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Objective To assess the accuracy of an automated blood pressure device (Microlife 3BTO-A) in pregnancy
and pre-eclampsia according to the British Hypertension Society (BHS) protocol.

Design Prospective observational study.

Setting Antenatal ward and clinics at Guy’s and St Thomas’ Hospital, London, UK.

Population One hundred and five pregnant women including 35 women with non-proteinuric hypertension
and 35 with pre-eclampsia.

Methods Two trained observers took nine sequential same-arm measurements from each woman. Measurements
alternated between a mercury sphygmomanometer and the device.

Main outcome measures Grading criteria of the BHS protocol (A/B grade ¼ pass; C/D grade ¼ fail).

Results The device passed the BHS protocol by achieving an A/B grade. It also achieved criteria of the
Association for the Advancement of Medical Instrumentation for systolic and diastolic pressures
respectively, in normotensive [�0.5 (5.7) mmHg; �0.07 (7.7) mmHg], non-proteinuric hypertensive
[�3.3 (6.9) mmHg; �2.4 (6.6) mmHg] and pre-eclamptic pregnancy [�4.1 (6.4) mmHg; �1.3 (7.9) mmHg].

Conclusion The Microlife 3BTO-A can be recommended for use in a pregnant population, including pre-
eclampsia, according to the BHS protocol.

INTRODUCTION

Intracranial haemorrhage is the leading cause of maternal

mortality in women with pre-eclampsia.1 Severe hyperten-

sion is likely to be the most significant aetiological factor

related to this cause and effective anti-hypertensive treatment

is crucial. It is not known if inaccurate blood pressure mea-

surement contributes to maternal mortality, but it is well

recognised that automated devices systematically under-

estimate both systolic and diastolic blood pressure in pre-

eclampsia and often by clinically significant amounts.

The ‘gold standard’ (mercury sphygmomanometer) has

been criticised for its associated observer errors and environ-

mental safety groups have concerns about mercury toxicity.

Over the past 20 years various mercury-independent alter-

natives (aneroid and automated) have been introduced, the

majority of which do not use auscultation to determine blood

pressure. It is imperative that these devices be assessed ac-

cording to recognised protocols to determine their accuracy

compared with the mercury sphygmomanometer.

The Association for the Advancement of Medical In-

strumentation (AAMI),2 the British Hypertension Society

(BHS)3 and most recently the European Society for Hy-

pertension (ESH)4 have all published protocols with a view

to standardise both the method of assessment and the level

of accuracy required of a device in order to be recommend-

ed for clinical use.

Only one automated device, the Omron MIT,5 has dem-

onstrated sufficient accuracy to be appropriate for clinical use

in pre-eclampsia and there is an urgent need for more

accurate devices. Of the eight other devices6–11—deemed

accurate in adults—that were evaluated in hypertensive

pregnancy, the vast majority under-read in pre-eclampsia

by clinically significant amounts (i.e. by a mean of more than

5 mmHg). It is therefore important for devices intended for

use in an obstetric population to be assessed in this group

specifically.

The Microlife 3BTO-A (Microlife, Taipei, Taiwan) is a

compact device suitable for self-measurement. The device

previously achieved the highest possible grade for accura-

cy (A/A) in an adult population12 according to the BHS

protocol. In this study we evaluated its accuracy in a preg-

nant population, including women with non-proteinuric

hypertension and pre-eclampsia.

METHODS

The study was performed by two observers, trained in

blood pressure measurement (BHS specifications). Wom-

en were recruited from the antenatal ward and clinics at

two large teaching hospitals in London, UK (Guy’s and
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St Thomas’ Hospitals). Ethical approval was obtained and

participants were asked to give written informed consent.

One hundred and five women were recruited to the

study, including 35 women with non-proteinuric hyper-

tension and 35 women with pre-eclampsia. Only women

over the age of 18 years and with a gestation greater than

22 weeks were approached to take part in the study.

Women with any arrhythmia or those in which Korotkoff

sounds did not disappear, or with a diastolic <40 mmHg,

were excluded. Korotkoff 5 was used to identify the di-

astolic pressure.

