P . 7
university of :7’%//4
groningen ?',,g’z,, University Medical Center Groningen

%

University of Groningen

Stillbirths preceded by reduced fetal movements are more frequently associated with
placental insufficiency

ter Kuile, Madeleine; Erwich, Jan Jaap H. M.; Heazell, Alexander E. P.

Published in:
Journal of Perinatal Medicine

DOV
10.1515/jpm-2021-0103

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2022

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):

ter Kuile, M., Erwich, J. J. H. M., & Heazell, A. E. P. (2022). Stillbirths preceded by reduced fetal
movements are more frequently associated with placental insufficiency: a retrospective cohort study.
Journal of Perinatal Medicine, 50(6), 668-677. https://doi.org/10.1515/jpm-2021-0103

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.


https://doi.org/10.1515/jpm-2021-0103
https://research.rug.nl/en/publications/cdcd5ef1-6b72-4c96-8562-bf4f63f5acbd
https://doi.org/10.1515/jpm-2021-0103

DE GRUYTER

J. Perinat. Med. 2021; aop a

Madeleine ter Kuile, Jan Jaap H.M. Erwich and Alexander E.P. Heazell*

Stillbirths preceded by reduced fetal movements
are more frequently associated with placental
insufficiency: a retrospective cohort study

https://doi.org/10.1515/jpm-2021-0103
Received March 3, 2021; accepted June 25, 2021;
published online July 15, 2021

Abstract

Objectives: Maternal report of reduced fetal movements
(RFM) is a means of identifying fetal compromise in preg-
nancy. In live births RFM is associated with altered
placental structure and function. Here, we explored asso-
ciations between RFM, pregnancy characteristics, and the
presence of placental abnormalities and fetal growth re-
striction (FGR) in cases of stillbirth.

Methods: A retrospective cohort study was carried outin a
single UK tertiary maternity unit. Cases were divided into
three groups: 109 women reporting RFM, 33 women with
absent fetal movements (AFM) and 159 who did not report
RFM before the diagnosis of stillbirth. Univariate and
multivariate logistic regression was used to determine as-
sociations between RFM/AFM, pregnancy characteristics,
placental insufficiency and the classification of the
stillbirth.

Results: AFM or RFM were reported prior to diagnosis of
stillbirth in 142 (47.2%) of cases. Pregnancies with RFM
prior to diagnosis of stillbirth were independently associ-
ated with placental insufficiency (Odds Ratio (OR) 2.79,
95% Confidence Interval (CI) 1.84, 5.04) and were less
frequently associated with maternal proteinuria (OR 0.16,
95% CI 0.07, 0.62) and previous pregnancy loss <24 weeks
(OR 0.20, 95% CI 0.07, 0.70). When combined, AFM and
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RFM were less frequently reported in twin pregnancies
ending in stillbirth and in intrapartum stillbirths.
Conclusions: The association between RFM and placental
insufficiency was confirmed in cases of stillbirth. This
provides further evidence that RFM is a symptom of
placental insufficiency. Therefore, investigation after RFM
should aim to identify placental dysfunction.

Keywords: absent fetal movement; decreased fetal move-
ment; perinatal mortality; placenta.

Introduction

Stillbirth is an extensive problem that receives little atten-
tion from worldwide initiatives [1]. Although only 2% of the
2.8 million stillbirths each year occur in high-income
countries (HICs), this still accounts for significant number
of deaths [2]. Stillbirth prevention is a major challenge;
despite efforts to reduce it, the stillbirth rate has only
decreased at 1.4% per year in the UK since 2000 [3]. In 2015,
the UK stillbirth rate (3.9 per 1,000 live births after 28 weeks’
gestation) was still in excess of the European average [3]. If
all HICs achieved a stillbirth rate comparable to the six best
performing countries it is estimated that over 20,000 still-
births could be prevented [3]. Therefore, further efforts for
improvement are needed.

Common causes of stillbirth in HICs include placental
pathologies which may be associated with fetal growth re-
striction (FGR), congenital and karyotype anomalies and
maternal medical diseases [4-6]. Placental abnormalities
were found to be causal or contributory in over 60% of still-
births [7]. A wide variety of maternal and fetal characteristics
are risk factors for stillbirth (e.g. obesity, advanced maternal
age, smoking, nulliparity, low socioeconomic status), several
of which are associated with altered placental structure or
function [8-10]. However, stillbirth often occurs in the
absence of recognised risk factors, 86% of stillbirths at or after
24 weeks gestation occurred in women with no risk factors in
the first trimester [11]. Although 14% of stillbirths are diag-
nosed at routine antenatal visits without antecedent signs
[12], in other cases women had symptoms and signs
including: antepartum haemorrhage, abdominal pain and
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hypertension, but most commonly, the perception of reduced
fetal movements (RFM) [12].

