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A B S T R A C T

Objectives: In 2015, we showed the value of a remote monitoring (RM) follow-up program for women
diagnosed with gestational hypertensive disorders (GHDs) compared with women who received
conventional care (CC). We want to confirm or refute the conclusions drawn in 2015, by including data
from 2016.
Study design: A two year retrospective study in which all women diagnosed with GHD, who underwent
prenatal follow-up at the outpatients prenatal clinic of Ziekenhuis Oost-Limburg (Genk, Belgium) during
2015 and 2016, were included. Of the 320 women diagnosed with GHD, ninety (28.13%) were monitored
with RM. The other 230 (71.88%) GHD pregnancies were monitored with CC. Differences in continuous
and categorical variables in maternal demographics and characteristics were tested using Unpaired
Student’s two sampled t-test or Mann Whitney U test and the c2 test. Both a univariate and multivariate
analysis were performed for analyzing prenatal follow up and gestational outcomes. All statistical
analyses are done at nominal level a = 0.05.
Results: The RM group had more women diagnosed with gestational hypertension but less with pre-
eclampsia when compared to the CC group (69.77% versus 42.79% and 19.77% versus 44.19% respectively).
In both uni- and multivariate analyses, the RM group had, when compared to the CC group, less prenatal
admission (51.62% versus 71.63%), less prenatal admissions until the moment of the delivery (31.40%
versus 57.67%), less induced starts of the birth process (43.00% versus 32.09%), more spontaneous starts
of the birth process (32.86% versus 46.51%), more births after 37 weeks of gestational age in pregnancies
complicated with gestational hypertension (91.67% versus 53.33%) and pregnancies complicated with
pre-eclampsia (58.82% versus 53.33%). In multivariate analysis, a reduction in total number of prenatal
visits was visible in the RM group when compared to the CC group (b = �1.76; CI = �2.74–0.77). Only in
the univariate analysis was the mean gestational age at delivery between 34 and 37 weeks of gestation in
pregnancies complicated with gestational hypertension higher in the CC group versus the RM group
(35 w 4/7 (�0.49) versus 34 w 6/7 (�0.00).These conclusions were almost the same as in the analyses of
2015, except (1) there wasn’t a difference anymore in NICU admissions between the RM and CC group in
the analyses of 2015–2016 and (2) a significant decrease in total number of visits is reported in the RM
group in the dataset of 2015–2016, which wasn’t visible in the dataset of 2015.
Conclusions: This study demonstrates that RM provides opportunities to offer timely interventions to
pregnant women who require them.
© 2018 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Gestational hypertensive disorders (GHDs), including gesta-
tional hypertension and pre-eclampsia, are some of the leading
causes of maternal morbidity and mortality [1,2]. Gestational
hypertension is characterized by the new onset of hypertension
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(�140/90 mmHg systolic blood pressure or �100 mmHg diastolic
blood pressure) after 20 weeks of gestation. When this hyperten-
sion is combined with proteinuria (spot urine protein/creatinine
ratio �30 mg/mmol or �300 mg/day or at least 1 g/L on dipstick
testing), a diagnosis of pre-eclampsia is made [3]. The commonest
management strategy for GHD in Belgium is admission to a
prenatal observation unit for diagnostic and therapeutic follow-up
before the induction of labor or discharge. In severe cases,
premature birth is indicated [4].

As part of the Hasselt University and Limburg Clinical Research
Program (LCRP), Ziekenhuis Oost-Limburg (Genk, Belgium) initi-
ated a remote monitoring (RM) program in January 2015 for
women at risk of GHD. RM is a relatively new approach (dating
back to the early 1990s), which facilitates patient management at
home [5]. It can be broadly defined as the use of telecommunica-
tion technologies to facilitate the transmission of medical
information and services between health-care providers and
patients. The use of this two-way telecommunication technology,
multimedia, and computer networks to deliver or enhance the
delivery of health care is a growing trend internationally [6].

The first clinical results of RM in GHD, obtained retrospectively
during the year in which remote communication between hospital
doctors or midwives and pregnant women at home was technically
installed, were published in 2016 [7]. A second pilot project was
performed in which more patients were included in both the
prenatal RM follow-up program and in the conventional care (CC)
program during a study period of 2 years. In this paper, we report
the results of this RM program to confirm or refute the conclusions
of the analysis published in 2016.

