
 
 
 
 
 
 

  

Welch Allyn Spot Vital Signs® LXi 

SureBP vs. Step Deflation 
 
Purpose of Test 
The purpose of this test was to ensure that SureBP™ and traditional step deflation give similar readings.  
 
Test Procedure  
For this particular test, a total of 45 subjects were tested. Once subject consent was obtained and the cuff applied, 
the subject sat quietly for 5 minutes. A Spot Vital Signs LXi reading was taken using SureBP followed 1 minute later 
by a reading obtained using the step deflation algorithm. If the first reading was obtained using SureBP, on the 
following subject the first pressure was acquired using step deflation.  
 
Test Conclusions 
Based on this sample, SureBP and step deflation are statistically the same at the 95% confidence level. On 
average, SureBP read the systolic pressure -0.3 mmHg lower than the step deflation and recorded diastolic 
pressures that were, on average, 2.7 mmHg higher than step deflation. 
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Welch Allyn Spot Vital Signs® LXi 

Blood Pressure Variability 
 
 
 
 
 
 

Many people believe that blood pressure is a static number. For example, you might hear someone say,  
“My blood pressure is always 120 over 70.” In reality, blood pressure is very dynamic and can actually change as  
much as 10 mmHg with each heart beat even when someone is in a resting state. Variability in blood pressure  
can be significantly increased in individuals with cardiovascular problems. 

 
There are several major explanations for blood pressure variation: 
1. Patient Preparation: One of the most frequent reasons for marked blood pressure variability is inadequate 

resting time before the blood pressure is taken. Other factors such as alcohol, nicotine, caffeine, background 
noise, body position, arm position, muscle tension, bladder distension, and exercise can all have a significant 
impact on the accuracy and variability of the reading obtained. 

2. Arrhythmias (irregular heartbeats): When the patient has an irregular pulse, i.e., atrial fibrillation, the blood 
pressure and cardiac output may vary significantly beat to beat. Approximating blood pressure, even when 
taking a reading manually, may result in significant miscalculations.  

 
Steps to obtain a more accurate blood pressure reading: 
• Use the largest, most-appropriate sized cuff. The most frequent mistake in accurately measuring blood 

pressure is “miscuffing” – particularly undercuffing large arms with too small of a cuff. 
• The cuff should be applied to a bare arm. 
• The artery marker should be lined up correctly over the brachial artery. The patient should be comfortably 

seated with the feet flat on the floor, the legs uncrossed, and the back supported. 
• The upper arm should be at heart level and the lower arm passively supported. The antecubital fossa or bend in 

the elbow should be at heart level and the lower arm passively supported, i.e., resting on the lap. 
• Once the cuff is applied, the patient should be allowed to sit quietly for several minutes (ideally 5 minutes) 

before the blood pressure is taken. The patient should not speak or be spoken to during the measurement 
cycle as this may have a significant impact of the blood pressure.  

 
Comparing a Spot Vital Signs LXi blood pressure reading with an auscultatory (manual) reading: 
• Compare the device reading to a manual reading within one to two minutes of each other. 
• Both readings should be taken on the same arm with the arm in the same position for each reading. 
• The clinician taking a manual blood pressure should be skilled in the auscultatory method and have good vision 

and hearing acuity. 
• The clinician should use a good quality stethoscope and a calibrated sphygmomanometer. 
• It is very important that neither the patient nor the clinician talk during either the device or auscultatory reading. 
• When taking a manual reading, deflate the cuff at a rate not greater than 2 to 3 mmHg per second. Deflating 

more rapidly can result in a substantial underestimation of systolic pressure and overestimation of diastolic 
pressure. 

• The manometer should be read at eye level to the nearest 2 mmHg. 
• Understand that differences of 5 to 10 mmHg between the device and a good auscultatory reading is normal 

and may just be a reflection of the normal variability of blood pressure. 
• Diastolic blood pressure in the Spot Vital Signs LXi is validated to the fifth Korotkoff sound. K5 is the last sound 

heard. When comparing the device to a manual reading, K5 should be used in children age 3 years to adults. 
 