RFM is regarded as a marker of a vulnerable fetus, due
to its association with a variety of pregnancy complica-
tions, including: oligohydramnios, neuromuscular abnor-
malities, brain injuries, small for gestational age fetuses
(SGA) and FGR [13], and stillbirth [14, 15]. The proposed link
between RFM, FGR and stillbirth is supported by evidence
of placental dysfunction in women presenting with RFM
who go on to have a live birth [16—-18]. However, this finding
has not been investigated in women who had RFM who
went on to have a stillbirth.

Presently, there is a need to improve the prediction of
stillbirth and FGR following RFM. As RFM when used alone
has a low positive predictive value for adverse outcome,
additional testing is required, which ideally has high
sensitivity and specificity. A better understanding of the
associations between RFM, stillbirth and placental
dysfunction could assist in better understanding of un-
derlying pathology and recommend investigations after
RFM. This study aimed to determine whether the frequency
of placental insufficiency and other characteristics differed
in stillbirths preceded by RFM compared to those with
normal movements.

Pre-existing perinatal
database (n = 619)

Excluded
Neonatal deaths (n = 232)
y TOPs (n =44)

Intrapartum and antenatal
fetal deaths (n=343)

Patient notes viewed

Excluded (n = 42)
Duplicate cases (n = 20)
Additional TOPs (n = 16)
Neonatal death (n=1)

(n=301)
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Women with absent or
reduced fetal movements
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Materials and methods

This retrospective cohort study was conducted using a database of
perinatal deaths at a single tertiary maternity unit in the UK. As this
analysis used anonymised routinely collected data, approval from a
Research Ethics Committee was not required. The database contained
all perinatal deaths at the institution from 2010 to 2017. Women who
had perinatal deaths were not necessarily at risk a priori; thus low-risk
as well as high-risk pregnancies that ended in stillbirth were included.
Patient information regarding the stillbirths was incorporated into a
spreadsheet database (Microsoft Excel). The original database con-
sisted of 619 cases (Figure 1); duplicate cases, neonatal deaths and
terminations of pregnancy for fetal abnormality were excluded
resulting in 343 antepartum and intrapartum stillbirths. There was
initially no patient exclusion based on maternal age, twin pregnancy
or fetal congenital abnormalities. The UK definition of stillbirth was
used, thus all fetal deaths before the gestational age of 24 weeks were
excluded, as were babies known to have died before 24 weeks [19].
Following these exclusions 301 cases met the inclusion criteria.
Participants in the study were divided into two groups based on
whether they reported reduced or absent fetal movements shortly
before the stillbirth was diagnosed or not (Figure 1). The group which
described no evidence of an altered perception of fetal movements
included women whose patient notes contained a confirmation of
normal movements and women whose notes did not disclose any
information specifically about an altered movement pattern. When
women had an episode of RFM earlier in the pregnancy, but

Vv

Absent fetal
movements (n = 33)

Reduced fetal
movements (n = 109)

v Fetal death before 24t week
- . (@=5)
Eligible to participate

Controls (n =159)
Women with no evidence of
reduced fetal movements

Figure 1: Patient recruitment and study

design. TOP=termination of pregnancy.
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experienced normal fetal movements after that up until the stillbirth,
they were allocated to the normal fetal movement group.

A range of variables regarding pregnancy and investigations after
birth were recorded; these were chosen based on their potential rela-
tionship to either stillbirth or RFM (e.g. maternal age, body mass index
(BMI), parity, previous pregnancy loss <24 weeks, ethnicity, smoking,
maximum blood pressure, diabetes, birthweight and placental weight
centile). Data were collected whether the stillbirth was antepartum or
intrapartum and classified according the ReCoDe system [4]. “Placental
insufficiency” was defined as evidence of significant placental lesion(s)
on pathological examination, such lesions included placental abruption,
infarction, maternal vascular malperfusion, fetal vascular malperfusion,
villous maturation disorders, inflammatory disorders and placental hy-
poplasia [20]. The significance of the placental lesions was determined by
a multidisciplinary team reviewing the case.

