of treatment effects. Evaluation should not be deferred if the claim can be
favorably decided based upon the available evidence.

The most life-threatening forms of congenital heart disease and cardiac impairments, such as
those listed in 104.00D, almost always require surgical treatment within the first year of life to
prevent early death. Even with surgery, these impairments are so severe that it is likely that the
impairment will continue to be disabling long enough to meet the duration requirement because
of significant residual impairment post-surgery, or the recovery time from surgery, or a
combination of both factors. Therefore, when the impairment is one of those named in 104.00D,
or is as severe as one of those impairments, the presence of a listing-level impairment can
usually be found on the basis of planned or actual cardiac surgery.

A child who has undergone surgical treatment for life-threatening heart disease will be found
under a disability for 12 months following the date of surgery under 104.06H (for infants with
life-threatening cardiac disease) or 104.09 (for a child of any age who undergoes cardiac
transplantation) because of the uncertainty during that period concerning outcome or long-term
results. After 12 months, continuing disability evaluation will be based upon residual
impairment, which will consider the clinical course following treatment and comparison of
symptoms, signs, and laboratory findings preoperatively and after the specified period. (See §
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404.1594 or § 416.994a, as appropriate, for our rules on medical improvement and whether an
individual is no longer disabled.)

D.  Congenital heart disease.

Some congenital defects usually lead to listing-level impairment in the first year of life and
require surgery within the first year as a life-saving measure. Examples of impairments that in
most instances will require life-saving surgery before age 1, include, but are not limited to, the
following: hypoplastic left heart syndrome; critical aortic stenosis with neonatal heart failure;
critical coarctation of the aorta, with or without associated anomalies; complete AV canal
defects; transposition of the great arteries; tetralogy of Fallot; and pulmonary atresia with intact
ventricular septum.

In addition, there are rarer defects which may lead to early mortality and that may require
multiple surgical interventions or a combination of surgery and other major interventional
procedures (e.g., multiple "balloon" catheter procedures). Examples of such defects include
single ventricle, tricuspid atresia, and multiple ventricular septal defects.

Pulmonary vascular obstructive disease can cause cardiac impairment in young children. When
a large or nonrestrictive septal defect or ductus is present, pulmonary artery mean pressures of
at least 70 percent of mean systemic levels are used as a criterion of listing-level impairment. In
the absence of such a defect (i.e., with primary pulmonary hypertension, or in some connective
tissue disorders with cardiopulmonary involvement and pulmonary vascular destruction),
listing-level impairment may be present at lower levels of pulmonary artery pressure, in the
range of at least 50 percent of mean systemic levels.

E.  Chronic heart failure.

Chronic heart failure in infants and children may manifest itself by pulmonary or systemic
venous congestion, including cardiomegaly, chronic dyspnea, tachypnea, orthopnea, or
hepatomegaly; or symptoms of limited cardiac output, such as weakness or fatigue; or a need
for cardiotonic drugs. Fatigue or exercise intolerance in an infant may be manifested by
prolonged feeding time associated with signs of cardiac impairment, including excessive
respiratory effort and sweating. Other manifestations of chronic heart failure during infancy may
include failure to gain weight or involuntary loss of weight and repeated lower respiratory tract
infections.

Findings of cardiomegaly shown by appropriate medically acceptable imaging evidence must be
accompanied by other evidence of chronic heart failure or ventricular dysfunction. “Appropriate”
means that the imaging technique used is the proper one to support the evaluation and
diagnosis of the impairment. (Reference: Feigenbaum, Harvey "Echocardiography." 4th Edition,
Lea and Febiger, 1986, Appendix, pp. 621-639.) Chest x-ray (6 ft. PA film) will be considered
indicative of cardiomegaly if the cardiothoracic ratio is over 60 percent at age l year or less, or
55 percent at more than 1 year of age.

Findings of cardiomegaly on chest x-ray must be accompanied by other evidence of chronic
heart failure or ventricular dysfunction. This evidence may include clinical evidence, such as
hepatomegaly, edema, or pulmonary venous congestion; or echocardiographic evidence, such
as marked ventricular dilatation above established normals for age, or markedly reduced
ejection fraction or shortening fraction.
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F.  Valvular heart disease.

Valvular heart disease requires documentation by appropriate imaging techniques, including
Doppler echocardiogram studies or cardiac catheterization if catheterization results are
available from a treating source or other source of record. Listing-level impairment is usually
associated with critical aortic stenosis in a newborn child, persistent heart failure, arrhythmias,
or valve replacement and ongoing anticoagulant therapy. The usual time after valvular surgery
for adequate assessment of the results of treatment is considered to be 3 months.

G.  Rheumatic heart disease.

The diagnosis should be made in accordance with the current revised Jones criteria for
guidance in the diagnosis of rheumatic fever.

104.01 Category of Impairments, Cardiovascular System

104.02 Chronic heart failure. Documented by clinical and laboratory findings as described in
104.00E, and with one of the following:

A.  Persistent tachycardia at rest (see Table I);

Or

B.  Persistent tachypnea at rest (see Table II), or markedly decreased exercise tolerance (see
104.00E);

Or

C.  Recurrent arrhythmias, as described in 104.05;

Or

D.  Growth disturbance, with:

1.  An involuntary weight loss (or failure to gain weight at an appropriate rate for age) resulting
in a fall of 15 percentiles from established growth curve (on standard growth charts) which
persists for 2 months or longer; or

2.  An involuntary weight loss (or failure to gain weight at an appropriate rate for age) resulting
in a fall to below the third percentile from established growth curve (on standard growth charts)
which persists for 2 months or longer; or

3.  Growth impairment as described under the criteria in 100.00.
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Table I - Tachycardia at rest

Age Apical Heart
(Beats Per

Minute)
Under 1 year . . . . . 150
1 through 3  years . . . . . 130
4 through 9 years . . . . . 120
10 through 15 years . . . . . 110
Over 15 years . . . . . 100

Table II - Tachypnea at rest

Age Respiratory
Rate Over

(Per Minute)
Under 1 year . . . . . . 40
1 through 5 years . . . . . . 35
6 through 9 years . . . . . . 30
Over 9 years . . . . . . 25

104.03 Hypertensive cardiovascular disease. With persistently elevated blood pressure
equal to or greater than the 95th percentile for age (see Table III), and one of the
following:

A.  Impaired renal function, as described in 106.02;

Or

B.  Cerebrovascular damage, as described in 111.06;

Or

C.  Chronic heart failure as described in 104.02.

Table III - Elevated Blood Pressure

Age Systolic
Over
(mmHg)

Or
Diastolic
Over
(mmHg)

Under I month 95 . . . . . . . . . . . . . . . . . . . . . -
1 month through 2
years

112 . . . . . . . . . . . . . . . . . . . . 74

3 through 5 years 116 . . . . . . . . . . . . . . . . . . . . 76
6 through 9 years 122 . . . . . . . . . . . . . . . . . . . . 78
10 through 12 years 126 . . . . . . . . . . . . . . . . . . . . 82
13 through 15 years 136 . . . . . . . . . . . . . . . . . . . . 86
16 to 18 years 142 . . . . . . . . . . . . . . . . . . . . 92
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104.05 Recurrent arrhythmias, such as persistent or recurrent heart block (A-V
dissociation), repeated symptomatic tachyarrhythmias or bradyarrhythmias or long QT
syndrome arrhythmias, not related to reversible causes such as electrolyte
abnormalities or digitalis glycoside or antiarrhythmic drug toxicity, resulting in
uncontrolled repeated episodes of cardiac syncope or near syncope and arrhythmia
despite prescribed treatment, including electronic pacemaker (see 104.00A if there is
no prescribed treatment), and documented by resting or ambulatory (Holter)
electrocardiography coincident with the occurrence of syncope or near syncope.

104.06 Congenital heart disease. With one of the following:

A.  Cyanotic heart disease, with persistent, chronic hypoxemia as manifested by;

1.  Hematocrit of 55 percent or greater on two or more evaluations within a 3-month period; or

2.  Arterial O2 saturation of less than 90 percent in room air, or resting PO2 of 60 Torr or less; or

3.  Hypercyanotic spells, syncope, characteristic squatting, or other incapacitating symptoms
directly related to documented cyanotic heart disease; or

4.  Exercise intolerance with increased hypoxemia on exertion;

Or

B.  Chronic heart failure with evidence of ventricular dysfunction, as described in 104.02;

Or

C.  Recurrent arrhythmias as described in 104.05;

Or

D.  Secondary pulmonary vascular obstructive disease with a mean pulmonary arterial pressure
elevated to at least 70 percent of the mean systemic arterial pressure;

Or

E.  Congenital valvular or other stenotic defects, or valvular regurgitation, as described in
104.00F and 104.07;

Or

F.  Symptomatic acyanotic heart disease, with ventricular dysfunction resulting in significant
restriction of age-appropriate activities or inability to complete age-appropriate tasks (see
104.00A);

Or

G.  Growth failure, as described in 100.00;

Or
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H.  For infants under 12 months of age at the time of filing, with life-threatening congenital heart
impairment that will or has required surgical treatment in the first year of life, consider the infant
to be under a disability until the attainment of age 1 or for 12 months after surgery, whichever is
the later event; thereafter, evaluate impairment severity with reference to 104.02 to 104.08.

104.07 Valvular heart disease or other stenotic defects, or valvular
regurgitation,documented by appropriate imaging techniques or cardiac
catheterization.

A.  Evaluate according to criteria in 104.02, 104.05, 111.06, or 11.04;

Or

B.  Critical aortic stenosis in newborn.

104.08 Cardiomyopathies, documented by appropriate imaging techniques, including
echocardiography or cardiac catheterization, if catheterization results are available
from a treating source. Impairment must be associated with an ejection fraction of 50
percent or less and significant left ventricular dilatation using standardized
age-appropriate echocardiographic ventricular cavity measurements. Evaluate under
the criteria in 104.02, 104.05, or 111.06.

104.09 Cardiac transplantation. Consider under a disability for 1 year following surgery;
thereafter, evaluate residual impairment under 104.02 to 104.08.

104.13 Chronic rheumatic fever or rheumatic heart disease Consider under a disability for
18 months from the established onset of impairment with one of the following:

A.  Persistence of rheumatic fever activity for 6 months or more which is manifested by
significant murmur(s), cardiac enlargement (see 104.00E) or ventricular dysfunction, and other
abnormal laboratory findings, as for example, an elevated sedimentation rate or ECG findings;

Or

B.  Evidence of chronic heart failure, as described under 104.02;

Or

C.  Recurrent arrhythmias, as described under 104.05.

104.14 Hyperlipidemia.. Documented Type II homozygous hyperlipidemia with repeated
plasma cholesterol levels of 500 mg/ml or greater, with one of the following:

A.  Myocardial ischemia, as described in 4.04B or 4.04C;

Or

B.  Significant aortic stenosis documented by Doppler echocardiographic techniques or cardiac
catheterization;
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Or

C.  Major disruption of normal life activities by repeated hospitalizations for
plasmapheresis or other prescribed therapies, including liver transplant;

Or

D.  Recurrent pancreatitis complicating hyperlipidemia.

104.15 Kawasaki syndrome. With one of the following:

A.  Major coronary artery aneurysm;

Or

B.  Chronic heart failure, as described in 104.02.

105.00 Digestive System

A.  Disorders of the digestive system which result in disability usually do so because of
interference with nutrition and growth, multiple recurrent inflammatory lesions, or other
complications of the disease. Such lesions or complications usually respond to treatment. To
constitute a listed impairment, these must be shown to have persisted or be expected to persist
despite prescribed therapy for a continuous period of at least 12 months.

B.  Documentation of gastrointestinal impairments should include pertinent operative findings,
appropriate medically acceptable imaging studies, endoscopy, and biopsy reports. Medically
acceptable imaging includes, but is not limited to, x-ray imaging, computerized axial
tomography (CAT scan) or magnetic resonance imaging (MRI), with or without contrast
material, myelography, and radionuclear bone scans.  “Appropriate” means that the technique
used is the proper one to support the evaluation and diagnosis of the impairment.

C.  Growth retardation and malnutrition. When the primary disorder of the digestive tract has
been documented, evaluate resultant malnutrition under the criteria described in 105.08.
Evaluate resultant growth impairment under the criteria described in 100.03. Intestinal
disorders, including surgical diversions and potentially correctable congenital lesions, do not
represent a severe impairment if the individual is able to maintain adequate nutrition, growth
and development.

D.  Multiple congenital anomalies. See related criteria, and consider as a combination of
impairments.

105.01 Category of Impairments, Digestive

105.03 Esophageal Obstruction, caused by atresia, stricture, or stenosis with
malnutrition as described under the criteria in 105.08.

105.05 Chronic liver disease. With one of the following:
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A.  Inoperable biliary atresia demonstrated by appropriate medically acceptable imaging or
surgery; or

B.  Intractable ascites not attributable to other causes, with serum albumin of 3.0 gm./100 ml. or
less; or

C.  Esophageal varices (demonstrated by endoscopy or other appropriate medically acceptable
imaging); or

D.  Hepatic coma, documented by findings from hospital records; or

E.  Hepatic encephalopathy. Evaluate under the criteria in 112.02; or

F.  Chronic active inflammation or necrosis documented by SGOT persistently more than 100
units or serum bilirubin of 2.5 mg. percent or greater.

105.07 Chronic inflammatory bowel disease (such as ulcerative colitis, regional
enteritis), as documented in 105.00. With one of the following:

A.  Intestinal manifestations or complications, such as obstruction, abscess, or fistula formation
which has lasted or is expected to last 12 months; or

B.  Malnutrition as described under the criteria in 105.08; or

C.  Growth impairment as described under the criteria in 100.03.

105.08 Malnutrition, due to demonstrable gastrointestinal disease causing either a fall
of 15 percentiles of weight which persists or the persistence of weight which is
less than the third percentile (on standard growth charts). And one of the
following:

A.  Stool fat excretion per 24 hours:

1.  More than 15 percent in infants less than 6 months.

2.  More than 10 percent in infants 6-18 months.

3.  More than 6 percent in children more than 18 months; or

B.  Persistent hematocrit of 30 percent or less despite prescribed therapy; or

C.  Serum carotene of 40 mcg./100 ml. or less; or

D.  Serum albumin of 3.0 gm./100 ml. or less.

105.09 Liver transplant. Consider under a disability for 12 months following the date of
surgery; thereafter, evaluate the residual impairment.
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106.00 Genito-Urinary System

A.  Determination of the presence of chronic renal disease will be based upon the following
factors:

1.  History, physical examination, and laboratory evidence of renal disease.

2.  Indications of its progressive nature or laboratory evidence of deterioration of renal function.

B.  Renal transplant. The amount of function restored and the time required to effect
improvement depend upon various factors including adequacy of post transplant renal function,
incidence of renal infection, occurrence of rejection crisis, presence of systemic complications
(anemia, neuropathy, etc.) and side effects of corticosteroid or immuno-suppressive agents. A
period of at least 12 months is required for the individual to reach a point of stable medical
improvement.

C.  Evaluate associated disorders and complications according to the appropriate body system
listing.

106.01 Category of Impairments, Genito-Urinary

106.02 Chronic renal disease. With:

A.  Persistent elevation of serum creatinine to 3 mg. per deciliter (100 ml.) or greater, over at
least 3 months; or

B.  Reduction of creatinine clearance to 30 ml. per minute (43 liters/ 24 hours) per 1.73m2 of
body surface area over at least 3 months; or

C.  Chronic renal dialysis program for irreversible renal failure; or

D.  Renal transplant. Consider under a disability for 12 months following surgery; thereafter
evaluate the residual impairment (see 106.00B).

106.06 Nephrotic syndrome, with edema not controlled by prescribed therapy. And:

A. Serum albumin less than 2 gm./100 ml.; or

B.  Proteinuria more than 2.5 gm./1.73 m2/day.

107.00 Hemic and Lymphatic System

A.  Sickle cell disease. Refers to a chronic hemolytic anemia associated with sickle cell
hemoglobin, either homozygous or in combination with thalassemia or with another abnormal
hemoglobin (such as C or F).

Appropriate hematologic evidence for sickle cell disease, such as hemoglobin electrophoresis
must be included. Vaso-occlusive, hemolytic, or aplastic episodes should be documented by
description of severity, frequency, and duration.
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Disability due to sickle cell disease may be solely the result of a severe, persistent anemia or
may be due to the combination of chronic progressive or episodic manifestations in the
presence of a less severe anemia.

Major visceral episodes causing disability include meningitis, osteomyelitis, pulmonary
infections or infarctions, cerebrovascular accidents, congestive heart failure, genito-urinary
involvement, etc.

B.  Coagulation defects. Chronic inherited coagulation disorders must be documented by
appropriate laboratory evidence such as abnormal thromboplastin generation, coagulation time,
or factor assay.

C.  Acute leukemia (including T-cell lymphoblastic lymphoma). Initial diagnosis of acute
leukemia or T-cell lymphoblastic lymphoma must be based upon definitive bone marrow
pathologic evidence. Recurrent disease may be documented by peripheral blood, bone marrow,
or cerebrospinal fluid examination. The pathology report must be included.

The designated duration of disability implicit in the finding of a listed impairment is contained in
107.11. Following the designated time period, a documented diagnosis itself is no longer
sufficient to establish a severe impairment. The severity of any remaining impairment must be
evaluated on the basis of the medical evidence.

107.01 Category of Impairments, Hemic and Lymphatic

107.03 Hemolytic Anemia (due to any cause). Manifested by persistence of hematocrit of
26 percent or less despite prescribed therapy, and reticulocyte count of 4 percent or
greater.

107.05 Sickle cell disease. With:

A.  Recent, recurrent severe vaso-occlusive crises (musculoskeletal, vertebral, abdominal); or

B.  A major visceral complication in the 12 months prior to application; or

C.  A hyperhemolytic or aplastic crisis within 12 months prior to application; or

D.  Chronic, severe anemia with persistence of hernatocrit of 26 percent or less; or

E.  Congestive heart failure, cerebrovascular damage, or emotional disorder as described under
the criteria in 104.02, 111.00ff, or 112.00ff.

107.06 Chronic idiopathic thrombocytopenic purpura of childhood. With purpura and
thrombocytopenia of 40,000 platelets/cu.mm. or less despite prescribed therapy or
recurrent upon withdrawal of treatment.

107.08 Inherited coagulation disorder. With:

A.  Repeated spontaneous or inappropriate bleeding; or

B.  Hemarthrosis with joint deformity.
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107.11 Acute leukemia (including T-cell lymphoblastic lymphoma). Consider under a
disability:

A.  For 2 1/2 years from the time of initial diagnosis; or

B.  For 2 1/2 years from the time of recurrence of active disease.

109.00 Endocrine System

A.  Cause of disability. Disability is caused by a disturbance in the regulation of the secretion or
metabolism of one or more hormones which are not adequately controlled by therapy. Such
disturbances or abnormalities usually respond to treatment. To constitute a listed impairment
these must be shown to have persisted or be expected to persist despite prescribed therapy for
a continuous period of at least 12 months.

B.  Growth. Normal growth is usually a sensitive indicator of health as well as of  adequate
therapy in children. Impairment of growth may be disabling in itself or may be an indicator of a
severe disorder involving the endocrine system or other body systems. Where involvement of
other organ systems has occurred as a result of a primary endocrine disorder, these
impairments should be evaluated according to the criteria under the appropriate sections.

C.  Documentation. Description of characteristic history, physical findings, and diagnostic
laboratory data must be included. Results of laboratory tests will be considered abnormal if
outside the normal range or greater than two standard deviations from the mean of the testing
laboratory. Reports in the file should contain the information provided by the testing laboratory
as to their normal values for that test.

D.  Hyperfunction of the adrenal cortex. Evidence of growth retardation must be documented as
described in 100.00. Elevated blood or urinary free cortisol levels are not acceptable in lieu of
urinary 17-hydroxycorticosteroid excretion for the diagnosis of adrenal cortical hyperfunction.

E.  Adrenal cortical insufficiency. Documentation must include persistent low plasma cortisol or
low urinary 17-hydroxycorticosteroids or 17-ketogenic steroids and evidence of
unresponsiveness to ACTH stimulation.