 



 

Welch Allyn Spot Vital Signs® LXi 

SureBP – Why Two Tubes? 
 
 
 
 
 
 
 

SureBP™ is an advanced blood pressure measurement technology that obtains a BP reading during the inflation 
cycle as opposed to standard technology, which measures a BP on deflation. The result is more comfort for the 
patient and faster readings for the clinician. Much of this improvement is attributed to the fact that high cuff 
inflation pressures are no longer necessary and the overall cycle measurement time is shortened. 
 
The fundamental element that allows for lower cuff pressure as well as faster measurements is that a patient’s 
cardiovascular information, usually gathered on deflation, is now gathered while the cuff is inflating. During 
inflation, SureBP is performing two actions at the same time. It is inflating the BP cuff as well as measuring 
cardiovascular information from that cuff. These two tasks require separate tubes to attain maximum 
effectiveness and achieve the greatest possible accuracy. 
 
Collecting a patient’s cardiovascular information is not a trivial task. As the cuff is inflating, there are a number of 
physical contributors that can act to distort the cardiovascular information that is essential for an accurate BP 
reading.  
 
The major contributor to distortion is the simple physical property of air. Cuff pressure cannot be measured 
accurately through a single tube while a good deal of air is flowing. Moving air registers a lower pressure than 
static air. Similarly, air that is moving at different speeds creates different pressures. As the cuff inflates, the 
amount of air moving into the cuff at lower pressures may not be the same as the amount of air moving into the 
cuff as the pressure increases. These changes in air pressure can potentially interfere with the collection of 
cardiovascular information when the BP is measured on inflation using a single-tube system. 
 
To measure the cuff pressure and cardiovascular information with the most accuracy and clarity, the pressure 
transducer should ideally be located within the cuff itself. Since this is not very practical; SureBP use a two-tube 
configuration. The two-tube configuration allows one tube to accommodate all the moving air necessary to inflate 
and deflate the cuff while the other tube, containing static air, is responsible to collect the cardiovascular 
information necessary for accurate BP readings.  
 
Since a two-tube system is essential for accuracy with the Spot Vital Signs LXi, a pneumatic Y-shaped connector 
should NEVER be used to attach the two-tube SureBP cuff to a single-tube cuff. If a Y-connector is used, the cuff 
pressure and blood pressure signal will be distorted, thus compromising the accuracy of the SureBP readings for 
reasons stated above. Therefore, you cannot use a Y-shaped connector to attach the Spot Vital Signs LXi tubing 
to single-tube cuff. 
 
 
 

 
 
 

 
 
  



 
 
 
 
 
 
 

Welch Allyn Spot Vital Signs® LXi 

BP Speed, Motion Tolerance 
 
Inflation Time 
SureBP™ is an advanced technology that obtains a BP reading during the inflation cycle as opposed to standard 
technology, which measures a BP on deflation. The result is faster, more comfortable measurement cycles for the 
patient. Depending on the systolic blood pressure, the Spot Vital Signs LXi can be expected to obtain a BP 
measurement with the following measurement times: 
 

Systolic Pressure Measurement Time 
  <120 mmHg 15 seconds 
  140 mmHg 17 seconds 
  180 mmHg 21 seconds 
  220 mmHg 25 seconds 
  250 mmHg 28 seconds 

 
These times are approximations and can be altered by such factors as patient motion, arrhythmias, or cuff leaks. If 
Spot LXi cannot obtain an accurate BP reading on the inflation cycle, the device will automatically switch to the 
traditional method of step deflation. 
 
Motion Tolerance 
Clinical testing on the Spot LXi was conducted following the performance standards set forth by the American 
National Standard: ANSI/AAMI SP10:2002, “Manual, Electronic, or Automated Sphygmomanometers.” This 
standard establishes labeling, safety, and performance requirements for sphygmomanometers as well as 
ambulatory blood pressure devices that are used for the indirect measurement of blood pressure. 
 
