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Objective We evaluated three devices for self-measurement of
- tood pressure — the Omron HEM-705CP, the Philips HP5332
and the Nissei DS-175 — according to the revised protocol of the
fiitish Hypertension Society (BHS). The results were also
analysed according to the criteria for accuracy of the revised
standard of the Association for the Advancement of Medical
mstrumentation (AAMY),

£
¥

» Deslgn The revised BHS protocol is divided into two parts. Part |,

the part applicable to this study, comprises the main validation
prcedure and has five phases: Before-use device calibration;
5 nyse (field) phase; after-use device calibration; static device
 valdation; report of evaluation.

t Methods Three models of each device passed the betore-use
device calibration test, after which they entered the in-use phase,
which involved use of the three recorders for a month; inler-

. device calibration was assessed again at the end of the month,
- There was no difference in calibration testing between the three
¥ ‘models of each device, and therefore one of each was selected
9 randomly; the main validation test was carried out in 85 subjects
. with a wide range of pressures, and the results were analysed
. according to the BHS grading system from A to D.

"~ Results The Omron HEM-705CP achieved an overall B/A
grading and fulfilled the AAMI accuracy criteria; the Philips
HP5332 achieved an overall C/A grading and failed the AAMI
accuracy criteria for measuring systolic pressure; the Nissei
DS-175 achieved an overall D/A grading and failed the AAMI
accuracy criteria for measuring systolic pressure. When the
BHS and AAMI criteria were applied to tertiles of pressure

" {low-pressure range < 130/80 mmHg; medium-pressure
range 130-160/80-100 mmHg; high-pressure range

§° >160/100 mmHg) all three devices were less accurate

~-in the high-pressure range: the Omron HEM-705CP achieved

C/B grading while continuing to fulfil the AAMI criteria; the

Philips HP5332 dropped to D grading for systolic pressure

and the Nissei DS-175 achieved a lower D grading for

systolic pressure. The mean and standard deviation of the

first mercury sphygmomanometer measurements were

148+ 35/88 + 22 mmHg. Acceptability by the users was good

and the manufacturer's manual was satisfactory for all three

devices.

Concluslons On the basis of these results, the Omron

HEM-705CP was the most accurate of the three devices tested,
achieving Grade B for systolic and Grade A for diastolic pressure,
" aswell as fulfiling the AAMI criterid for accuracy for both systolic
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and diastolic pressure. it can therefore be recommended for the
clinical measurement of blood pressure and is the first
inexpensive device to satisty the accuracy criteria of these
protocols.
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Introduction

In recent years many automated devices have been man-
ufactured for self-measurement of blood pressure. I'he
most accurate devices have been expensive sophisticated
systems, such as devices used for ambulatory blood pres-
sure measurement [1]. Inexpensive devices for measuring
blooad pressure, for example in the home, which might also
have a wider application in clinical practice, have generally
proved to be unacceptably inaccurate [2]. In this study,
three popular devices for home measurement of blood
pressure were validated according to the revised protocol
of the Briush Hypertension Society (BLIS), cach in 85
subjects [3]. "I'he results were also analysed according to
the criteria for accuracy of the revised standard of the
Association {or the of Medical
mentation (AAMI) [4].

Advancement Instru-

Methods

Omron HEM-705CP

The Omron TTEM-705CP records blood pressure oscillo-
metneally with an electrostatic capacitance-type pressire
sensor in the range of 0-280 mmlIg and heart rates in the
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mnge of 40-200 beats/min. "The results are displaved on a
liguid erystal digital display. [Inflation is by an automatic
pumping system and detlation by mcans of an automatic
pressure releasing valve. 'The results displaving systolic,
dustolic and mean blood pressure and the date and tme of
recording are printed on a small thermal dot printer
meorparated in the unit: measured pressure may also be
printed graphically. A series of crror codes indicate mal-
“function or inappropriate use, The umt 1s powercd by four
6V 4W dry cell batteries which provide for about S00
evtles of measurement. "Fhe unit weighs approxamately
720p (with harteries) and measures 202 (w)x 73 () x 142
) mne A cuff mensuring 140 (w) x 480 (1) mm is provided
with an inflatable bladder, the dimensions of which are not
stipulated.