Material and methods

Subjects

All women diagnosed with GHD who underwent prenatal
follow-up at the outpatients prenatal clinic of Ziekenhuis Oost-
Limburg (Genk, Belgium) during 2015 and 2016 were included.
Women received RM at the behest of the responsible obstetri-
cian because of their high-risk status or after discharge from the
prenatal observation ward. The criterion to initiate RM was GHD
at a gestational age of �10 weeks when intensive follow-up until
delivery was desirable. Women at a gestational age of <10
weeks, or women who did not give their informed consent
received CC.

Between January 1, 2015 and December 31, 2016, 4142 women
underwent (at least a part of) their prenatal care and/or delivery at
Ziekenhuis Oost-Limburg: 320 (7.73%) were diagnosed with GDH,
90 (28.13%) of whom received CC together with RM, and the
remaining 230 (71.86%) women with GHD did not receive RM, but
only CC.

Interventions in the RM group

Women consenting to RM received obstetric surveillance via a
wireless blood-pressure monitor, weight scale, and activity
tracker. Pregnant women participating in the prenatal RM
follow-up program were asked to make one blood-pressure
measurement in the morning and one in the evening and one
weight measurement weekly, and to wear the activity tracker
day and night until delivery or hospital admission. The blood-
pressure monitors which were used are CE-approved and comply
with the European regulations. These devices were clinically
validated in ZOL before given them to the women who used them
at home.

The data from the monitoring devices were transmitted to an
online dashboard developed by the Mobile Health Unit of the
University of Hasselt. Predetermined alarm signals were set. One
midwife was responsible for remote follow-up of all the
transmitted data at the online dashboard, by distinguishing
normal and alarm signals for systolic blood pressure > 140 mmHg,
diastolic blood pressure > 90 mmHg, and weight gain > 1 kg/day.
Alarm events were communicated to the obstetrician-in-charge to
discuss management options before the patient at home was
contacted and instructed. The types of interventions were: [1]
expectant management; [2] ambulatory blood sampling and 24 h
urine collection at home; [3] adjustment of antihypertensive
therapy and/or physical activity; [4] admission to the prenatal
ward; and [5] induction of labor. The therapeutic interventions
were based on local management strategies.

The Ziekenhuis Oost-Limburg Medical Ethics Committee
approved the study.

Maternal demographic factors

The maternal demographic factors and characteristics of the
patients in the RM group were collected at study entry. In the CC
group, these data were obtained by manual searches through the
electronic medical records.

Primary outcome: prenatal follow-up

The total number of prenatal consultations was measured from
the start of the pregnancy: ultrasound scans, cardiotocography,
admission to the prenatal ward, total days of hospitalization, and
the number of admissions until delivery. These data were collected
retrospectively from the electronic medical records after the
delivery of the women in both the RM and CC groups. These data
were checked with the hospital administration and/or billing
records.

Secondary outcome: delivery outcomes

The maternal parameters collected at birth were gestational age
at delivery, intended mode of delivery, and mode of delivery. The
neonatal outcomes collected were birth weight, Apgar score at
1 min and 5 min, and number of admissions to the NICU.

Statistical analysis

Differences in continuous and categorical variables in the
maternal demographic factors and characteristics were tested with
unpaired Student’s two-sample t test or the Mann–Whitney U test
and a c2 test. Both univariate and multivariate analyses were
performed to analyze the prenatal follow-up and gestational
outcomes. Beta coefficients and 95.0% confidence intervals were
calculated for the multivariate analysis. All statistical analyses are
performed with a nominal level of a = 0.05. The statistical analyses
were performed with SPSS release 24.0 (IBM1 SPSS1 Inc.,
Chicago, Illinois, USA).

Results

Participant demographics

Of the 4142 women who delivered in Ziekenhuis Oost-Limburg
in 2015 and 2016, 320 (7.73%) of them were diagnosed with GHD
and had prenatal care and/or gave birth at this hospital. Ninety
(28.13%) of the GHD pregnancies were monitored with RM. Of
these, four (1.25%) were excluded from the analysis because of
missing data, so 86 (26.86%) were eligible for analysis. The other
230 (71.88%) GHD pregnancies were monitored with CC. Of these,
15 (4.69%) women were excluded because of missing data, so 215



Fig. 1. Study population.
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(67.19%) were eligible for analysis. Fig. 1 shows the study
population in a flow chart.

Table 1 shows the maternal demographic factors and character-
istics of the women with GHD. In the RM group, there were more
women with immunological disorders (2/86 [2.30%] versus 2/215
[0.90%], respectively) and fewer smokers than in the CC group (2/
86 [2.30%] versus 23/215 [10.70%], respectively).