109.01 Category of impairments, Endocrine

109.02 Thyroid disorders.

A.  Hyperthyroidism (as documented in 109.00C above). With clinical manifestations despite
prescribed therapy, and one of the following:

1.  Elevated serum thyroxine (T4) and either elevated free T4or resin T3 uptake; or

2.  Elevated thyroid uptake of radioiodine; or

3.  Elevated serum triiodothyronine (T3).

B.  Hypothyroidism. With one of the following, despite prescribed therapy:

1.  IQ of 70 or less; or
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2.  Growth impairment as described under the criteria in 100.02 A and B; or

3.  Precocious puberty.

109.03 Hyperparathyroidism (as documented in 109.00C). With:

A.  Repeated elevated total or ionized serum calcium; or

B.  Elevated serum parathyroid hormone.

109.04 Hypoparathyroidism or pseudohypoparathyroidism. With:

A.  Severe recurrent tetany or convulsions which are unresponsive to prescribed therapy; or

B.  Growth retardation as described under the criteria in 100.02A and B.

109.05 Diabetes insipidus, documented by pathologic hypertonic saline or water
deprivation test. And one of the following:

A.  Intracranial space-occupying lesion, before or after surgery; or

B.  Unresponsiveness to Pitressin; or

C.  Growth retardation as described under the criteria in 100.02A and B; or

D.  Unresponsive hypothalmic thirst center, with chronic or recurrent hypernatremia; or

E.  Decreased visual fields attributable to a pituitary lesion.

109.06 Hyperfunction of the adrenal cortex (primary or secondary). With:

A.  Elevated urinary 17-hydroxycorticosteroids (or 17-ketogenic steroids) as documented in
109.00C and D; and

B.  Unresponsiveness to low-dose dexamethasone suppression.

109.07 Adrenal cortical insufficiency, (as documented in 109.00C and E) with recent,
recurrent episodes of circulatory collapse.

109.08 Juvenile diabetes mellitus (as documented in 109.00C) requiring parenteral
insulin. And one of the following, despite prescribed therapy:

A.  Recent, recurrent hospitalizations with acidosis; or

B.  Recent, recurrent episodes of hypoglycemia; or

C.  Growth retardation as described under the criteria in 100.02.A or B; or

D.  Impaired renal function as described under the criteria in 106.00ff.
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109.09 Iatrogenic hypercorticoid state. With chronic glucocorticoid therapy resulting in one
of the following:

A.  Osteoporosis; or

B.  Growth retardation as described under the criteria in 100.02A or B; or

C.  Diabetes mellitus as described under the criteria in 109.08; or

D.  Myopathy as described under the criteria in 111.06; or

E.  Emotional disorder as described under the criteria in 112.00ff.

109.10 Pituitary swarfism (With documented growth hormone deficiency).  And growth
impairment as described under the criteria in 100.02B.

109.11 Adrenogenital syndrome. With:

A.  Recent, recurrent salt-losing episodes despite prescribed therapy; or

B.  Inadequate replacement therapy manifested by accelerated bone age and virilization;  or

C.  Growth impairment as described under the criteria in 100.02A or B.

109.12 Hypoglycemia (as documented in 109.00C. With recent, recurrent hypoglycemic
episodes producing convulsion or coma.

109.13 Gonadal dysgenesis (Turner's syndrome), chromosomally proven. Evaluate the
resulting impairment under the criteria for the appropriate body system.

110.00 Multiple Body Systems

A.  This section refers to those life-threatening catastrophic congenital abnormalities and other
serious hereditary, congenital, or acquired disorders that usually affect two or more body
systems and are expected to:

1.  Result in early death or developmental attainment of less than 2 years of age as described
in listing 110.08 (e.g., anencephaly or Tay-Sachs); or

2.  Produce long-term, if not life-long, significant interference with age appropriate major daily
or personal care activities as described in listings 110.06 and 110.07. (Significant interference
with age-appropriate activities is considered to exist where the developmental milestone age did
not exceed two-thirds of the chronological age at the time of evaluation and such interference
has lasted or could be expected to last at least 12 months.)
See 112.00C for a discussion of developmental milestone criteria and evaluation of
age-appropriate activities.

Down syndrome (except for mosaic Down syndrome, which is to be evaluated under listing
110.07) established by clinical findings, including the characteristic physical features, and
laboratory evidence is considered to meet the requirement of listing 110.06 commencing at
birth. Examples of disorders that should be evaluated under listing 110.07 include mosaic Down
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Syndrome and chromosomal abnormalities other than Down syndrome, in which a pattern of
multiple impairments (including mental retardation) is known to occur, phenylketonuria (PKU),
fetal alcohol syndrome, and severe chronic neonatal infections such as toxoplasmosis, rubella
syndrome, cytomegalic inclusion disease, and herpes encephalitis.

B.  Documentation must include confirmation of a positive diagnosis by a clinical description of
the usual abnormal physical findings associated with the condition and definitive laboratory
tests, including chromosomal analysis, where appropriate (e.g., Down Syndrome). Medical
evidence that is persuasive that a positive diagnosis has been confirmed by appropriate
laboratory testing, at some time prior to evaluation, is acceptable in lieu of a copy of the actual
laboratory report.

C.  When multiple body system manifestations do not meet one of the established criteria of
one of the listings, the combined impairments must be evaluated together to determine if they
are equal in severity to a listed impairment.

110.01 Category of Impairments, Multiple Body Systems

110.06 Down syndrome (excluding mosaic Down syndrome) established by clinical and
laboratory findings, as described in 110.00B. Consider the child disabled from birth.

110.07 Multiple body dysfunction due to any confirmed (see 110.00B) hereditary,
congenital, or acquired condition with one of the following:

A.  Persistent motor dysfunction as a result of hypotonia and/or musculoskeletal weakness,
postural reaction deficit, abnormal primitive reflexes, or other neurological impairment as
described in 111.00C, and with significant interference with age-appropriate major daily or
personal care activities, which in an infant or young child include such activities as head control,
swallowing, following, reaching, grasping, turning, sitting, crawling, walking, taking solids,
feeding self; or

B.  Mental impairment as described under the criteria in 112.05 or 112.12; or

C.  Growth impairment as described under the criteria in 100.02A or B; or

D.  Significant interference with communication due to speech, hearing, or visual impairments
as described under the criteria in 102.00 and 111.09; or

E.  Cardiovascular impairments as described under the criteria in 104.00; or

F.  Other impairments such as, but not limited to malnutrition, hypothyroidism, or seizures
should be evaluated under the criteria in 105.08, 109.02 or 111.02 and 111.03, or the criteria
for the affected body system.

110.08 Catastrophic congenital sbnormalities or disease. With

A.  A positive diagnosis (such as anencephaly, trisomy D or E, cyclopia, etc.), generally
regarded as being incompatible with extrauterine life; or

B.  A positive diagnosis (such as cri du chat, Tay-Sachs Disease) wherein attainment of the
growth and development level of 2 years is not expected to occur.
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111.00 Neurological

A.  Convulsive epilepsy must be substantiated by at least one detailed description of a typical
seizure. Report of recent documentation should include a neurological examination with
frequency of episodes and any associated phenomena substantiated.

Young children may have convulsions in association with febrile illnesses. Proper use of 111.02
and 111.03 requires that epilepsy be established. Although this does not exclude consideration
of seizures occurring during febrile illnesses, it does require documentation of seizures during
nonfebrile periods.

There is an expected delay in control of epilepsy when treatment is started, particularly when
changes in the treatment regimen are necessary. Therefore, an epileptic disorder should not be
considered to meet the requirements of 111.02 or 111.03 unless it is shown that convulsive
episodes have persisted more than three months after prescribed therapy began.

B.  Nonconvulsive epilepsy. Classical petit mal seizures must be documented by characteristic
EEG pattern, plus information as to age at onset and frequency of clinical seizures. Myoclonic
seizures, whether of the typical infantile or Lennox-gastaut variety after infancy, must also be
documented by the characteristic EEG pattern plus information as to age at onset and
frequency of seizures.

C.  Motor dysfunction. As described in 111.06, motor dysfunction may be due to any
neurological disorder. It may be due to static or progressive conditions involving any area of the
nervous system and producing any type of neurological impairment. This may include
weakness, spasticity, lack of coordination, ataxia, tremor, athetosis, or sensory loss.
Documentation of motor dysfunction must include neurologic findings and description of type of
neurologic abnormality (e.g., spasticity, weakness), as well as a description of the child's
functional impairment (i.e., what the child is unable to do because of the abnormality). Where a
diagnosis has been made, evidence should be included for substantiation of the diagnosis (e.g.,
blood chemistries and muscle biopsy reports), wherever applicable.

D.  Impairment of communication. The documentation should include a description of a  recent
comprehensive evaluation including all areas of affective and effective communication,
performed by a qualified professional.

111.01 Category of Impairments, Neurological

111.02 Major motor seizure disorder

A. Convulsive epilepsy. In a child with an established diagnosis of epilepsy,, the occurrence of
more than one major motor seizure per month despite at least 3 months of prescribed
treatment. With:

1.  Daytime episodes (loss of consciousness and convulsive seizures); or

2.  Nocturnal episodes manifesting residuals which interfere with activity during the day.



136

B.  Convulsive epilepsy syndrome. In a child with an established diagnosis of epilepsy, the
occurrence of at least one major motor seizure in the year prior to application despite at least
three months of prescribed treatment. And one of the following:

1.  IQ of 70 or less; or

2.  Significant interference with communication due to speech, hearing, or visual defect;  or

3.  Significant mental disorder; or

4.  Where significant adverse effects of medication interfere with major daily activities.

111.03 Minor motor seizure disorder. In a child with an established seizure disorder, the
occurrence of more than one minor motor seizure per week, with alteration of
awareness or loss of consciousness, despite at least 3 months of prescribed
treatment.

111.05 Brain tumors

A.  Malignant gliomas (astrocytoma - Grades III and IV, glioblastoma multiforme),
medulloblastoma, ependymoblastoma, primary sarcoma, or brain stem gliomas; or

B.  Evaluate other brain tumors under the criteria for the resulting neurological impairment.

111.06 Motor dysfunction (Due to any neurological disorder) Persistent disorganization or
deficit of motor function for age involving two extremities, which (despite prescribed
therapy) interferes with age-appropriate major daily activities and results in disruption
of:

A.  Fine and gross movements; or

B.  Gait and station.

111.07 Cerebral palsy with:

A.  Motor dysfunction meeting the requirements of 10 1.03 or 111.06; or

B.  Less severe motor dysfunction (but more than slight) and one of the following:

1.  IQ of 70 or less; or

2.  Seizure disorder, with at least one major motor seizure in the year prior to application; or

3.  Significant interference with communication due to speech, hearing, or visual defect; or

4.  Significant emotional disorder.

111.08 Meningomyelocele (and related disorders). With one of the following despite
prescribed treatment:

A.  Motor dysfunction meeting the requirements of 10 1.03 or 111.06; or
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B.  Less severe motor dysfunction (but more than slight), and:

1.  Urinary or fecal incontinence when inappropriate for age; or

2.  IQ of 70 or less; or

C.  Four extremity involvement; or

D.  Noncompensated hydrocephalus producing interference with mental or motor
developmental progression.

111.09 Communication impairment  associated with documented neurological disorder.
And one of the following:

A.  Documented speech deficit which significantly affects the clarity and content of the speech;
or

B.  Documented comprehension deficit resulting in ineffective verbal communication for age; or

C.  Impairment of hearing as described under the criteria in 102.08.

112.00 Mental Disorders

A.  Introduction:  The structure of the mental disorders listings for children under age 18
parallels the structure for the mental disorders listings for adults but is modified to reflect the
presentation of mental disorders in children.  The listings for mental disorders in children are
arranged in 11 diagnostic categories:  Organic mental disorders (112.02); schizophrenic,
delusional (paranoid), schizoaffective, and other psychotic disorders (112.03); mood disorders
(112.04); mental retardation (112.05); anxiety disorders (112.06); somatoform, eating, and tic
disorders (112.07); personality disorders (112.08); psychoactive substance dependence
disorders (112.09); autistic disorder and other pervasive developmental disorders (112.10);
attention deficit hyperactivity disorder (112.11); and developmental and emotional disorders of
newborn and younger infants (112.12).

There are significant differences between the listings for adults and the listings for children.
There are disorders found in children that have no real analogy in adults; hence, the differences
in the diagnostic categories for children.  The presentation of mental disorders in children,
particularly the very young child, may be subtle and of a character different from the signs and
symptoms found in adults.  For example, findings such as separation anxiety, failure to mold or
bond with the parents, or withdrawal may serve as findings comparable to findings that mark
mental disorders in adults.  The activities appropriate to children, such as learning, growing,
playing, maturing, and school adjustment, are also different from the activities appropriate to
the adult and vary widely in the different childhood stages.

Each listing begins with an introductory statement that describes the disorder or disorders
addressed by the listing.  This is followed (except in listings 112.05 and 112.12) by paragraph A
criteria (a set of medical findings) and paragraph B criteria (a set of impairment-related
functional limitations).  An individual will be found to have a listed impairment when the criteria
of both paragraphs A and B of the listed impairment are satisfied.
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The purpose of the criteria in paragraph A is to substantiate medically the presence of a
particular mental disorder.  Specific symptoms and signs under any of the listings 112.02
through 112.12 cannot be considered in isolation from the description of the mental disorder
contained at the beginning of each listing category.  Impairments should be analyzed or
reviewed under the mental category(ies) indicated by the medical findings.  Paragraph A of the
listings is a composite of medical findings which are used to substantiate the existence of a
disorder and may or may not be appropriate for children at specific developmental stages.
However, a range of medical findings is included in the listings so that no age group is
excluded.  For example, in listing 112.02A7, emotional lability and crying would be inappropriate
criteria to apply to older infants and toddlers, age 1 to attainment of age 3; whereas in
listing 112.02A1, developmental arrest, delay, or regression are appropriate criteria for older
infants and toddlers.  Whenever the adjudicator decides that the requirements of paragraph A
of a particular mental listing are satisfied, then that listing should be applied regardless of the
age of the child to be evaluated.

The purpose of the paragraph B criteria is to describe impairment-related functional limitations
which are applicable to children.  Standardized tests of social or cognitive function and adaptive
behavior are frequently available and appropriate for the evaluation of children and, thus, such
tests are included in the paragraph B functional parameters.  The functional restrictions in
paragraph B must be the result of the mental disorder which is manifested by the medical
findings in paragraph A.

We did not include separate C criteria for listings 112.02, 112.03, 112.04, and 112.06, as are
found in the adult listings, because for the most part we do not believe that the residual disease
processes described by these listings are commonly found in children.  However, in unusual
cases where these disorders are found in children and are comparable to the severity and
duration found in adults, we may use the adult listings 12.02C, 12.03C, 12.04C, and 12.06C
criteria to evaluate such cases.

The structure of the listings for Mental Retardation (112.05) and Developmental and Emotional
Disorders of Newborn and Younger Infants (112.12) is different from that of the other mental
disorders.  Listing 112.05 (Mental Retardation) contains six sets of criteria.  If an impairment
satisfies the diagnostic description in the introductory paragraph and any one of the six sets of
criteria, we will find that the child's impairment meets the listing.  For listings 112.05D and
112.05F, we will assess the degree of functional limitation the additional impairment(s) imposes
to determine if it causes more than minimal functional limitations, i.e., is a “severe”
impairment(s), as defined in § 416.924(c).  If the additional impairment(s) does not cause
limitations that are "severe" as defined in § 416.924(c), we will not find that the additional
impairment(s) imposes an additional and significant limitation of function.  Listing 112.12
(Developmental and Emotional Disorders of Newborn and Younger Infants) contains five
criteria, any one of which, if satisfied, will result in a finding that the infant's impairment meets
the listing.

It must be remembered that these listings are examples of common mental disorders that are
severe enough to find a child disabled.  When a child has a medically determinable impairment
that is not listed, an impairment that does not meet the requirements of a listing, or a
combination of impairments no one of which meets the requirements of a listing, we will make a
determination whether the child's impairment(s) medically or functionally equals the listings.
(See §§ 404.1526, 416.926, and 416.926a.)  This determination can be especially important in
older infants and toddlers
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(age 1 to attainment of age 3), who may be too young for identification of a specific diagnosis,
yet demonstrate serious functional limitations.  Therefore, the determination of equivalency is
necessary to the evaluation of any child's case when the child does not have an impairment that
meets a listing.

B.  Need for medical evidence: The existence of a medically determinable impairment of the
required duration must be established by medical evidence consisting of symptoms, signs, and
laboratory findings (including psychological or developmental test findings).  Symptoms are
complaints presented by the child.  Psychiatric signs are medically demonstrable phenomena
that indicate specific psychological abnormalities, e.g., abnormalities of behavior, mood,
thought, memory, orientation, development, or perception, as described by an appropriate
medical source.  Symptoms and signs generally cluster together to constitute recognizable
mental disorders described in paragraph A of the listings.  These findings may be intermittent or
continuous depending on the nature of the disorder.

C.  Assessment of Severity:  In childhood cases, as with adults, severity is measured according
to the functional limitations imposed by the medically determinable mental impairment.
However, the range of functions used to assess impairment severity for children varies at
different stages of maturation.  The functional areas that we consider are:  Motor function;
cognitive/communicative function; social function; personal function; and concentration,
persistence, or pace.  In most functional areas, there are two alternative methods of
documenting the required level of severity:  (1) Use of standardized tests alone, where
appropriate test instruments are available, and (2) use of other medical findings.  (See 112.00D
for explanation of these documentation requirements.)  The use of standardized tests is the
preferred method of documentation if such tests are available.

Newborn and younger infants (birth to attainment of age 1) have not developed sufficient
personality differentiation to permit formulation of appropriate diagnoses.  We have, therefore,
assigned listing 112.12 for Developmental and Emotional Disorders of Newborn and Younger
Infants for the evaluation of mental disorders of such children.  Severity of these disorders is
based on measures of development in motor, cognitive/communicative, and social functions.
When older infants and toddlers (age 1 to attainment of age 3) do not clearly satisfy the
paragraph A criteria of any listing because of insufficient developmental differentiation, they
must be evaluated under the rules for equivalency.  The principles for assessing the severity of
impairment in such children, described in the following paragraphs, must be employed.

Generally, when we assess the degree of developmental delay imposed by a mental
impairment, we will use an infant's or toddler's chronological age; i.e., the child's age based on
birth date.  If the infant or toddler was born prematurely, however, we will follow the rules in
§ 416.924b(b) to determine whether we should use the infant's or toddler's corrected
chronological age; i.e., the chronological age adjusted by the period of gestational prematurity.

In defining the severity of functional limitations, two different sets of paragraph B criteria
corresponding to two separate age groupings have been established, in addition to listing
112.12, which is for children who have not attained age 1.  These age groups are:  older infants
and toddlers (age 1 to attainment of age 3) and children (age 3 to attainment of age 18).
However, the discussion below in 112.00C1, 2, 3, and 4, on the age-appropriate areas of
function, is broken down into four age groupings:  older infants and toddlers (age 1 to
attainment of age 3), preschool children (age 3 to attainment of age 6), primary school children
(age 6 to attainment of
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age 12), and adolescents (age 12 to attainment of age 18).  This was done to provide specific
guidance on the age group variances in disease manifestations and methods of evaluation.

Where "marked" is used as a standard for measuring the degree of limitation it means more
than moderate but less than extreme.  A marked limitation may arise when several activities or
functions are impaired, or even when only one is impaired, as long as the degree of limitation is
such as to interfere seriously with the ability to function (based upon age-appropriate
expectations) independently, appropriately, effectively, and on a sustained basis.  When
standardized tests are used as the measure of functional parameters, a valid score that is two
standard deviations below the norm for the test will be considered a marked restriction.

1.  Older infants and toddlers (age 1 to attainment of age 3).  In this age group, impairment
severity is assessed in three areas:  (a) Motor development, (b) cognitive/communicative
function, and (c) social function.
a. Motor development.  Much of what we can discern about mental function in these children
frequently comes from observation of the degree of development of fine and gross motor
function.  Developmental delay, as measured by a good developmental milestone history
confirmed by medical examination, is critical.  This information will ordinarily be available in the
existing medical evidence from the claimant's treating sources and other medical sources,
supplemented by information from nonmedical sources, such as parents, who have observed
the child and can provide pertinent historical information.  It may also be available from
standardized testing.  If the delay is such that the older infant or toddler has not achieved motor
development generally acquired by children no more than one-half the child's chronological
age, the criteria are satisfied.

b. Cognitive/communicative function.  Cognitive/communicative function is measured using one
of several standardized infant scales.  Appropriate tests for the measure of such function are
discussed in 112.00D.  Screening instruments may be useful in uncovering potentially serious
impairments, but often must be supplemented by other data.  However, in some cases, the
results of screening tests may show such obvious abnormalities that further testing will clearly
be unnecessary.

For older infants and toddlers, alternative criteria covering disruption in communication as
measured by their capacity to use simple verbal and nonverbal structures to communicate basic
needs are provided.

c. Social function.  Social function in older infants and toddlers is measured in terms of the
development of relatedness to people (e.g., bonding and stranger anxiety) and attachment to
animate or inanimate objects.  Criteria are provided that use standard social maturity scales or
alternative criteria that describe marked impairment in socialization.

