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ABSTRACT

Blood pressure (BP) in the first trimester has limited efficacy for the prediction of 

preeclampsia. It is not known if automated devices perform better in this respect than 

conventional sphygmomanometry. This study compares two different automated devices 

(continuous finger arterial pressure waveform registration and ambulatory blood pressure 

monitoring (ABPM)) with conventional sphygmomanometry for their association with later 

preeclampsia and gestational hypertension. In a cohort of 289 healthy normotensive 

women (235 nulliparous and 44 parous women with previous preeclampsia) at 8 
0/7-11 0/7 weeks of pregnancy BP was significantly higher in women, who developed 

preeclampsia with all three methods. After adjustment for previous preeclampsia the point 

estimate of the Odds ratios for association with later preeclampsia of both automated 

devices was better than conventional sphygmomanometry although differences were 

not statistically significant. Odds ratio (95% confidence intervals) for every 1 mmHg 

pressure increase of MAP was 1.08 (1.02-1.15) for sphygmomanometry, 1.17 (1.09-

1.27) for finger arterial pressure waveform registration and 1.17 (1.07-1.27) for ABPM. 

Since patient compliance with ABPM was less, we concluded that finger arterial pressure 

waveform registration is potentially the most useful device in first pregnancy trimester 

screening and needs further evaluation.
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INTRODUCTION

Women who develop preeclampsia have a higher blood pressure in the first trimester 

of pregnancy compared to women whose pregnancy remains uncomplicated. 1;2 This 

association holds when only women with a blood pressure in the normal range are 

considered.3;4  Selection in early pregnancy of women at high risk for preeclampsia 

could facilitate preventive interventions and could enable targeting intensive care at 

those women who need this most. The predictive capacity of blood pressure has been 

meta-analysed and 34 studies including 60599 women with 3341 cases of preeclampsia 

showed a moderate predictive accuracy.5 Poor reporting of study populations, definitions 

of preeclampsia and the use of different methods of blood pressure assessment and 

devices were identified as sources of variation in this meta-analysis. No separate analysis 

was performed for studies that used automated devices. 

In pregnancy blood pressure is generally measured by conventional sphygmomanometry 

and therapeutic interventions are based on these measurements. This technique is 

questioned because blood pressure is measured only during a single heart beat cycle, is 

subject to inter-observer variation and does not account for beat-to-beat variation and 

diurnal rhythm in blood pressure. Automated devices with continuous or repeated diurnal 

measurement might have a higher precision for the prediction of later preeclampsia.6 

In the present study we compared blood pressure measurement at 8 0/7-11 0/7 weeks 

of pregnancy using continuous finger arterial waveform registration and ambulatory 

blood pressure monitoring with conventional sphygmomanometry. Our hypothesis 

was that blood pressure measurement by automated devices in early pregnancy has 

a higher association with the development of later preeclampsia than conventional 

sphygmomanometry.

SUBJECTS AND METHODS

Study population
This study is part of a prospective study which investigates cardiovascular parameters in the 

beginning of pregnancy for the prediction of preeclampsia.7 Healthy nulliparous women 

and healthy parous women with a previous pregnancy complicated by preeclampsia 

were included between April 2004 and June 2006. Women with multiple pregnancy or a 

pregnancy after hormonal fertility treatment, and women with diabetes, chronic hypertension, 

antihypertensive medication or renal disease were not eligible. All women had normal blood 

pressure (less than 140 / 90 mmHg, measured by conventional sphygmomanometry) at 
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their first visit. Preventive use of acetylsalicylic acid in women with a previous preeclampsia 

was allowed. Women with an infant with major congenital malformations were excluded 

from analysis. Women with pregnancy associated complications like gestational diabetes, 

preterm birth or fetal growth restriction were not excluded. 

Participants were recruited by advertisements in local newspapers, flyers at midwife 

practices near our hospital and from our outpatient clinic. The Medical Ethical Committee 

of the Academical Medical Center approved the study.