Prenatal follow-up: comparison of RM and CC

Data on the prenatal follow-up are shown in Table 2. In the
multivariate analysis, the total number of prenatal visits was lower
in the RM group than in the CC group (b = �1.76). The number of
prenatal admissions (44/86 [51.16%] versus 154/215 [71.63%],
respectively, b = –1.23) and prenatal admissions until delivery (27/
86 [31.40%] versus 124/215 [57.67%], respectively, b = –1.24) were
lower in the RM group than in the CC group in both the uni- and
multivariate analyses. In both the uni- and multivariate analysis,
Table 1
Maternal demographic factors and characteristics

Variable RM group (n = 86) 

Maternal age (years) 30.97 (�5.61) 

Pre-pregnancy weight (kg) 73.76 (�15.88) 

Height (cm) 165.54 (�6.46) 

BMI (kg/m2) 26.79 (�53.36) 

Primigravida (%) 52 (60.47%) 

Concomitant diseases (%)
- Cardiovascular disorders (%) 1 (1.16%) 

- Blood coagulation disorder (%) 2 (2.32%) 

- Endocrine disorders (%) 2 (2.32%) 

- Immunological disorders (%) 2 (2.32%) 

Smoking (%) 2 (2.32%) 

GA first visit (week) 10.51 (�6.11) 

RM = remote monitoring, CC = conventional care, GA = gestational age; data are means 
the prevalence of gestational hypertension was higher in the RM
group than in the CC group (60/86 [69.77%] versus 92/215 [42.79%],
b = 0.24), but the prevalence of pre-eclampsia was lower in the RM
group (17/86 [19.77%] versus 95/215 (44.19%], b = –0.23).

To investigate the influence of the maternal demographic
factors and characteristics on the prenatal follow-up, a multiple
linear regression analysis and multivariate logistic regression
analysis were performed. A detailed overview of these data is given
in Supplementary file I in the Supplementary Appendices.

Delivery outcomes: comparison of RM and CC

The delivery outcomes are shown in Tables 3–5. In both the uni-
and multivariable analyses in Table 3, the RM group showed a
higher number of spontaneous births than the CC group (43/86
[50.00%] versus 69/215 [32.09%], respectively, b = 0.86). The
number of inductions was also lower in the RM group than in the
CC group (28/86 [32.56%] versus 100/215 [46.51%], respectively, b =
CC groups (n = 215) Statistical significance (2 – tailed)

30.53 (�5.17) P = 0.25
77.57 (�18.87) P = 0.08
165.60 (�13.70) P = 0.24
28.38 (�6.67) P = 0.05
142 (66.05%) P = 0.33

4 (1.86%) P = 0.67
2 (0.93%) P = 0.34
14 (6.51%) P = 0.82
2 (0.93%) P = 0.04
23 (10.70%) P = 0.02
10.60 (�5.52) P = 0.58

(� SD) or percentages (numbers).



Table 2
Prenatal follow-up.

Variable Univariate analysis Multivariate analysis

RM group (n = 86) CC group (n = 215) p-value RM vs. no RM (Beta) 95.0% CI for Beta p-value

Total number prenatal visits (no.) 6.93 (�3.86) 7.62 (�3.33) P = 0.12 �1.76 �2.74 to 0.77 P < 0.01
CTG’s (no.) 2.23 (�1.96) 1.75 (� 1.64) P = 0.08 0.42 �0.13 to 0.96 P = 0.13
Echo’s (no.) 3.67 (�1.84) 3.49 (�1.76) P = 0.16 0.01 �0.53 to 0.56 P = 0.96
Prenatal admission (%) 44 (51.16%) 154 (71.63%) P < 0.01 �1.23 0.16–0.54 P < 0.01
Days hospitalized (no.) 5.14 (�7.41) 4.05 (�4.49) P = 0.88 1.18 �1.06 to 3.43 P = 0.30
Prenatal admission until delivery (%) 27 (31.40%) 124 (57.67%) P < 0.01 �1.24 0.16–0.53 P < 0.01
Gestational outcome (%):
- Essential hypertension 8 (9.30%) 19

(8.84%)
P = 0.90 0.005 �0.08 to 0.07 P = 0.90

- Gestational hypertension 60 (69.77%) 92 (42.79%) P < 0.01 0.24 0.15–0.39 P < 0.01
- Pre-eclampsia 17

(19.77%)
95 (44.19%) P < 0.01 �0.23 �0.36 to �0.12 P < 0.01

- HELLP 1 (1.16%) 9 (4.19%) P = 0.19 �0.08 �0.08 to 0.02 P = 0.19

CI = confidence interval, RM = remote monitoring, CC = conventional care, HELLP = hemolysis elevated liver enzymes and low platelets. Univariate analysis; data are means
(� SD) or percentages (numbers).