2.  Preschool children (age 3 to attainment of age 6).  For the age groups including preschool
children through adolescence, the functional areas used to measure severity are:  (a)
Cognitive/communicative function, (b) social function, (c) personal function, and (d) deficiencies
of concentration, persistence, or pace resulting in frequent failure to complete tasks in a timely
manner.  After 36 months, motor function is no longer felt to be a primary determinant of mental
function, although, of course, any motor abnormalities should be documented and evaluated.

a. Cognitive/communicative function.  In the preschool years and beyond, cognitive function
can be measured by standardized tests of intelligence, although the appropriate instrument may
vary with age.  A primary criterion for limited cognitive function is a valid verbal, performance, or
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full scale IQ of 70 or less.  The listings also provide alternative criteria, consisting of tests of
language development or bizarre speech patterns.

b. Social function.  Social functioning refers to a child's capacity to form and maintain
relationships with parents, other adults, and peers.  Social functioning includes the ability to get
along with others (e.g., family members, neighborhood friends, classmates, teachers).
Impaired social functioning may be caused by inappropriate externalized actions (e.g., running
away, physical aggression--but not self-injurious actions, which are evaluated in the personal
area of functioning), or inappropriate internalized actions (e.g., social isolation, avoidance of
interpersonal activities, mutism).  Its severity must be documented in terms of intensity,
frequency, and duration, and shown to be beyond what might be reasonably expected for age.
Strength in social functioning may be documented by such things as the child's ability to
respond to and initiate social interaction with others, to sustain relationships, and to participate
in group activities.  Cooperative behaviors, consideration for others, awareness of others'
feelings, and social maturity, appropriate to a child's age, also need to be considered.  Social
functioning in play and school may involve interactions with adults, including responding
appropriately to persons in authority (e.g., teachers, coaches) or cooperative behaviors
involving other children.  Social functioning is observed not only at home but also in preschool
programs.

c. Personal function.  Personal functioning in preschool children pertains to self-care; i.e.,
personal needs, health, and safety (feeding, dressing, toileting, bathing; maintaining personal
hygiene, proper nutrition, sleep, health habits; adhering to medication or therapy regimens;
following safety precautions).  Development of self-care skills is measured in terms of the
child's increasing ability to help himself/herself and to cooperate with others in taking care of
these needs.  Impaired ability in this area is manifested by failure to develop such skills, failure
to use them, or self-injurious actions.  This function may be documented by a standardized test
of adaptive behavior or by a careful description of the full range of self-care activities.  These
activities are often observed not only at home but also in preschool programs.

d. Concentration, persistence, or pace.  This function may be measured through observations
of the child in the course of standardized testing and in the course of play.

3.  Primary school children (age 6 to attainment of age 12).  The measures of function here are
similar to those for preschool-age children except that the test instruments may change and the
capacity to function in the school setting is supplemental information.  Standardized measures
of academic achievement, e.g., Wide Range Achievement Test-Revised, Peabody Individual
Achievement Test, etc., may be helpful in assessing cognitive impairment.  Problems in social
functioning, especially in the area of peer relationships, are often observed firsthand by
teachers and school nurses.  As described in 112.00D, Documentation, school records are an
excellent source of information concerning function and standardized testing and should always
be sought for school-age children.

As it applies to primary school children, the intent of the functional criterion described in
paragraph B2d, i.e., deficiencies of concentration, persistence, or pace resulting in failure to
complete tasks in a timely manner, is to identify the child who cannot adequately function in
primary school because of a mental impairment.  Although grades and the need for special
education placement are relevant factors which must be considered in reaching a decision
under paragraph B2d, they are not conclusive.  There is too much variability from school district
to school district in the expected level of grading and in the criteria for special education
placement to justify reliance solely on these factors.
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4.  Adolescents (age 12 to attainment of age 18).  Functional criteria parallel to those for
primary school children (cognitive/ communicative; social; personal; and concentration,
persistence, or pace) are the measures of severity for this age group.  Testing instruments
appropriate to adolescents should be used where indicated.  Comparable findings of disruption
of social function must consider the capacity to form appropriate, stable, and lasting
relationships.  If information is available about cooperative working relationships in school or at
part-time or full-time work, or about the ability to work as a member of a group, it should be
considered when assessing the child’s social functioning.  Markedly impoverished social
contact, isolation, withdrawal, and inappropriate or bizarre behavior under the stress of
socializing with others also constitute comparable findings.  (Note that self-injurious actions are
evaluated in the personal area of functioning.)

a. Personal functioning in adolescents pertains to self-care.  It is measured in the same terms
as for younger children, the focus, however, being on the adolescent’s ability to take care of his
or her own personal needs, health, and safety without assistance.  Impaired ability in this area
is manifested by failure to take care of these needs or by self-injurious actions.  This function
may be documented by a standardized test of adaptive behavior or by careful descriptions of
the full range of self-care activities.

b. In adolescents, the intent of the functional criterion described in paragraph B2d is the same
as in primary school children.  However, other evidence of this functional impairment may also
be available, such as from evidence of the child’s performance in work or work-like settings.

D.  Documentation:

1.  The presence of a mental disorder in a child must be documented on the basis of reports
from acceptable sources of medical evidence.  See §§ 404.1513 and 416.913.  Descriptions of
functional limitations may be available from these sources, either in the form of standardized
test results or in other medical findings supplied by the sources, or both.  (Medical findings
consist of symptoms, signs, and laboratory findings.)  Whenever possible, a medical source's
findings should reflect the medical source's consideration of information from parents or other
concerned individuals who are aware of the child's activities of daily living, social functioning,
and ability to adapt to different settings and expectations, as well as the medical source's
findings and observations on examination, consistent with standard clinical practice.  As
necessary, information from nonmedical sources, such as parents, should also be used to
supplement the record of the child's functioning to establish the consistency of the medical
evidence and longitudinality of impairment severity.

2.  For some newborn and younger infants, it may be very difficult to document the presence or
severity of a mental disorder.  Therefore, with the exception of some genetic diseases and
catastrophic congenital anomalies, it may be necessary to defer making a disability decision
until the child attains 3 months of age in order to obtain adequate observation of behavior or
affect.  See, also, 110.00 of this part.  This period could be extended in cases of premature
infants depending on the degree of prematurity and the adequacy of documentation of their
developmental and emotional status.

3.  For infants and toddlers, programs of early intervention involving occupational, physical, and
speech therapists, nurses, social workers, and special educators, are a rich source of data.
They can provide the developmental milestone evaluations and records on the fine and gross
motor functioning of these children.  This information is valuable and can complement the
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medical examination by a physician or psychologist.  A report of an interdisciplinary team that
contains the evaluation and signature of an acceptable medical source is considered
acceptable medical evidence rather than supplemental data.

4.  In children with mental disorders, particularly those requiring special placement, school
records are a rich source of data, and the required reevaluations at specified time periods can
provide the longitudinal data needed to trace impairment progression over time.

5.  In some cases where the treating sources lack expertise in dealing with mental disorders of
children, it may be necessary to obtain evidence from a psychiatrist, psychologist, or
pediatrician with experience and skill in the diagnosis and treatment of mental disorders as they
appear in children.  In these cases, however, every reasonable effort must be made to obtain
the records of the treating sources, since these records will help establish a longitudinal picture
that cannot be established through a single purchased examination.

6.  Reference to a "standardized psychological test" indicates the use of a psychological test
measure that has appropriate validity, reliability, and norms, and is individually administered by
a qualified specialist.  By "qualified," we mean the specialist must be currently licensed or
certified in the State to administer, score, and interpret psychological tests and have the training
and experience to perform the test.
7.  Psychological tests are best considered as standardized sets of tasks or questions designed
to elicit a range of responses.  Psychological testing can also provide other useful data, such as
the specialist's observations regarding the child's ability to sustain attention and concentration,
relate appropriately to the specialist, and perform tasks independently (without prompts or
reminders).  Therefore, a report of test results should include both the objective data and any
clinical observations.

8.  The salient characteristics of a good test are:  (1) Validity, i.e., the test measures what it is
supposed to measure; (2) reliability, i.e., the consistency of results obtained over time with the
same test and the same individual; (3) appropriate normative data, i.e., individual test scores
can be compared to test data from other individuals or groups of a similar nature,
representative of that population; and (4) wide scope of measurement, i.e., the test should
measure a broad range of facets/aspects of the domain being assessed.  In considering the
validity of a test result, we should note and resolve any discrepancies between formal test
results and the child's customary behavior and daily activities.

9.  Identical IQ scores obtained from different tests do not always reflect a similar degree of
intellectual functioning.  The IQ scores in listing 112.05 reflect values from tests of general
intelligence that have a mean of 100 and a standard deviation of 15, e.g., the Wechsler series.
IQs obtained from standardized tests that deviate from a mean of 100 and standard deviation of
15 require conversion to a percentile rank so that the actual degree of limitation reflected by the
IQ scores can be determined.  In cases where more than one IQ is customarily derived from the
test administered, e.g., where verbal, performance, and full scale IQs are provided in the
Wechsler series, the lowest of these is used in conjunction with listing 112.05.

10.  IQ test results must also be sufficiently current for accurate assessment under 112.05.
Generally, the results of IQ tests tend to stabilize by the age of 16.  Therefore, IQ test results
obtained at age 16 or older should be viewed as a valid indication of the child's current status,
provided they are compatible with the child's current behavior.  IQ test results obtained between
ages 7 and 16 should be considered current for 4 years when the tested IQ is less than 40, and
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for 2 years when the IQ is 40 or above.  IQ test results obtained before age 7 are current for 2
years if the tested IQ is less than 40 and 1 year if at 40 or above.

11.  Standardized intelligence test results are essential to the adjudication of all cases of mental
retardation that are not covered under the provisions of listings 112.05A, 112.05B, and
112.05F.  Listings 112.05A, 112.05B, and 112.05F may be the bases for adjudicating cases
where the results of standardized intelligence tests are unavailable, e.g., where the child's
young age or condition precludes formal standardized testing.

12.  In conjunction with clinical examinations, sources may report the results of screening tests,
i.e., tests used for gross determination of level of functioning.  Screening instruments may be
useful in uncovering potentially serious impairments, but often must be supplemented by other
data.  However, in some cases the results of screening tests may show such obvious
abnormalities that further testing will clearly be unnecessary.

13.  Where reference is made to developmental milestones, this is defined as the attainment of
particular mental or motor skills at an age-appropriate level, i.e., the skills achieved by an infant
or toddler sequentially and within a given time period in the motor and manipulative areas, in
general understanding and social behavior, in self-feeding, dressing, and toilet training, and in
language.  This is sometimes expressed as a developmental quotient (DQ), the relation
between developmental age and chronological age as determined by specific standardized
measurements and observations.  Such tests include, but are not limited to, the Cattell Infant
Intelligence Scale, the Bayley Scales of Infant Development, and the Revised Stanford-Binet.
Formal tests of the attainment of developmental milestones are generally used in the clinical
setting for determination of the developmental status of infants and toddlers.

14.  Formal psychological tests of cognitive functioning are generally in use for preschool
children, for primary school children, and for adolescents except for those instances noted
below.

15.  Generally, it is preferable to use IQ measures that are wide in scope and include items that
test both verbal and performance abilities.  However, in special circumstances, such as the
assessment of children with sensory, motor, or communication abnormalities, or those whose
culture and background are not principally English-speaking, measures such as the Test of
Nonverbal Intelligence, Third Edition (TONI-3), Leiter International Performance Scale-Revised
(Leiter-R), or Peabody Picture Vocabulary Test-Third Edition (PPVT-III) may be used.

16.  We may consider exceptions to formal standardized psychological testing when an
individual qualified by training and experience to perform such an evaluation is not available, or
in cases where appropriate standardized measures for the child's social, linguistic, and cultural
background are not available.  In these cases, the best indicator of severity is often the level of
adaptive functioning and how the child performs activities
of daily living and social functioning.

17. Comprehensive neuropsychological examinations may be used to establish the existence
and extent of compromise of brain function, particularly in cases involving organic mental
disorders. Normally these examinations include assessment of cerebral dominance, basic
sensation and perception, motor speed and coordination, attention and concentration,
visual-motor function, memory across verbal and visual modalities, receptive and expressive
speech, higher-order linguistic operations, problem-solving, abstraction ability, and general
intelligence. In addition, there should be clinical interview geared toward evaluating pathological
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features known to occur frequently in neurological disease and trauma, e.g., emotional lability,
abnormality of mood, impaired impulse control, passivity and apathy, or inappropriate social
behavior. The specialist performing the examination may administer one of the commercially
available comprehensive neuropsychological batteries, such as the Luria-Nebraska or
Halstead-Reitan, or a battery of tests selected as relevant to the suspected brain dysfunction.
The specialist performing the examination must be properly trained in this area of neuroscience.

E. Effect of hospitalization or residential placement: As with adults, children with mental
disorders may be placed in a variety of structured settings outside the home as part of their
treatment. Such settings include, but are not limited to, psychiatric hospitals, developmental
disabilities facilities, residential treatment centers and schools, community-based group homes,
and workshop facilities. The reduced mental demands of such structured settings may
attenuate overt symptomatology and superficially make the child’s level of adaptive functioning
appear better than it is. Therefore, the capacity of the child to function outside highly structured
settings must be considered in evaluating impairment severity. This is done by determining the
degree to which the child can function (based upon age-appropriate expectations)
independently, appropriately, effectively, and on a sustained basis outside the highly structured
setting.

On the other hand, there may be a variety of causes for placement of a child in a structured
setting which may or may not be directly related to impairment severity and functional ability.
Placement in a structured setting in and of itself does not equate with a finding of disability. The
severity of the impairment must be compared with the requirements of the appropriate listing.

F. Effects of medication: Attention must be given to the effect of medication on the child’s signs,
symptoms, and ability to function. While drugs used to modify psychological functions and
mental states may control certain primary manifestations of a mental disorder, e.g.,
hallucinations, impaired attention, restlessness, or hyperactivity, such treatment may not affect
all functional limitations imposed by the mental disorder. In cases where overt symptomatology
is attenuated by the use of such drugs, particular attention must be focused on the functional
limitations that may persist. These functional limitations must be considered in assessing
impairment severity.

Psychotropic medicines used in the treatment of some mental illnesses may cause drowsiness,
blunted affect, or other side effects involving other body systems.  Such side effects must be
considered in evaluating overall impairment severity.

112.01 Category of Impairments, Mental

112.02 Organic mental disorders:  Abnormalities in perception, cognition, affect, or behavior
associated with dysfunction of the brain.  The history and physical examination or
laboratory tests, including psychological or neuropsychological tests, demonstrate or
support the presence of an organic factor judged to be etiologically related to the
abnormal mental state and associated deficit or loss of specific cognitive abilities, or
affective changes, or loss of previously acquired functional abilities.

The required level of severity for these disorders is met when the requirements in both A and B
are satisfied.

A.  Medically documented persistence of at least one of the following:
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1.  Developmental arrest, delay or regression; or

2.  Disorientation to time and place; or

3.  Memory impairment, either short-term (inability to learn new information), intermediate, or
long-term (inability to remember information that was known sometime in the past); or

4.  Perceptual or thinking disturbance (e.g., hallucinations, delusions, illusions, or paranoid
thinking); or

5.  Disturbance in personality (e.g., apathy, hostility); or

6.  Disturbance in mood (e.g., mania, depression); or

7.  Emotional lability (e.g., sudden crying); or

8.  Impairment of impulse control (e.g., disinhibited social behavior, explosive temper
outbursts); or

9.  Impairment of cognitive function, as measured by clinically timely standardized
psychological testing; or

10. Disturbance of concentration, attention, or judgment;

AND

B.  Select the appropriate age group to evaluate the severity of the impairment:

1.  For older infants and toddlers (age 1 to attainment of age 3), resulting in at least one of the
following:

a. Gross or fine motor development at a level generally acquired by children no more than
one-half the child's chronological age, documented by:

(1) An appropriate standardized test; or
(2) Other medical findings (see 112.00C); or

b. Cognitive/communicative function at a level generally acquired by children no more than
one-half the child's chronological age, documented by:

(1) An appropriate standardized test; or
(2) Other medical findings of equivalent cognitive/communicative abnormality, such as the
inability to use simple verbal or nonverbal behavior to communicate basic needs or concepts; or

c. Social function at a level generally acquired by children no more than one-half the child's
chronological age, documented by:

(1) An appropriate standardized test; or
(2) Other medical findings of an equivalent abnormality of social functioning, exemplified by
serious inability to achieve age-appropriate autonomy as manifested by excessive clinging or
extreme separation anxiety; or
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d. Attainment of development or function generally acquired by children no more than two-thirds
of the child's chronological age in two or more areas covered by a., b., or c., as measured by an
appropriate standardized test or other appropriate medical findings.

2.  For children (age 3 to attainment of age 18), resulting in at least two of the following:

a. Marked impairment in age-appropriate cognitive/communicative function, documented by
medical findings (including consideration of historical and other information from parents or
other individuals who have knowledge of the child, when such information is needed and
available) and including, if necessary, the results of appropriate standardized psychological
tests, or for children under age 6, by appropriate tests of language and communication; or
b. Marked impairment in age-appropriate social functioning, documented by history and medical
findings (including consideration of information from parents or other individuals who have
knowledge of the child, when such information is needed and available) and including, if
necessary, the results of appropriate standardized tests; or

c. Marked impairment in age-appropriate personal functioning, documented by history and
medical findings (including consideration of information from parents or other individuals who
have knowledge of the child, when such information is needed and available) and including, if
necessary, appropriate standardized tests; or

d. Marked difficulties in maintaining concentration, persistence, or pace.

112.03 Schizophrenic, delusional (paranoid), schizoaffective, and other pPsychotic
disorders: Onset of psychotic features, characterized by a marked disturbance of
thinking, feeling, and behavior, with deterioration from a previous level of functioning
or failure to achieve the expected level of social functioning.  The required level of
severity for these disorders is met when the requirements in both A and B are
satisfied.

A.  Medically documented persistence, for at least 6 months, either continuous or intermittent,
of one or more of the following:

1.  Delusions or hallucinations; or

2.  Catatonic, bizarre, or other grossly disorganized behavior; or

3.  Incoherence, loosening of associations, illogical thinking, or poverty of content of speech; or

4.  Flat, blunt, or inappropriate affect; or

5.  Emotional withdrawal, apathy, or isolation;

AND

B.  For older infants and toddlers (age 1 to attainment of age 3), resulting in at least one of the
appropriate age-group criteria in paragraph B1 of 112.02; or, for children (age 3 to attainment of
age 18), resulting in at least two of the appropriate age-group criteria in paragraph B2 of
112.02.
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112.04 Mood disorders:  Characterized by a disturbance of mood (referring to a prolonged
emotion that colors the whole psychic life, generally involving either depression or
elation), accompanied by a full or partial manic or depressive syndrome.

The required level of severity for these disorders is met when the requirements in both A and B
are satisfied.

A. Medically documented persistence, either continuous or intermittent, of one of the following:

1.  Major depressive syndrome, characterized by at least five of the following, which must
include either depressed or irritable mood or markedly diminished interest or pleasure:

a. Depressed or irritable mood; or

b. Markedly diminished interest or pleasure in almost all activities; or

c. Appetite or weight increase or decrease, or failure to make expected
weight gains; or

d. Sleep disturbance; or

e. Psychomotor agitation or retardation; or

f. Fatigue or loss of energy; or

g. Feelings of worthlessness or guilt; or

h. Difficulty thinking or concentrating; or

i. Suicidal thoughts or acts; or

j. Hallucinations, delusions, or paranoid thinking;

OR

2.  Manic syndrome, characterized by elevated, expansive, or irritable mood, and at least three
of the following:

a. Increased activity or psychomotor agitation; or

b. Increased talkativeness or pressure of speech; or

c. Flight of ideas or subjectively experienced racing thoughts; or

d. Inflated self-esteem or grandiosity; or

e. Decreased need for sleep; or

f. Easy distractibility; or
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g. Involvement in activities that have a high potential of painful consequences which are not
recognized; or

h. Hallucinations, delusions, or paranoid thinking;

OR

3.  Bipolar or cyclothymic syndrome with a history of episodic periods manifested by the full
symptomatic picture of both manic and depressive syndromes (and currently or most recently
characterized by the full or partial symptomatic picture of either or both syndromes);

AND

B.  For older infants and toddlers (age 1 to attainment of age 3), resulting in at least one of the
appropriate age-group criteria in paragraph B1 of 112.02; or, for children (age 3 to attainment of
age 18), resulting in at least two of the appropriate age-group criteria in paragraph B2 of
112.02.

112.05 Mental retardation:  Characterized by significantly subaverage general intellectual
functioning with deficits in adaptive functioning.

The required level of severity for this disorder is met when the requirements in A, B, C, D, E, or
F are satisfied.