During the performance testing, Welch Allyn measured the percentage of time that the Spot LXi successfully 
obtained a blood pressure reading on the inflation cycle. With 256 cycles, greater than 95% completed successfully 
using the inflation technology and the remaining completed successfully by automatically switching to the traditional 
method of step deflation. These results can vary, however, depending on the factors such as: 

• Patient movement 
• Arrhythmia 
• Tremor  
• Cuff integrity 

 
When used properly and under the correct clinical conditions, a healthcare provider can expect the Spot Vital Signs 
LXi device to obtain a reliable blood pressure reading on inflation for the majority of the time that the device is used. 
 
 
 
 
 
 
 
  



 
 
 
 
 
 
 

Welch Allyn Spot Vital Signs® LXi 

BP in the Presence of Motion 
 
While accuracy is very important, the ability of a non-invasive blood pressure device to give readings in the 
presence of motion is also essential. In the “real-world”, patients do not always stay absolutely still while having 
their blood pressure taken. We developed a clinical test several years ago to test our devices as well as our major 
competitor’s ability to determine a blood pressure in the presence of motion. 
 
The test involves a series of 4 patient motions: 

Motion 1. Making a fist (opening and closing the hand). 
Motion 2. Supinate and pronate the hand. 
Motion 3. Tapping fingers on the table. 
Motion 4. Shaking dice (simulate shivering). 
 
To evaluate accuracy, a blood pressure measurement during motion is compared with a device reading obtained 
when the patient is still. 
 
Spot Vital Signs LXi was compared to several other devices  including: 

• Spot Vital Signs 
• Datascope Duo 
• GE ProCare 400 
• VSM MedTech BPTru 
• Colin Prodigy 
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Motion Accuracy Assessment
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Overall, Spot Vital Signs LXi performed very well in the presence of motion when compared to several major 
competitors in terms of its ability to obtain a reading in the presence of motion and continued accuracy in the 
presence of motion. 
 
 
 
 
 



 
 
 Welch Allyn Spot Vital Signs
 
 
 

® LXi 
Two-Piece vs. One-Piece Cuff Test 
 
Background 
The functional equivalence of the Welch Allyn two-piece cuff and the Welch Allyn durable one-piece cuff and 
disposable one-piece cuffs has been established previously. The accuracy and motion testing of SureBP™ before 
the validation of the blood pressure had been conducted using the one-piece cuffs. 
 
Purpose of Test 
The purpose of this test was to re-confirm that the two-piece and one-piece cuffs are performing similarly when 
used with the Spot Vital Signs LXi. 
 
Test Procedure 
A total of 48 subjects were tested with three paired readings per subject obtained. A paired reading consisted of a 
Spot LXi reading taken with the Welch Allyn two-piece cuff and a Spot LXi reading taken with the durable one-piece 
cuff. A device reading was taken using the two-piece cuff followed one minute later by a reading using the one-
piece cuff. If the first reading was taken using the two-piece cuff then the one-piece cuff, on the following subject the 
order was reversed. 
 
Test Conclusions 
Based on this sample, SureBP using the Welch Allyn two-piece cuff and the durable one-piece cuff are statistically 
the same at the 95% confidence level. On average, the two-piece cuff read the systolic pressure 2.9 mmHg higher 
than the one-piece cuff and recorded diastolic pressures that were, on average, 1.6 mmHg higher than the one-
piece cuff. 
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Spot Vital Signs Lxi - Diastolic Differences Comparing the Welch Allyn Two-Piece Cuff and 

the Durable One-Piece Cuff
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4341 State Street Road 
Skaneateles Falls, NY 13153 USA 
Telephone: 315-685-4100 
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January 16, 2007 
 
 
The following article has been accepted for publication by “Blood Pressure Monitoring” journal.  We believe 
it will be published in a summer 2007 issue.  Following publication, we will be submitting the article for 
inclusion on the British Hypertension Society website. 
 
As the article states, the SureBP inflation-based blood pressure algorithm in Spot LXi successfully passed the 
AAMI requirements and achieved an A/A rating by BHS data analysis. 
 