Pre-eclampsia was defined as a diastolic blood pressure of

� 90 mmHg on two separate occasions more than 4 hours

apart or a single reading >110 mmHg accompanied by

proteinuria of >0.3 g on a 24-hour sample or 2þ on reagent

strip.13 Non-proteinuric hypertension was defined as those

women who fulfilled only the hypertension criteria of the

above definition.

The study was performed according to guidelines of the

1993 BHS protocol. A calibration check was performed

according to guidelines in the protocol. The device under-

went a minimum of 400 inflations in its intended environ-

ment and calibration was rechecked. This part of the

protocol was undertaken during the assessment of the same

device in an adult population12 directly preceding this study

and therefore not repeated. Calibration was rechecked

before the start of this study and the device achieved targets

as outlined in the protocol.

Demographic information such as age, height and ges-

tation was obtained from each patient. Blood pressure

measurements were taken in a quiet room with the subject

seated and the arm supported at heart level. Arm circum-

ference was measured at the approximate midpoint of the

upper arm to determine the appropriate cuff size to be used.

Two cuff sizes were available: normal adult (22–32 cm)

and large adult (32–42 cm). The device was connected to

a laptop computer with recording software (LabView) to

facilitate additional ongoing analysis not described in this

paper.

Nine sequential same arm measurements were taken

alternating between the reference (mercury sphygmoma-

nometer) and the test device (Microlife 3BTO-A). Auscul-

tatory readings were taken using an electronic stethoscope

(Welch Allyn sensor-based stethoscope model 5079-400)

and a distributor box enabled the second observer to listen

to Korotkoff sounds. More than 30 seconds but less than

1 minute was allowed between readings to reduce the effect

of venous congestion and to limit variability. The patient

was advised to relax, avoid talking and to keep the arm as

still as possible as the device measurements could be

influenced by movement. The patient was also asked to

advise us of any discomfort during the procedure.

Of the nine measurements taken, only the last seven

were used in analysis. The first manual reading was used

to classify the subject in the appropriate category as spec-

ified in the protocol and the first device reading was used

to ‘orientate’ the device to the patient. The mean differ-

ences and standard deviation between device and observ-

er was calculated and device was graded according to

criteria of the BHS protocol (Table 1). The device should

achieve percentages greater than or equal to those in the

table to achieve a particular grade. Furthermore, a visual

representation of the accuracy of the device is provided

using Bland – Altman plots.14 This has the benefit of

establishing at first glance whether there are any trends

(e.g. increased error at increased pressures) or cases of

extreme inaccuracy.

Table 1. BHS grading criteria.

Grade Absolute difference between standard and

test device (mmHg)

�5 �10 �15

Cumulative percentage of readings (%)

A 60 85 95

B 50 75 90

C 40 65 85

D Worse than C

Table 2. Grading, cumulative percentage of differences between mercury sphygmomanometer and test device that varied by �5, �10 and �15 mmHg, mean

pressure and mean difference of the pressure between observer and test device.

Grade Difference between standard and test

device (mmHg)

Mean [SD]

(mmHg)

Mean [SD] of

differences (mmHg)

�5 �10 �15

Adult population (n ¼¼¼ 255)*

SBP A 64 87 96 134.9 [28.1] �1.7 [7.4]

DBP A 68 89 97 84 [19.7] �2.1 [6.3]

Pregnant population (n ¼¼¼ 315)**

SBP A 63 87 97 125 [17.5] �2.7 [6.3]

DBP B 57 83 97 79.2 [12.6] �1.3 [7.4]

SBP ¼ systolic blood pressure; DBP ¼ diastolic blood pressure; SD ¼ standard deviation.
* Previously published data in non-pregnant adults.17

** Including hypertensive pregnancy.
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RESULTS

The Microlife 3BTO-A achieved an overall grade A for

systolic pressures and grade B for diastolic pressures

(Table 2). Results for normotensive, hypertensive and

pre-eclamptic pregnancies are shown in Table 3. AAMI

criteria (mean <5 mmHg [<8]) were met overall and in

all groups individually.