For analysis, maternal ethnicity was clustered into four groups:
European, Asian, African or other origin. For the calculation of
birthweight centiles, the specific ethnic group of the individual mother
was used. Pregnancy induced hypertension was defined as a systolic
BP =140 mmHg or a diastolic BP 290 mmHg or a mean arterial pressure
(MAP) of 2105 mmHg or higher [21]. Women were considered to have
diabetes if they had a history of diabetes, positive oral glucose toler-
ance test, a random blood glucose >11.1 mmol L™! or an HbA,. >5.8%.

Statistical analysis

Statistical analysis was performed using SPSS Statistics (Version 22,
IBM). First, absent (AFM) or reduced fetal movements (RFM) was
compared to those with ‘no evidence’ of abnormal fetal activity. Indi-
vidual variables were analysed separately to identify significant factors to

Ethnicity

Diabetes

ke i e — N\ W
Socioeconomic_Status —————3 SGA_fetus
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incorporate into a logistic regression model. The normality of continuous
data was checked both visually using histograms, and statistically using
Kolmogorov—Smirnov test. Most variables were not normally distributed;
thus the Mann Whitney U test was used for continuous variables. Cate-
gorical data were analysed using the Chi square test or Fisher’s exact test.
Statistical significance was set at a p-value <0.05. For both categorical
and continuous data, the Bonferroni correction was applied to adjust for
the alpha inflation. Factors which are known to be associated with
stillbirth or RFM were identified from the analysis were incorporated into
a directed acyclic graph (Figure 2) which was used to identify the minimal
adjusted data set required for multivariate regression using Dagitty
(Version 2.3, Institute for Computing and Information Sciences, Radboud
University Nijmegen). Due to the need for appropriate group sizes and the
different pattern of associations between AFM and RFM, only RFM was
compared to women with no evidence of abnormal fetal activity in the
regression model. A sample size calculation using placental insufficiency
as the primary outcome measure demonstrated that at least 96 cases were
needed in each group to have 80% power to detect a difference of 20% in
placental insufficiency with two-sided p-value of 0.05.

Results

The cohort of 301 cases of stillbirth included 142 women
(47.2%, 95% confidence interval 46.1-52.8%) which pre-
sented with AFM or RFM and 159 (52.8%) who had no evi-
dence of abnormal fetal activity; 109 women had RFM and
33 reported AFM. The maternal characteristics of the par-
ticipants are shown in Table 1. Women presenting with

Prior_Pregnancy_Loss
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Figure 2: Directed acyclic graph showing relationship of potential interactions between different factors which may affect the association
between reduced fetal movements (exposure) and placental insufficiency (outcome). Unmeasured factors are shown in grey oval, measured
factors are shown in red boxes. This identified that the minimum variables required for adjustment for covariates was body mass index,
smoking status, gestation, number of pregnancies and the frequency of small for gestational age infants.
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RFM had a lower gravidity than women with no evidence of
RFM. Parity showed a trend to be lower amongst RFM
women, although this was not statistically significant
(p=0.11). No significant relationship between RFM and age,
BMI, ethnicity, blood group, presence of rhesus D antigen
or consanguinity was found (Table 1 and Supplementary
Table 1).

Medical and pregnancy-related characteristics are
presented in Table 2. Women with a stillbirth of at least one
baby of a twin pregnancy reported AFM or RFM less
frequently (0 and 2.8% respectively) than women with no
evidence of RFM (8.8%). Women with AFM or RFM had a
lower systolic, diastolic and mean arterial blood pressure
and a lower proportion of hypertension (10.0 and 19.4%
respectively) than the group with no evidence of reduced
movement (31.2%). A higher proportion of women with no
evidence of RFM had significant proteinuria. There was no
significant difference in gestational age, frequency of IVF
pregnancies, smoking, alcohol, drugs and diabetes be-
tween the different groups.

A lower proportion of intrapartum stillbirths was
found in women with AFM and RFM group as opposed to
those with no evidence of abnormal fetal activity although
due to the small numbers of intrapartum stillbirths this was
not statistically significant (3.0 and 2.8% vs. 8.8%, Ta-
ble 3). No significant difference was found for gender,
birthweight, birthweight centile, placental weight and
feto:placental weight ratio (absolute values and centiles).
The ReCoDe classification differed between RFM and those
with and no evidence of RFM. Women that presented with
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RFM showed a higher proportion of stillbirths due to
placental insufficiency (51.2 vs. 38.4% in no evidence of
RFM). However, the proportion of FGR and other placental
conditions (e.g. placental abruption) combined showed no
significant difference between the groups.

