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Abstract

Objective: To determine whether measured differences between standard mercury sphygmomanometry and the SpaceLabs 90207
ambulatory blood pressure monitor in pregnant women remain constant during 24 h measurements. Study design: Repeated comparisons
between standard mercury sphygmomanometry and Spacelabs 90207 were performed at nine predetermined time points during 24 h
ambulatory blood pressure measurements in a group of ten pregnant women with various pregnancy complications, including
hypertension. Individual and group differences between standard mercury sphygmomanometry and SpaceLabs 90207 were calculated for
each time point. Friedman’s ANOVA was used to test stability of differences across time. Results: Mean group differences (standard
deviation) between mercury sphygmomanometry and the SpaceLabs 90207 were 22 (6) mmHg and 3 (7) mmHg for systolic and diastolic
pressure respectively. For systolic pressure the differences between time points were not statistically significant. Although a statistical
significant trend was found for diastolic pressure differences (P,0.05), none of the contrasts between any pair of time points reached
statistical significance. For both systolic and diastolic pressure the minimal and maximal difference lay at least 10 mmHg apart in seven
patients. Conclusions: Despite standardisation and training, a substantial within-subject variability of the pressure difference between
observers and SpaceLabs was found in this heterogeneous group of women. However, a systematic time-related effect on this pressure
difference could not be demonstrated. The pressure difference between both methods cannot be estimated with great precision. This is a
serious impediment for the clinical interpretation of automated or ambulatory blood pressure data.  1998 Elsevier Science Ireland Ltd.
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1. Introduction sphygmomanometry in pregnant women according to the
protocol of the British Hypertension Society (BHS) and

Although the importance of blood pressure measurement the recommendations of the Association for the Advance-
in pregnancy is widely accepted [1], the shortcomings of ment of Medical Instrumentation (AAMI) [5–7]. These
mercury sphygmomanometry as the standard method have devices appear to be acceptably accurate in pregnancy
only recently been recognised by obstetricians [2,3]. although large differences from standard mercury
Hence, years after its introduction in general hypertension sphygmomanometry may occur in the individual pregnant
practice, ambulatory blood pressure measurement (ABPM) woman [8–12]. Absolute blood pressure levels are re-
has been suggested to supplement or even substitute garded as highly relevant for obstetrical decision making.
standard mercury sphygmomanometry in antenatal care However, conventional cut-off points are derived from
[3,4]. Several ambulatory blood pressure devices have studies relating the office antenatal mercury blood pressure
been validated against standard mercury to pregnancy outcome [13,14]. Except for one recently

published study which tried to assess the role of mid-
*Corresponding author. Fax: 131 30 2505433. second trimester ABPM as a predictive test for the
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development of hypertension in pregnancy [15], there are validation procedure was performed every two hours
no studies of appropriate size which relate ambulatory during a 24 h recording with the SpaceLabs monitor at 9,
blood pressure behaviour to morbidity. Therefore, com- 11, 13, 15, 17, 19, 21 and 23 h on the first day and at 9 h
parison of the ambulatory device against mercury on the second day just before the 24 h measurement was
sphygmomanometry – the accepted clinical gold standard ended. This schedule allowed for a total of nine validation
of blood pressure measurement – remains inevitable in procedures per patient.
each individual pregnant woman to interpret the ambulat- For statistical analysis, individual differences between
ory recordings in clinical practice. Such a comparison is the observers and the SpaceLabs 90207 were calculated
most conveniently made at the beginning of the 24 h according to the 1990 BHS protocol [5], for each of the
measurement when the device is installed. However, it is nine time points in each individual woman. For each
questionable whether this single initial comparison is an woman the mean pressure difference during the 24 h
appropriate estimate of the pressure difference between the period was calculated, and within-subject variability ex-
ambulatory device and mercury sphygmomanometry. All pressed by the minimum and the maximum value. To
published validation studies were cross-sectional and in compare our results with previous cross-sectional studies
each patient the comparison was made at only one single of SpaceLabs 90207 in pregnancy [8,9,12], we first
time point. To our knowledge, validation studies have not calculated one single systolic and diastolic mean difference
been performed longitudinally, with repeated comparisons and its standard deviation between observers and
during the 24 h period the machine was designed for. SpaceLabs from all obtained measurements in all women.

