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Validation Study of an Automated Wrist Monitor, Omron
Model HEM-608, Compared With the Standard M ethods for
Blood Pressure M easur ement
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Objective- Theaimof our study wasto assessthepro-
fileof awrist monitor, the Omron Model HEM-608, compa-
red with theindirect method for blood pressure measure-
ment.

Methods - Our study population consisted of 100
subjects, 29 being normotensive and 71 being hypertensi-
ve. Participants had their blood pressure checked 8 times
with alter nate techniques, 4 by the indirect method and 4
withthe Omronwrist monitor. Thevalidationcriteriaused
to test this device were based on theinter national ly reco-
gnized protocols.

Results- Our data showed that the Omron HEM-608
reached a classification B for systolic and A for diastolic
blood pressure, according to the one protocol. The mean
differences between blood pressure values obtained with
each of the methodswere-2.3 + 7.9mmHg for systolic and
0.97+5.5mmHgfor diastolic blood pressure. Therefore, we
considered thistype of device approved according to the
criteria selected.

Conclusion - Our study leadsusto concludethat this
wrist monitor isnot only easy to use, but also producesre-
sults very similar to those obtained by the standard indi-
rect method.
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Itiswell known that the blood pressure values obtai-
nedintheofficearegenerally higher than those obtained at
home. Also, itiswell established that blood pressurevalues
obtai ned by ambulatory monitoring are better predi ctorsof
target organinvolvement and complications dueto hyper-
tension than values obtained at the office by conventional
methods. However, theindiscriminate useof clinical moni-
toringisimpracticable dueto the possible high cost, there-
fore, making it necessary to devel op other low-cost moni-
tors, which canbeavailableto alarger popul ation.

The use of automated or semiautomated devices, ei-
ther intheofficeor at home, to assessblood pressurelevels
has become widespread over thelast few decades. This
has occurred due to several factors among which are: the
increasing worl dwide trend towards abandoning the mer-
cury sphygmomanometer, the ease of homeuse of thesede-
vices, which may helpto obtain blood pressurevalues, and
the greater participation of hypertensive subjectsin either
control of blood pressureoutsidetheofficeor anincreasein
treatment compliance. Nonetheless, in view of the great
number of devicesavailable onthe market for thispurpose
thereisa needfor themto agreeto asatisfactory degreewi-
th the conventional methods of blood pressure measure-
ment, whether intraarterial or indirect.

Resultsfrom several trialspublishedinthemedical lite-
ratureinthelast 2 decadeshave compared many model sof
such monitorsfor homeusewith themercury sphygmoma-
nometer, but many of thesemonitorsdid not meet thecrite-
riafor validation. Accordingtoareview by O'Brienin 1998
only 10 of themonitorstested met the pre-established crite-
riafor validation of either the American Associationfor the
Advancement of Medical Instrumentation (AAMI) or the
British Soci ety of Hypertension (BSH).

Dueto theincreasing use of these devicesin clinical
and epidemiological evaluations?23, in 1992 the National
High Blood Pressure Education Program requested amodi -
fication of the AAMI protocal, initially published in 1987.
Several aspects of this procedure have been considered
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amongwhich arethetype of monitor to beeval uated (porta-
ble pressure monitors with or without an automated auto-
inflation system or automated devices), the recommenda:
tionsprovided by the manufacturers, such as warningsfor
use, instructionsfor use, type of reading (auscultatory or
oscillometric), description of therel ation of theblood pres-
sure(BP) measurement obtai ned with amonitor versusano-
ther method of comparison (e.g., intraarteria, mercury mano-
meter), andthelimitsfor pressurerangesfor whichthemoni-
tor had been validated, aswell asthedistribution of thecir-
cumferenceof thepatients' arminthevalidationtests. Itre-
commends that 2 trained observers should perform the
measurement, and it recommendsthe use of the sequential
same-armtest rather than simultaneousrecordingson both
arms. |t suggeststhat aminimum of 3 measurementsbeob-
tained for each subject under observation.

In summary, the standards of the AAMI recommend
that the selection of patients be done in a heterogeneous
way and that it be based on thelevel of the BP and the cir-
cumferenceof thearm. Thesecriteriaweredevel oped by the
Consensus Committeeof theAAMI, formed by collegeand
governmental researchers, users, and industrial designers
of the device, and they represent the minimum acceptable
standards.