A.  For older infants and toddlers (age 1 to attainment of age 3), resulting in at least one of the
appropriate age-group criteria in paragraph B1 of 112.02; or, for children (age 3 to attainment of
age 18), resulting in at least two of the appropriate age-group criteria in paragraph B2 of
112.02;

OR

B.  Mental incapacity evidenced by dependence upon others for personal needs (grossly in
excess of age-appropriate dependence) and inability to follow directions such that the use of
standardized measures of intellectual functioning is precluded;
OR

C.  A valid verbal, performance, or full scale IQ of 59 or less;

OR

D.  A valid verbal, performance, or full scale IQ of 60 through 70 and a physical or other mental
impairment imposing an additional and significant limitation of function;

OR

E.  A valid verbal, performance, or full scale IQ of 60 through 70 and:

1.  For older infants and toddlers (age 1 to attainment of age 3), resulting in attainment of
development or function generally acquired by children no more than two-thirds of the child's
chronological age in either of paragraphs B1a or B1c of 112.02; or
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2.  For children (age 3 to attainment of age 18), resulting in at least one of paragraphs B2b or
B2c or B2d of 112.02;
OR

F.  Select the appropriate age group:

1.  For older infants and toddlers (age 1 to attainment of age 3), resulting in attainment of
development or function generally acquired by children no more than two-thirds of the child's
chronological age in paragraph B1b of 112.02, and a physical or other mental impairment
imposing an additional and significant limitation of function;

OR

2.  For children (age 3 to attainment of age 18), resulting in the satisfaction of 112.02B2a, and a
physical or other mental impairment imposing an additional and significant limitation of function.

112.06 Anxiety disorders:  In these disorders, anxiety is either the predominant disturbance
or is experienced if the individual attempts to master symptoms; e.g., confronting
the dreaded object or situation in a phobic disorder, attempting to go to school in a
separation anxiety disorder, resisting the obsessions or compulsions in an obsessive
compulsive disorder, or confronting strangers or peers in avoidant  disorders.

The required level of severity for these disorders is met when the requirements in both A and B
are satisfied.

A.  Medically documented findings of at least one of the following:

1.  Excessive anxiety manifested when the child is separated, or separation is threatened, from
a parent or parent surrogate; or

2.  Excessive and persistent avoidance of strangers; or

3.  Persistent unrealistic or excessive anxiety and worry (apprehensive expectation),
accompanied by motor tension, autonomic hyperactivity, or vigilance and scanning; or

4.  A persistent irrational fear of a specific object, activity, or situation which results in a
compelling desire to avoid the dreaded object, activity, or situation; or

5.  Recurrent severe panic attacks, manifested by a sudden unpredictable onset of intense
apprehension, fear, or terror, often with a sense of impending doom, occurring on the average
of at least once a week; or

6.  Recurrent obsessions or compulsions which are a source of marked distress; or

7.  Recurrent and intrusive recollections of a traumatic experience, including dreams, which are
a source of marked distress;
AND

B.  For older infants and toddlers (age 1 to attainment of age 3), resulting in at least one of the
appropriate age-group criteria in paragraph B1 of 112.02; or, for children (age 3 to attainment of
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age 18), resulting in at least two of the appropriate age-group criteria in paragraph B2 of
112.02.

112.07 Somatoform, eating, and tic disorders:  Manifested by physical symptoms for which
there are no demonstrable organic findings or known physiologic mechanisms; or
eating or tic disorders with physical manifestations.

The required level of severity for these disorders is met when the requirements in both A and B
are satisfied.

A.  Medically documented findings of one of the following:

1.  An unrealistic fear and perception of fatness despite being underweight, and persistent
refusal to maintain a body weight which is greater than 85 percent of the average weight for
height and age, as shown in the most recent edition of the Nelson Textbook of Pediatrics,
Richard E. Behrman and Victor C. Vaughan, III, editors, Philadelphia:  W. B. Saunders
Company; or

2.  Persistent and recurrent involuntary, repetitive, rapid, purposeless motor movements
affecting multiple muscle groups with multiple vocal tics; or
3.  Persistent non-organic disturbance of one of the following:

a. Vision; or

b. Speech; or

c. Hearing; or

d. Use of a limb; or

e. Movement and its control (e.g., coordination disturbance, psychogenic seizures); or

f. Sensation (diminished or heightened); or

g. Digestion or elimination; or

4.  Preoccupation with a belief that one has a serious disease or injury;

AND

B.  For older infants and toddlers (age 1 to attainment of age 3), resulting in at least one of the
appropriate age-group criteria in paragraph B1 of 112.02; or, for children (age 3 to attainment of
age 18), resulting in at least two of the appropriate age-group criteria in paragraph B2 of
112.02.

112.08 Personality disorders:  Manifested by pervasive, inflexible, and maladaptive
personality traits, which are typical of the child's long-term functioning and not limited
to discrete episodes of illness.

The required level of severity for these disorders is met when the requirements in both A and B
are satisfied.
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A.  Deeply ingrained, maladaptive patterns of behavior, associated with one of the following:

1.  Seclusiveness or autistic thinking; or

2.  Pathologically inappropriate suspiciousness or hostility; or

3.  Oddities of thought, perception, speech, and behavior; or

4.  Persistent disturbances of mood or affect; or

5.  Pathological dependence, passivity, or aggressiveness; or

6.  Intense and unstable interpersonal relationships and impulsive and exploitative behavior; or

7.  Pathological perfectionism and inflexibility;

AND

B.  For older infants and toddlers (age 1 to attainment of age 3), resulting in at least one of the
appropriate age-group criteria in paragraph B1 of 112.02; or, for children (age 3 to attainment of
age 18), resulting in at least two of the appropriate age-group criteria in paragraph B2 of
112.02.

112.09 Psychoactive substance dependence disorders:  Manifested by a cluster of
cognitive, behavioral, and physiologic symptoms that indicate impaired control of
psychoactive substance use with continued use of the substance despite adverse
consequences.

The required level of severity for these disorders is met when the requirements in both A and B
are satisfied.

A.  Medically documented findings of at least four of the following:

1.  Substance taken in larger amounts or over a longer period than intended and a great deal of
time is spent in recovering from its effects; or

2.  Two or more unsuccessful efforts to cut down or control use; or

3.  Frequent intoxication or withdrawal symptoms interfering with major role obligations; or

4.  Continued use despite persistent or recurring social, psychological, or physical problems; or

5.  Tolerance, as characterized by the requirement for markedly increased amounts of
substance in order to achieve intoxication; or

6.  Substance taken to relieve or avoid withdrawal symptoms;

AND
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B.  For older infants and toddlers (age 1 to attainment of age 3), resulting in at least one of the
appropriate age-group criteria in paragraph B1 of 112.02; or, for children (age 3 to attainment of
age 18), resulting in at least two of the appropriate age-group criteria in paragraph B2 of
112.02.

112.10 Autistic disorder and other pervasive developmental disorders:  Characterized by
qualitative deficits in the development of reciprocal social interaction, in the
development of verbal and nonverbal communication skills, and in imaginative activity.
Often, there is a markedly restricted repertoire of activities and interests, which
frequently are stereotyped and repetitive.

The required level of severity for these disorders is met when the requirements in both A and B
are satisfied.

A.  Medically documented findings of the following:

1.  For autistic disorder, all of the following:

a. Qualitative deficits in the development of reciprocal social interaction;
and

b. Qualitative deficits in verbal and nonverbal communication and in imaginative activity; and

c. Markedly restricted repertoire of activities and interests;

OR

2.  For other pervasive developmental disorders, both of the following:

a. Qualitative deficits in the development of reciprocal social interaction;
and

b. Qualitative deficits in verbal and nonverbal communication and in
imaginative activity;

AND

B.  For older infants and toddlers (age 1 to attainment of age 3), resulting in at least one of the
appropriate age-group criteria in paragraph B1 of 112.02; or, for children (age 3 to attainment of
age 18), resulting in at least two of the appropriate age-group criteria in paragraphs B2 of
112.02.

112.11 Attention deficit hyperactivity disorder:  Manifested by developmentally
inappropriate degrees of inattention, impulsiveness, and hyperactivity.

The required level of severity for these disorders is met when the requirements in both A and B
are satisfied.

A.  Medically documented findings of all three of the following:

1.  Marked inattention; and
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2.  Marked impulsiveness; and

3.  Marked hyperactivity;

AND

B.  For older infants and toddlers (age 1 to attainment of age 3), resulting in at least one of the
appropriate age-group criteria in paragraph B1 of 112.02; or, for children (age 3 to attainment of
age 18), resulting in at least two of the appropriate age-group criteria in paragraph B2 of
112.02.

112.12 Developmental and emotional disorders of newborn and younger infants (birth
to attainment of age 1):  Developmental or emotional disorders of infancy are
evidenced by a deficit or lag in the areas of motor, cognitive/communicative, or social
functioning.  These disorders may be related either to organic or to functional factors
or to a combination of these factors.

The required level of severity for these disorders is met when the requirements of A, B, C, D, or
E are satisfied.

A.  Cognitive/communicative functioning generally acquired by children no more than one-half
the child’s chronological age, as documented by appropriate medical findings (e.g., in infants
0-6 months, markedly diminished variation in the production or imitation of sounds and severe
feeding abnormality, such as problems with sucking, swallowing, or chewing) including, if
necessary, a standardized test;

OR

B.  Motor development generally acquired by children no more than one-half the child’s
chronological age, documented by appropriate medical findings, including if necessary, a
standardized test;

OR

C.  Apathy, over-excitability, or fearfulness, demonstrated by an absent or grossly excessive
response to one of the following:

1.  Visual stimulation; or

2.  Auditory stimulation; or

3.  Tactile stimulation;

OR

D.  Failure to sustain social interaction on an ongoing, reciprocal basis as
evidenced by:

1.  Inability by 6 months to participate in vocal, visual, and motoric exchanges (including facial
expressions); or
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2.  Failure by 9 months to communicate basic emotional responses, such as cuddling or
exhibiting protest or anger; or

3.  Failure to attend to the caregiver’s voice or face or to explore an inanimate object for a
period of time appropriate to the infant’s age;

OR

E.  Attainment of development or function generally acquired by children no more than
two-thirds of the child’s chronological age in two or more areas (i.e., cognitive/ communicative,
motor, and social), documented by appropriate medical findings, including if necessary,
standardized testing.

113.00 Neoplastic Diseases, Malignant

A. Introduction.  Determination of disability in the growing and developing child with a
malignant neoplastic disease is based upon the combined effects of:

1.  The pathophysiology, histology, and natural history of the tumor; and

2.  The effects of the currently employed aggressive multimodal therapeutic regimens.

Combinations of surgery, radiation, and chemotherapy or prolonged therapeutic schedules
impart significant additional morbidity to the child during the period of greatest risk from the
tumor itself. This period of highest risk and greatest therapeutically-induced morbidity defines
the limits of disability for most of childhood neoplastic disease.

B.  Documentation. The diagnosis of neoplasm should be established on the basis of
symptoms, signs, and laboratory findings. The site of the primary, recurrent, and metastatic
lesion must be specified in all cases of malignant neoplastic diseases. If an operative procedure
has been performed, the evidence should include a copy of the operative note and the report of
the gross and microscopic examination of the surgical specimen, along with all pertinent
laboratory or reports from appropriate medically acceptable imaging. Medically acceptable
imaging includes, but is not limited to, x-ray imaging, computerized axial tomography (CAT
scan) or magnetic resonance imaging (MRI), with or without contrast material, myelography,
and radionuclear bone scans.  “Appropriate” means that the technique used is the proper one
to support the evaluation and diagnosis of the impairment.  The evidence should also include a
recent report directed especially at describing whether there is evidence of local or regional
recurrence, soft part or skeletal metastases, and significant post therapeutic residuals.

C.  Malignant solid tumors, as listed under 113.03, include the histiocytosis syndromes except
for solitary eosinophilic granuloma. Thus, 113.03 should not be used for evaluating brain tumors
(see 111.05) or thyroid tumors, which must be evaluated on the basis of whether they are
controlled by prescribed therapy.

D.  Duration of disability from malignant neoplastic tumors is included in 113.02 and 113.03.
Following the time periods designated in these sections, a documented diagnosis itself is no
longer sufficient to establish a severe impairment. The severity of a remaining impairment must
be evaluated on the basis of the medical evidence.
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113.01 Category of Impairments, Neoplastic Diseases, Malignant

113.02 Lymphoreticular malignant neoplasms

A.  Hodgkin’s Disease with progressive disease not controlled by prescribed therapy; or

B. Non-Hodgkin’s lymphoma. Consider under a disability:

1.  For 2 1/2 years from the time of initial diagnosis; or

2.  For 2 1/2 years from the time of recurrence of active disease.

113.03 Malignant solid tumors. Consider under a disability:

A.  For 2 years from the time of initial diagnosis; or

B.  For 2 years from the time of recurrence of active disease.

113.04 Neuroblastoma. With one of the following:

A.  Extension across the midline; or

B.  Distant metastases; or
C.  Recurrence; or

D.  Onset at age 1 year or older.

113.05 Retinoblastoma. With one of the following:

A.  Bilateral involvement; or

B.  Metastases; or

C.  Extension beyond the orbit; or

D.  Recurrence.

114.00 Immune System

A.  Listed disorders include impairments involving deficiency of one or more components of the
immune system (i.e., antibody-producing B cells; a number of different types of cells associated
with cell-mediated immunity including T-lymphocytes, macrophages and monocytes; and
components of the complement system).

B.  Dysregulation of the immune system may result in the development of a connective tissue
disorder. Connective tissue disorders include several chronic multi-system disorders that differ
in their clinical manifestation, course, and outcome. These disorders are described in Part A,
14.00B; inflammatory arthritis is also described in 114.00E.
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Some of the features of connective tissue disorders in children may differ from the features in
adults. When the clinical features are the same as that seen in adults, the principles and
concepts in Part A, 14.00B apply.

The documentation needed to establish the existence of a connective tissue disorder is
medical history, physical examination, selected laboratory studies, appropriate medically
acceptable imaging, and, in some instances, tissue biopsy.  Medically acceptable imaging
includes, but is not limited to, x-ray imaging, computerized axial tomography (CAT scan) or
magnetic resonance imaging (MRI), with or without contrast material, myelography, and
radionuclear bone scans.  “Appropriate” means that the technique used is the proper one to
support the evaluation and diagnosis of the impairment.  However, the Social Security
Administration will not purchase diagnostic tests or procedures that may involve significant risk,
such as biopsies or angiograms. Generally, the existing medical evidence will contain this
information.

In addition to the limitations caused by the connective tissue disorder per se, the chronic
adverse effects of treatment (e.g., corticosteroid-related ischemic necrosis of bone) may result
in functional loss.

A longitudinal clinical record of at least 3 months demonstrating active disease despite
prescribed treatment during this period with the expectation that the disease will remain active
for 12 months is necessary for assessment of severity and duration of impairment.
In children the impairment may affect growth, development, attainment of age-appropriate
skills, and performance of age-appropriate activities. The limitations may be the result of
serious loss of function because of disease affecting a single organ or body system, or lesser
degrees of functional loss because of disease affecting two or more organs/body systems
associated with significant constitutional symptoms and signs of severe fatigue, fever, malaise,
weight loss, and joint pain and stiffness. We use the term "severe" in these listings to describe
medical severity; the term does not have the same meaning as it does when we use it in
connection with a finding at the second step of the sequential evaluation processes in
§§ 404.1520, 416.920, and 416.924.

C.  Allergies, growth impairments and Kawasaki disease.

1.  Allergic disorders (e.g., asthma or atopic dermatitis) are discussed and evaluated under the
appropriate listing of the affected body system.

2. If growth is affected by the disorder or its treatment by immunosuppressive drugs, 100.00,
Growth impairment, may apply. Children may have growth impairment as a result of the
inflammatory arthritides because of the diseases' potential effects on the immature skeleton,
open epiphyses, and young cartilage and bone. In such situations, the growth impairment
should be evaluated under 100.00ff.

3.  Kawasaki disease, also known as mucocutaneous lymph node syndrome, is characterized
by multisystem manifestations, but significant functional impairment is usually due to disease of
the coronary arteries, which should be evaluated under 104.00.

D.  Human immunodeficiency virus (HIV) infection.

1.  HIV infection is caused by a specific retrovirus and may be characterized by susceptibility to
one or more opportunistic diseases, cancers, or other conditions, as described in 114.08. Any
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child with HIV infection, including, one with a diagnosis of acquired immunodeficiency syndrome
(AIDS), may be found disabled under this listing if his or her impairment meets any of the
criteria in 114.08 or is of equivalent severity to any impairment in 114.08.

2.  Definitions. In 114.08, the terms "resistant to treatment," "recurrent," and
"disseminated" have the same general meaning as used by the medical community. The
precise meaning of any of these terms will depend upon the specific disease or condition in
question, the body system affected, the usual course of the disorder and its treatment, and the
other circumstances of the case.

"Resistant to treatment" means that a condition did not respond adequately to an appropriate
course of treatment. Whether a response is adequate, or a course of treatment appropriate, will
depend on the facts of the particular case.

"Recurrent" means that a condition that responded adequately to an appropriate course of
treatment has returned after a period of remission or regression. The extent of response (or
remission) and the time periods involved will depend on the facts of the particular case.

"Disseminated" means that a condition is spread widely over a considerable area or body
system(s). The type and extent of the spread will depend on the specific disease.

3.  Documentation of HIV infection in children. The medical evidence must include
documentation of HIV infection. Documentation may be by laboratory evidence or by other
generally acceptable methods consistent with the prevailing state of medical knowledge and
clinical practice.

a. Documentation of HIV infection in children by definitive diagnosis. A definitive diagnosis of
HIV infection is documented by one or more of the following laboratory tests:

i]  For a child 24 months of age or older, a serum specimen that contains HIV antibodies. HIV
antibodies are usually detected by a screening test. The most commonly used screening test is
the ELISA. Although this test is highly sensitive, it may yield false positive results. Therefore,
positive results from an ELISA must be confirmed by a more definitive test (e.g., Western Blot,
immunofluorescence assay). (See paragraph b, below, for information about HIV antibody
testing in children younger than 24 months of age.)

ii]  A specimen that contains HIV antigen (e.g., serum specimen, lymphocyte culture, or
cerebrospinal fluid (CSF) specimen).

iii]  An imunoglobulin A(IgA) serological assay specific for HIV.

iv]  Other test(s) that are highly specific for detection of HIV in children (e.g., polymerase chain
reaction (PCR)), or that are acceptable methods of detection consistent with the prevailing state
of medical knowledge.

When laboratory testing for HIV infection has been performed, every reasonable effort must be
made to obtain reports of the results of that testing.

b. Other acceptable documentation of HIV infection in children.
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As noted in paragraph a, above, HIV infection is not documented in children under 24 months
of age by a serum specimen containing HIV antibodies. This is because women with HIV
infection often transfer HIV antibodies to their newborns. The mother's antibodies can persist in
the infant for up to 24 months, even if the infant is not HIV-infected. Only 20 to 30 percent of
such infants are actually infected. Therefore, the presence of serum HIV antibodies alone does
not establish the presence of HIV infection in a child under 24 months of age. However, the
presence of HIV antibodies accompanied by evidence of significantly depressed T-helper
lymphocytes (CD4), an abnormal CD4/CD8 ratio, or abnormal immunoglobulin G (IgG) may be
used to document HIV infection in a child under 24 months of age, even though such testing is
not a basis for a definitive diagnosis.

For children from birth to the attainment of 24 months of age who have tested positive for HIV
antibodies (see D3a above), HIV infection may be documented by one or more of the following:

i]  For an infant 12 months of age or less, a CD4 (T4) count of 1500/mm3 or less, or a CD4
count less than or equal to 20 percent of total lymphocytes.

ii]  For an infant from 12 to 24 months of age, a CD4 (T4) count of 750/mm3 or less, or a CD4
count less than or equal to 20 percent of total lymphocytes.

iii]  An abnormal CD4/CD8 ratio.

iv]  An IgG significantly greater than or less than the normal range for age.

HIV infection in children may also be documented without the definitive laboratory evidence
described in paragraph a, or the other laboratory evidence discussed above, provided that such
documentation is consistent with the prevailing state of medical knowledge and clinical practice
and is consistent with the other evidence. If such laboratory evidence is not available, HIV
infection may be documented by the medical history, clinical and laboratory findings, and
diagnosis(es) indicated in the medical evidence, For example, a diagnosis of HIV infection in
children will be accepted without definitive laboratory evidence if the child has an opportunistic
disease (e.g., Pneumocystis carinii pneumonia (PCP)) predictive of a defect in cell-mediated
immunity, and there is no other known cause of diminished resistance to that disease (e.g.,
long-term steroid treatment, lymphoma). In such cases, every reasonable effort must be made
to obtain full details of the history, medical findings, and results of testing.

4.  Documentation of the manifestations of HIV infection in children. The medical evidence must
also include documentation of the manifestations of HIV infection in children. Documentation
may be by laboratory evidence or by other generally acceptable methods consistent with the
prevailing state of medical knowledge and clinical practice.

a. Documentation of the manifestations of HIV infection in children by definitive diagnosis.