Our aim was to determine whether the difference Then, the group’s mean differences and their standard
between standard mercury sphygmomanometry and the deviations were computed for each time point separately.
SpaceLabs 90207 ambulatory blood pressure monitor in Friedman’s two-way analysis of variance by ranks was
pregnant women is stable during a 24 h period. used for statistical analysis. If the calculated value of the

Friedman statistic (F ) was significant (P,0.05), contrastsr

between all separate time points were tested by Dunn’s
2. Materials and methods multiple comparisons test [24].

The oscillometric SpaceLabs 90207 ambulatory blood
pressure monitor has been validated in pregnant and non- 3. Results
pregnant individuals [8–10,12,16,17]. The machine de-
flates in 8 mmHg bleed steps. Characteristics of the ten patients are given in Table 1.

Ten hospitalised pregnant women were selected for the The women were hospitalised because of various preg-
study, each patient serving as her own control. nancy complications, including pregnancy-induced hyper-

The cuff of the SpaceLabs 90207 was applied at the tension (n54), preterm rupture of the membranes (n52),
right arm of the woman and connected to both the preterm labour (n51), vaginal blood loss (n51), hy-
ambulatory monitor and a calibrated mercury peremesis (n51) and pyelonephritis (n51). The mean
sphygmomanometer by a Y-tube. Validation measurements (SD) maternal age was 31.7 (3) years and the mean (SD)
were carried out under highly standardised conditions as gestational age was 30.2 (6) weeks. Since we found larger
described in the BHS protocol using the sequential same pressure differences between mercury sphygmomanometry
arm method [5,6]. Mercury sphygmomanometry was per- and the SpaceLabs 90207 in hypertensive compared to
formed by two trained observers, using a binaural stethos- normotensive pregnant women in a previous study [12],
cope. The observers were blinded for each other’s and the we deliberately included four women with pregnancy-
SpaceLabs measurements. Simultaneously, they recorded induced hypertension, defined as a diastolic blood pressure
Korotkoff phase 1 systolic blood pressure and Korotkoff .90 mmHg [13]. None of these four hypertensive women
phase 5 diastolic blood pressure. Although some au- was on antihypertensive medication. The six normotensive
thorities have recommended Korotkoff phase 4 as the women did not receive medication which could influence
diastolic endpoint in pregnant women [13], evidence blood pressure.
accumulates that Korotkoff phase 5 should be used [18– The group’s mean differences (SD) between the ob-
23]. Furthermore, most ambulatory blood pressure devices servers and the SpaceLabs 90207 for all measurements
render a diastolic value closer to Korotkoff phase 5 were 22 (6) mmHg for systolic pressure and 3 (7) mmHg
[9,11,12]. For these reasons our observers only recorded for diastolic pressure, which is in accordance with our
Korotkoff phase 5 as the diastolic endpoint. Three previous findings [12].
SpaceLabs readings were taken which were all preceded Fig. 1 shows the observed pressure differences between
and followed by an observers reading: observers – the observers and SpaceLabs for each of the nine time
SpaceLabs – observers – SpaceLabs – observers – points in each of the four hypertensive women (patients 1
SpaceLabs – observers. Thus, seven readings were taken to 4). Fig. 2 shows these differences in the six normoten-
with a one minute interval between each reading. This sive women (patients 5 to 10). Within-subject variability of
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Table 1
Characteristics and pressure differences for individual patients