Philips HP5332

Forthe Philips TIPS332, many technical details, such as its
dimenstons and  the range of pressures that may be
recorded, were not specificd. Blood pressure is recorded by
sscillometry with an inflatable coff which ts inflated auto-
maticallv. "Fhe cuft s provided i standard, small and large
sizes: the dimenstons of the inflatable bladder were not
detaled. Phe unit is powered by four 1.5V atkaline hat-
teries (type T.R14Y but mav be connected o the mains by
an AC adapter. "The time, date, bload pressure and heart
tatc may be displaved an a Liguid eeystal digital display.
These data and stored data may also be printed.

Nissei DS-175

The Nisset DS-175 records pressure oscilometrically, and
systolic, diastolic blood pressures and heart rate can be
displaved on a tiquid erystal digiaal display and printed.
Inflation of the cuff is with an antomatic air pump. PDres-
sure in the range 0=300 mml g and pulse rates in the range
of 40-150 beats/min can be recorded. "'he unit 1s powered
by UM-3 or AA or R16 type 4PCS or by an AC adapter,
The Nisset 1I5-275 measures 210 (w) x 150 () x 42 (h) and
weirhs approximately 55 g including batteries. Systolic and
diastolic blood pressure, heart rate and the time and dJate
can be printed.

Evaluation programme

The revised BEHS cvalvation progranne consists of five
phases: 1 Before-use device calibration; 2 In-use {(held)
assessment; 3 After-use device calibration; 4 Device vali-
dation; 5 Report of evaluation |3,

Before-use device calibration

A connector on the wnlation wibe of cach device may he
joined with a Yeconnector to a meranry sphygmomano.
meter to check device calibration. "The antomatic pressure
system and the blood pressure detection mechanism were
disabled so that the device acted stmply as a manomcter.
Three observers were blinded to cach other’s findings in
bonths, Observer 1 read a recently cahbrated mercmy
column and obscrver 2 read one of the deviees. The

manometers were connected by Yeconncectors to a further
mercury manometer, which was read by a third obscrver
(the ‘conuoller™). All three muanometers were connected (o
the cutf of the device being tested, which was wrapped
aound a evlinder, "The ‘controlfer” observer deflated the
cnff oar 2mmily/s and called out ‘now’ o denote the

moment for the two observers to yecord pressure.

e BHS protocol stipulates that there should be five calls
per dethiton according o a randomized sclection of
pressure levels to ensure that all devices receive the same
pressure calls oy in an order mdiscernible o the obser-
vers. "Phere should be six deflations per deviee with five
readings per deflation 1o provide 30 readings per device
vielding 90 readings for analvsis, of which at least 95%
have 1o be within the recommended limits of 3mmilg: f
fulfilicd  further

this  criterion s oot testing s not

periormed.

In-use assessment

The three devices (the Omron HIEM-705CTE, the Philips
HPS5332 and the Nissci DIS-175) uscd for the mter-device
assessment were subsequently used o test performance
duringrand after a Tamonth period of use. Fach of the three
mstrments wis cxp()scd to routine use i the coronary
care unit and the Accident and Emergency Department;
they cuch performed at least 400 milations. Problems
cncountercd by those using the device durmg, this phase
were documented.

After-use device calibration

Atthe end of the month of use the three monitors were re-
tested for deviee vanability 1o the same way as previously
to determmine whether there had been any change ninter-
device agreement during ambulatory nse,

Device validation

Observer training

Three nurse observers were tested for accuracy against
cach other and apainst an expert observer in booths as
desentbed v the BES protocol [3]L 19ve subjects with a
range  of  blood H10/60 mmllg to 189/
HOmmlbly were seated behind a paraton and 10 mea-

pressure  from
surcments were made by cach obscrver on cach subject,
mving a total of 50 measurements for cach obscrver.

Device comparison
No alterwtion in inter-device variability after the month of
use was obscrved, and therefore one device was arbitrarily

sclected for the mam validation test.

Sequential same-arm mcasurements between  the  test
mstrument and o standard mercury sphygmomanometer
were carried out according to the sequence in the protocal
[3]. All pressures were recorded with the patient seated.
Analvsis was carried out separately for Ohservers 1 and 2
using, three paivs of readings from cach subject. "To com-



jpace one observer and the test instrument, one of two
quences was used: sequence (a): —BP1 versus BI2,
P versus BP4, and BI'S versus BP6 or sequence (h): —
02 versus B3, BP4 versus BPS, and BP6 versus BP7. So
it to obviate the possibility that chance might dis-
wivantage the rest device, the sequence used was the one
most Favourable to the test device for cach subject; this
gequence was repeated in 85 subjects. A total of 255 pairs
of measurements by cach observer and the test instrument
were available for analysis of cach of the three devices.