Table 3
Delivery outcomes.

Variable Univariate analysis Multivariate analysis

RM group (n = 86) CC group (n = 215) p-value RM vs. no RM (Beta) 95.0% CI for Beta p-value

GA delivery (week) 37.53 (�2.77) 36.77 (�3.64) P = 0.18 0.24 �0.64 to 1.13 P = 0.59
Start birth process (%):
- Spontaneous 43 (50.00%) 69 (32.09%) P < 0.01 0.86 1.31–4.23 P < 0.01

- Induction 28 (32.56%) 100 (46.51%) P < 0.01 �0.66 0.28–0.92 P < 0.01

- Primary cesarean section 15 (17.44%) 46 (21.40%) P = 0.44 �0.18 0.40–1.75 P = 0.63

Mode of delivery (%):
- Vaginal 55 (63.95%) 121 (56.28%) P = 0.22 0.17 0.66–2.13 P = 0.57

- Instrumental 4 (4.65%) 12 (5.58%) P = 0.75 0.001 0.27–3.75 P = 0.99

- Primary cesarean section 15 (17.44%) 46 (21.40%) P = 0.44 �0.18 0.40–1.75 P = 0.63

- Secondary cesarean section 10 (11.63%) 32 (14.88%) P = 0.46 �0.14 0.69–2.07 P = 0.76

Birthweight (g) 2988.62 (�745.97) 2843.67 (�919.44) P = 0.34 43.901 �191.97 to 279.77 P = 0.71
Apgar 1¢ 8.22 (�1.29) 8.05 (�1.36) P = 0.19 0.21 �0.17 to 0.59 P = 0.27
Apgar 5¢ 9.14 (�0.94) 9.10 (�0.90) P = 0.57 0.01 �0.24 to 0.27 P = 0.93
Admission NIC (%) 8 (9.30%) 36 (16.74%) P = 0.43 �0.23 0.41–1.54 P = 0.49

CI = confidence interval, RM = remote monitoring, CC = conventional care, GA = gestational age, NIC = neonatal intensive care. Univariate analysis; data are means (� SD) or
percentages (numbers).
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�0.66). In Table 4, both the uni- and multivariable analyses showed
in the RM group, versus CC group, more births after 37 weeks of
gestational age in pregnancies complicated with gestational
hypertension (91.67% [55/60] versus 53.33% [61/83], b = 0.26)
and pregnancies complicated with pre-eclampsia (58.82% [10/17]
versus 53.33% [40/75], b = 0.22). Only in the univariate analysis was
the mean gestational age at delivery between 34 and 37 weeks of
gestation in pregnancies complicated with gestational hyperten-
sion higher in the CC group versus the RM group (35 w 4/7 (�0.49)
versus 34 w 6/7 (� 0.00); p = 0.008) (Table 5)

To investigate the influence of the maternal demographic
factors and characteristics on the prenatal follow-up, a multiple
linear regression analysis and multivariate logistic regression
analysis were performed. A detailed overview of these data is given
in Supplementary file II in the Supplementary Appendices.

Comment

Principal results

We sought to confirm or refute the conclusions of a retrospec-
tive analysis of data from 2015. The findings of the present study
include a lower incidence of pre-eclampsia but an increased
incidence of gestational hypertension in the group of women on
the prenatal RM program than in the women who received CC.
Compared with the CC group, the women in the RM group had
fewer admissions to the prenatal ward and fewer hospitalizations
until the moment of delivery, more births after 37 weeks of
gestational age in pregnancies complicated with gestational
hypertension and pregnancies complicated with pre-eclampsia
in both uni- and multivariate analyses. The women in the RM group
also had fewer prenatal visits than the women in the CC group, but
only in the multivariate analysis. In both analyses, spontaneous
deliveries were more likely and inductions less likely in the RM
group than in the CC group. Only in the univariate analysis was the
mean gestational age at delivery between 34 and 37 weeks of
gestation in pregnancies complicated with gestational hyperten-
sion higher in the CC group versus the RM group.

Our conclusions are basically the same as the conclusions
drawn from the dataset of 2015. Only two distinctions can be
made: [1] the newborns of the women who received RM during
their pregnancies in 2015 were less likely to be admitted to the
NICU than the newborns of the women who received CC, and this
discrepancy is not evident in the 2015–2016 analysis; and [2] there



Table 4
Prevalence of gestational age by gestational hypertensive disorder.