Bland–Altman plots14 show the difference in blood pres-

sure between the test device and the better observer plotted

against the mean pressure of the device and the observer.

Results are shown for normotensive, non-proteinuric hyper-

tensive and pre-eclamptic pregnancy. Figures 1 and 2 indicate

the results for systolic and diastolic pressures, respectively.

Demographic information is displayed in Table 4.

There were no statistically significant differences between

the groups (P > 0.1). Fourteen pre-eclamptic women and

six women who had non-proteinuric hypertension had

an arm circumference greater than 32 cm. All the women

in the normotensive group had an arm circumference

<32 cm. The range of proteinuria (24-hour collection)

was 0.3–15.52 g/dL for women with pre-eclampsia. Thirteen

Table 3. Grading, cumulative percentage of differences between mercury sphygmomanometer and test device that varied by �5, �10 and �15 mmHg, mean

pressure and mean difference of the pressure between observer and test device for normotensive and hypertensive pregnancy.

Grade Difference between standard and test

device (mmHg)

Mean [SD]

(mmHg)

Mean [SD] of

differences (mmHg)

�5 �10 �15

Normotensive (n ¼¼¼ 105)

SBP A 69 95 99 108 [11] �0.5 [5.7]

DBP B 55 82 97 66 [12] �0.07 [7.7]

Non-proteinuric hypertension (n ¼¼¼ 105)

SBP B 60 80 95 132 [16] �3.3 [6.9]

DBP B 58 85 100 85 [12] �2.4 [6.6]

Pre-eclampsia (n ¼¼¼ 105)

SBP A 62 86 96 137 [26] �4.1 [6.4]

DBP B 59 82 93 87 [14] �1.3 [7.9]

SD ¼ standard deviation.

Fig. 1. Plot of the pressure difference between the better observer and the test device and the mean pressure of that observer and the device for systolic

pressure, in normotensive and hypertensive pregnancy.
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women with non-proteinuric hypertension and 20 women

with pre-eclampsia were receiving anti-hypertensive treat-

ment at the time of recruitment.

COMMENT

The Microlife 3BTO-A can be used clinically for BP

assessment in pregnancy and is one of only two devices

recommended in pre-eclampsia.

Various devices, recommended in an adult and pregnant

population according to the BHS criteria, under-estimated

quite significantly when assessed in pre-eclampsia. Mean

differences reported have been as great as 15 mmHg when

compared with mercury sphygmomanometry8 and 25 mmHg

when compared with intra-arterial measurements7 and indi-

vidual readings have been far greater.

To our knowledge only one device, the Omron MIT

(self-measurement), has achieved the BHS criteria in pre-

eclampsia.5 This device uses inflationary oscillometry (i.e.

it determines the blood pressure while the cuff is inflat-

ing and then rapidly deflates). This is contrary to most os-

cillometric devices, which measure blood pressure during

deflation of the cuff. As pre-eclampsia is associated with

decreased arterial compliance and an increase in intersti-

tial tissue oedema, it was thought that transmission of the

pressure wave could be delayed using a deflation method

(thereby under-estimating true blood pressure). Using an

inflationary method would allow immediate detection of

the signal and therefore be more accurate.

Our study using the Microlife 3BTO-A has reconfirmed

that a good algorithm is vital (using a deflationary method),

but as no other inflationary device has been assessed ac-

cording to a recognised protocol, it is uncertain whether the

accuracy of the Omron MIT can be attributed to inflation-

ary oscillometry or simply a good algorithm (or a combina-

tion of both).

It is well known that automated devices tend to show

increased error at higher pressures. In the assessment of the

Microlife 3BTO-A, the device shows greater error in pre-

eclampsia compared with normotensive pregnancy [SBP

�4.1 (6.4) vs �0.5 (5.7); DBP �1.3 (7.9) vs �0.1 (7.7)].

Whether using inflationary methods could possibly rectify

or reduce this error needs further investigation.

Another factor contributing to device accuracy is the use

of an appropriately sized cuff. Pre-eclampsia is associated

Table 4. Demographic information. Values are presented as mean [SD].