a b c d e f g hPatient Age Par GA AC BMI CBP SPdiff DPdiff

1 30 0 34 27 22.2 130/95 3 (21,7) 8 (2,16)
2 31 1 34 28 32.6 150/100 21 (24,2) 4 (0,12)
3 29 0 34 32 36.1 140/90 8 (3,13) 14 (9,19)
4 38 2 31 30 31.6 140/90 0 (27,7) 22 (214,7)
5 35 1 20 27 25.0 110/65 25 (212,22) 22 (28,1)
6 30 0 32 28 28.0 120/70 213 (221,23) 21 (26,8)
7 29 0 20 30 25.8 110/60 21 (25,7) 0 (24,4)
8 34 1 33 32 32.6 120/55 22 (27,2) 10 (4,14)
9 31 2 36 29 27.7 125/60 24 (28,21) 21 (26,3)

10 30 1 28 21 18.3 120/65 21 (213,6) 21 (27,4)
a b c d e 2 fmaternal age (years). parity. gestational age (weeks). arm circumference (cm). body mass index (kg/m ). clinical blood pressure (systolic /diastolic in

gmmHg). pressure difference for systolic pressure between observers and SpaceLabs in mmHg, expressed as mean value (minimum and maximum value)
hduring the 24 h period. pressure difference for diastolic pressure between observers and SpaceLabs in mmHg, expressed as mean value (minimum and

maximum value) during the 24 h period.

Fig. 1. Pressure differences (mmHg) between standard mercury sphygmomanometry and the Spacelabs 90207 for both systolic (upper graph) and diastolic
pressure (lower graph) in four hypertensive pregnant patients (patients 1 to 4). For each patient the nine differences as observed during a 24 h ambulatory
blood pressure measurement are shown in chronological order. Each bar represents the pressure difference at one time point.
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Fig. 2. Pressure differences (mmHg) between standard mercury sphygmomanometry and the Spacelabs 90207 for both systolic (upper graph) and diastolic
(lower graph) pressure in six normotensive pregnant patients (patients 5 to 10). For each patient the nine differences as observed during a 24 h ambulatory
blood pressure measurement are shown in chronological order. Each bar represents the pressure difference at one time point.

the pressure difference between observers and SpaceLabs time points reached statistical significance. Separate analy-
was considerable. For both systolic and diastolic pressure sis for the hypertensive and the normotensive group did
the minimum and the maximum value differed by 10 not yield different results.
mmHg or more in six patients for systolic pressure and in
seven patients for diastolic pressure (Table 1). The direc-
tion of the pressure difference between observers and 4. Comment
SpaceLabs, either positive or negative, was the same in all
patients with one or more differences .10 mmHg, except To our knowledge, this is the first validation study of an
for two (patients 4 and 10). ambulatory blood pressure monitor with repeated com-

Fig. 3 shows the mean group’s pressure differences parisons during a 24 h ambulatory blood pressure measure-
(standard deviation) between observers and SpaceLabs for ment.
each time point. On average, this difference did not seem In confirmation with our previous studies [11,12], the
to increase in the course of the 24 h measurement. pressure differences between standard mercury

For the systolic differences between the observers and sphygmomanometry and the ambulatory monitor varied
SpaceLabs no statistically significant trend during the 24 h considerably in both magnitude and direction (positive or
period was demonstrated. Although a statistically signifi- negative) between subjects, as is shown in Figs. 1 and 2.
cant trend was found for diastolic blood pressure (P, Our present findings suggest that changes in magnitude
0.05), none of the contrasts between any pair of the nine and direction of these pressure differences also occur
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Fig. 3. Group (n510) pressure differences, represented as means and SD, between standard mercury sphygmomanometry and the Spacelabs 90207 for
systolic (upper graph) and diastolic (lower graph) pressure, at nine time points during the 24 h of the ambulatory blood pressure measurements. The black
bars represent the period of sleep, during which no mercury blood pressure measurements were made.