The definitive method of diagnosing opportunistic diseases or conditions that are manifestations
of HIV infection in children is by culture, serological test, or microscopic examination of biopsied
tissue or other material (e.g., bronchial washings). Therefore, every reasonable effort must be
made to obtain specific laboratory evidence of an opportunistic disease or other condition
whenever this information is available. If a histological or other test has been performed, the
evidence should include a copy of the appropriate report. If the report is not obtainable, the
summary of hospitalization or a report from the treating source should include details of the
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findings and results of the diagnostic studies (including radiographic studies) or microscopic
examination of the appropriate tissues or body fluids.

Although a reduced CD4 lymphocyte count in a child may show that there is an increased
susceptibility to opportunistic infections and diseases, that alone does not establish the
presence, severity, or functional effects of a manifestation of HIV infection in a child.

b. Other acceptable documentation of the manifestations of HIV infection in children.

Manifestations of HIV infection in children may also be documented without the definitive
laboratory evidence described in paragraph a, provided that such documentation is consistent
with the prevailing state of medical knowledge and clinical practice and is consistent with the
other evidence. If no definitive laboratory evidence is available, manifestations of HIV infection
may be documented by medical history, clinical and laboratory findings, and diagnosis(es)
indicated in the medical evidence. In such cases, every reasonable effort must be made to
obtain full details of the history, medical findings, and results of testing.

Documentation of cytomegalovirus (CMV) disease ( 114.08D) presents special problems
because diagnosis requires identification of viral inclusion bodies or a positive culture from the
affected organ, and the absence of any other infectious agent. A positive serology test identifies
infection with the virus, but does not confirm a disease process. With the exception of
chorioretinitis (which may be diagnosed by an ophthalmologist), documentation of CMV disease
requires confirmation by biopsy or other generally acceptable methods consistent with the
prevailing state of medical knowledge and clinical practice.

5.  HIV infection in children. The clinical manifestation and course of disease in children who
become infected with HIV perinatally or in the first 6 years of life may differ from that in older
children and adults. In addition, survival times are shorter for children infected in the first year of
life compared to those who become infected as older children or as adults.

Infants may present with failure to thrive or pneumocystis carinii pneumonia (PCP); young
children may present with recurrent infections, neurological problems, or developmental
abnormalities. Older children may also exhibit neurological abnormalities, such as HIV
encephalopathy, or failure to thrive.

The methods of identifying and evaluating neurological abnormalities may vary depending on a
child's age. For example, in an infant, impaired brain growth can be documented by a decrease
in the growth rate of the head. In older children, impaired brain growth can be documented by
brain atrophy on a CAT scan. Neurological abnormalities can also be observed in a younger
child in the loss of previously acquired, or marked delays in achieving, developmental
milestones. In an older child, this type of neurological abnormality would generally be
demonstrated by the loss of previously acquired intellectual abilities. Although loss of previously
acquired intellectual abilities can be documented by a decrease in intelligence quotient (IQ)
scores or demonstrated if a child forgets information he or she previously learned, it can also be
shown if the child is unable to learn new information. This could include the sudden acquisition
of a new learning disability.

Children with HIV infection may contract any of a broad range of bacterial infections. Certain
major infections caused by pyogenic bacteria, e.g., some pneumonias, can be severely limiting,
especially in pre-adolescent children. These major bacterial infections should be evaluated
under 114.08A5, which requires two or more such infections within a 2-year period. Although
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114.08A5 applies only to children less than 13 ears of age, an older child may be found to have
an impairment of equivalent severity if the circumstances of the case warrant (e.g., delayed
puberty).

Otherwise, bacterial infections are evaluated under 114.08A6. The criteria of the listing are met
if one or more bacterial infection(s) occurs and requires hospitalization or intravenous antibiotic
treatment 3 or more times in 1 year. Pelvic inflammatory disease in older female children should
be evaluated under multiple or recurrent bacterial infections (114.08A6).

6.  Evaluation of HIV infection in children. The criteria in 114.08 do not describe the full
spectrum of diseases or conditions manifested by children with HIV infection. As in any case,
consideration must be given to whether a child's impairment(s) meets, medically equals, or
functionally equals the severity of any other listing in appendix 1 of subpart P; e.g., a neoplastic
disorder listed in 113.00ff. (See §§404.1526, 416.926, and 416.926a.)  Although 114.08
includes cross-references to other listings for the more common manifestations of HIV infection,
additional listings may also apply.

In addition, the impact of all impairments, whether or not related to the HIV infection, must be
considered. Children with HIV infection may manifest signs and symptoms of a mental
impairment (e.g., anxiety, depression), or of another physical impairment. Medical evidence
should include documentation of all physical and mental impairments, and the impairment(s)
should be evaluated not only under the relevant listing(s) in 114.08, but under any other
appropriate listing(s).

It is also important to remember that children with HIV infection, like all others, are evaluated
under the full sequential evaluation process described in Section 416.924. If a child with HIV
infection is working and engaging in substantial gainful activity (SGA), or does not have a
severe impairment, the case will be decided at the first or second step of the sequential
evaluation process, and does not require evaluation under these listings. For a child with HIV
infection who is not engaging in SGA and has a severe impairment, but whose impairment(s)
does not meet the criteria of a listing, consideration will be given to whether the child's
impairment or combination of impairments is either medically or functionally equivalent in
severity to any listed impairment.

7.  Effect of treatment. Medical treatment must be considered in terms of its
effectiveness in ameliorating the signs, symptoms, and laboratory abnormalities of the specific
disorder, or of the HIV infection itself (e.g., antiretroviral agents) and in terms of any side effects
of treatment that may further impair the child.

Response to treatment and adverse or beneficial consequences of treatment may vary widely.
For example, a child with HIV infection who develops otitis media may respond to the same
antibiotic regimen used in treating children without HIV infection, but another child with HIV
infection may not respond to the same regimen. Therefore, each case must be considered on
an individual basis, along with the effects of treatment on the child's ability to function.

A specific description of the drugs or treatment given (including surgery), dosage, frequency of
administration, and a description of the complications or response to treatment should be
obtained. The effects of treatment may be temporary or long-term. As such, the decision
regarding the impact of treatment should be based on a sufficient period of treatment to permit
proper consideration.
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8.  Functional criteria. Paragraph O of 114.08 establishes standards for evaluating
manifestations of HIV infection that do not meet the requirements listed in 114.08A-N.
Paragraph O is applicable for manifestations that are not listed in 114.08A-N, as well as those
listed in 114.08A-N that do not meet the criteria of any of the rules in 114.08A-N.
For children with HIV infection evaluated under 114.08O, listing-level severity will be assessed
in terms of the functional limitations imposed by the impairment. The full impact of signs,
symptoms, and laboratory findings on the child's ability to function must be considered.
Important factors to be considered in evaluating the functioning of children with HIV infection
include but are not limited to: symptoms, such as fatigue and pain, characteristics of the illness,
such as the frequency and duration of manifestations or periods of exacerbation and remission
in the disease course; and the functional impact of treatment for the disease, including the side
effects of medication.

To meet the criteria in 114.08O, a child with HIV infection must demonstrate a level of
restriction in either one or two (depending on the child's age) of the general areas of functioning
applicable to the child's age group. (See 112.00C for additional discussion of these areas of
functioning).

E. Inflammatory arthritis (114.09) includes a vast array of disorders that differ in cause, course,
and outcome. For example, in children inflammatory spondyloarthropathies include juvenile
ankylosing spondylitis, reactive arthropathies, psoriatic arthropathy, and Behçet's disease, as
well as undifferentiated spondylitis. Inflammatory arthritis of peripheral joints likewise comprises
many disorders, including juvenile rheumatoid arthritis, Sjögren's syndrome, psoriatic arthritis,
crystal deposition disorders, and Lyme disease. Clinically, inflammation of major joints may be
the dominant problem causing difficulties with ambulation or fine and gross movements, or the
arthritis may involve other joints or cause less restriction of age-appropriate ambulation or other
movements but be complicated by extra-articular features that cumulatively result in serious
functional deficit. When persistent deformity without ongoing inflammation is the dominant
feature of the impairment, it should be evaluated under 101.02, or, if there has been surgical
reconstruction, 101.03.

1.  Because the features of inflammatory connective tissue diseases in children are modified by
such factors as the child's limited antigenic exposure and immune reactivity, the acute
inflammatory connective tissue diseases must be differentiated from each other in order to
evaluate duration factors and responses to specific treatments. Chronic conditions must be
differentiated from short-term reversible disorders, and also from other connective tissue
diseases.

2.  In 114.09A, the term major joints refers to the major peripheral joints, which are the hip,
knee, shoulder, elbow, wrist-hand, and ankle-foot, as opposed to other peripheral joints (e.g.,
the joints of the hand or forefoot) or axial joints (i.e., the joints of the spine.) The wrist and hand
are considered together as one major joint, as are the ankle and foot. Since only the ankle joint,
which consists of the juncture of the bones of the lower leg (tibia and fibula) with the hindfoot
(tarsal bones), but not the forefoot, is crucial to weight bearing, the ankle and foot are
considered separately in evaluating weight bearing.

3.  The terms inability to ambulate effectively and inability to perform fine and gross movements
effectively in 114.09A have the same meaning as in 101.00B2b and 101.00B2c and must have
lasted, or be expected to last, for at least 12 months.
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4.  Inability to ambulate effectively is implicit in 114.09B. Even though children who demonstrate
the findings of 114.09B will not ordinarily require bilateral upper limb assistance, the required
ankylosis of the cervical or dorsolumbar spine will result in an extreme loss of the ability to see
ahead, above, and to the side.

5.  As in 114.02 through 114.06, extra-articular features of an inflammatory arthritis may satisfy
the criteria for a listing in an involved extra-articular body system. Such impairments may be
found to meet a criterion of 114.09C. Extra-articular impairments of lesser severity should be
evaluated under 114.09D and 114.09E. Commonly occurring extra-articular impairments
include keratoconjunctivitis sicca, uveitis, iridocyclitis, pleuritis, pulmonary fibrosis or nodules,
restrictive lung disease, pericarditis, myocarditis, cardiac arrhythmias, aortic valve insufficiency,
coronary arteritis, Raynaud's phenomena, systemic vasculitis, amyloidosis of the kidney,
chronic anemia, thrombocytopenia, hypersplenism with compromised immune competence
(Felty's syndrome), peripheral neuropathy, radiculopathy, spinal cord or cauda equina
compression with sensory and motor loss, and heel enthesopathy with functionally limiting pain.

6.  The fact that a child is dependent on steroids, or any other drug, for the control of
inflammatory arthritis is, in and of itself, insufficient to find disability. Advances in the treatment
of inflammatory connective tissue disease and in the administration of steroids for its treatment
have corrected some of the previously disabling consequences of continuous steroid use.
Therefore, each case must be evaluated on its own merits, taking into consideration the
severity of the underlying impairment and any adverse effects of treatment.

114.01 Category of Impairments, Immune System

114.02 Systemic lupus erythematosus. Documented as described in 14.00B1 and 114.00B,
with:

A.  One of the following:

1.  Growth impairment, as described under the criteria in 100.00ff; or

2.  Musculoskeletal involvement, as described under the criteria in 101.00ff; or

3.  Muscle involvement, as described under the criteria in 14.05; or

4.  Ocular involvement, as described under the criteria in 102.00ff; or

5.  Respiratory involvement, as described under the criteria in 103.00ff, or

6.  Cardiovascular involvement, as described under the criteria in 104.00ff or 14.04D; or

7.  Digestive involvement, as described under the criteria in 105.00ff; or

8.  Renal involvement, as described under the criteria in 106.00ff; or

9.  Hematologic involvement, as described under the criteria in 107.00ff; or

10. Skin involvement, as described under the criteria in 8.00ff, or

11. Endocrine involvement, as described under the criteria in 109.00ff; or
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12. Neurological involvement as described under the criteria in 111.00ff; or

13. Mental involvement, as described under the criteria in 112.00ff.

or

B.  Lesser involvement of two or more organs/body systems listed in paragraph A, with
significant, documented, constitutional symptoms and signs of severe fatigue, fever, malaise,
and weight loss. At least one of the organs/body systems must be involved to at least a
moderate level of severity.

114.03 Systemic vasculitis. As described in 14.03 or, if growth impairment, as described
under the criteria in 100.00ff.

114.04 Systemic sclerosis and scleroderma. Documented as described in 14.00B3 and
114.00B, and:

A.  As described under the criteria in 14.04 or, if growth impairment, as described under the
criteria in 100.00ff.
or

B.  Linear scleroderma, with one of the following:

1.  Fixed valgus or varus deformities of both hands or both feet; or

2.  Marked destruction or marked atrophy of an extremity; or

3.  Facial disfigurement from hypoplasia of the mandible, maxilla, or zygoma resulting in an
impairment as described under the criteria in 112.00ff; or

4.  Seizure disorder, as described under the criteria in 111.00ff.

114.05 Polymyositis or dermatomyositis. Documented as described in 14.00B4 and
114.00B, and:

A.  As described under the criteria in 14.05.

or

B.  With one of the following:

1.  Multiple joint contractures; or

2.  Diffuse cutaneous calcification with formation of an exoskeleton; or

3.  Systemic vasculitis as described under the criteria in 14.03.

114.06 Undifferentiated connective tissue disorder. As described under the criteria in
114.02 or 114.04.
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114.07 Congenital immune deficiency disease.

A.  Hypogammaglobulinemia or dysgammaglobulinemia, with:

1.  Documented, recurrent severe infections occurring 3 or more times within a 5-month period;

or

2.  An associated disorder such as growth retardation, chronic lung disease, collagen disorder
or tumor. Evaluate according to the appropriate body system listing.

or

B.  Thymic dysplastic syndromes (such as Swiss, diGeorge).

114.08 Human immunodeficiency virus (HIV) infection. With documentation as described
in 114.00D3 and one of the following:

A.  Bacterial infections:
1.  Mycobacterial infection (e.g., caused by M. avium-intracellulare, M. kansasii, or M.
tuberculosis) at site other than the lungs, skin, or cervical or hilar lymph nodes; or pulmonary
tuberculosis resistant to treatment; or

2.  Nocardiosis; or

3.  Salmonella bacteremia, recurrent non-typhoid; or

4.  Syphilis or neurosyphilis - evaluate sequelae under the criteria for the affected body system
(e.g., 102.00 Special Senses and Speech, 104.00 Cardiovascular System, 111.00
Neurological); or

5.  In a child less than 13 years of age, multiple or recurrent pyogenic bacterial infection(s) of
the following types: sepsis, pneumonia, meningitis, bone or joint infection, or abscess of an
internal organ or body cavity (excluding otitis media or superficial skin or mucosal abscesses)
occurring 2 or more times in 2 years; or

6.  Other multiple or recurrent bacterial infection(s), including pelvic inflammatory disease,
requiring hospitalization or intravenous antibiotic treatment 3 or more times in 1 year.

or

B.  Fungal infections:

1.  Aspergillosis; or

2.  Candidiasis, at a site other than the skin, urinary tract, intestinal tract, or oral or vulvovaginal
mucous membranes; or candidiasis involving the esophagus, trachea, bronchi, or lungs; or

3.  Coccidioidomycosis, at a site other than the lungs or lymph nodes; or

4.  Cryptococcosis, at a site other than the lungs (e.g., cryptococcal meningitis); or
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5.  Histoplasmosis, at a site other than the lungs or lymph nodes; or

6.  Mucormycosis.

or

C.  Protozoan or helminthic infections:

1.  Cryptosporidiosis, isosporiasis, or microsporidiosis, with diarrhea lasting for 1 month or
longer; or

2.  Pneumocystis carinii pneumonia or extrapulmonary pneumocystis carinii infection; or

3.  Strongyloidiasis, extra-intestinal; or

4.  Toxoplasmosis of an organ other then the liver, spleen, or lymph nodes.

or

D.  Viral infections:

1.  Cytomegalovirus disease (documented as described in 114.00D4b) at a site other than the
liver, spleen, or lymph nodes; or

2.  Herpes simplex virus causing:

a. Mucocutaneous infection (e.g., oral, genital, perianal) lasting for 1 month or longer; or

b. Infection at a site other than the skin or mucous membranes (e.g., bronchitis, pneumonitis,
esophagitis, or encephalitis); or

c. Disseminated infection; or

3.  Herpes zoster, either disseminated or with multidermatomal eruptions that are resistant to
treatment; or

4.  Progressive multifocal leukoencephalopathy; or

5.  Hepatitis, as described under the criteria in 105.05.

or

E.  Malignant neoplasms:

1.  Carcinoma of the cervix, invasive, FIGO stage II and beyond; or

2.  Kaposi's sarcoma with:

a. Extensive oral lesions; or
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b. Involvement of the gastrointestinal tract, lungs, or other visceral organs;

or

c. Involvement of the skin or mucous membranes, as described under the criteria in 114.08F; or

3.  Lymphoma (e.g., primary lymphoma of the brain, Burkitt’s lymphoma,
immunoblastic sarcoma, other Non-Hodgkins lymphoma, Hodgkins disease); or

4.  Squamous cell carcinoma of the anus.

or

F.  Conditions of the skin or mucous membranes other than described in B2, D2, or D3,
above), with extensive fungating or ulcerating lesions not responding to treatment (e.g.,
dermatological conditions such as eczema or psoriasis, vulvovaginal or other mucosal candida,
condyloma caused by human papillornavirus, genital ulcerative disease), or evaluate under the
criteria in 8.00ff.

or

G.  Hematologic abnormalities:

1.  Anemia, as described under the criteria in 7.02; or

2.  Granulocytopenia, as described under the criteria in 7.15; or

3.  Thrombocytopenia., as described under the criteria in 107.06 or 7.06.

or

H.  Neurological manifestations of HIV infection (e.g., HIV encephalopathy, peripheral
neuropathy), as described under the criteria in 111.00ff, or resulting in one or more of the
following:

1.  Loss of previously acquired, or marked delay in achieving developmental milestones or
intellectual ability (including the sudden acquisition of a new learning disability); or

2.  Impaired brain growth (acquired microcephaly or brain atrophy – see 114.00D5); or

3.  Progressive motor dysfunction affecting gait and station or fine and gross motor skills.

or

I.  Growth disturbance, with:

1.  An involuntary weight loss (or failure to gain weight at an appropriate rate for age) resulting
in a fall of 15 percentiles from established growth curve (on standard growth charts) that
persists for 2 months or longer, or
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2.  An involuntary weight loss (or failure to gain weight at an appropriate rate for age) resulting
in a fall to below the third percentile from established growth curve (on standard growth charts)
that persists for 2 months or longer; or

3.  Involuntary weight loss greater than 10 percent of baseline that persists for 2 months or
longer; or

4.  Growth impairment as described under the criteria in 100.00ff.

or

J.  Diarrhea, lasting for 1 month or longer, resistant to treatment, and requiring intravenous
hydration, intravenous alimentation, or tube feeding.

or

K.  Cardiomyopathy, as described under the criteria in 104.00ff or 11.04.

or

L.  Lymphoid interstitial pneumonia/pulmonary lymphoid hyperplasia (LIP/PLH complex), with
respiratory symptoms that significantly interfere with age-appropriate activities, and that cannot
be controlled by prescribed treatment.

or

M.  Nephropathy, as described under the criteria in 106.00.

or

N.  One or more of the following infections (other than described in A-M, above), resistant to
treatment or requiring hospitalization or intravenous treatment 3 or more times in 1 year (or
evaluate sequelae under the criteria for the affected body system).

1.  Sepsis; or

2.  Meningitis; or

3.  Pneumonia; or

4.  Septic arthritis; or

5.  Endocarditis; or

6.  Sinusitis documented by appropriate medically acceptable imaging.

or

O.   Any other manifestation(s) of HIV infection (including any listed in 114.08A-N, but without
the requisite findings; e.g., oral candidiasis not meeting the criteria in 114.08F, diarrhea not
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meeting the criteria in 114.08J, or any other manifestation(s); e.g., oral hairy leukoplakia,
hepatomegaly), resulting in one of the following:

1.  For children from birth to attainment of age 1, at least one of the criteria in paragraphs A-E
of 112.12; or

2.  For children age 1 to attainment of age 3, at least one of the appropriate age-group criteria
in paragraph B1 of 112.02; or

3.  For children age 3 to attainment of age 18, at least two of the appropriate age-group criteria
in paragraph B2 of 112.02.