Outcome definitions

Pregnancy outcome was defined as preeclampsia or combined pregnancy outcome 

(preeclampsia and gestational hypertension). Two obstetricians (KB and HW) being 

unaware of the results of the measurements classified pregnancy outcome according to 

the ISSHP guidelines.8 Gestational hypertension was defined as a systolic blood pressure 

≥ 140 and / or a diastolic blood pressure ≥ 90 mmHg after 20 weeks in a previously 

normotensive woman, measured twice with an interval of at least 6 hours. Preeclampsia 

was defined by the combination of gestational hypertension and proteinuria ≥ 0,3 g/ 24 

h or dipstick ≥ ++ after 20 weeks gestation. 

Study design

After written informed consent, all participants underwent identical study protocols 

at 8 0/7-11 0/7 weeks gestational age. Gestational age was defined by first trimester 

ultrasonography. Women were asked about medical history, maternal age, ethnic origin 

(Caucasian or other) and education (high: university or higher; median: higher or 

intermediate vocational training or low: no education, primary school or lower vocational 

training). The maternal weight and length were measured and the Body Mass Index (BMI) 

was calculated as weight (kg)/ (length (m)) 2. Study measurements were not available for 

the clinicians or midwives responsible for prenatal care. All participants received usual 

obstetric care, nulliparous women by a midwife and women with previous preeclampsia 

by our outpatient clinic according to our local protocol. 

Measurements

Blood pressure was measured by finger arterial pressure waveform registration (Finometer, 

FMS, Amsterdam, the Netherlands) in supine position after at least 15 minutes of rest 

in a quiet room with an ambient temperature between 20-22° Celsius, between 7 

and 12 AM. The device was validated in pregnancy and passed the Association for 

the Advancement of Medical Instrumentation (AAMI) criteria. According to the British 

Hypertension Society (BHS) criteria, the device was graded a B for diastolic and a C for 

systolic blood pressure.9 A cuff of appropriate size was placed around the middle finger 
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of the non-dominant hand with the arm along the body. Hydrostatic height correction was 

used to correct for the position of the hand with respect to heart level. At a stable signal 

the pressure signal was corrected by the return-to-flow method.10 Data collection was 

performed over a period of 10 minutes after the signal was stable for at least 5 minutes. 

The brachial arterial pressure was reconstructed from the finger pulse wave.11Offline 

beat to beat systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial 

pressure (MAP) and heart rate were extracted by Beatscope software (TNO Biomedical 

Instrumentation, Amsterdam, the Netherlands) and averaged over 10 minutes. 

Subsequently blood pressure was measured using conventional sphygmomanometry 

(Maxi Stabil 3, an aneroid sphygmomanometer, Welch Allyn, Skaneateles Falls, New 

York, USA), in the same position at both arms; Korotkoff V was used to determine DBP. If 

there were little differences, further measurements were done at the non-dominant arm 

else the woman was excluded. The average of three measurements with an interval of at 

least 1 minute was used for calculations. The MAP was calculated as ((2x DBP) + SBP)/3. 

Thereafter participants were instructed to measure blood pressure with an ambulatory 

blood pressure monitor (ABPM; Spacelab 90207TM, Spacelabs Inc. Redmond, 

Washington, USA) using oscillometry. The Spacelab 90207 is the only ABPM that was 

validated extensively in pregnant women. In three studies the device passed the Association 

for the Advancement of Medical Instrumentation (AAMI) criteria. Following British 

Hypertension Society (BHS) criteria, these studies graded the device for systolic / diastolic 

blood pressure as B/B, A/C and B/C respectively.12-14 An appropriately sized cuff was 

placed on the non-dominant arm. Blood pressure was measured every 30 minutes 

between 6:00 AM and 00:00 and every 60 minutes between 00:00 and 6:00 AM. All 

women started the measurements between 7:00 AM and 12:00 AM and continued for 

48 consecutive hours.15 The participants were instructed to maintain their daily routine.