However, theprotocol of theBHS, formalizedin 19904,
agreeswith the need for standardization of the validation
procedure because (1) the continuous uncontrolled marke-
ting of imprecisemachinesmay resultininadeguatediagno-
sesand decisionsand (2) without standardization, it would be
very difficult to comparetheresults, and perhapsit would be
necessary to redo them, that sometimeshbeing unfeasible.

Theanaysisof the AAMI protocol by theBHS states
that althoughthe AAMI protocol isvery comprehensive, it
hassomelimitations. TheBHS protocol considersthemean
estimated difference between the tested device and the
standard method cal culated as +5mmHg for systolic and
diastolic blood pressureswith astandard deviation of +8m-
mHg or lessastoo generous. For thisreason, the BHS pro-
posed another way of classifying theval uesobtained, whi-
chwill beusedinthe methodol ogy.

Morerecently, thevalidationsof themonitorshavein-
cluded evaluation of thewrist monitors. Theresults, even
though scarce, point to theirrefutable useful ness of these
devicesindaily practice. With special referencetotheOm-
ron monitors, different studies have considered that these
typesof devicesareuseful either inthe hospital or at home
because a satisfactory correlation occurs with the values
obtained through the standard method of blood pressure
measurement %6,

Thewrist monitor hasal so beenwidely evaluated and
theresultshavebeen satisfactory, for examplethose obser-
ved by Wonkaet al and Widmer et al 72. Inthese studiesthe
authors observed that the val ues obtained for systolic and
diastolicblood pressureswerevery closetothoseobtained
withtheindirect standard methodol ogy, and the correlation
coefficientsvariedfrom0.77t00.83for systolicandfrom0.75
to0.89for thediastolic blood pressureval ues.
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Thus, based onthedatain theliterature, our study ai-
med to validatethe Omron model HEM-608 wrist monitor
through the use of awrist cuff compared with theindirect
standardized method of the blood pressure measurement.

Methods

We assessed 100 normotensive healthy volunteers
and hypertensive patients of both sexes, selected from the
Ambulatory Hypertension Clinic of theHospital doRime
Hipertensdo. The ethics committee approved this study,
and all subjectsgave oral consent prior to any procedure
related to thiseval uation, becausethey did not undergo any
treatment or invasive assessment. The mean age was
47.2+14.5years. Thispopul ation consisted of 29 normoten-
sive subjects who were not taking any drugs and had no
previous history of any other disease. Theremaining 71
subjects had a previous history of essential hypertension
and werebeing treated at thetimeof their assessment.

Tovalidate blood pressure values (BP) obtained with
anautomated monitor (AM), the Omron Model HEM 608,
we compared them with those obtained by the Indirect
Conventional Method (ICM). Inthisstudy, weused thefol-
lowing methodol ogy:

We designated the indirect conventional method
(ICM) asthe standard procedurefor blood pressure measu-
rement, which followsthe standardized proceduresrecom-
mended by the American Heart Association®. Prior to star-
ting the blood pressure measurements, we determined the
armcircumference of each subject and acorrectionwasper-
formed if the cuff did not properly fit the subjects’ arm ac-
cording to the technique of Geddes LA et al. . After this
procedure, the subject was placed in an appropriate room,
asked to stay seated for at |east 5 minutes beforethe proce-
durestarted. Initially, theradial pulsewaspalpated and the
estimated systolic pressure was obtained with amercury
sphygmomanometer. After approximately 30 seconds, the
study protocol wasinitiated. The sphygmomanometer with
amercury column used in this study is the same device
(Baumonometer®) currently usedinour ambulatory clinic.

The monitor used in this validation study was the
wrist device, Omron Model HEM-608. Thismodel of porta-
blemonitor measurestheblood pressurewiththeoscillome-
tricmethod. The specificationsrel ated to the placement and
positioning of the patient'sarm complied with the manu-
facturer’sinstructions(Omron Hedlthcare, Inc., 1996).

Eachindividual underwent 8 alternate BP determina-
tions, at 1-minuteintervals. Theprocedure started with the
ICM followed by the AM. Altogether 4 measurementswere
madewith thealternate method. A trained observer perfor-
med all BP measurements. When the subject inadvertently
moved hisor her arm or tried to talk during the procedure,
thiscomputed value was disregarded.

Thecriteriafor inclusion and the study analysesfollo-
wed the guidelines of both protocols, the AAMI 2and the
British Hypertension Society (BHS) “.