 
Best regards, 

 
Shawn St. Pierre 
Product Manager, Monitoring 
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Abstract 

Objectives:  To clinically evaluate an inflation-based algorithm incorporated into a 

new automated blood pressure monitor manufactured by Welch Allyn, Inc. 

Methods:  Device evaluation was performed according to the Association for the 

Advancement of Medical Instrumentation (AAMI) standard.  An over-abundance 

of hypertensive patients (32) were part of the 110 total subjects.  The data were 

also analyzed as described in the British Hypertension Society (BHS) protocol. 

Results:  The mean error and standard deviation for systolic blood pressure were 

-0.9 mmHg ± 7.2; for diastolic blood pressure – 2.2 mmHg ± 6.7.  These passed 

the AAMI standard requirements.  By BHS data analysis, the device achieved an 

AA grading.  Over 90% of the cycles’ blood pressure values were obtained during 

inflation. 

Conclusions:  The SureBP inflation-based algorithm successfully passed the 

AAMI standard requirements and achieved an AA rating by BHS data analysis.  

The monitor has great advantages for patient comfort and speed of readings 

(average 15 seconds per reading).  Because the population studied was skewed 

by including a much larger than needed number of hypertensive subjects, 

clinicians can have added confidence in this new technology. 

Key words:  validation, AAMI, BHS, automated sphygmomanometer, inflation-

based algorithm. 
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Introduction 
 
 As mercury sphygmomanometers are being phased out of clinical use 

worldwide, clinicians have become more dependent upon automated blood 

pressure (BP) devices for evaluation of patients’ BP.  Virtually all of the currently 

manufactured automated devices inflate an arm cuff to a pre-determined 

pressure likely to be greater than the systolic(S) BP.  The device then begins 

either step or continuous-mode deflation and records either cuff oscillations 

(oscillometric) or Korotkoff sounds (auscultatory) to estimate S and diastolic (D) 

BP.  Often the device must reinflate because the level of SBP reads too close to 

the initial inflation pressure for accurate determinations.   

If, on the other hand, a device measures BP during inflation then the 

maximal inflation pressure necessary to ensure accurate values could be 

substantially reduced.  This would significantly shorten the time needed for each 

measurement, allowing for more measurements (if needed) during a particular 

time period.  The degree of discomfort that a patient experiences at the highest 

inflation pressures would also be reduced because the obligatory large overshoot 

of pressure to trigger a deflation algorithm would not exist. 

 The Association for the Advancement of Medical Instrumentation (AAMI) 

has published the American National Standard for the validation of automated 

sphygmomanometers.1   The standard describes the test procedures and 

analysis methods to be used as guidelines for the Food and Drug Administration 

(FDA) to approve a device for clinical use in the United States.  For a non-

invasive (auscultatory) standard comparison study the protocol calls for a  
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minimum of 85 subjects.  The AAMI standard calls out specific recommendations 

with respect to age, BP ranges, and cuff sizes.  The standard allows the 

manufacturer to design the validation study for a specific target population, i.e., 

neonates, infants, children, and/or adults. 

 This SureBP study reports the results of an ANSI/AAMI SP10:2002 clinical 

evaluation study.  In addition, the BP data were analyzed using the criteria set by 

the British Hypertension Society (BHS). 2 

Methods 

Background information 

 The Welch Allyn SureBP algorithm was incorporated into a device called 

the Spot Vital Signs LXi.  The device displays S and DBP, mean BP, and pulse 

rate. The data are collected during inflation.  If acceptable data are recorded 

during inflation, the device performs a rapid deflation after SBP has been 

obtained.  If the data do not meet certain performance requirements of the 

algorithm, the device continues to inflate to a slightly higher pressure and then 

begins a traditional step-deflation oscillometric data collection. The target 

maximal cuff inflation is always dependent upon the data collected during 

inflation rather than an arbitrary goal inflation pressure which might be too high or 

low for optimal pressure measurement and patient comfort. 

Subject selection 

 The subjects were recruited from three sites: one each in Cooperstown, 

NY; Endwell, NY; and Hamilton, Ontario, Canada.  The appropriate human 

research committee at each site approved the study. Each subject gave written 
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informed consent prior to testing.  All subjects were adults, so no assent was 

necessary.  Subjects reported to be healthy and were free of atrial fibrillation or 

other significant heart rhythm disorders.   