Statistical analysis

Continuous variables were analyzed with the Kolmogorov-Smirnov test for normality. 

Normally distributed data are presented as mean ± standard deviation (SD), not 

normally distributed data as median (range). To investigate the differences between 

the groups, one-Way ANOVA tests with post-hoc Bonferroni tests, Kruskal-Wallis test or 

chi-square test were used whichever was appropriate. Next logistic regression analysis 

with adjustment for previous preeclampsia was performed to determine the association 

of each blood pressure variable with pregnancy outcome. Discriminative capacity was 

assessed with Receiver Operating Characteristics (ROC) analysis. A p value < 0.05 was 

considered significant. The statistical software package SPSS 16 (SPSS Inc, Chicago, IL) 

was used for all analyses. 



74

RESULTS

Study population
A total of 295 women were included, 251 nulliparous women and 44 multiparous women 

with a history of preeclampsia. Five women with previous preeclampsia used prophylactic 

low-dose acetylsalicylic acid. Five nulliparous women were excluded because of severe 

foetal congenital malformations and one woman was lost to follow up. 289 Women were 

available for analysis, 20 (6.9 %) developed preeclampsia and 16 (5.5 %) gestational 

hypertension. None of them had significant differences in blood pressure by conventional 

sphygmomanometry between both arms. Maternal characteristics and pregnancy 

outcome are described in table 1. 

Women with preeclampsia or gestational hypertension had a higher body mass index 

(BMI) compared to women with uncomplicated pregnancies. Women with preeclampsia 

delivered earlier and their babies had a lower birth weight compared to women with 

unaffected pregnancies. Women with gestational hypertension were comparable to 

those with unaffected pregnancy regarding gestational age at delivery and infant birth 

weight. Women with preeclampsia had a lower education compared to those without 

preeclampsia. 

Table 1. Maternal characteristics and pregnancy outcome
characteristics unaffected 

n=253
Preeclampsia 

n=20
Gestational 

Hypertension 
n=16

P-value

Gestational age at measurement(days) 65 ± 5 64 ± 7 64 ± 3 0.78

Age (y) 30.0 ± 4.2 29.6 ± 4.5 31.6 ± 4.1 0.31

BMI (kg/m2) 23.8(17.6-41.8) 26.5(19.6-32.3)* 26.6(21.7-33.4)* <0.001

Ethnicity n (%)

Caucasian 218 (86.2) 15 (75.0) 14(87.5) 0.38

Other  35 (13.8) 5 (25.0) 2(12.5)

Smoking n (%) 27 (10.8) 3 (15.0) 1 (6.2) 0.70

Education n(%)

High 81 (32.0) 2 (10.0) 5 (31.2) 0.009

Median 94 (37.2) 4 (20.0) 7 (43.8)

low 78 (30.8) 14 (70.0) 4 (25.0)

High risk n (%) 30 (11.9) 9 (45) 5 (31.2) <0.001

Gestational age at delivery(days) 279 (207-296) 256(200-286)* # 276(245-294) <0.001

Birth weight(grams) 3338 ± 562 2106 ± 890 * # 3303 ± 639 <0.001

Small for gestational age n (%) 27 (10.7) 13 (65.0) 4 (25.0) <0.001

Data are expressed as mean ± SD, median (range) or n (%). P-value; differences between the 
groups. *P<0.05 compared to unaffected; #P<0.05 compared to gestational hypertension.
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Blood pressure measurements

Finger arterial pressure waveform registrations of 4 (1.4%) women were not available 

for analysis because of technical difficulties. ABPM data for 48 hour were available in 

220 women. Drop out was partly due to lack of a monitoring device at the scheduled 

registration time (62 women). A total of 39 women (17.7%) had no or incomplete 

data. Eight women refused to wear the blood pressure monitor and 31 women had 

an incomplete registration. Three of these had less then 10 measurements and were 

excluded. All other incomplete registrations were used. 