114.09 Inflammatory arthritis. Documented as described in 114.00E, with one of the
following:

A.  History of joint pain, swelling, and tenderness, and signs on current physical examination of
joint inflammation or deformity in two or more major joints resulting in inability to ambulate
effectively or inability to perform fine and gross movements effectively, as defined in 114.00E3
and 101.00B2b and B2c;

or

B.  Ankylosing spondylitis or other spondyloarthropathy, with diagnosis established by findings
of unilateral or bilateral sacroiliitis (e.g., erosions or fusions), shown by appropriate medically
acceptable imaging, with both:

1.  History of back pain, tenderness, and stiffness, and

2.  Findings on physical examination of ankylosis (fixation) of the dorsolumbar or cervical spine
at 45o or more of flexion measured from the vertical position (zero degrees);

or

C.  An impairment as described under the criteria in 114.02A.

or

D.  Inflammatory arthritis, with signs of peripheral joint inflammation on current examination, but
with lesser joint involvement than in A and lesser extra-articular features than in C, and:

1.  Significant, documented constitutional symptoms and signs (e.g., fatigue, fever, malaise,
weight loss), and

2.  Involvement of two or more organs/body systems (see 114.00E5). At least one of the
organs/body systems must be involved to at least a moderate level of severity.

or

E.  Inflammatory spondylitis or other inflammatory spondyloarthropathies, with lesser deformity
than in B and lesser extra-articular features than in C, with signs of unilateral or bilateral
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sacroiliitis on appropriate medically acceptable imaging; and with the extra-articular features
described in 114.09D.
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INTRODUCTION
Use of spirometry to ensure correct diagnosis was a key message
within the BTS guidelines on chronic obstructive pulmonary
disease (COPD) 1.  Previous research on the impact of the guidelines
revealed that GPs and practice nurses would welcome further
education on spirometry 2.  Key objectives for the BTS COPD
Consortium were therefore to:
■ increase awareness that spirometry plays a key role in the

diagnosis of COPD
■ provide information on how to perform spirometry and interpret

results correctly and with confidence.
In order to assess the effectiveness of an educational programme,
Making spirometry happen, the Consortium commissioned PMSI
UK Ltd to perform baseline market research on various aspects
of spirometry.

AIMS
To determine amongst GPs and practice nurses:
■ the awareness of the need to use spirometry for differential

diagnosis and assessment of COPD
■ the level of access to spirometers within the practice
■ the extent of personal use of spirometry and training received
■ the ability to interpret spirometry traces and readings with

confidence.

METHODS
■ Face-to-face structured interviews by experienced medical

interviewers were conducted with 209 GPs and 102 practice
nurses during May 1999.

■ The samples were geographically and demographically
representative.

RESULTS

Awareness of spirometry
■ Given a patient profile highly suggestive of COPD, 72% of

the 177 GPs and 72% of the 76 nurses who made the correct
diagnosis noted that spirometry was the most important
diagnostic investigation for the patient.

■ Around two thirds of all GPs and nurses recognised that
spirometry should be used for diagnosis of suspected cases of
COPD and to differentiate between COPD and asthma, although
fewer than half recognised spirometry as a method to determine
severity of COPD (Figure 1).

Availability of spirometers
■ The majority of respondents (59% of GPs and 69% of practice

nurses) reported that a spirometer was available within
the practice (Figure 2).

■ This was an increase over the levels reported in a similar survey
in May 1998, when 50% of GPs and 59% of nurses reported
availability of a spirometer within the practice 2.

■ Of the respondents without a practice spirometer, the majority
reported that patients were sent to hospital for spirometry.
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Use of spirometry
■ Of the respondents reporting that a spirometer was available in

the practice, 60% of the practice nurses (42/70) and 36% of
the GPs (45/124) said that they personally carry out spirometry.

■ Almost all of the practice nurses carrying out spirometry had
received training (39/42, 93%) -  69% from a recognised asthma
or COPD training body (e.g. NARTC), 46% from personnel
provided by the pharmaceutical industry (e.g. representative,
nurse advisor) and 21% from equipment manufacturers.

■ Of the GPs carrying out spirometry, 60% (27/45) had received
training - 30% from equipment manufacturers, 22% from a
recognised asthma or COPD training body and 19% from
personnel provided by the pharmaceutical industry.

Figure 2: Medical equipment available in the practice.

Figure 1: Patient types or circumstances where respondents
thought spirometry should be used.

Figure 3: Spirometry traces and readings shown to respondents.

Figure 4: Extent of agreement with the statement “I am totally
confident in the interpretation of spirometry readings”: all
respondents who carry out spirometry.

Interpretation of spirometry results
■ Respondents were shown three spirometry traces (including one

from a patient with COPD – Figure 3, II) and four sets of readings
(including readings from patients with mild and severe COPD –
Figure 3, b and c).

■ As shown in Table 1, although almost all nurses carrying out
spirometry were able to correctly identify the trace and readings
for severe COPD, the readings for mild COPD presented more
difficulty.

■ A similar pattern emerged for GPs who carry out spirometry,
with the recognition rate slightly lower than for the nurses.

■ Only around one third of GPs (36%) and one half (52%) of
nurses who use spirometry were able to correctly identify all
examples of COPD.

1. British Thoracic Society Guidelines for the Management of Chronic Obstructive Pulmonary Disease. Thorax 1997; 52 (Suppl 5): S1-S28.
2. Rudolf M. Impact of BTS COPD guidelines. Thorax 1998; 53 (Suppl 4): A86.

DISCUSSION AND CONCLUSIONS
■ The study showed increasing availability of spirometers

within primary care practices.
■ The majority of those using spirometers were able to

recognise traces and readings of severe COPD, with nurses
performing better than GPs.  This could be related to
the more formalised training received by the nurses.

■ However, both GPs and nurses had difficulty recognising
mild COPD.  This has potentially serious implications.
The importance of early identification of COPD is
highlighted in the BTS guidelines, as interventions at this
stage (e.g. smoking cessation advice) may reduce or prevent
progression of the disease.

■ The study suggests that education should include particular
emphasis on the interpretation of spirometry results from
patients with mild COPD.

■ Of those not personally carrying out spirometry, recognition
of severe COPD from traces or readings was noted for around
three-quarters of GPs and around one half of nurses, although
recognition of mild COPD was considerably lower.

■ Of those with personal experience of spirometry, 60% of GPs
and 54% of nurses agreed to some extent with the statement
“I am totally confident in the interpretation of spirometry
readings” (Figure 4).

■ The majority of respondents recognised that there was room for
improvement in their use and understanding of spirometry –
55% of all GPs and 77% of all nurses reported that a booklet
covering these issues would be extremely/very useful.

Table 1: Correct identification of spirometry traces and readings.

Proportion (%)
GPs Nurses

correctly identifying... Total Use spirometer Do not use spirometer Total Use spirometer Do not use spirometer
( n = 209) ( n = 45) ( n = 164) ( n = 102) ( n = 42) ( n = 60)

COPD trace 78% 84% 77% 66% 86% 52%
Severe COPD reading 78% 78% 79% 71% 98% 52%
Mild COPD reading 41% 56% 37% 37% 62% 20%
Trace and both readings 28% 36% 26% 31% 52% 17%
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Reading (a)

FEV1 = 3.0L
FVC = 3.7L

FEV1

FVC% = 81%

Reading (b)
(Mild COPD)

FEV1 = 2.3L
FVC = 3.4L

FEV1

FVC% = 67%

Reading (c)
(Severe COPD)

FEV1 = 0.6L
FVC = 2.7L

FEV1

FVC% = 22%

Reading (d)

FEV1 = 2.2L
FVC = 2.4L

FEV1

FVC% = 92%

Presented at BTS winter meeting, Dec 1999.  Thorax 1999; 54 (Suppl 3): A43.
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Motivation for smoking cessation benefits from physician counseling. To further improve
this educational process, spirometry can demonstrate ventilatory impairment to the smoker.
In addition to comparing a person's spirometric results with predicted reference values for
normal subjects, estimation of "lung age" can be used to demonstrate the effects of cigarette
smoking. Equations were developed from reference linear regression equations permitting
lung age estimation in terms of ventilatory function. This age can then be compared with
the individual's chronological lung age. Normal and abnormal groups determined by a
respiratory health questionnaire and pulmonary function testing were used to compan: the
value of single and combination spirometric tests. The forced expiratory volume at I sec
proved superior to any other single test or combination for best separation of the two groups
and had the lowest standard error for estimated lung age. Both spirometry and estimated
lung age calculation may be useful for motivating cessation of cigarette smoking. ~) 1985
Academic Press, Inc.
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INTRODUCTION

Many physicians consider that their patients are refractory to admonishments
about self-destruction by smoking. Various techniques have been used to induce
cigarette smokers to abstain, usually with minimal.success (although there have
been notable exceptions) (12). The role of spirometric testing probably has not
been fully exploited. One approach has been to assess initially the indi,ridual's
pulmonary function. If the test results are within a predicted normal raIllge, the
smoker can be counseled that lung damage can be prevented by smoking ce:ssation
(5). Two studies have reported that approximately 11% of individuals having
normal spirometry stopped cigarette smoking for follow-up periods of between 2
and 7 years (6, 14). If spirometric test values are abnormal, their rel~ltion to
smoking can be pointed out and abstention urged to prevent further lung damage
(7). Another approach is to use spirometry to follpw serially the subject's pul-
monary function after smoking cessation. Improvement in pulmonary tiunction
has been correlated with successful smoking cessation and has provid(:d rein-
forcement for not smoking (13).

In a prior study from this laboratory, a health questionnaire and routine pul-
monary function testing were used in an urban emphysema screening c(:nter to
motivate smoking cessation (9). The individuals were informed of the clinical
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HEIGHT
~ .~

150
60

180

significance of their respiratory symptoms listed in the questionnaire and the
degree of functional impairment from spirometric results. An estimate of "lung
age" was included in the test results. Despite the brief encounter and the absence
of physician or nurse participation, a smoking cessation rate of 20% resulted after
an interval of 18 to 36 months.

This experience suggested the value of using an estimated lung age based on
ventilatory function as a psychological tool to confront the smokers with the
apparent premature aging of their lungs. Comparison can be made between the
expected effects of aging on the pulmonary system and the presumed additional
damage from tobacco smoke inhalation. The purposes of the present article are
to present a method for calculating lung age and to determine which pulmonary
function test or combinations of tests best reflect lung damage expressed as the
discrepancy between chronological age and estimated lung age.

65

170j

~

70.II i,11 
~i i

~

METHODS AND RESULTS

The proposed calculations are based on previously reported nornlal values for
components of the forced expiratory vital capacity (FVC) (7) in 988 healthy non-
smoking adults, ages 20 to 84 years. From these values, linear regression equa-
tions and nomograms for predicting normal pulmonary function values from the
sex, age, and height of an individual were derived. Two methods of obtaining an
individual's estimated lung age were employed. First, the prediction equations
were rearranged to solve for lung age. The resulting equations are shown in Table
1 applicable to the four components of the FVC maneuver. The values for height
and the observed test result are substituted in the appropriate test equations and
solved for age. The result is the estimated lung age; the method can be easily
done on a calculator. Alternatively, a nomogram as shown in Figs. 1 and 2 (10,
11) can be used by placing a straight edge connecting the individual's height and
test value and then reading the intersecting value for age. Spirograms of two
subjects tested in the Portland Veterans Administration Medical Center Pulmo-
nary Function Laboratory are shown in Figs. 3 and 4. Figure 3 shows a normal
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TABLE 1
EQUATIONS FOR ESTIMATION OF "LUNG AGE'

Lung age = 5.920H -40.000(Obs. FVC) -169.640
Lung age = 2.870H -31.250(Obs. FEVJ -39.375
Lung age = 2.319H -21.277(Obs. FEF200-I,200) + 42.766
Lung age = 1.044H -22.222(Obs. FEF25-75qf) + 55.844

Lung age = 4.792H -41.667(Obs. FVC) -118.833
Lung age = 3.560H -40.000(Obs. FEY J -77.280
Lung age = 4.028H -27. 778(Obs. FEF200-12.000) -70.333
Lung age = 2.000H -33.333(Obs. FEF2s-7s%) + 18.367

Men
FVC (liters)
FEV I (liters)
FEF200-I,200 (liters/sec)
FEF25-75')f (liters/sec)

Women
FVC (liters)
FEV! (liters)
FEF2OO-I,200 (liters/sec)
FEF25-75')f (liters/sec)

Note. H = height (in in.); lung age = years; FVC = forced expiratory vital capacity; FEV I =
forced expiratory volume at I sec; FEF2S-7s% = mean forced expiratory flow during the middle half
of the vital capacity; FEF2OO-1.200 = mean forced expiratory flow between 200 and 1,200 ml of the

FVC.
I

(
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FIG. 2. Prediction nomograms for normal women (BTPS). See Fig. I for instructions. Reprinted by
permission of the Western Journal of Medicine (II).

both sexes. The discrepancy between the SE for each test or combination by sex
appears to be minimal. The smallest SE, representing the best value, proved to
be for the FEV I. An alternative is the combination of the forced expiratory vital
capacity (FVC), the FEV I' and the forced expiratory flow between 25 and 75%
of vital capacity (FEF25-75%)' which had the second lowest SE. [See Ref. (8)
for 95% confidence limits of normal values for spirometric tests.]

The relative merits of the single tests or combinations for estimating lung age
were investigated next. For this purpose, a different population was examined,
consisting of hospital employees and patients with a diversity of pulmonary func-
tion, as previously reported in a separate study (1). They were classified into a
normal and abnormal group based on answers to a respiratory health question-

.
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FIG. 3. Spirogram of a 54-year-old, 69 in. nonsmoker with an identical "lung age."

5.5 naire and pulmonary function test results. In the normal group, lung age is the
same as chronological age. The purpose of using these retrospective data is only
to compare the lung age equations for their ability to achieve best separation of
the two test groups and to show the fewest outliers. This is graphically displayed
in Figs. 5 and 6, which plot the comparisons between the actual and estimated
lung ages for the FEY I and three-test combination. The figures illustrate the range
of lung ages and the degrees of separation of previously determined normal and
abnormal groups.
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DISCUSSION

The physician can playa crucial role in motivating a patient to cease cigarette
smoking (3, 15, 17). Smoking cessation programs vary in content but frequently
include an educational session; expression of optimism as to the chances of in-
dividual success; a self-administered kit such as that provided by the American
Lung Association, American Cancer Society, or others; and reinforcement by
follow-up contact (4, 18). An additional dimension can be added by performing
spirometric measurement of expiratory air flow. Once the physician identifies a
person with diminished pulmonary function, there is an imperative need to im-
press upon the individual the necessity of smoking cessation. Spirometry deserves
wider use by physicians to quantitate the degree of obstructive ventilatory im-
pairment. Reduction of the FEV I is generally accepted as both a sensitive and a
specific measurement for clinically significant obstructive pulmonary disease. In
addition to informing patients of their percentage of predicted normal values, the
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FIG. 4. Spirogram of a 57-year-old, 68 in. male cigarette smoker with a "lung age" 20 years older
than chronological age.
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TABLE 2
STANDARD ERROR OF ESTIMATED "LUNG AGE" VALUES USING SINGLE SPIROMETRIC TESTS

AND COMBINATIONS

Men Women Both

FVC

FEV1
FEFlS-7S%
FVC + FEV!
FVC + FEF2S-7S%
FEV I + FEFlS-7S%
FVC + FEV I + FEFlS-7S%:

Note. See Thble I for definitions.

FIG. 6. (
in previou~
as one SE.

estimation of lung age based on the FEY 1 may provide additional incentive to
abstain from cigarette smoking and avoid further damage. Caution should be
exercised not to translate lung age into life expectancy. The functional age or rate
of aging of one organ such as the lung cannot be used to predict that of another
organ system or the individual (2). The estimation of spirometric lung age as
described is offered as a tool to impress upon the cigarette smoker the degree of
ventilatory impairment caused by tobacco smoke inhalation. As part of an edu-
cational program used by a physician or health professional, it can provide ad-
ditional incentive to prevent further loss of pulmonary function and the potential
for improved function and lung age reduction. The recommended sequence is to
identify a cigarette smoker, perform spirometry, and, if the FEY 1 is less than the
lower limit of predicted normal value (8), estimate the lung age. Further studies
are necessary to validate the lung age estimate as a motivating factor in smoking
cessation.
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PREFACE

Asthma is a major cause of chronic morbidity and mortality throughout the
world and there is evidence that its prevalence has increased considerably
over the past 20 years, especially in children.  The Global Initiative for
Asthma was created to increase awareness of asthma among health 
professionals, public health authorities, and the general public, and to
improve prevention and management through a concerted worldwide
effort.  The Initiative prepares scientific reports on asthma, encourages 
dissemination and implementation of the recommendations, and promotes
international collaboration on asthma research.

The Global Initiative for Asthma offers a framework to achieve and
maintain asthma control for most patients that can be adapted to local
health care systems and resources.  Educational tools, such as laminated
cards, or computer-based learning programs can be prepared that are 
tailored to these systems and resources.

The Global Initiative for Asthma program publications include:

•  Global Strategy for Asthma Management and Prevention (2006). 
Scientific information and recommendations for asthma programs. 

•  Pocket Guide for Asthma Management and Prevention (2006).
Summary of patient care information for primary health care professionals.

•  Pocket Guide for Asthma Management and Prevention in Children (2006).
Summary of patient care information for pediatricians and other health
care professionals. 

•  What You and Your Family Can Do About Asthma. An information
booklet for patients and their families. 

Publications are available from http://www.ginasthma.org.

This Pocket Guide has been developed from the Global Strategy for Asthma
Management and Prevention (2006).  Technical discussions of asthma, 
evidence levels, and specific citations from the scientific literature are
included in that source document.
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WHAT IS KNOWN 
ABOUT ASTHMA?

Unfortunately…asthma is one of the most common chronic diseases, with
an estimated 300 million individuals affected worldwide.  Its prevalence is
increasing, especially among children.

Fortunately…asthma can be effectively treated and most patients can
achieve good control of their disease.  When asthma is under control
patients can:

✓ Avoid troublesome symptoms night and day
✓ Use little or no reliever medication
✓ Have productive, physically active lives
✓ Have (near) normal lung function
✓ Avoid serious attacks

• Asthma causes recurring episodes of wheezing, breathlessness,
chest tightness, and coughing, particularly at night or in the early
morning.

• Asthma is a chronic inflammatory disorder of the airways.
Chronically inflamed airways are hyperresponsive; they become
obstructed and airflow is limited (by bronchoconstriction, mucus plugs,
and increased inflammation) when airways are exposed to various 
risk factors.

• Common risk factors for asthma symptoms include exposure to 
allergens (such as those from house dust mites, animals with fur, 
cockroaches, pollens, and molds), occupational irritants, tobacco smoke,
respiratory (viral) infections, exercise, strong emotional expressions,
chemical irritants, and drugs (such as aspirin and beta blockers).

• A stepwise approach to pharmacologic treatment to achieve and
maintain control of asthma should take into account the safety of 
treatment, potential for adverse effects, and the cost of treatment required
to achieve control.

• Asthma attacks (or exacerbations) are episodic, but airway inflammation
is chronically present. 

4
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• For many patients, controller medication must be taken daily to prevent
symptoms, improve lung function, and prevent attacks. Reliever
medications may occasionally be required to treat acute symptoms such 
as wheezing, chest tightness, and cough.

• To reach and maintain asthma control requires the development of a
partnership between the person with asthma and his or her health
care team. 

• Asthma is not a cause for shame. Olympic athletes, famous leaders, other
celebrities, and ordinary people live successful lives with asthma.

5
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DIAGNOSING
ASTHMA 
Asthma can often be diagnosed on the basis of a patient’s symptoms and
medical history (Figure 1).

Measurements of lung function provide an assessment of the severity,
reversibility, and variability of airflow limitation, and help confirm the 
diagnosis of asthma. 

Spirometry is the preferred method of measuring airflow limitation and 
its reversibility to establish a diagnosis of asthma. 

• An increase in FEV1 of ≥ 12% (or ≥ 200 ml) after administration of a
bronchodilator indicates reversible airflow limitation consistent with
asthma. (However, most asthma patients will not exhibit reversibility at
each assessment, and repeated testing is advised.)

6

Presence of any of these signs and symptoms should increase the suspicion of asthma:

■ Wheezing—high-pitched whistling sounds when breathing out—especially in children. 
(A normal chest examination does not exclude asthma.)

■ History of any of the following:
• Cough, worse particularly at night
• Recurrent wheeze
• Recurrent difficult breathing
• Recurrent chest tightness

■ Symptoms occur or worsen at night, awakening the patient.
■ Symptoms occur or worsen in a seasonal pattern.
■ The patient also has eczema, hay fever, or a family history of asthma or atopic diseases.
■ Symptoms occur or worsen in the presence of:

• Animals with fur
• Aerosol chemicals
• Changes in temperature
• Domestic dust mites
• Drugs (aspirin, beta blockers)
• Exercise
• Pollen
• Respiratory (viral) infections
• Smoke
• Strong emotional expression

■ Symptoms respond to anti-asthma therapy.
■ Patient’s colds “go to the chest” or take more than 10 days to clear up.

Figure 1. Is It Asthma?
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Peak expiratory flow (PEF) measurements can be an important aid in
both diagnosis and monitoring of asthma.

• PEF measurements are ideally compared to the patient’s own previous
best measurements using his/her own peak flow meter.  