Accuracy criteria

The percentages of test instrument measurements differ-
ing from the mercury standard by 5, 10 and 15mmllg or
dess were calenlated separately for cach observer and
separately for systolic and diastolic pressure for each of the
three devices. lhach device was graded A, B, G or D)
. separately for cach observer, as shown in ‘lables 1-3. "To
“obtain a particular grade all three percentages had to equal
or exceed the tabulated values. T'he final grade for cach
systolic and diastolic pressure was the better of the grades
ebtained by the two observers. The difference (devi-
ce—observer), for systolic and diastolic pressure separately
- {using the data on which the final grade is based), was
plotied against the mean of the device pressure and the
ohserver pressure, using all 255 points (IFigures 1-3).
Eighty per cent of the observers’ measurcments were
within Smmilg of each other and 95% within 10 mmllg.

Accuracy of three devices for self-measurement O'Brien et al. 57

Blood pressures were also classified and analysed as fol-
lows: low-pressure range < 130/80 mmllg; medium-pres-
sure range  130-160/80-100 mml Ig; high-pressure range
>160/100 mmllg. For this analysis, cach subject was
classified on the hasis of the mitial mercury measurement.

T'he mean differences and standard deviation ot the dif-
ferences are also given to determine if the device is within
the AAMI recommendations, which supulate that the
mean difference shall be ¢qual to or less than 5 mml g and
the stundard deviation cqual to or less than 8 mmlig
("Tables 1-3).

Results

Observer training and assessment

All three trainee observers passed the accuracy criteria,
with 45 of systolic and diastolic differences between each
traince and between trainces and expert not being more
than SmmHg and 48 not more than 10 mmHg.

Before-use and after-use device calibration
All the devices were within the error limits permiteed.

In-use assessment

In this phase, the nine devices were tested in working
arcas of the hospital so that all devices underwent at least
400 intlanon/detlation sequences. During this phase the
percentage of failed recordings tor cach series of three
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Aean observer and device pressure

Systalic blood pressure measured using a mercury sphygmomanometer versus
tha simultaneously measured difference between the mercury and Omron
HEM-705CP measurementis in B5 paricipanis (n= 255)

Reference lines: — 15 to + 15mmHg in 5 mmHg sleps

AMean observer and devive pressure
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NMean observer and device pressure

ﬂSyshﬁc blood pressure measured using a mercury sphygmomanometer versus

- ‘the simultaneausly measured difference between the mercury and Philips HP5332
measurements in 85 participants (n =255}

‘Baferance lines: - 15 to + 15mmHg in 5 mmHg steps
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Mean observer and device pressure

Diastolic blood pressure measured using a mercury sphygmomanometer versus
the simultaneously measured difference between the mercury and Philips HP5332
measuremenis in 85 participants (n=255)
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Mean observer and device pressure

Diastolic blood pressure measured using a mercury sphygmomanometer versus
the simultaneously measured difference between the mercury and Nissei DS-240
measurements in 85 participants (n=255)

Reference lines: ~ 15 to + 15 mmHg in 6 mmHg steps
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deices was: Omron HEM-705CP 7%, Nissei DS-175
1%, Philips 11P5332 5%.

Patient/subject acceptability

The nurses in charge of the in-use phase were asked to
omment on the performance of the device. There were
madverse comments on the Omron TEM-705CP and the
Philips HP5332. The Nissei [D5-175 was not liked by
-either the operating nurses or the patients. The device
“fended to reinflate without completing deflation and
without giving an crror code, which often resulted in much
iscomfort for the paticnt and annoyance for the operator.
Changing the paper in the printer was noted to be difficult.

- Device validation

The percentage of measurements differing from the mer-
ry standard by 5, 10 and 15mmllg or less shown in
Tables 1-3 and plotted in Figures 1=3. "lo obtain a parti-
whar grade, all three camulative percentages had to exceed
the tabulated values.