Women who developed preeclampsia or gestational hypertension had a significantly 

higher blood pressure in the first trimester than women with unaffected pregnancies. 

The absolute blood pressure values were different between the devices, p<0.01 for all 

measurements. The highest absolute values were measured by finger arterial pressure 

waveform registration and the lowest by conventional sphygmomanometry (Table 2). 

The point estimate of the Odds ratios of blood pressure in the first trimester for later 

preeclampsia or combined pregnancy outcome was higher for the automated blood 

pressure measurement techniques, although there was an overlap between 95% CI 

intervals. For all devices MAP had the highest odds ratios. Figures 1A and 1B show the 

odds ratios with 95% CI intervals for every mmHg pressure increase adjusted for previous 

Table 2. First trimester blood pressure measurements in different outcome groups.
Blood pressure measurements unaffected Preeclampsia Gestational 

Hypertension 
P-value

Heart rate (beats/min) 73 ± 7 73 ± 7 72 ± 8 0.95

Sphygmomanometry

n 253 20 16

SBP (mmHg) 104 ± 9 113 ± 13** 110 ± 8 * <0.001

DBP (mmHg) 60 (46-88) 67 (50-85)** 67 (58-85)**   0.002

MAP (mmHg) 76 ± 7 82  ± 11** 81 ± 7** <0.001

Finger arterial pressure

n 250 19 16

SBP (mmHg) 121 ± 8 131 ± 13** 125 ± 9 <0.001

DBP (mmHg) 67 ± 6 74 ± 8** 71 ± 7* <0.001

MAP (mmHg) 88 ± 7 98 ± 10** 93± 7** <0.001

ABPM

n 179 19 14

SBP (mmHg) 111 ± 7 120 ± 13** 114 ± 8 <0.001

DBP (mmHg) 66 ± 4 72 ± 9** 69 ± 6* <0.001
MAP (mmHg) 80 ± 5 88 ± 10** 84 ± 7* <0.001

Data are expressed as mean ± SD or median (range); P-value; differences between the groups.* 
P<0.05 compared to unaffected; **P<0.01 compared to unaffected
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Figure 1A. Odds ratios (95% 
confidence intervals) for every 
1 mmHg pressure increase, 
after adjustment for previous 
preeclampsia, to determine the 
relationship of SBP, MAP and 
DBP measured by the different 
devices and preeclampsia.

Sphygmo; sphygmomanometry, 
FAP; finger arterial pressure 
waveform registration. ABPM; 
ambulatory blood pressure 
monitoring.

Figure 1B. Odds ratios (95% 
confidence intervals) for every 
1 mmHg pressure increase 
after adjustment for previous 
preeclampsia to determine 
the relationship of SBP, MAP 
and DBP measured by the 
different devices and combined 
pregnancy outcome.

Sphygmo; sphygmomanometry, 
FAP; finger arterial pressure 
waveform registration, ABPM; 
ambulatory blood pressure 
monitoring.

Table 3. Area under the receiver operating characteristics curves with 95% CI of blood pressure 
measurements for the subsequent development of preeclampsia or combined pregnancy outcome.
Measurement preeclampsia Combined pregnancy outcome

Sphygmomanometry
SBP 0.73 (95% CI 0.58-0.83) 0.73 (95% CI 0.64-0.83)

DBP 0.68 (95% CI 0.53-0.84) 0.72 (95% CI 0.61-0.82)

MAP 0.70 (95% CI 0.55-0.85) 0.73 (95% CI 0.63-0.83)

Finger arterial pressure

SBP 0.82 (95% CI 0.68-0.95) 0.77 (95% CI 0.68-0.87)

DBP 0.77 (95% CI 0.63-0.91) 0.77 (95% CI 0.68-0.86)

MAP 0.82 (95% CI 0.69-0.96) 0.80 (95% CI 0.71-0.89)

ABPM

SBP 0.78 (95% CI 0.65-0.91) 0.74 (95% CI 0.63-0.84)