Blood pressure measurements 

All observers were trained by an expert observer and each achieved 

expertise in Korotkoff sound BP measurement accuracy. The testing was 

performed in a quiet environment.  Each subject was seated and gave needed 

demographic data (age and relevant medical history).  The observers then 

measured the upper arm circumference and selected a BP cuff of appropriate 

size.1  The cuff was snugly applied to the arm and the subject sat quietly, without 

speaking, for 5 minutes.  The subject was in a chair with his/her back supported 

and feet on the floor with legs uncrossed.  The measurement tubing from the cuff 

was attached by a three-way-stopcock to allow for manual inflation by the 

observers.  The observers utilized a calibrated mercury sphygmomanometer 

(Baumanometer, W.A. Baum Co., Inc., Copiague, N.Y.) and a double-earpiece 

stethoscope (allowing simultaneous auscultation by both observers). 

 

Protocol  

 The initial cuff inflation/BP measurement was performed manually by the 

observers.  This reading was used for BP classification.  At least one minute 

separated each subsequent reading.  The data used for validation were collected 

from sequential same-arm readings.  The order of the readings was always the 

observers followed by a device reading followed by the observers until three valid 
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measurement sets had been performed. The device error was calculated as the 

difference of the device reading subtracted from the average of the two observer 

readings which bracketed it before and after.  Thus, three error measurements 

were achieved per subject.  The observers were blinded from each other’s 

readings and the device reading during data acquisition. 

 In each subject the observers utilized the first and fifth Korotkoff sounds as 

S and DBP, respectively.  The data were entered into an Excel spreadsheet 

(version 2000, Microsoft Inc., Redmond, WA). 

Results 

 Of the 120 subjects screened, 110 completed the study.  The child, adult, 

and large adult cuffs were all utilized.  The characteristics of the study population 

are shown in Table 1. 

Blood pressure ranges 

 The AAMI standard calls for 10% of the required 85 subjects to have SBP 

values ≤ 100 mmHg.  Eight of the subjects were in this group.  The requirement 

for SBP ≥ 160 mmHg is the same, but in the population studied 32 subjects 

qualified (3.5 times the minimal number).  AAMI requires 10% of DBP ≤ 60 

mmHg; 9 subjects qualified. There are 9 subjects required at DBP ≥ 100 mmHg; 

16 qualified.  Thus, the population was extraordinarily overrepresented by 

hypertensive individuals, the group for which clinicians demand the most 

accuracy in BP readings. 
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Arm circumference 

 The AAMI standard requires 10% of arm circumference measurements to 

be either less than 25 cm or greater than 35 cm.  In the study group there were 

10 in the small arm group and 15 in the large arm group.  There were another 5 

subjects with an arm circumference of 25 cm. 

Error statistics 

 The Excel program was used to calculate the mean ± standard deviation 

(SD) of the error data for both SBP and DBP.  The AAMI Standard Method 1 

requires that each BP value be within a mean of 5 mmHg with a SD of ± 8.  For 

SBP, the values were mean -0.9 mmHg with a SD of 7.2.  Sixty percent of the 

errors were within 5 mmHg, 86% within 10 mmHg, and 96% within 15 mmHg.  

For DBP, the mean error was -2.2 mmHg with a SD of 6.7.  Identical percentages 

of diastolic errors were within 5, 10, and 15 mmHg as for SBP. 

 Bland Altman plots of the entire data sets are shown in Figures 1 and 2.  

For SBP there was no relationship between BP level and error (Figure 1). For 

DBP there was a relationship (p=NS) showing systematic under/overestimation 

of BP at the extremes of measurement.  Despite this observation, the mean ± SD 

was well within the requirements of the AAMI standard. 
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Discussion 

 The data from the subjects studied showed that the SureBP algorithm 

within the Spot Vital Signs LXi device fulfilled virtually all of the requirements of 

the AAMI standard. There was one subject missing from the SBP ≤ 100 mmHg 

group to fulfill the minimum of nine subjects (8.5, is in fact, the required number).  