Variable Univariate analysis Multivariable analysis

Remote monitoring group Conventional Care Statistical significance (2-tailed) RM vs. no RM (Beta) 95.0% CI for Beta P-value

Essential hypertension (n = 8) (n = 17)
<34 weeks GA 0 (0.00%) 2 (11.76%) P = 0.44 �0.07 �0.12–0.26 P = 0.45
34 weeks–37 weeks GA 1 (12.50%) 3 (17.65%) P = 0.50 �0.09 �0.35–0.18 P = 0.52
>37 weeks GA 7 (87.50%) 12 (70.59%) P = 0.88 0.01 0.08–0.09 P = 0.88

Gestational hypertension (n = 60) (n = 83)
<34 weeks GA 3 (5.00%) 6 (7.23%) P = 0.36 �0.16 �0.52–0.20 P = 0.37
34 weeks–37 weeks GA 2 (3.33%) 16 (19.28%) P = 0.65 �0.10 �0.35–0.55 P = 0.11
>37 weeks GA 55 (91.67%) 61 (73.49%) P < 0.01 0.26 �0.40–0.12 P < 0.01

Pre-eclampsia (n = 17) (n = 75)
<34 weeks GA 4 (23.53%) 18 (24.00%) P = 0.47 �0.14 �0.26–0.54 P = 0.48
34 weeks–37 weeks GA 3 (17.65%) 17 (22.67%) P = 0.85 �0.04 �0.50–0.41 P = 0.86
>37 weeks GA 10 (58.82%) 40 (53.33%) P = 0.01 0.22 0.10–0.35 P < 0.01

HELLP (n = 1) (n = 7)
<34 weeks GA 1 (100.00%) 2 (28.57%) P = 0.63 0.05 �0.29–0.18 P = 0.64
34 weeks–37 weeks GA 0 (0.00%) 1 (14.29%) P = 0.68 �0.03 �0.11–0.16 P = 0.69
>37 weeks GA 0 (0.00%) 4 (57.14%) P = 0.14 �0.03 �0.01–0.07 P = 0.14

GA = gestational age, HELLP = Hemolysis Elevated Liver enzymes and Low Platelets.
Data are mean (�SD) or percentage (number).

Table 5
Gestational age by gestational hypertensive disorder

Variable Univariate analysis Multivariable analysis

Remote monitoring group Conventional Care Statistical significance (2-tailed) RM vs. no RM (Beta) 95.0% CI for Beta P-value

Essential hypertension (n = 8) (n = 17)
<34 weeks GA / 31 w 1/7 (�7.07) / / / /
34 weeks–37 weeks GA / 36 w 3/7 (�1.15) / / / /
>37 weeks GA 38 w 6/7 (�1.07) 38 w 4/7 (�1.18) P = 0.89 0.53 �1.04 to 1.19 P = 0.89

Gestational hypertension (n = 60) (n = 83)
<34 weeks GA 31 w 3/7 (�2.08) 30 w 6/7 (�2.28) P = 0.84 0.33 �3.39 to 4.05 P = 0.84
34 weeks–37 weeks GA 34 w 6/7 (�0.00) 35 w 4/7 (�0.49) P = 0.008 �0.36 �1.57 to 0.14 P = 0.08
>37 weeks GA 38 w 6/7 (�1.09) 38 w 6/7 (�1.07) P = 0.46 �0.14 �0.54 to 0.25 P = 0.46

Pre-eclampsia (n = 17) (n = 75)
<34 weeks GA 30 w 4/7 (�3.30) 30 w 1/7 (�2.88) P = 0.75 0.52 �2.87 to 3.93 P = 0.07
34 weeks–37 weeks GA 34 w 6/7 (�1.00) 36 w 2/7 (�1.62) P = 0.18 �1.35 �3.41 to 0.70 P = 0.18
>37 weeks GA 38 w 1/7 (�1.31) 38 w 4/7 (�1.20) P = 0.36 �0.41 �1.26 to 0.44 P = 0.34

HELLP (n = 1) (n = 7)
<34 weeks GA / 33 w 6/7

(1.41)
/ / / /

34 weeks–37 weeks GA / / / / / /
>37 weeks GA / 37 w 4/7 (�1.00) / / / /

GA = gestational age, HELLP = Hemolysis Elevated Liver enzymes and Low Platelets.
Data are mean (� SD) or percentage (number).
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was no difference in the total number of prenatal visits between
the women of the RM and CC groups in 2015. In contrast, in the
present analysis, the women on the RM program had fewer
prenatal visits than the women who received CC.