According to the established standards of the AAMI,
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the upper limits of acceptance between the device and the
referencestandard should not surpass=5mmHgfor theme-
an systolic and diastolic blood pressures with a standard
deviation of £8mmHgor lower.

However, accordingtothe BHS, thevalidation of theva
luesobtained with thedevicetestedisdoneby agrading sys-
tem based on the cumulative percentage of the readings
where: Differences<5mmHg, <10mmHg, and<15mmHgin
80%, 90%, and 95% of thereadingscorrespondtotheA class;
Differences<5mmHg, <10mmHg, and<15mmHgin65%, 85%,
and 95% correspond to the B class; And differences
<5mmHg, <10mmHg, and <15mmHgin45%, 75%, and 90%
correspondtothe C class; percentileslessthanthoseof theC
classrepresent theD class, whichistheworst scoreobtained
and does not serveto approvethe devicefor routine use.

For thedataanalysis, weused SigmaStat, 1.0, Jandel
Scientific DataM anagement, Jandel Corporation®, Chica
0o, 1991. The characteristics of the study population were
compiledin adescriptivetable, and thedataobtained were
compared by usingthepairedt test for systolicand diastolic
measurements, respectively. Weal so performed ANOVA for
repetitive measurements obtained in each of the methods.

The calculation of the difference between the values
obtained withthel CM andthe MA followsthe BHS guide-
lines. When the val ue obtained with the AM was between
the previous and the subsequent measurements obtained
by the |CM, thisdifference was considered aszero. Other-
wise, the nearer of the 2 readingswas subtracted to get the
difference. Thatis, AM valuesthat were beyond theinter-
val of the previous and subsequent measurements of the
ICM had their difference calculated by the subtraction of
these values (AM) by the nearest value obtained by the
|CM. Fromthecumul ativemeasurements<5mmHg, <10m-
mHg and <15mmHg, aclassification (A, B, C, or D) was
giventovalidatethedevice.

Results

Sixteen (4%) of the400 measurementstaken weredis-
regarded dueto an error made during thetaking of measure-
ments, as specified in the Methods section. Table | shows
the characteristics of the study population. Ten (10%) per
cent of theeval uated subjectshad an arm circumferenceless
than 26cm and 15% had greater than 35cm. Tablel alsodes-
cribesthe distribution of the patientsaccording to the sys-
tolic and diastolic blood pressure ranges.

Whenal measurementsweregrouped, themean blood
pressure val ues obtained by the conventional method
(ICM) were128.8+19.9/84.7+10.5mmHg, and acomparison
of the4 measurementsshowed adecrease of 3.5mmHg bet-
ween thefirst and last measurements for systolic blood
pressure, whichwasnot statistically significant (p=0.67).
The difference observed in diastolic blood pressure was
1.6mmHg, whichwasnot statistically significant (p=0.75).
The same was observed for the values obtained with the
automatic monitor, wherethemean for systolic blood pres-
surewas 131.2+1908 and for diastolic blood pressurewas
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Table | — Demographic characteristics of the population evaluated
(n =100 patients)

Sex (%) 67 F/ 33M
Age (years; range) 47.2+ 14.5 ( 16-79)
Arm circumference (cm; range) 31.3+£ 3.9(23.5-44.0)

SBP(mmHg)
<100 4
100-140 65
140-180 28
180-220 03
220-240 0
DBP(mmHg)
60-80 34
80-100 55
100-120 10
> 120 01

SBP- systolic blood pressure; DBP- diastolic blood pressure.

83.7+11.7. Thedifferences obtained between thefirst and
thelast measurementswere3.1mmHg (p=0.60) for systolic
and 0.4mmHg (p=0.83), for diastolic. Thevaluesobtained
in each measurement for each of the methods applied are
presentedin Tablell.

The mean of the difference between each measure-
ment obtai ned by the2 methodswas-2.73, -3.36,-2.23, and -
2.84mmHgfor systolicandof 0.32,1.88,1.98,and 1.15mmHg
for diastolic, respectively.

Themean differencesin the values obtained with the
ICM versustheAM were-2.3+7.7mmHgfor systolicand of
1.2+6.3mmHg for diastolic. The correlation coefficient
betweenval uesobtained with the2 methodswasr = 0.91for
systolicandr=0.86for diastalic.

According to the BHS, considering differences of
<5mmHg <10mmHg, and <15mmHg between themethods,
thepercentilesobtainedinthesystolic and diastolic pressu-
reresultedingradesB and A, respectively. Tablel 1 descri-
besthe percentagesfor each of the cut-off values.