The association between different variables and RFM
were analysed by univariate and multivariate regression
informed by the DAG (Table 4). This analysis was limited
to singleton pregnancies as twin pregnancies were not
associated with RFM. Only placental insufficiency was
independently associated with RFM (adjusted OR (aOR)
2.76, 95% CI 1.45, 5.26; p<0.001). More than two previous
pregnancy losses before 24 weeks (aOR 0.27, 95% CI
0.08, 0.92; p=0.04) and proteinuria >2 + (aOR 0.16, 95%
CI 0.08, 0.85; p=0.03) were less frequently seen in
women who experienced RFM. As there was an interac-
tion between hypertension and proteinuria, hyperten-
sion was not independently reduced in women with
RFM. None of the additional variables had a significant
association with RFM.

Discussion

In this retrospective study, cases of stillbirth were investi-
gated to identify associations with RFM. The main finding
was the confirmation of the relationship between RFM and
placental insufficiency in this population. Furthermore,
women with RFM prior to their stillbirth were significantly
less likely to have significant proteinuria and previous

Table 1: Demographic characteristics of women who had a fetal death in utero divided by whether there was absent (AFM) or reduced fetal
movements (RFM) or no evidence of absent or reduced fetal movements (ARFM).

Maternal characteristic AFM (n=33) RFM (n=109) No evidence p-Value AFM vs. no p-Value RFM vs.
of ARFM (n=159) evidence no evidence
Age, years (range) 29(19-42) 29(16-41) 30(14-46) 0.85 0.46
BMI, kg/m2 (range) 27(21-40) 25(18-47) 26(17-63) 0.50 0.31
Gravidity (IQR) 3(2-4) 2(1-3) 3(1-4) 0.82 0.006
Parity (IQR) 1(1-2) 0(0-2) 1(0-2) 0.38 0.11
Previous pregnancies 0(0-2) 0(0-5) 0(0-8) 1.00 0.06
<24 weeks? (range)
Ethnicity, n, % European 17(51.5%) 57(52.3%) 74(46.5%) 0.74 0.74
African 8(24.2%) 15(13.8%) 29(18.2%)
Asian 5(15.2%) 27(24.8%) 41(25.8%)
Other 3(9.1%) 10(9.2%) 15(9.4%)
Smoking, n, % 5(15.2%) 17(15.6%) 38(24.1%) 0.36 0.12
Unknown - - 1 - -
Alcohol, n, % - 3(2.5%) 4(2.5%) 1.00 1.00
Unknown - 1 1 - -
Drugs, n, % - 1(0.9%) 3(1.9%) 1.00 1.00
Unknown - - 1 - -

IQR, interquartile range. ®Includes termination of pregnancy and spontaneous miscarriages.
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Table 2: Maternal medical characteristics of women who had a fetal death in utero divided by whether there was absent (AFM) or reduced fetal
movements (RFM) or no evidence of absent or reduced fetal movements (ARFM).

Characteristic AFM (n=33) RFM (n=109) No evidence of ARFM p-Value AFM vs. no p-Value RFM vs. no
(n=159) evidence evidence

Gestational age in days at birth 238(187- 242(195-266) 233(191-262) 0.39 0.33

(1QR) 276)

Gestation grouped, n, %

Early (<27 weeks) 9(27.3%) 27(24.8%) 46(28.9%) 0.35 0.65

Late (27-38 weeks) 10(30.3%) 44(40.4%) 65(40.9%)

Late-term (>38 weeks) 14(42.4%) 38(34.9%) 48(30.2%)

IVF pregnancy, n, % 1(3.0%) - 7(4.4%) 1.00 0.09

Twin pregnancy, n, % 0(0.0%) 4(3.7%) 14(8.8%) 0.26 0.28

Max BP systolic (IQR) 120(110- 120(110-130) 123(112-142) 0.20 0.06

130)