Strengths and limitations

One of the major strengths of this study is its design: data were
collected over a study period of 2 years, and a retrospective design
was used. Many data were collected during this time on a prenatal
RM program for the follow-up of GHD, one of the commonest
pregnancy complications, although its prevalence is only 10% [8]. It
is hard to undertake a prospective investigation of this topic
because the prevalence of the disorder is often unpredictable. A
retrospective design may not be the first choice for a study, but it
was the best way to collect data on this topic over a period of 2
years. Another strength of our study is that ours is the only hospital
in the province of Limburg (Flanders, Belgium) with its own
prenatal ward. Pregnant women with an elevated risk of
developing GHD, or who develop this disorder unexpectedly
during their pregnancy, are referred to our hospital for further
follow-up. In this way, we have a lot of information about prenatal
follow-up in this patient population and our hospital has close
associations with the other hospitals in Limburg, so it is easy to
exchange missing data. Therefore, all the patients received
antenatal care in accordance with uniform local management
protocols and we had an almost complete dataset.

Our study also had three main limitations. First, by collecting
data retrospectively, we could not exclude selection bias. Second,
there were small differences in the maternal demographic factors
and characteristics. More women smoked during their pregnancy
and fewer women had immunological disorders in the CC group
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than in the RM group. Although a multivariate analysis showed
that these parameters did not influence our principal findings,
smoking during pregnancy has adverse outcomes, although a
reduced risk of developing of GHD in women who smoke has been
demonstrated in many studies [4,9]. There is insufficient or
conflicting evidence suggesting that immunological diseases
influence the development of GHD [10–13]. The last limitation is
that interference by family doctors or community midwives
cannot be excluded.

Comparisons with previous trials

The retrospective study of an RM prenatal follow-up program
for women with GHD, published in 2016, was to our knowledge the
first study to report the value of this technology in obstetrics. Since
the appearance of that publication, no new articles have been
published about the value of an RM prenatal follow-up program for
women with GHD. However, Marko et al. (2016) reported a
feasibility study of the use of a mobile phone app and connected
digital devices (weight scale and blood-pressure monitor) for
women at risk for adverse pregnancy outcomes. They concluded
that this system is feasible for prenatal care [13]. Several studies of
RM programs that assist nonpregnant patients with hypertension
to control their blood pressure have been reported. All of these
have concluded that home monitoring of blood pressure is a
reliable and promising method that can potentially contribute to
blood pressure reduction [14–18]. Based on this literature, RM has
already proven its utility for the management of hypertensive
disorders outside pregnancy. In our study, we have demonstrated
that RM also has value for hypertensive disorders during
pregnancy.

Possible explanations and recommendations for further research

A possible explanation of the differences in admission to the
prenatal observational ward and gestational outcomes observed in
this study is that pre-eclampsia can result from gestational
hypertension or essential hypertension [19–21]. RM makes it
possible for caregivers to see abnormal events in pregnant women
in their home contexts and to offer an intervention when necessary
to prevent the worsening of the disease. Several studies have
suggested that starting or adjusting an antihypertensive therapy
can reduce the risk of developing severe hypertension or pre-
eclampsia [22–25]. However, this is refuted by the study of Duley
(2011), who demonstrated that an antihypertensive therapy can
reduce the risk of severe hypertension, but not of pre-eclampsia
[26]. Further investigation of the value of an antihypertensive
therapy in preventing the exacerbation of GHD is recommended.

When pre-eclampsia is diagnosed, the only treatment that can
be used to prevent further complications is the induction of labor [
27]. More women were diagnosed with pre-eclampsia in the CC
group, than in the RM group. This could explain the higher rate of
inductions in the CC group. Gestational hypertension is not usually
a reason to induce labor, and expectant management until a
spontaneous labor is advised. This may explain the higher number
of spontaneous births in the RM group.

Fewer prenatal visits were also observed in the RM group than
in the CC group. Women with GHD who participated in the RM
prenatal follow-up program were no longer required to visit the
hospital in the prenatal period to monitor their blood pressure.
Blood pressure can be monitored at home, under the remote
supervision of a responsible caregiver. This new type of manage-
ment can be a useful tool for caregivers in that it allows them to
spend their time on pregnant women who really require their
attention. However, caregivers will require time to get used to this
type of management, which may explain why there was a
reduction in the total number of prenatal visits in 2016, but not
in 2015. Additionally, it would be interesting and valuable to
perform a cost-effectiveness study. When RM has a positive cost-
effectiveness rating, less-expensive care will improve gestational
outcomes.