The population was heavily skewed to the hypertensive end of the BP spectrum, 

the group for which clinicians demand the greatest accuracy because of the 

implications of misidentifying a hypertensive as being normotensive, and vice 

versa.  The weak slope relationship of DBP demonstrated on the Bland Altman 

plot (Figure 2) did not cause the device data to fall outside of the required mean 

± SD values. 

 The average time to obtain a valid reading was only 15 seconds, about ⅓ 

of the time needed for a typical deflation-based algorithm.  More than 90% of the 

valid readings by the device were derived from inflation-only measurements.  

Less than 10% of the inflations required over-shoot and step-deflation to obtain 

valid readings.  This feature reduces patient discomfort in clinical applications.  

The inflation algorithm is also able to tolerate higher levels of motion and 

extraneous noise and preserve accuracy in patient measurement.  The inflation 

algorithm also reduces maximal inflation pressure significantly because the rapid 

deflation is initiated as soon as the device determines that it has achieved a 
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correct measurement of SBP.  The DBP value has already been determined in 

almost 100% of the inflations, avoiding a slow step-deflation.  

 Health care facilities in many countries such as the UK and Canada may 

also require BP devices to obtain a passing grade based on the BHS protocol.   

The inclusion criteria for the BHS are weighted heavily toward hypertensive 

subjects.  The BHS protocol data analysis results in a grading of A, B, C, or D, 

depending upon the percentages of error data within 5, 10, and 15 mmHg from 

observer data.  The BHS does not use the average of the 2 blinded observers for 

each device data point, but allows the manufacturer to choose the observer data 

point closer to the device reading.  Members of the International Standards 

Organization (ISO) Sphygmomanometer Committee have brought this feature 

into question (the author is a voting member for the USA on this committee).  To 

achieve the highest grade, A, on the BHS protocol data analysis, at least 60%, 

85%, and 95% of the error readings must be within 5, 10, and 15 mmHg, 

respectively, from each chosen observer value.  The Sure BP algorithm resulted 

in SBP errors within 5, 10, and 15 mmHg in 72%, 91%, and 98% of the analyzed 

readings, respectively.  For DBP, the comparative percentages were 71%, 91%, 

and 97%.  Thus, the device tested achieved an A rating for each SBP and DBP 

by using the BHS protocol data analysis. 

 The population chosen was heavily overrepresented by hypertensive 

subjects (patients).  Thus, the minor deficiency of having 1 (or 0.5) too few low 

SBP subjects is of no clinical consequence for an adult population, for whom 

hypertension is the major clinical concern.  SureBP was able to achieve 
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“passing” grades for both SBP and DBP readings by AAMI analyses and AA 

grading by BHS analyses.  

 Inflation-based algorithms reduce patient discomfort and allow more 

readings in a briefer period of time.  Both features are of clinical importance.  It 

was of greatest clinical significance that the SBP accuracy of the device did not 

degrade in the hypertensive BP range.  This should give clinicians added 

confidence when they are using the devices with SureBP to screen patients for 

hypertension, by far the most common BP abnormality worldwide.  
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Table: Characteristics of the study population 

______________________________________________________________ 

      Mean ± SD   Range 

______________________________________________________________ 

Age (years)    55 ± 16   18-86 

Male : female    56 : 64 

Height (cm)    169 ± 10   145 – 191  

Weight (kg)    85.1 ± 25.6   44.4 – 200.0 

Pulse (beats/minute)   72 ± 12   46 – 126 

Arm circumference (cm)  30.3 ± 4.1   20.0 – 41.0 

Systolic blood pressure (mmHg) 138 ± 29   86 – 216 

Diastolic blood pressure (mmHg) 80 ± 14   48 – 116 

_____________________________________________________________ 

Values are expressed as means ± standard deviation (SD). 
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Figure 1:  Agreement between test and reference method for systolic 

pressure 
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Figure 2:  Agreement between test and reference method for diastolic 

pressure 
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