within subjects in the course of 24 h measurements. These Our findings should be interpreted with caution. First,
within-subject changes are probably due to random error, the number of patients was small and the range of pressure
since a systematic time-related effect could not be demon- differences between the ambulatory and standard tech-
strated. Reassuringly, the direction of clinically relevant niques wide. However, we do not expect that expanding
differences (arbitrarily taken as differences .10 mmHg) the group will yield different results. Even in this small
appears to remain stable in most patients (Figs. 1 and 2). group the mean group pressure differences between both
On the other hand, the magnitude of the pressure differ- methods seem fairly stable during the day (Fig. 3) and
ence between standard mercury sphygmomanometry and these differences are similar to those found in larger
the ambulatory monitor cannot be estimated with great cross-sectional studies in pregnant women [8–12]. The
precision in the individual. obstetrician’s main concern is the safety of each individual

In three hypertensive patients (patients 1, 2 and 3, see pregnant woman. We do not believe that increasing the
Fig. 1) diastolic pressure differences .10 mmHg between number of women will alter our conclusion on this point,
the conventional and the automated method occurred. As since within-subject variability is already considerable in
we have demonstrated before [11,12], automated blood these ten women (Figs. 1 and 2). Second, our patients were
pressure measuring devices tend to underestimate conven- hospitalised and bedrest had been prescribed. Therefore
tionally measured diastolic pressure in hypertensive preg- our findings may not be valid for ambulatory patients.
nant women. Although no validation studies have been performed under



84 S.V. Koenen et al. / European Journal of Obstetrics & Gynecology and Reproductive Biology 80 (1998) 79 –84

[6] O’Brien E, Petrie J, Littler W, et al. The British Hypertensionambulatory conditions, there is some evidence that am-
Society protocol for the evaluation of blood pressure measuringbulatory blood pressure monitors perform worse under
devices. J Hypertens 1993;11(suppl 2):S43–62.

ambulatory than under resting conditions [25]. Third, the [7] Association for the Advancement of Medical Instrumentation.
sequential same arm method, designed for devices with American National Standard for Electronic or Automated
rapid deflation rates, may result in considerable bias in Sphygmomanometers. Washington DC: AAMI, 1987.

[8] O’Brien E, Mee F, Atkins N, Halligan A, O’Malley K. Accuracy offavour of the automated device [26]. Fourth, mercury
the SpaceLabs 90207 ambulatory blood pressure measuring systemsphygmomanometry is a questionable gold standard of
in normotensive pregnant women determined by the British Hy-

comparison. Lack of concentration, background noises, pertension Society protocol. J Hypertens 1993;11(suppl 5):S282–3.
impaired perception, technical differences between ob- [9] Shennan AH, Kissane J, De Swiet M. Validation of the SpaceLabs
servers and other sources of observer bias with this method 90207 ambulatory blood pressure monitor for use in pregnancy. Br J

Obstet Gynaecol 1993;100:904–8.should not be underestimated. One could also argue that
[10] Halligan A, O’Brien E, O’Malley K, Mee F, Atkins N, Conroy J, etthe two observers were increasingly prejudiced by their

al. Twenty-four hour ambulatory blood pressure measurement in a
previous recordings with every next measurement in the primigravid population. J Hypertens 1993;11:869–73.
same patient. This would make comparison of initial with [11] Franx A, van der Post JAM, Elfering IM, Veerman DP, Merkus
subsequent measurements even more hazardous. HMWM, Boer K, et al. Validation of automated blood pressure

recording in pregnancy. Br J Obstet Gynaecol 1994;101:66–9.In conclusion, we have demonstrated that the pressure
[12] Franx A, van der Post JAM, van Montfrans GA, Bruinse HW.difference between conventional and automated blood

Comparison of an auscultatory versus an oscillometric ambulatory
pressure measurement techniques cannot be estimated with blood pressure monitor in normotensive, hypertensive and pree-
precision in the individual pregnant woman. This is a clamptic pregnancy. Hypertens Pregnancy 1997;16:187–202.
serious impediment for the clinical interpretation of auto- [13] Davey DA, MacGillivray I. The classification and definition of the

hypertensive disorders of pregnancy. Am J Obstet Gynecolmated or ambulatory blood pressure data. We feel that the
1988;158:892–8.true merits of ambulatory blood pressure monitoring for