To conclude, a qualitative investigation of maternal satisfaction
with the use of RM is recommended. A thorough qualitative
analysis will allow a comprehensive understanding of patient
satisfaction, and this information could be used to improve future
technological designs. This may allow interventions to be adjusted
to the target population and have positive effects on various
domains, including patient compliance and birth experience.

Source of funding

This study is part of the Limburg Clinical Research Program
(LCRP) UHasselt-–ZOL–Jessa, supported by the Foundation Lim-
burg Sterk Merk, the province of Limburg, the Flemish Govern-
ment, Hasselt University, Ziekenhuis Oost-Limburg, and Jessa
Hospital. This work was supported by Foundation Mustela
(Laureate 2016).

Conflict of interest

None.

Acknowledgments

We would like to thank the obstetricians and midwives of the
Department of Gynaecology at the Ziekenhuis Oost-Limburg and
the other hospitals participating in the PREMOM project (JESSA
Ziekenhuis, Hasselt; Sint-Franciskusziekenhuis, Heusden-Zolder;
Ziekenhuis Maas en Kempen, Bree; Mariaziekenhuis Noord-
Limburg, Overpelt; Sint Trudo, Sint Truiden; & AZ Vesalius,
Tongeren).

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.ejogrb.2018.02.015.

References

[1] Magro-Malosso ER, Saccone G, Di Tommaso M, Roman A, Berghella V. Exercise
during pregnancy and risk of gestational hypertensive disorders: a systematic
review and meta-analysis. Acta Obstet Gynecol Scand 2017;96(8):921–31.

[2] Magee LA, Pels A, Helewa M, Rey E, von DP. Canadian Hypertensive Disorders of
Pregnancy (HDP) Working Group Diagnosis, evaluation, and management of
the hypertensive disorders of pregnancy. Pregnancy Hypertens 2014;4(April
(2)):105–45.

[3] Tranquilli AL, Dekker G, Magee L, Roberts J, Sibai BM, Steyn W, et al. The
classification, diagnosis and management of the hypertensive disorders of
pregnancy: a revised statement from the ISSHP. Pregnancy Hypertens 2014;4
(2):97–104.

[4] Singh R. Hypertensive disorders in pregnancy. Clin Queries: Nephrol
2013;2:47–55.

[5] Cruz J, Brooks D, Marques A. Home telemonitoring in COPD: a systematic
review of methodologies and patients' adherence. Int J Med Inform 2014;83
(April (4)):249–63.

[6] Imelda N, Wendal P, Magann E. Telemedicine in obstetrics. Clin Obstet Gynecol
2013;56(3):422–33.

[7] Lanssens D, Vandenberk T, Smeets CJ, De Cannière H, Molenberghs G, Van
Moerbeke A, et al. Remote monitoring of hypertension diseases in pregnancy:
a pilot study. JMIR Mhealth Uhealth 2017;5(3):1–14.

[8] Magee LA, Pels A, Helewa M, Rey E, von DP. Canadian Hypertensive Disorders of
Pregnancy (HDP) Working Group Diagnosis, evaluation, and management of
the hypertensive disorders of pregnancy. Pregnancy Hypertens 2014;4(April
(2)):105–45.

[9] Gudnadóttir TA, Bateman BT, Hernádez-Díaz S, Luque-Fernandez MA,
Valdimarsdottir U, Zoega H. Body mass index, smoking and hypertensive
disorders during pregnancy: a population based case-control study. PLoS One
201611(3)e0152187.

https://doi.org/10.1016/j.ejogrb.2018.02.015
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0005
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0005
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0005
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0010
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0010
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0010
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0010
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0015
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0015
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0015
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0015
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0020
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0020
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0025
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0025
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0025
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0030
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0030
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0035
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0035
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0035
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0040
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0040
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0040
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0040
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0045
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0045
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0045
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0045


78 D. Lanssens et al. / European Journal of Obstetrics & Gynecology and Reproductive Biology 223 (2018) 72–78
[10] Reid SM, Middleton P, Cossich MC, Crowther CA, Bain E. Interventions for
clinical and subclinical hypothyroidism pre-pregnancy and during pregnancy.
Cochrane Database Syst Rev 2013(5) Cd007752.