DBP 0.77 (95% CI 0.63-0.90) 0.72(95% CI 0.62-0.83)
MAP 0.78 (95% CI 0.65-0.91) 0.74 (95% CI 0.64-0.85)
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preeclampsia for the three measurement techniques. The largest area under the ROC 

curves (AUC) was 0.82 (95% CI 0.69-0.96) for preeclampsia and 0.80 (95% CI 0.71-

0.89) for combined outcome using MAP estimated by finger arterial pressure waveform 

registration (Figure 2A and 2B). Table 3 provides the values of all AUCs, with 95% 

confidence intervals. Differences were small and did not reach statistical significance.

DISCUSSION

In this prospective cohort of women with normal blood pressure we confirm that blood 

pressure has a significant association with hypertensive disorders later in pregnancy. 

Assessment by automated devices at 8 0/7-11 0/7 weeks of pregnancy seems superior 

Figure 2A. Association of mean 
arterial pressure measured with 
the different devices in the first 
trimester and prevois preeclampsia 
with subsequent development of 
preeclampsia, expressed by Receiver 
Operating Characteristics (ROC) 
curves. 

Figure 2B. Association of mean 
arterial pressure measured with the 
different devices in the first trimester 
and previous preeclampsia with 
subsequent development of combined 
pregnancy outcome, expressed by 
Receiver Operating Characteristics 
(ROC) curves. 

1 - Specificity
1,00,80,60,40,20,0

1,0

0,8

0,6

0,4

0,2

0,0

Se
ns

iti
vi

ty

1 - Specificity
1,00,80,60,40,20,0

Se
ns

iti
vi

ty
1,0

0,8

0,6

0,4

0,2

0,0

MAP ABPM

MAP finger arterial waveform 

MAP sphygmomanometry

MAP ABPM

MAP finger arterial waveform 

MAP sphygmomanometry



78

to conventional sphygmomanometry. ABPM measurements failed more often than 

finger arterial pressure waveform registration due to technical difficulties or patient 

incompliance.

The accuracy of automated blood pressure devices in pregnant women is often 

questioned especially in hypertensive and preeclamptic women and it is generally advised 

to use conventional sphygmomanometry to establish the diagnosis of preeclampsia.8 

Both Spacelab 90207™ and Finometer™ passed the less strict AAMI criteria, but none 

received A/A BHS grading in validation studies in pregnant women where the devices 

were compared to auscultatory conventional sphygmomanometry.9;12-14

However, it was not our intention to compare absolute blood pressure values of the 

automated devices with conventional sphygmomanometry, which is the usual validation 

procedure. Clinical relevance of a measurement method is far more important than 

absolute values and therefore we chose a clinical endpoint (preeclampsia or combined 

gestational hypertension or preeclampsia). Repeated or continuous measurements provide 

a more reliable estimate of average blood pressure than a single sphygmomanometry 

measurement. This could explain why finger arterial pressure waveform registration and 

ABPM measurements tend to have a higher association with later preeclampsia than 

sphygmomanometry in our study. 

One of the limitations of our study is the relatively low number of included women. This 

causes some uncertainty regarding the exact quantity of the association, as reflected by 

the large confidence intervals of odds ratios and possibly causes an overestimation of the 

effect.16  The point estimate of the Odds ratios for association with later preeclampsia of 

both the automated devices was better for all blood pressure parameters but there was 

an overlap between 95% CI intervals and significant differences could not be detected. 

Women with elevated blood pressure, cardiovascular disease, renal disease or diabetes 

were not included because the elevated risk of these conditions for preeclampsia or 

pregnancy induced hypertension preclude the usefulness of further risk assessment.17

Recently we published a meta-analysis of the accuracy of blood pressure measurements 

in predicting preeclampsia.5 Studies included in this meta-analysis used all types of blood 

pressure measurement devices and it was not possible to compare devices in this meta-

analysis Areas under the ROC-curve for SBP, DBP and MAP for low risk women in the first 

trimester were respectively 0.66, 0.67 and 0.79 comparable to our results. 