Normotensive Non-proteinuric

hypertensive

Pre-eclampsia

Age (years) 31 [5.6] 33 [5.3] 33 [5.7]

CI (age) 28.6– 32.4 30.9– 34.6 31.3–35.2

Gestation (weeks) 32 [5.1] 35 [4.6] 35 [4.7]

CI (gestation) 31– 34 33– 36 33–36

Second trimester 8 3 6

Third trimester 27 32 29

Primips 16 22 18

CI ¼ 95% confidence intervals.

Fig. 2. Plot of the pressure difference between the better observer and the test device and the mean pressure of that observer and the device for diastolic

pressure in normotensive and hypertensive pregnancy.
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with oedema due to increased interstitial permeability and

it is thought that women with a BMI >30 are at an in-

creased risk for pre-eclampsia. In this study almost half

of all pre-eclamptic women and a fifth of women with

non-proteinuric hypertension had an arm circumference

>32 cm.

Devices intended for self-measurement, like the Micro-

life 3BTO-A, can also be used by patients to measure their

blood pressure in their home environment. It reduces/

eliminates the white coat effect and could impact on the

cost and effort involved for women who have to come to

hospital just to have their blood pressure checked. Results

from studies done in both a non-pregnant population15 and

a pregnant population16 have been encouraging. Patient

compliance and reporting of device measurements are

enhanced as most of these devices now either have a mem-

ory facility or the capability to connect to a PC or printer to

obtain a printout of readings.

Home monitoring by the patient using new technologies

seems feasible and beneficial to both the patient and the

clinician. Waugh et al.17 did a small study investigating the

use of home blood pressure monitoring in combination with

urinalysis. Results were very positive and low risk as well

as high risk populations are currently being assessed to

determine the application of this point-of-care technology.

Only one robust device is currently recommended for

use in pregnancy, although it did not achieve BHS criteria

when assessed in pre-eclampsia.9 As we have no robust

device suitable for use in the clinical setting (with regard to

pre-eclampsia) and there is pressure to phase out the

mercury sphygmomanometer, would it be feasible to use

a device intended for self-measurement?

We are only aware of one study in which a self-

measurement device was assessed in the clinical setting.

Lo et al.18 used the Omron HEM 705-CP to compare blood

pressure readings to that obtained by mercury sphygmo-

manometry in pre-eclamptic women on the antenatal ward.

The methodology of the study was ad hoc and the Omron

device used failed BHS criteria when assessed in pre-

eclampsia in a previous study.5

If self-measurement devices are to be used in the clinical

setting, then consideration should be given to issues like

accuracy, lifespan, cost and monitoring facilities.

Devices intended for use in a pregnant population should

be assessed according to a recognised protocol in a preg-

nant population and accuracy should not be assumed from a

validation conducted in an adult population. Currently, only

the BHS protocol and AAMI make provision for the

assessment of a blood pressure measuring device in preg-

nancy. However, it does not make specific provision for

women with pre-eclampsia.

Furthermore, the lifespan of any blood pressure measur-

ing device greatly depends on the capacitive sensor. This

sensor consists of two round copper plates that press

against each other with pressure changes in the cuff. These

pressures are translated to a digital chip and then converted

to a digital signal. The lifespan of these sensors can vary

from 10,000 to 30,000 measurements. The longer the life-

span, the more expensive the sensor. Most devices for self-

measurement are therefore likely to have a capacitive sensor

with a shorter lifespan in order to keep the cost down,

whereas robust devices are likely to have a more expensive

sensor with a longer lifespan. However, robust devices are

often capable of more intensive monitoring facilities (i.e.

temperature, saturation, etc.) and these parameters will also

influence the lifespan and cost of the device.

As no other robust device can currently be recommended

for use in pre-eclampsia, it might be feasible to use a self-

measurement device, depending on the level of monitoring

required and the frequency of use. The Microlife 3BTO-A

can be recommended for use in pregnancy, including those

women who have non-proteinuric hypertension and pre-

eclampsia. The role of self-measurement devices in the

clinical setting warrants further investigation.
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