Eighty-five subjects with blood pressures within  the
reommended ranges were selected. Arm circumferences
mnged from 21 to 41 ecm (mean 29+ 3cem). A total of 255
- {3xB5) sets of measurements were available for analysis.
. Ml pressures were recorded in the seated position. The
- percentage of measnrements differing from the mercury
sandard by 5, 10 and 15mmlig or less for the best
observer are shown in Tables 1-3 with the AAMI criteria
- for accuracy. To obtain a particular grade, all three cumu-
. lative percentages had to exceed the tabulated values. 'The
Omron HIEM-705CP achieved an overall B/A grading and
fulfilled the AAMI accuracy criteria; the Philips 115332
« achieved an overall C/A grading and failed the AAMI
aceuracy criteria for systolic pressure; the Nisscei 1DS-175
“ghieved an overall D/A grading and failed the AAMI
#euracy critena for sytolic pressure. Applying the BIIS
and AAMI criteria to terules of pressure (low-pressure
rnge <130/B0 mmTlg; medium-pressure range 130-160/
R0-100 mml1g; high-pressure range > 160/100 mmllg) all

the Omron HEM-705CP at ditferent pressure levels.
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three devices were less accurate in the high-pressure
range: the Omron HIEEM-705CP achieved C/B grading
while continuing to fulfil the AAMI criteria; the Plalips
11’5332 dropped to D grading for systolic pressure and the
Nissei DS-175 achieved a lower D grading for systolic
pressure. The mean and standard deviation of the first
mercury  sphygmomanometer
148 + 35/88 + 22 mmHg. Calibration accuracy of all three
devices after undergoing the above programme of testing
remained within £ 3 mmTlg.

measurements were

Graphic presentation

The dara are displayed as plots of the mean pressure for
both observers with a mercury sphygmomanometer versus
the difference between the test device and the nearer of
these observer measurements in 85 subjects (n=255) for
systolic and diastolic pressure (Figs 1-3). Reference lines
indicate — 15 to + 15 mmlg in 5 mmllg steps.

Device performance
The Omron HEM-705CP tended to deflate rapidly at
diastolic levels but performed well overall.

The inflation/deflation mechanism of the Philips 11P5332
was erratic in that it frequently fatled to inflate to the pre-
sct levels. In the course of the test, the randomly selected
device faled to operate and had to be replaced; the
replacement later failed and the third device had to be
substututed. According to the BIIS protocol, the Philips
[1P5332 would be deemed to have failed the validation on
this account but the other devices were substituted so as to
reach an assessment of overall accuracy.

As experienced in the in-use phase, the inflation/deflation
mechanism of the Nisser DS-175 was erratic and, becanse
of the need for repeat measurements, caused considerable -
discomfort to paticnts and in some patients resulted in
discoloration from repeated inflations. Again, changing the
printer paper was noted to be difficult and the tubing was
too short.

~note1 British Hypertension Society (BHS) grading and Association for the Advancement of Medical Instrumentation (AAM)) criteria for

8HS AAMI
n < 5mmHg < 10mmHg < 15mmHg Grade Mean (SD) Grade

Omron HEM-705CP
A

sap 255 52 78 93 B - 2(7 P

DBP 255 73 90 96 A ~1 (6} P
Low

SBP 87 49 a1 99 () — 2 (6) P

o8P 93 69 88 96 A 1(7) P
Ve

SBP 63 60 88 . 100 A - 2 (6) P

DBP 75 88 100 100 A -1 {4) P
High

sap 105 47 71 87 C —3(8) P

DBP 87 64 83 93 8 -2(7) P

SBP, syslolic blood pressure; DBP, diastolic blood pressure.



he Phililps HP5332 at different pressure levels.

i

bls2 British Hypertension Society (BHS) grading and Association for the ‘Advancemejnt of Medical Instrumentation (AAMI) criteria for

BHS ‘1' AAMI
n < 5mmHg < 10mmHg < iLs mmHg Grade Mean (SD) Grade
1
Phillps HP5332 “
SBP 255 42 70 | 85 c —6(7) F
pap 255 68 91 { 99 A —3(5) P
I
BP 93 51 86 . o8 c -5 (5) P
D8P 93 69 88 96 A —2(s) P
s8P 66 50 .78 " 94 B _4(s) P
oz i 84 72 93 "100 A — 4(5) P
igh ‘
sep 96 32 58 |73 D -9 (9) F
DBP 78 67 92 98 A —4(5) P

L

BP, systolic blood pressure; DBP, diastolic blood pressure.

the Nissei DS-175 at different pressure levels.

Tite 3 British Hypertension Soclety (BHS) grading and Association for the Advancement of Medical Instrumentation (AAMI) criteria for

BHS AAMI
n < 5mmHg < 10mmHg < 15 mmHg Grade Mean (SD) Grade
issel DS-175
s8P 255 38 59 75 D —81{9) F
“DBP 255 66 88 95 A - 3(7) P
ow
1 93 59 83 94 B — 4 (s) P
-DBP 93 73 90 94 B 7~ 0(9) F
SBP 66 24 43 69 D —9(6) F
pBpP 81 ) 69 86 96 A —4(7) P
SgrP 96 24 44 60 D —12 (11 F
. 0BP 81 67 90 96 A —4(6) P

BP, systolic blood pressure; DBP, diastolic blood pressure.