Several studies investigated the predictive capacity of ABPM and preeclampsia and 

compared this with office blood pressure measurements.18-23 With ABPM information 

on diurnal blood pressure can be obtained. Some found comparable predictive capacity 

while others showed better results with ABPM in second trimester pregnancy. There 
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were no differences in predictive capacity of only daytime or night time blood pressure 

compared to mean values.22;24 

As the origin of the disease is in early pregnancy it is likely that preventive interventions 

should start early in pregnancy to be effective.25  Therefore, early prediction is of major 

importance. Only one of the studies on the predictive capacity of ABPM was performed 

in the first trimester. This study showed an extremely high predictive capacity with 48 hour 

ABPM using the hyperbaric index.23  However, using an identical approach as Hermida 

et al. we could not confirm this and observed a similar association with preeclampsia of 

hyperbaric index, mean pressure of 48 hour ABPM and day/night differences in the first 

trimester.7 The study population used in this analysis was included in the present study.

The three devices used in our study measure blood pressure in different ways. 

Sphygmomanometry and the Spacelab 90207™ register vascular oscillations during the 

gradual relaxation of vascular occlusion at the upper arm. In sphygmomanometry the 

appearance and disappearance of vascular (Korotkoff) sounds determines SBP and DBP. 

The Spacelab 90207™ is an oscillometric device and the MAP is estimated primarily by 

the pressure where oscillations are largest and SBP and DBP are derived from this point.26 

Conventional sphygmomanometry registers SBP from one and DBP from another heart 

beat cycle. Both techniques are influenced by arm diameter and vascular deformability. 

Finger arterial pressure waveform registration is registered by a small cuff around the 

middle finger. The cuff contains a diode to measure blood flow in the finger and a server 

mechanism connected to the cuff regulates pressure in such a way that flow in the finger 

remains constant. Thus the cuff pressure is a copy of the arterial finger pressure wave. This 

technique enables continuous non-invasive registration of cardiovascular parameters.27 

The algorithm for blood pressure calculation depends on vascular compliance which is 

larger in pregnant than in non-pregnant women.28 However, the return to flow method 

enables calibration for blood pressure calculation and thus overcomes the disturbing 

effect of pregnancy on the algorithm for blood pressure calculation.10 

According to international guidelines for the classification of preeclampsia blood 

pressure is preferably measured at the right arm while seated.8;29;30 In our study the cuff 

for ABPM was placed around the non-dominant arm because we wanted to reduce the 

inconvenience of ABPM. Therefore all other measurements were also performed at the 

same arm, which usually is the left arm. We also chose supine position for measuring 

blood pressure with sphygmomanometry and finger arterial waveform registration in 

order to be certain that all subjects were at rest. DBP is slightly lower in supine position 

than in sitting position, whereas SBP is similar.31 If blood pressure is included in a first 

trimester prediction model for preeclampsia, position needs further evaluation. All 

women received usual obstetric care prenatal care and blood pressure used for our 
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clinical outcome was measured by conventional sphygmomanometry according to the 

international guidelines.

Both automated devices that are used in this study could help in designing prediction 

models for preeclampsia. However, ambulatory blood pressure measurement in 

pregnancy, as been shown earlier, is considered a burden.32;33 We could not obtain 

a complete registration in 18% of the women because of patient incompliance and 

technical difficulties. In contrast finger arterial pressure waveform registration only needs 

20 minutes for a complete registration and thus could be used in clinical practice more 

easily. 

Conclusion and impact for further research

Both automated devices used in this study are considered to be of help in designing 

prediction models for preeclampsia. Although our study was too small to find significant 

differences between the devices and conventional sphygmomanometry, finger arterial 

pressure waveform registration is potentially the most useful device in first trimester 

screening in pregnancy and needs further evaluation.
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