• An improvement of 60 L/min (or ≥ 20% of the pre-bronchodilator PEF)
after inhalation of a bronchodilator, or diurnal variation in PEF of more
than 20% (with twice-daily readings, more than 10%), suggests a 
diagnosis of asthma.

Additional diagnostic tests:
• For patients with symptoms consistent with asthma, but normal lung

function, measurements of airway responsiveness to methacholine,
histamine, mannitol, or exercise challenge may help establish a 
diagnosis of asthma.

• Skin tests with allergens or measurement of specific IgE in
serum: The presence of allergies increases the probability of a 
diagnosis of asthma, and can help to identify risk factors that cause
asthma symptoms in individual patients. 

Diagnostic Challenges

■ Cough-variant asthma. Some patients with asthma have chronic
cough (frequently occurring at night) as their principal, if not only, 
symptom. For these patients, documentation of lung function variability
and airway hyperresponsiveness are particularly important.

■ Exercise-induced bronchoconstriction. Physical activity is an
important cause of asthma symptoms for most asthma patients, and for
some (including many children) it is the only cause. Exercise testing with
an 8-minute running protocol can establish a firm diagnosis of asthma.

■ Children under age 5. Not all young children who wheeze have
asthma.  In this age group, the diagnosis of asthma must be based largely
on clinical judgment, and should be periodically reviewed as the child
grows (see the GINA Pocket Guide for Asthma Management and
Prevention in Children for further details).

■ Asthma in the elderly. Diagnosis and treatment of asthma in the 
elderly are complicated by several factors, including poor perception of
symptoms, acceptance of dyspnea as being “normal” for old age, and
reduced expectations of mobility and activity. Distinguishing asthma
from COPD is particularly difficult, and may require a trial of treatment.

■ Occupational asthma. Asthma acquired in the workplace is a diagnosis
that is frequently missed. The diagnosis requires a defined history of
occupational exposure to sensitizing agents; an absence of asthma 
symptoms before beginning employment; and a documented relationship
between symptoms and the workplace (improvement in symptoms away
from work and worsening of symptoms on returning to work).

7
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CLASSIFICATION OF ASTHMA
BY LEVEL OF CONTROL

Traditionally, the degree of symptoms, airflow limitation, and lung function
variability have allowed asthma to be classified by severity (e.g., as
Intermittent, Mild Persistent, Moderate Persistent, or Severe Persistent). 

However, it is important to recognize that asthma severity involves both
the severity of the underlying disease and its responsiveness to treatment. 
In addition, severity is not an unvarying feature of an individual patient’s
asthma, but may change over months or years.

Therefore, for ongoing management of asthma, classification of asthma
by level of control is more relevant and useful (Figure 2).

Figure 2. Levels of Asthma Control

Characteristic Controlled 
(All of the following)

Partly Controlled
(Any measure present in any week)

Uncontrolled

Daytime symptoms None (twice or less/week) More than twice/week Three or more 
features of partly
controlled asthma
present in any
week

Limitations of activities None Any

Nocturnal symptoms/
awakening

None Any

Need for reliever/ 
rescue treatment

None (twice or less/week) More than twice/week

Lung function 
(PEF or FEV1)‡

Normal < 80% predicted or 
personal best (if known)

Exacerbations None One or more/year* One in any week†

* Any exacerbation should prompt review of maintenance treatment to ensure that it is adequate.
† By definition, an exacerbation in any week makes that an uncontrolled asthma week.
‡  Lung function testing is not reliable for children 5 years and younger. 

Examples of validated measures for assessing clinical control of asthma include:
• Asthma Control Test (ACT): http://www.asthmacontrol.com
• Asthma Control Questionnaire (ACQ):

http://www.qoltech.co.uk/Asthma1.htm
• Asthma Therapy Assessment Questionnaire (ATAQ):

http://www.ataqinstrument.com
• Asthma Control Scoring System
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FOUR COMPONENTS OF
ASTHMA CARE

The goal of asthma care is to achieve and maintain control of
the clinical manifestations of the disease for prolonged periods. When asthma
is controlled, patients can prevent most attacks, avoid troublesome symptoms
day and night, and keep physically active. 

To reach this goal, four interrelated components of therapy are required:

Component 1. Develop patient/doctor partnership
Component 2. Identify and reduce exposure to risk factors
Component 3. Assess, treat, and monitor asthma
Component 4. Manage asthma exacerbations

Component 1: Develop Patient/Doctor Partnership

The effective management of asthma requires the development of a 
partnership between the person with asthma and his or her health care team.

With your help, and the help of others on the health care team, patients
can learn to:

• Avoid risk factors
• Take medications correctly
• Understand the difference between “controller” and “reliever” medications
• Monitor their status using symptoms and, if relevant, PEF
• Recognize signs that asthma is worsening and take action
• Seek medical help as appropriate

Education should be an integral part of all interactions between health 
care professionals and patients.  Using a variety of methods—such as 
discussions (with a physician, nurse, outreach worker, counselor, or educator),
demonstrations, written materials, group classes, video or audio tapes, 
dramas, and patient support groups—helps reinforce educational messages.

9
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Working together, you and your patient should prepare a written 
personal asthma action plan that is medically appropriate and 
practical. A sample asthma plan is shown in Figure 3.  

Additional self-management plans can be found on several Websites,
including:
http://www.asthma.org.uk
http://www.nhlbisupport.com/asthma/index.html
http://www.asthmanz.co.nz

10

Figure 3. Example of Contents of an Action Plan to Maintain Asthma Control

Your Regular Treatment:
1.  Each day take ___________________________
2.  Before exercise, take _____________________

WHEN TO INCREASE TREATMENT
Assess your level of Asthma Control
In the past week have you had:

Daytime asthma symptoms more than 2 times ? No Yes
Activity or exercise limited by asthma? No Yes
Waking at night because of asthma? No Yes
The need to use your [rescue medication] more than 2 times? No Yes
If you are monitoring peak flow, peak flow less than______? No Yes

If you answered YES to three or more of these questions, your asthma is
uncontrolled and you may need to step up your treatment.

HOW TO INCREASE TREATMENT
STEP UP your treatment as follows and assess improvement every day:
_________________________________ [Write in next treatment step here] 
Maintain this treatment for _____________ days [specify number]

WHEN TO CALL THE DOCTOR/CLINIC.
Call your doctor/clinic: _______________ [provide phone numbers]
If you don’t respond in _________ days [specify number]
____________________________ [optional lines for additional instruction]

EMERGENCY/SEVERE LOSS OF CONTROL
✓ If you have severe shortness of breath, and can only speak in short sentences,
✓ If you are having a severe attack of asthma and are frightened,
✓ If you need your reliever medication more than every 4 hours and are not

improving.
1.  Take 2 to 4 puffs ___________ [reliever medication] 
2.  Take ____mg of ____________ [oral glucocorticosteroid]
3.  Seek medical help:  Go to ________________; Address______________ 

Phone: _______________________
4.  Continue to use your _________ [reliever medication] until you are able to

get medical help.
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Component 2: Identify and Reduce Exposure to Risk
Factors

To improve control of asthma and reduce medication needs, patients 
should take steps to avoid the risk factors that cause their asthma symptoms
(Figure 4).  However, many asthma patients react to multiple factors that
are ubiquitous in the environment, and avoiding some of these factors 
completely is nearly impossible. Thus, medications to maintain asthma 
control have an important role because patients are often less sensitive to
these risk factors when their asthma is under control.

Physical activity is a common cause of asthma symptoms but patients
should not avoid exercise. Symptoms can be prevented by taking a
rapid-acting inhaled �2-agonist before strenuous exercise (a leukotriene
modifier or cromone are alternatives).

Patients with moderate to severe asthma should be advised to receive an
influenza vaccination every year, or at least when vaccination of the
general population is advised.  Inactivated influenza vaccines are safe for
adults and children over age 3.

11

Avoidance measures that improve control of asthma and reduce medication needs:
• Tobacco smoke: Stay away from tobacco smoke.  Patients and parents should

not smoke.
• Drugs, foods, and additives: Avoid if they are known to cause symptoms.
• Occupational sensitizers: Reduce or, preferably, avoid exposure to these agents.

Reasonable avoidance measures that can be recommended but have not been shown
to have clinical benefit:

• House dust mites: Wash bed linens and blankets weekly in hot water and 
dry in a hot dryer or the sun. Encase pillows and mattresses in air-tight covers.
Replace carpets with hard flooring, especially in sleeping rooms. (If possible, use
vacuum cleaner with filters.  Use acaricides or tannic acid to kill mites—but make
sure the patient is not at home when the treatment occurs.)

• Animals with fur: Use air filters. (Remove animals from the home, or at least
from the sleeping area. Wash the pet.)

• Cockroaches: Clean the home thoroughly and often.  Use pesticide spray—but
make sure the patient is not at home when spraying occurs.

• Outdoor pollens and mold: Close windows and doors and remain indoors
when pollen and mold counts are highest.

• Indoor mold: Reduce dampness in the home; clean any damp areas frequently.

Figure 4. Strategies for Avoiding Common Allergens and Pollutants
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Component 3: Assess, Treat, and Monitor Asthma

The goal of asthma treatment—to achieve and maintain clinical control—
can be reached in most patients through a continuous cycle that involves

• Assessing Asthma Control
• Treating to Achieve Control
• Monitoring to Maintain Control

Assessing Asthma Control

Each patient should be assessed to establish his or her current treatment
regimen, adherence to the current regimen, and level of asthma control.  
A simplified scheme for recognizing controlled, partly controlled, and
uncontrolled asthma is provided in Figure 2.

Treating to Achieve Control

Each patient is assigned to one of five treatment “steps.” Figure 5 details
the treatments at each step for adults and children age 5 and over. 

At each treatment step, reliever medication should be provided for
quick relief of symptoms as needed. (However, be aware of how much
reliever medication the patient is using—regular or increased use indicates
that asthma is not well controlled.) 

At Steps 2 through 5, patients also require one or more regular controller
medications, which keep symptoms and attacks from starting. Inhaled
glucocorticosteroids (Figure 6) are the most effective controller medications
currently available.

For most patients newly diagnosed with asthma or not yet on medication,
treatment should be started at Step 2 (or if the patient is very symptomatic,
at Step 3). If asthma is not controlled on the current treatment regimen,
treatment should be stepped up until control is achieved.

For children age 5 and younger, a low-dose inhaled glucocortico-
steroid is the recommended initial controller treatment (Figure 5A).  If this
treatment does not control symptoms, an increase in the glucocorticosteroid
dose is the best option. 

Patients who do not reach an acceptable level of control at Step 4 can be
considered to have difficult-to-treat asthma. In these patients, a 

12
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compromise may need to be reached focusing on achieving the best level
of control feasible—with as little disruption of activities and as few daily
symptoms as possible—while minimizing the potential for adverse effects
from treatment.  Referral to an asthma specialist may be helpful.

A variety of controller (Appendix A) and reliever (Appendix B) 
medications for asthma are available. The recommended treatments are
guidelines only. Local resources and individual patient circumstances 
should determine the specific therapy prescribed for each patient.  

Inhaled medications are preferred because they deliver drugs directly to 
the airways where they are needed, resulting in potent therapeutic effects
with fewer systemic side effects. Inhaled medications for asthma are available
as pressurized metered-dose inhalers (pMDIs), breath-actuated MDIs, dry
powder inhalers (DPIs), and nebulizers. Spacer (or valved holding-chamber)
devices make inhalers easier to use and reduce systemic absorption and
side effects of inhaled glucocorticosteroids. 

Teach patients (and parents) how to use inhaler devices. Different devices
need different inhalation techniques.

• Give demonstrations and illustrated instructions.
• Ask patients to show their technique at every visit.
• Information about use of various inhaler devices is found on the 

GINA Website.
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Figure 5. Management Approach Based On Control

Figure 5A. Management Approach Based On Control: 
Children 5 Years and Younger

The available literature on treatment of asthma in children 5 years and younger 
precludes detailed treatment recommendations. The best documented treatment to
control asthma in these age groups is inhaled glucocorticosteroids and at Step 2, a
low-dose inhaled glucocorticosteroid is recommended as the initial controller treatment.
Equivalent doses of inhaled glucocorticosteroids, some of which may be given as a 
single daily dose, are provided in Figure 6.

Alternative reliever treatments include inhaled anticholinergics, short-acting oral 
�2-agonists, some long-acting �2-agonists, and short-acting theophylline. Regular 
dosing with short and long-acting �2-agonist is not advised unless accompanied by
regular use of an inhaled glucocorticosteroid.

For Children Older Than 5 Years, Adolescents and Adults

Controller
options

* ICS=inhaled glucocorticosteroids
Ü=Receptor antagonist or synthesis inhibitors 

Treatment Steps

As needed rapid-
acting β2-agonist As needed rapid-acting β2-agonist

Low-dose ICS plus
long-acting β2-agonist

Select one

Leukotriene
modifier Ü

Select one

Medium-or
high-dose ICS

Medium-or high-dose
ICS plus long-acting

β2-agonist

Low-dose ICS plus
leukotriene modifier

Low-dose ICS plus
sustained release

theophylline

Add one or more Add one or both

Asthma education
Environmental control

Low-dose inhaled
ICS*

Oral glucocorticosteroid
(lowest dose)

Anti-IgE
treatment

Leukotriene
modifier

Sustained release
theophylline

Controlled Maintain and find lowest controlling step

Partly controlled Consider stepping up to gain control

Uncrontrolled Step up until controlled

Exacerbation Treat as exacerbation

Treatment ActionLevel of Control

R
ed

uc
e

Reduce Increase
In

cr
ea

se

2Step1Step 3Step 4Step 5Step

* ICS=inhaled glucocorticosteroids
** =Receptor antagonist or synthesis inhibitors

**

Uncontrolled
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Figure 6. Estimated Equipotent Doses of Inhaled
Glucocorticosteroids

Drug

200-500 >500-1000 >1000-2000 100-200 >200-400 >400Beclomethasone
dipropionate

200-400 >400-800 >800-1600 100-200 >200-400 >400Budesonide*

—— —— —— 250-500 >500-1000 >1000Budesonide-Neb
Inhalation
suspension
(children only)

80-160 >160-320 >320-1280 80-160 >160-320 >320Ciclesonide*

500-1000 >1000-2000 >2000 500-750 >750-1250 >1250Flunisolide

100-250 >250-500 >500-1000 100-200 >200-500 >500Fluticasone

200-400 >400-800 >800-1200 100-200 >200-400 >400Mometasone
furoate*

400-1000 >1000-2000 >2000 400-800 >800-1200 >1200Triamcinolone
acetonide

Low Medium High‡ Low Medium High‡

Adults
Daily dose (�g)†

Children
Daily dose (�g)†

† Comparisons based on efficacy data.
‡ Patients considered for high daily doses except for short periods should be referred to a 
specialist for assessment to consider alternative combinations of controllers. Maximum 
recommended doses are arbitrary but with prolonged use are associated with increased
risk of systemic side effects.

* Approved for once-daily dosing in mild patients.

Additional Notes:
•  The most important determinant of appropriate dosing is the clinician’s judgment of

the patient’s response to therapy. The clinician must monitor the patient’s response in
terms of clinical control and adjust the dose accordingly. Once control of asthma is
achieved, the dose of medication should be carefully titrated to the minimum dose
required to maintain control, thus reducing the potential for adverse effects.

•  Designation of low, medium, and high doses is provided from manufacturers’ 
recommendations where possible. Clear demonstration of dose-response relationships
is seldom provided or available. The principle is therefore to establish the minimum
controlling dose in each patient, as higher doses may not be more effective and are
likely to be associated with greater potential for adverse effects.

•  As CFC preparations are taken from the market, medication inserts for HFA 
preparations should be carefully reviewed by the clinician for the equivalent 
correct dosage.
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Monitoring to Maintain Control

Ongoing monitoring is essential to maintain control and establish the lowest
step and dose of treatment to minimize cost and maximize safety.

Typically, patients should be seen one to three months after the initial visit,
and every three months thereafter.  After an exacerbation, follow-up should
be offered within two weeks to one month.

At each visit, ask the questions listed in Figure 7.

Adjusting medication:

• If asthma is not controlled on the current treatment regimen, step up
treatment. Generally, improvement should be seen within 1 month. 
But first review the patient’s medication technique, compliance, and
avoidance of risk factors.

• If asthma is partly controlled, consider stepping up treatment,
depending on whether more effective options are available, safety and
cost of possible treatment options, and the patient’s satisfaction with the
level of control achieved.

• If control is maintained for at least 3 months, step down with a 
gradual, stepwise reduction in treatment. The goal is to decrease 
treatment to the least medication necessary to maintain control.

Monitoring is still necessary even after control is achieved, as asthma is a
variable disease; treatment has to be adjusted periodically in response to
loss of control as indicated by worsening symptoms or the development of
an exacerbation.
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Figure 7. Questions for Monitoring Asthma Care

IS THE ASTHMA MANAGEMENT PLAN MEETING EXPECTED GOALS?

IS THE PATIENT USING INHALERS, SPACER, OR 
PEAK FLOW METERS CORRECTLY?

IS THE PATIENT TAKING THE MEDICATIONS AND AVOIDING RISK 
FACTORS ACCORDING TO THE ASTHMA MANAGEMENT PLAN?

Ask the patient:

Has your asthma awakened you at
night?
Have you needed more reliever 
medications than usual?
Have you needed any urgent medical
care?
Has your peak flow been below your
personal best?
Are you participating in your usual 
physical activities?

Ask the patient:

Please show me how you take your 
medicine.

Action to consider:

Demonstrate correct technique.
Have patient demonstrate back.

Ask the patient, for example:

So that we may plan therapy, please 
tell me how often you actually take the
medicine.

What problems have you had following
the management plan or taking your
medication?

During the last month, have you ever
stopped taking your medicine because
you were feeling better?

Ask the patient:

What concerns might you have 
about your asthma, medicines, or 
management plan?

Action to consider:

Provide additional education to relieve
concerns and discussion to overcome
barriers.

Action to consider:

Adjust plan to be more practical.
Problem solve with the patient to over-
come barriers to following the plan.

Action to consider:

Adjust medications and management
plan as needed (step up or step down).
But first, compliance should be assessed.

DOES THE PATIENT HAVE ANY CONCERNS?
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Component 4: Manage Exacerbations

Exacerbations of asthma (asthma attacks) are episodes of a progressive
increase in shortness of breath, cough, wheezing, or chest tightness, or a
combination of these symptoms.

Do not underestimate the severity of an attack; severe asthma
attacks may be life threatening. Their treatment requires close supervision.

Patients at high risk of asthma-related death require closer attention and
should be encouraged to seek urgent care early in the course of their 
exacerbations. These patients include those:

• With a history of near-fatal asthma requiring intubation and mechanical
ventilation

• Who have had a hospitalization or emergency visit for asthma within
the past year

• Who are currently using or have recently stopped using oral gluco-
corticosteroids

• Who are not currently using inhaled glucocorticosteroids
• Who are overdependent on rapid-acting inhaled �2-agnoists, especially

those who use more than one canister of salbutamol (or equivalent)
monthly

• With a history of psychiatric disease or psychosocial problems, including
the use of sedatives

• With a history of noncompliance with an asthma medication plan

Patients should immediately seek medical care if:

• The attack is severe (Figure 8):
-  The patient is breathless at rest, is hunched forward, talks in words

rather than sentences (infant stops feeding), is agitated, drowsy, or
confused, has bradycardia, or has a respiratory rate greater than
30 per minute

-  Wheeze is loud or absent
-  Pulse is greater than 120/min (greater than 160/min for infants)
-  PEF is less than 60 percent of predicted or personal best, even

after initial treatment
-  The patient is exhausted
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• The response to the initial bronchodilator treatment is not
prompt and sustained for at least 3 hours

• There is no improvement within 2 to 6 hours after oral 
glucocorticosteroid treatment is started

• There is further deterioration

Mild attacks, defined by a reduction in peak flow of less than 20%, nocturnal
awakening, and increased use of rapid-acting �2-agonists, can usually be
treated at home if the patient is prepared and has a personal asthma 
management plan that includes action steps.

Moderate attacks may require, and severe attacks usually require, care in a
clinic or hospital.

Asthma attacks require prompt treatment:

• Inhaled rapid-acting �2-agonists in adequate doses are essential. 
(Begin with 2 to 4 puffs every 20 minutes for the first hour; then mild
exacerbations will require 2 to 4 puffs every 3 to 4 hours, and moderate
exacerbations 6 to 10 puffs every 1 to 2 hours.) 

• Oral glucocorticosteroids (0.5 to 1 mg of prednisolone/kg or equivalent
during a 24-hour period) introduced early in the course of a moderate
or severe attack help to reverse the inflammation and speed recovery.

• Oxygen is given at health centers or hospitals if the patient is hypox-
emic (achieve O2 saturation of 95%).