Discussion

n this study, three devices for the home measurement of
lood pressure, the Omron HEM-705CP, the Philips
. HP5332 and the Nissei DS-75 were evaluated according to
he revised protocol of the BHS [3]. Of the three devices,
nly the Omron HEM-705CP achieved a satisfactory
verall B/A grading for systolic and diastolic blood pres-
ures according to the BHS protocol while also fulfilling
- the AAMI accuracy criteria. The Philips HP5332 achieved
-2 C/A grading and failed the AAMI accuracy criteria for
systolic pressure and the Nissei DS-175 achieved only a
DIA grade for systolic blood pressure and also failed the
AAMI criteria. Both these devices are inaccurate in
measuring systolic blood pressure and cannot be recom-
 mended for clinical use when accuracy of systolic blood
pressure measurement is required.

From the operational viewpoint, the Omron HEM-705CP
.'was favoured by both the subjects on whom it was tested
and by the operator. It is a neat and compact device that
was simple to use and reliable, at least over the period of

this validation. Some modifications, such as lengthening
the tubing Hetween the cuff and the device, would be
necessary if it was to be adapted for use in hospitals. A
selection of cuffs with different bladder sizes should be
available. "I'he Philips HP5332, while reasonably easy to
use, was unreliable, and the device used in the main
validation study bad to be replaced twice. The inflation
mechanism Wwas crratic and the device did not always
inflatc to the pre-selected levels. 'The Nisset DS-175 was
not favoured: either by the subjects on whom it was tested
or by the operator. This was due mainly to erratic inflation
and deflatiord, which often resulted in excessive inflations
that caused discomfort to the subject.

Omron are the first manufacturers of devices for self-
measurement of blood pressure to have passed the
requirements of the BHS protocol [5], as far as we are
aware. Fostdr and colleagues [6] recently reported on the
Omron HEM-706, which achieved BHS grades B/C in the
overall pressure range. "I'hese grades are not quite as good

as those achicved with the Omron HEM-705CP, but both



fidations - represent a considerable improvement on
fevices tested in our laboratory in 1990 when seven
flevices failed to fulfil the BHS requircments [2]. Another
maodel, the Omron HEM-703CP, was shown to be accurate
when compared with direct intra-arterial blood pressure
medsurements [7]. The Omron HEM-403C was cvaluated
cording to the BHS protocol hy Walma and colleagues
18] but the protocol was vielated by substitution of the
Hawksley random zero sphygmomanometer for the stan-
rd mercury sphygmomanometer. As our group has shown
18], devices assessed against the Hawksley sphygmo-
anometer may be disadvantaged, and the C grades
tained for both systolic and diastolic pressures with the
Dmron HEM403C are at best questionable.

aving established the accuracy of the Omron HEM-
705CP it is now reasonable to consider its uses in clinical
dicine. The device is easy to use for self-measurement
bload pressure and, as it provides a printout with the
date and time of blood pressure measurement thereby
emoving observer prejudice, it should be nseful in home
“measurement of blood pressure. This may be particularly
o in the elderly in whom measurement with automatic
devices has been shown to be more precise than cqnip-
ent that is dependent on manual cuff inflation [9].
However, in keeping with the recommendations of the
BIIS protocol, the Omron HEM-705CP should be eval-
usted in elderly subjects before it is recommended for
clinical use [3].

The revised BHS protocol recommends that accuracy of
devices should be examined for different pressure ranges,
with the caveat that such analyses, which are dependent
“-nn fewer subjects than in the overall analysis, should be
ihtcrpr'ctcd with caution. Interestingly, the Omron [TEM-
J05CP improves its grading from the low- to mid-pressure
“nnge but, in keeping with the Philips [1P5332 and the
Nissci DS-175, and with most ambulatory systems that we
" have analysed according to pressure ranges [10], it 1s not
‘accurate at pressures higher than 160/100 mmTg.

Conclusion .

The. Omron HEM-705CP was the most accurate of the
three devices tested, achieving Grade A for diastolic and
tide B for systolic pressure, as well as fulfilling the AAMI
iteria for accuracy for both sytolic and diastolic pressure.
At can, therefore, be recommended for the clinical meas-
sirement of blood pressure.
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