[14] Friedman EA, Neff RK. Pregnancy hypertension: a systematic
the surveillance of pregnant women can only come forth evaluation of clinical diagnostic criteria. Littleton, MA:PSG Publish-
from prospective studies of appropriate size, relating this ing Company, 1977:212–9
technique to pregnancy outcome and comparing it with [15] Higgins JR, Walshe JJ, Halligan A, O’Brien E, Conroy R, Darling

MRN. Can 24 h ambulatory blood pressure measurement predict theoffice mercury sphygmomanometry in this respect.
development of hypertension in primigravidae?. Br J Obstet
Gynaecol 1997;104:356–62.

[16] O’Brien E, Mee F, Atkins N, O’Malley K. Accuracy of the
5. Condensation SpaceLabs 90207 determined by the British Hypertension Society

Protocol. J Hypertens 1991;9:573–4.
[17] O’Brien E, Atkins N, Mee F, O’Malley K. Comparative accuracy ofRepeated comparisons under standardised conditions

six ambulatory devices according to blood pressure levels. Jbetween conventional and automated indirect blood pres-
Hypertens 1993;11:673–5.

sure measurements in ten pregnant women demonstrated a [18] Perry IJ, Stewart BA, Brockwell J, Khan M, Davies P, Beevers DG,
substantial within-subject variability of the difference et al. Recording diastolic blood pressure in pregnancy. Br Med J
between both methods. 1990;301:1198.

[19] Shennan A, Gupta M, Halligan A, Taylor DJ, De Swiet M. Lack of
reproducibility in pregnancy of Korotkoff phase IV as measured by
mercury sphygmomanometry. Lancet 1996;347:139–42.

Acknowledgements [20] Zarifis J, Lip GYH, Blackman DJ, Churchill D, Beevers DG.
Measurement of diastolic blood pressure in obstetrical research.

We thank Janet Frederiks and Pascale Robles de Medina Hypertens Pregnancy 1996;15:135–7.
[21] Perry IJ. Diastolic blood pressure in pregnancy. phase IV or phase Vfor their assistance with the blood pressure measurements.

Korotkoff sounds?. Hypertens Pregnancy 1996;15:139–41.
[22] Franx A, van der Post JAM, van Montfrans GA, Bruinse HW, Visser

GHA. The fourth sound of Korotkoff in pregnancy: a myth?. Lancet
References 1996;347:841.

[23] Rubin P. Measuring diastolic blood pressure in pregnancy. Br Med J
1996;313:4–5.[1] Redman CWG. Eclampsia still kills. Br Med J 1988;296:1209–10.

[24] Siegel S. Nonparametric Statistics. New York: McGraw–Hill, 1956.[2] Perry IJ, Wilkinson LS, Shinton RA, Beevers DG. Conflicting views
[25] Mancia G, Parati G. Commentary on the revised British Hyperten-on the measurement of blood pressure in pregnancy. Br J Obstet

sion Society protocol for evaluation of blood pressure measuringGynaecol 1991;98:241–3.
devices: a critique of aspects related to 24 h ambulatory blood[3] Editorial. Practice imperfect. Lancet 1991, 337:1195–6.
pressure measurement. J Hypertens 1993;11:595–7.[4] Bruce NG, Shaper AG, Walker M, Wannamethee G. Observer bias in

[26] Coats AJS, Clark SJ. British Hypertension Protocol. J Hypertensblood pressure studies. J Hypertens 1988;6:375–80.
1991;9:575–8.[5] O’Brien E, Petrie J, Littler W, et al. The British Hypertension

Society protocol for the evaluation of automated and semi-auto-
mated blood pressure measuring devices with special reference to
ambulatory systems. J Hypertens 1990;8:607–19.