• Combination �2-agonist/anticholinergic therapy is associated with
lower hospitalization rates and greater improvement in PEF and FEV1.

• Methylxanthines are not recommended if used in addition to high doses
of inhaled �2-agonists. However, theophylline can be used if inhaled
�2-agonists are not available. If the patient is already taking theo-
phylline on a daily basis, serum concentration should be measured
before adding short-acting theophylline.

Therapies not recommended for treating asthma attacks include:

• Sedatives (strictly avoid)
• Mucolytic drugs (may worsen cough)
• Chest physical therapy/physiotherapy (may increase patient discomfort)
• Hydration with large volumes of fluid for adults and older children (may

be necessary for younger children and infants)
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• Antibiotics (do not treat attacks but are indicated for patients who also
have pneumonia or bacterial infection such as sinusitis)

• Epinephrine/adrenaline (may be indicated for acute treatment of 
anaphylaxis and angioedema but is not indicated for asthma attacks)

Monitor response to treatment: 

Evaluate symptoms and, as much as possible, peak flow. In the hospital,
also assess oxygen saturation; consider arterial blood gas measurement in
patients with suspected hypoventilation, exhaustion, severe distress, or peak
flow 30-50 percent predicted.

Follow up:

After the exacerbation is resolved, the factors that precipitated the 
exacerbation should be identified and strategies for their future avoidance
implemented, and the patient’s medication plan reviewed.
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Hypercapnia (hypoventilation) develops more readily in young children than in adults and adolescents.

*Note: The presence of several parameters, but not necessarily all, indicates the general classification of the exacerbation.
†Note: Kilopascals are also used internationally, conversion would be appropriate in this regard.

Parameter

Talks in

Alertness

Respiratory rate

Sentences

May be agitated

Increased

Phrases

Usually agitated

Increased

Words

Usually agitated

Often > 30/min

Drowsy or confused

Mild Moderate Severe Respiratory 
arrest imminent

Breathless Walking

Can lie down

Talking
Infant - softer, shorter
cry; difficulty feeding

Prefer sitting

At rest
Infant stops 
feeding

Hunched forward

Normal rates of breathing in awake children:
Age Normal rate

< 2 months < 60/min
2-12 months < 50/min

1-5 years < 40/min
6-8 years < 30/min

Guide to limits of normal pulse rate in children:
Infants 2-12 months -Normal rate <160/min

Preschool 1-2 years -Normal rate <120/min
School age 2-8 years -Normal rate <110/min

Accessory muscles
and suprasternal
retractions

Wheeze Moderate, often
only and expiratory

Loud Usually loud Absence of wheeze

Usually not Usually Usually Paradoxical 
thoraco-abdominal 
movement

Pulse/min. < 100 100-120 > 120 Bradycardia

Pulsus paradoxus

PEF
after initial
bronchodilator
% predicted or
% personal best

PaO2 (on air)†

and/or
paCO2

†

Normal
Test not usually 
necessary

< 45 mm Hg

> 60 mm Hg

< 45 mm Hg

< 60 mm Hg

Possible cyanosis

> 45 mm Hg;
Possible respiratory
failure (see text)

Over 80% Approx. 60-80% < 60% predicted or
personal best
(< 100 L/min adults)
or
response lasts < 2 hrs

Absent
< 10 mm Hg

May be present 
10-25 mm Hg

Often present
> 25 mm Hg (adult)
20-40 mm Hg (child)

Absence suggests
respiratory muscle
fatigue

SaO2% (on air)† > 95% 91-95% < 90%

Figure 8. Severity of Asthma Exacerbations*
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Special considerations are required in managing asthma in relation to:

■ Pregnancy. During pregnancy the severity of asthma often changes, and
patients may require close follow-up and adjustment of medications. Pregnant
patients with asthma should be advised that the greater risk to their baby lies
with poorly controlled asthma, and the safety of most modern asthma treatments
should be stressed. Acute exacerbations should be treated aggressively to avoid
fetal hypoxia.

■ Surgery. Airway hyperresponsiveness, airflow limitation, and mucus hyper-
secretion predispose patients with asthma to intraoperative and postoperative
respiratory complications, particularly with thoracic and upper abdominal 
surgeries. Lung function should be evaluated several days prior to surgery, and
a brief course of glucocorticosteroids prescribed if FEV1 is less than 80% of the
patient’s personal best.

■ Rhinitis, Sinusitis, and Nasal Polyps. Rhinitis and asthma often coexist in
the same patient, and treatment of rhinitis may improve asthma symptoms. Both
acute and chronic sinusitis can worsen asthma, and should be treated. Nasal
polyps are associated with asthma and rhinitis, often with aspirin sensitivity and
most frequently in adult patients. They are normally quite responsive to topical
glucocorticosteroids.

■ Occupational asthma. Pharmacologic therapy for occupational asthma is
identical to therapy for other forms of asthma, but is not a substitute for adequate
avoidance of the relevant exposure. Consultation with a specialist in asthma 
management or occupational medicine is advisable.

■ Respiratory infections. Respiratory infections provoke wheezing and increased
asthma symptoms in many patients. Treatment of an infectious exacerbation 
follows the same principles as treatment of other exacerbations.

■ Gastroesophageal reflux. Gastroesophageal reflux is nearly three times as
prevalent in patients with asthma compared to the general population. Medical
management should be given for the relief of reflux symptoms, although this
does not consistently improve asthma control.

■ Aspirin-induced asthma. Up to 28 percent of adults with asthma, but rarely
children, suffer from asthma exacerbations in response to aspirin and other 
nonsteroidal anti-inflammatory drugs. The diagnosis can only be confirmed by
aspirin challenge, which must be conducted in a facility with cardiopulmonary
resuscitation capabilities. Complete avoidance of the drugs that cause symptoms
is the standard management.

■ Anaphylaxis. Anaphylaxis is a potentially life-threatening condition that can
both mimic and complicate severe asthma. Prompt treatment is crucial and
includes oxygen, intramuscular epinephrine, injectable antihistamine, intravenous
hydrocortisone, and intravenous fluid.

SPECIAL CONSIDERATIONS
IN MANAGING ASTHMA
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Appendix A: Glossary of Asthma Medications - Controllers

Table continued...

Glucocorticosteroids
Adrenocorticoids
Corticosteroids
Glucocorticoids

Inhaled (ICS):
Beclomethasone
Budesonide
Ciclesonide
Flunisolide
Fluticasone
Mometasone
Triamcinolone

Tablets or syrups:
hydrocortisone
methylprednisolone
prednisolone
prednisone

Sodium 
cromoglycate
cromolyn
cromones

MDI 2 mg or 5 mg 
2-4 inhalations 3-4
times daily. Nebulizer
20 mg 3-4 times daily.

Minimal side effects.  Cough
may occur upon inhalation.

May take 4-6 weeks to 
determine maximum effects.
Frequent daily dosing
required.

Nedocromil
cromones

Long-acting 
�2-agonists
beta-adrenergis
sympathomimetics
LABAs

Inhaled:
Formoterol (F)
Salmeterol (Sm)

Sustained-release
Tablets:
Salbutamol (S)
Terbutaline (T)

Combination
ICS/LABA
Fluticasone/
salmeterol (F/S)

Budesonide/
formoterol (B/F)

DPI-F/S 100, 250, 
or 500 �g/50 �g 
1 inhalation bid
MDI-F/S 50, 125, 
or 250 �g /25 �g 
2 puffs bid
DPI-B/F 100 or 
200 �g /6 �g 
1 inhalation bid
MDI-B/F 80 or 
160 �g/ 4.5 �g
2 puffs bid

Similar to those described
above for individual 
components of the 
combination

In moderate to severe persistent
asthma, combination more
effective than doubling the ICS
dose.  Budesonide/formoterol
has been approved for adjustable
as needed dosing in addition to
regular dosing in some countries.
Dosing is dependent on level
of control.
Limited data in children 4-11 yrs 
No data in children < 4 yrs.

Inhaled:
DPI -F: 1 inhalation
(12 �g) bid.
MDI- F: 2 puffs bid.
DPI-Sm: 1 inhalation
(50 �g) bid. 
MDI-Sm: 2 puffs bid.

Tablets:
S: 4 mg q12h.
T: 10mg q12h.

Inhaled: fewer, and less 
significant, side effects than
tablets. Have been associated
with an increased risk of
severe exacerbations and
asthma deaths when added 
to usual therapy.

Tablets: may cause 
tachycardia, anxiety, skeletal
muscle tremor, headache,
hypokalemia.

Inhaled: Salmeterol NOT to be
used to treat acute attacks.
Should not use as mono-
therapy for controller therapy.
Always use as adjunct to 
ICS therapy.  Formoterol has
onset similar to salbutamol
and has been used as needed
for acute symptoms.

Tablets: As effective as 
sustained-release theophylline.
No data for use as adjunctive
therapy with inhaled 
glucocorticosteroids.

MDI 2 mg/puff 2-4
inhalations 2-4 times
daily.

Cough may occur upon
inhalation.

Some patients unable to 
tolerate the taste.

Name and Also
Known As

Usual Doses Side Effects

Inhaled: Beginning
dose dependent on
asthma control then
titrated down over 
2-3 months to lowest
effective dose once
control is achieved.

Tablets or syrups: 
For daily control use
lowest effective dose
5-40 mg of prednisone
equivalent in a.m. or
qod.

For acute attacks 
40-60 mg daily in 
1 or 2 divided doses
for adults or 1-2 mg/kg
daily in children.

Inhaled: High daily doses may
be associated with skin thinning
and bruises, and rarely adrenal
suppression. Local side effects
are hoarseness and oropha-
ryngeal candidiasis. Low to
medium doses have produced
minor growth delay or 
suppression (av. 1cm) in 
children.  Attainment of 
predicted adult height does
not appear to be affected.

Tablets or syrups: Used long
term, may lead to osteoporosis,
hypertension, diabetes, cataracts,
adrenal suppression, growth
suppression, obesity, skin 
thinning or muscle weakness.
Consider coexisting conditions
that could be worsened by oral
glucocorticosteroids, e.g. herpes
virus infections, Varicella,
tuberculosis, hypertension,
diabetes and osteoporosis

Inhaled: Potential but small risk
of side effects is well balanced
by efficacy.  Valved holding-
chambers with MDIs and
mouth washing with DPIs 
after inhalation decrease oral
Candidiasis.  Preparations not
equivalent on per puff or �g
basis.

Tablet or syrup: Long term
use: alternate day a.m. 
dosing produces less toxicity.
Short term:  3-10 day “bursts”
are effective for gaining
prompt control.

Comments
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Appendix A: Glossary of Asthma Medications - Controllers (continued...)

Appendix B: Glossary of Asthma Medications - Relievers

Name and Also
Known As

Usual Doses Side Effects Comments

Sustained-release
Theophylline
Aminophylline
methylxanthine
xanthine

Antileukotrienes
Leukotriene modifiers
Montelukast (M)
Pranlukast (P)
Zafirlukast (Z)
Zileuton (Zi)

Immunomodulators
Omalizumab
Anti-IgE

Adults: Dose 
administered subcu-
taneously every 2 or 4
weeks dependent 
on weight and IgE
concentration

Pain and bruising at injection
site (5-20%) and very rarely
anaphylaxis (0.1%).

Need to be stored under 
refrigeration 2-8˚C and 
maximum of 150 mg 
administered per injection site.

Name and Also
Known As

Short-acting
�2-agonists
Adrenergics
�2-stimulants
Sympathomimetics

Albuterol/salbutamol
Fenoterol
Levalbuterol
Metaproterenol
Pirbuterol
Terbutaline

Anticholinergics
Ipratropium  

bromide (IB)
Oxitropium

bromide

Short-acting
theophylline
Aminophylline

Epinephrine/
adrenaline
injection

IB-MDI 4-6 puffs q6h or
q20 min in the emergency
department. Nebulizer
500 �g q20min x 3
then q2-4hrs for adults
and 250-500 �g for
children.

7 mg/kg loading dose
over 20 min followed
by 0.4 mg/kg/hr 
continuous infusion.

1:1000 solution
(1mg/mL) .01mg/kg
up to 0.3-0.5 mg, can
give q20min x 3. 

Minimal mouth dryness or 
bad taste in the mouth.

Nausea, vomiting, headache.
At higher serum concentrations:
seizures, tachycardia, and
arrhythmias.

Similar, but more significant
effects than selective �2-agonist.
In addition: hypertension, fever,
vomiting in children and 
hallucinations.

May provide additive effects
to �2-agonist but has slower
onset of action. Is an alternative
for patients with intolerance
for �2-agonists.

Theophylline level monitoring
is required.  Obtain serum 
levels 12 and 24 hours into
infusion.  Maintain between
10-15 �g/mL.

In general, not recommended
for treating asthma attacks if
selective �2-agonists are 
available.

Differences in potency
exist but all products
are essentially 
comparable on a per
puff basis. For prn
symptomatic use and
pretreatment before
exercise 2 puffs MDI
or 1 inhalation DPI.
For asthma attacks 
4-8 puffs q2-4h, may
administer q20min x
3 with medical super-
vision or the equivalent
of 5 mg salbutamol 
by nebulizer.

Inhaled: tachycardia, skeletal
muscle tremor, headache, and
irritability. At very high dose
hyperglycemia, hypokalemia.

Systemic administration as
Tablets or Syrup increases the
risk of these side effects.

Drug of choice for acute 
bronchospasm. Inhaled route
has faster onset and is more
effective than tablet or syrup.
Increasing use, lack of expected
effect, or use of > 1 canister 
a month indicate poor asthma
control; adjust long-term 
therapy accord-ingly.  Use 
of ≥ 2 canisters per month is
associated with an increased
risk of a severe, life-threatening
asthma attack.

Usual Doses Side Effects Comments

Starting dose 10
mg/kg/day with usual
800 mg maximum in
1-2 divided doses.

Adults: M 10mg qhs 
P 450mg bid 
Z 20mg bid;
Zi 600mg qid.

Children: M 5 mg
qhs (6-14 y)
M 4 mg qhs (2-5 y)
Z 10mg bid (7-11 y).

Nausea and vomiting are most
common. Serious effects occur-
ring at higher serum concen-
trations include seizures, 
tachycardia, and arrhythmias.

No specific adverse effects to
date at recommended doses.
Elevation of liver enzymes 
with Zafirlukast and Zileuton
and limited case reports of
reversible hepatitis and 
hyperbilirubinemia with
Zileuton and hepatic failure
with Zafirlukast

Theophylline level monitoring is
often required. Absorption and
metabolism may be  affected
by many factors, including
febrile illness.

Antileukotrienes are most 
effective for patients with mild
persistent asthma.  They provide
additive benefit when added to
ICSs though not as effective as
inhaled long-acting �2-agonists.
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. TABLE 13

EXAMPLE OF CRITERIA FOR ASSESSING THE SEVERITY OF ABNORMALITIES’

A. Normal: The test is interpreted as “within normal limits” if both the VC and the FEV,NC ratio are in
the normal range.

B. Obstructive abnormality: This is interpreted when the FEV,NC ratio is below the normal range. The
severity of the abnormality might be graded as follows:

“May be a physiological variant”
‘Mild”
“Moderate”
‘Moderately severe”
‘Severe”
“Very severe”

% Pred FEV, > 100
% Pred FEV, < 100 and >, 70
% Pred FEV, < 70 and > 60
% Pred FEV, < 60 and 2 50
% Pred FEV, < 50 and 2 34
% Pred FEV, < 34

C. Restrictive abnormality: This is most reliably interpreted on the basis ef TLC. If this is not available.
one may interpret a reduction in the VC without a reduction of the FEV,NC ratio as a “restriction of the
volume excursion of the lung.” The severity of the abnormality might be graded as follows:

Based on the TLC
“Mild” % Pred TLC < LLN but B 70
“Moderate” % Pred TLC < 70 and B 60
“Moderately severe” % Pred TLC < 60

Based on spirometry
“Mild” % Pred VC < LLN but 3 70
“Moderate” % Pred VC < 70 and B 60
“Moderately severe” % Pred VC < 60 and 3 50
Severe” % Pred VC < 50 and 2 34
“Very severe” % Pred VC < 34

Definition of abbreviation: LLN = lower limit of normal.
_ This schema was contributed by Burrows and Lebowitz.  It has been in use in the lung function laboratory at the Health

Sciences  Center in Tucson. Ariuona  for clinical purposes. It is intended only as an example  of a transparent schema for assessing
severity. Other schema may be acceptable as well. More work is required before any schema can be  adopted  as a standard. Note:
All statements regardmg  severity should be accompanied by a disclaimer such as “as assessed by spirometry” or “physiologic
assessments of seventy may differ from clinical assessments.”

TABLE 14

CHANGE IN SPIROMETRIC INDICES OVER TIME

Percent Chanaes Reauired to be Sianificant

FVC FEV, FEFz-7,

Within a day (222)
Normal subjects
Patients with COPD

Week to week (222)
Nonal  subjects
Patients with COPD

25 35 2 13
>, 11 3 13 > 23

> 11 > 12 >, 21
a 2 0 220 2 30

Year to year (69) > 15 >, 15

in many nonobstructive lung disorders. It is
also of some use in assessing respiratory mus-
cle involvement in certain neuromuscular dis-
eases. Here again, however, the VC may be
only slightly impaired in diffuse interstitial
diseases of sufficient severity to lead to
marked loss of diffusing capacity and severe
blood gas abnormalities, and a relatively small
decrement in VC may indicate the onset of
a severe respiratory problem in patients with
a rapidly progressive neuromuscular disease.

The FEVJVC ratio should not be used in
isolation to determine the severity of an ob-
structive disorder. Both the FEV, and VC may
decline with progression of disease, and an
FEVJVC of OS/l.0 indicates more impair-
ment than one of 2-O/4.0,  though both yield
a ratio of 50%. Systems that use FEV,/FVC
to grade the severity of obstruction must deal
with the effect of total expiratory time on FVC
and FEVJFVC (19).

C H A N G E S  I N  SPIROMEIRY  OVER TYME
Reliance should be placed on FEV, and VC
for examining changes over time as they are
the only spirometric variables that will con-
sistently and correctly reflect the direction of
the change in overall ventilatory function.
Even using these simple tests, it is never easy
to determine whether a change is “real” or
only a result of test variability. All lung func-
tion measurements tend to be more variable
when made weeks to months apart than when
repeated at the same test session or even daily
(222, 223). Changes should therefore be in-
terpreted cautiously. It is more likely that a
real change ha.s occurred when there are a se-
ries of tests that show a consistent trend. As
shown in table 14 significant changes, whether
statistical or biologic, vary by parameter, time
period, and the type of patient. For FVC and
VC in healthy subjects, within-day change of
5% or more, between-weeks changes of 11 to

12% or more, and yearly change of 15% or
more were generally thought by the Workshop
to be clinically important.

The clinician seeing the patient can often
interpret results of serial tests in a useful man-
ner, not reproducible by any simple algorithm.
For example, seemingly stable tests may prove
very reassuring in a patient receiving therapy
for a disease that is otherwise rapidly progres-
sive. The same tests may be very disappoint-
ing if one is treating a disorder that is expect-
ed to improve dramatically with the therapy
prescribed. Depending on the clinical situa-
tion, statistically insignificant trends in func-
tion may be very meaningful to the clinician.
The greatest errors occur when one attempts
to interpret serial changes in subjects with-
out disease because test variability will usu-
ally far exceed the true annual decline, and
reliable rates of change for an individual sub-
ject cannot be calculated without prolonged
follow-up (69). Thus, in subjects with “nor-
mal” lung function, changes in VC or FEV,
over 1 yr should probably exceed 15% (table
14) before any confidence can be given to the
opinion that a meaningful year-to-year change
has occurred.

Recommendations
Overall

TECHNICAL ISSUES

Although technical sources of variation in
spirometry have been fully dealt with in oth-
er documents, it was considered important
to reemphasize their key role, particularly in
relation to the following points.
1. Laboratory directors should be constantly

on guard to maintain the precision and ac-
curacy of the measurements made in their
laboratories and should be aware of the
potential sources of technical variation.
Quality control includes strict adherence
to ATS guidelines for equipment perfor-
mance and calibration.

2. Attention should be given to the spirome-
ter temperature where the tests are per-
formed. Temperature-related errors will be
reduced when the spirometer temperature
is between 17’ and 40’ C.

3. Computer calculations should be validat-
ed at the time equipment is purchased and
after any changes are made in software or
hardware.

BIOUXZIC  VARIAnoN AND
STATLSTrCAL  ISSUES

1. Laboratory directors should be aware of
the biologic Sources of within- and between-
individual variation in order to optimize
the application of lung function tests to a
particular patient. A number of within-
individual sources of variation fall within
the domain and control of the laboratory,
whereas  between-individual sources of vari-
ation are important in selecting appropri-
ate reference values.

2. Environmental sources of variation perti-
nent to a given patient are more likely to
be known to the referring clinician than to
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