[11] do Prado AD, Piovesan DM, Staub HL, Horta BL. Association of anticardiolipin
antibodies with preeclampsia: a systematic review and meta-analysis. Obstet
Gynecol 2010;116(6):1433–43.

[12] Smyth A, Oliveira GH, Lahr BD, Bailey KR, Norby SM, Garovic VD. A systematic
review and meta-analysis of pregnancy outcomes in patients with systemic
lupus erythematosus and lupus nephritis. Clin J Am Soc Nephrol CJASN 2010;5
(11):2060–8.

[13] Marko KI, Krapf JM. Testing the feasibility of remote patient monitoring in
prenatal care using a mobile app and connected devices: a prospective
observational trial. JMIR Res Protoc 2016;5(4):e200.

[14] Wijsman LW, Richard E. Evaluation of the use of home blood pressure
measurement using mobile phone-assisted technology: the iVitality proof-of-
principle study. JMIR Mhealth Uhealth 2016;4(2):e67.

[15] Milani RV, Lavie CJ, Bober RM, Milani AR, Ventura HO. Improving hypertension
control and patient engagement using digital tools. Am J Med 2017;130(1):14–
20.

[16] Li WW, Lai WS. The use of telemedicine interventions to improve hypertension
management among racial ethnic minorities: a systematic review. Hu Li Za Zhi
2016;63(4):25–34.

[17] Omboni S, Caserini M, Coronetti C. Telemedicine and M-Health in hyperten-
sion management: technologies, applications and clinical evidence. High
Blood Press Cardiovasc Prev 2016;23(3):187–96.
[18] Goldberg EM, Levy PD. New approaches to evaluating and monitoring blood
pressure. Curr Hypertens Rep 2016;18(6):49.

[19] Bramham KPB, Chappell LC. Chronic hypertension and pregnancy outcomes:
systematic review and meta-analysis. BMJ 2014;348:g2301.

[20] Berhan Y. No hypertensive disorder of pregnancy; no preeclampsia-eclampsia;
no gestational hypertension; No hellp syndrome. vascular disorder of
pregnancy speaks for all. Ethiop J Health Sci 2016;26(2):177–86.

[21] Kintiraki E, Papakatsika S, Kotronis G, Goulis DG, Kotsis V. Pregnancy-Induced
hypertension. Hormones (Athens) 2015;14(2):211–23.

[22] Abalos E, Duley L, Steyn DW. Antihypertensive drug therapy for mild to
moderate hypertension during pregnancy. Cochrane Database Syst Rev 2014
(2) CD002252.

[23] Costa ML. Preeclampsia reflections on how to counsel about preventing
recurrence. J Obstet Gynaecol Can 2015;37(October (10)):887–93.

[24] Klocek M, Czarnecka D. Hypertension during pregnancy—how to manage
effectively? Przegl Lek 2015;72(4):200–4.

[25] Jiang N, Liu Q, Liu L, Yang WW, Zeng Y. The effect of calcium channel blockers
on prevention of preeclampsia in pregnant women with chronic hypertension.
Clin Exp Obstet Gynecol 2015;42(1):79–81.

[26] Duley L. Pre-eclampsia, eclampsia, and hypertension. BMJ Clin Evid 2011;14
(February):2011.

[27] George EM. New approaches for managing preeclampsia: clues from clinical
and basic research. Clin Ther 2014;36(December (12)):1873–81.

http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0050
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0050
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0050
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0055
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0055
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0055
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0060
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0060
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0060
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0060
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0065
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0065
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0065
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0070
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0070
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0070
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0075
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0075
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0075
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0080
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0080
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0080
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0085
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0085
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0085
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0090
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0090
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0095
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0095
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0100
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0100
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0100
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0105
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0105
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0110
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0110
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0110
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0115
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0115
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0120
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0120
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0125
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0125
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0125
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0130
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0130
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0135
http://refhub.elsevier.com/S0301-2115(18)30071-X/sbref0135

	The impact of a remote monitoring program on the prenatal follow-up of women with gestational hypertensive disorders
	Introduction
	Material and methods
	Subjects
	Interventions in the RM group
	Maternal demographic factors
	Primary outcome: prenatal follow-up
	Secondary outcome: delivery outcomes
	Statistical analysis

	Results
	Participant demographics
	Prenatal follow-up: comparison of RM and CC
	Delivery outcomes: comparison of RM and CC

	Comment
	Principal results
	Strengths and limitations
	Comparisons with previous trials
	Possible explanations and recommendations for further research

	Source of funding
	Conflict of interest
	Acknowledgments
	Appendix A Supplementary data
	References