Discussion

Our data confirm that the values obtained with the

Tablell - Comparison between the SBP and the DBP in each of the
used methods (ICM and AM)

ICM AM p
SBP(mmHQ)
First 130,4+20,8 132,9+20,6 = 0,0009
Second 129,0+21,0 132,4+21,8 = 0,0004
Third 127,9+20,7 130,1+18,7 =0,017
Forth 126,9+19,3 129,8+18,5 =0,0012
DBP(mmHg)
First 85,8+12,1 85,3+12,1 =0,62
Second 85,5+12,5 83,6+£12,3 =0,0048
Third 84,8+12,0 82,8+12,0 = 0,0006
Forth 84,2+9,9 83,1+11,0 =0,048
SBP- systolic blood pressure; DBP- diastolic blood pressure; ICM-
indirect conventional method; AM- wrist automated monitor.
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Omron HEM-608wrist monitor compared withthestandard
methodol ogy for blood pressure measurement arereprodu-
cible, and, therefore, they canbeusedinclinica practice, as
well ashy the patientsthemselvesat thetime of BPmeasure-
ment. Like data published in theliterature’, we observed
that theOmron Model HEM 608 resultsina3mmHg lower
systolicvalueand ImmHglower diastolicvalue. Inastudy
that compared the Spacel abs 90207 with theOmron HEM -
601, theva uesobtained werevery similar, and theauthors
also concluded that the wrist monitor could be apossible
substitute for the office monitoring of blood pressure.

Contrary tothedataobtained by Rogerseta (12), whi-
ch compared the val ues obtai ned with 2 devices, the Boso-
Mediwatch (Bosch & SohngmbH U Co., Germany), wedid
not detect differencesequal to or greater than 5SmmHg, ei-
ther for systolic or diastolic blood pressurevalues. Thisdis-
crepancy may bethe result of the small number of measu-
rements obtai ned by these authors who eval uated 40 pa-
tients altogether, half of them being normotensive and the
remaining being hypertensive.

Some comments regarding the methodol ogy used in
our study should be made. Thisrefersto the number of ob-
serverswho carried out the evaluation. Although there-
commendations from both the AAMI and the BHS proto-
cols suggest that the blood pressure assessment should be
performed by 2 different observerswho areproperly trained
and accurate in taking readings, we chose to carry out the
study withonly 1 trained observer. Theavailahility of 2 ob-

Tablelll - Grading criteria according to cumulative percentage
of the readings

Readings (%) <5mmHg <10mmHg  <15mmHg Classification
Systolic 61% 85% 94% B
Diastolic 79.6% 96.7% 98.3% A
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servers and subjects at the same time might haveled to a
delay in obtaining the data or resulted in an inadequate
number of patientsbeing evaluated, whichfinally could not
be considered appropriate for the analysis. Also, despite
both protocols recommending the evaluation of patients
with blood pressurelevel sabove 220mmHg, noneof our pa-
tientsat thetime of study had suchlevels.

Another point to be noted favoring this device for
blood pressure monitoringisthat the samecuff can beused
for obese and nonobese subjects, because the wrist
circumferenceis not commonly affected by obesity asis
the arm circumference. Thisisthe reason why we need,
whenindicated, to correct the obtained value.

In conclusion, our data show that the Omron Model
608 monitor isuseful and safefor homebl ood pressure mo-
nitoring, especialy by hypertensive subjects. Thisdevice
allowsBPreading with an automated device, and therefore,
precludesthetendency of patientsto manipul atetheresults
to get lower values, or thelack of the ability to handlethe
monitor. It also obtainsfinal valuesvery closeto those ob-
tained by the conventional methodology (ICM) with the
mercury sphygmodynamometer. Moreover, criteriaof both
validation protocols(AAMI, BHS) were successfully attai-
ned. In addition to home use, this monitor seems appli-
cableindaily practicefor physicians, nurses, and groups
of health professionalsinvolvedinthetreatment and gui-
dance of hypertensive subjects, and also in multicenter
clinical trialsaming to minimize the interindividual va-
riability.

Perhapsthe only exception to be madeisthe position
of the arm at the time of the measurement, but this can be
easily corrected aslong asthe manufacturer’sinstructions
arefollowed. Thisisapreliminary study and, therefore,
other studies are needed to reproduce the resultsin other
populations, such aschildren, pregnant women, and elderly
people.
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