Max BP diastolic (IQR) 70(64-80) 70(64-82) 75(65-89) 0.10 0.07

Mean arterial pressure (IQR) 87(80-93) 89(80-97) 91(83-107) 0.14 0.06

Hypertension, n, %° 3(10.0%) 21(19.4%) 49(31.2%) 0.05 0.07

Unknown 3 1 2 - -

OGTT 2h, glucose level 6.0(4.9-7.1) 5.5(5.0-6.3) 6.0(4.8-6.7) 0.75 0.45

in mmol L™ (IQR)

Diabetes, n, %P 3(11.5%) 7(7.6%) 13(12.9%) 0.86 0.23

Unknown 7 17 58 - N

Maximum proteinuria, n, %

No 17(56.7%) 65(69.1%) 83(58.5%) 0.83 0.04

Trace 4(13.3%) 13(13.8%) 17(12.0%)

1+ 3(10.0%) 10(10.6%) 9(6.3%)

2+ 4(13.3%) 3(3.2%) 8(5.6%)

3+ - 1(1.1%) 9(6.3%)

4+ 2(6.7%) 2(2.1%) 16(11.3%)

Unknown 3 15 17

*Hypertension based on highest measure during antenatal visits: systolic >140 mm Hg, diastolic >90 mm Hg or mean arterial pressure
(MAP) >105 mm Hg. ®Diabetes was defined as any of the following: known diabetes mellitus type 1 or 2, a fasting plasma glucose

level >5.6 mmol/L during pregnancy, a 2-h plasma glucose level of >7.8 mmol/L after OGTT in pregnancy, a random glucose >11.1 mmol/lin
pregnancy or a plasma HbA1lc >5.8% shortly after birth. IQR, interquartile range.

pregnancy losses <24 weeks compared to women who did
not have any evidence of RFM.

This is the first study to investigate the relationship
between RFM and factors including placental insufficiency
specifically in stillbirths, as opposed to studies that
compared stillbirths to live births or investigated live births
only [16, 17, 22]. As all stillbirths in the unit were included in
the database, and many different variables were assessed,
this study offered a realistic representation of the current
situation and known confounding variables were unlikely
to be missed. The calculation of individual percentiles for
birthweight, placental weight and feto:placental weight
ratio facilitated comparisons between different groups
avoided potential effects of gestational age [23, 24]. As
often with retrospective studies using clinically derived
data, necessary data were not always available for all

cases. Efforts were made to find missing values to achieve a
complete database, but if variables were still missing the
incomplete cases were not used in the analysis. Critically,
the classification of AFM, RFM or normal movements
depended on both personal interpretation of the mothers’
description of fetal movements and later, the interpretation
of these descriptions from the patient notes. Thus, cases of
AFM could be recorded as RFM or the other way around,
which may have led to misclassification. However, the
proportion of stillbirths with RFM was only slightly lower
than a previous study (47.2 vs. 54.7%) [12]. Differences in
the proportion of RFM may be due to changes in maternal
education or in the way this information is recorded in
maternal case notes.

Interestingly, the results of the AFM and RFM group
appeared to be divergent, which suggests that the



DE GRUYTER

ter Kuile et al.: Reduced fetal movements in stillbirths

6

Jayjow :4 dnoig

%0°0)0 (%6°0)T (%0°0)0 (%2°0)T ayio
(%9°0)T (%0°0)0 (%0°0)0 (%0°0)0 sojuweipAyhjod
(%E°1)T (%6°0)T (%0°0)0 (%2°0)T sijuojuweonoy)
pinjj d130luwe :g Q:o_w
(%S QY (%Z7T)91 (%1°9)C (%L T1)81 Aouadyynsul jejuadeld 1ayio
(%1°01)91 (%8°1)C (%0°9)1 (CAN4]I ondniqy
ejuadeyd :) dnoig
(%9°0)T (%6°0)T (%0°9)1 (%' 1)C jowy Jo dooj SundiIsuo)
(%9°0)T (%0°0)0 (%0°0)0 (%0°0)0 asdejold
pi0d jesniqun :g Q:ohw
(%S 07 (%8°1)C (%0°0)0 (%Y 1)C SEL e}
(%1°T17).9 (%S 617)7S (%S°S1)ST (%9°8%)69 uo11211S3l YImoi3 |e1a4
(%9°0)1 (%6°0)1 (%0°0)0 (%Z°0)T uoisnysuel) uiml-uim|
(%9°0)T (%0°0)0 (%0°0)0 (%0°0)0 adeyliowaey jeulalewola,
(%9°0)T (%6°0)T (%0°0)0 (%2°0)T sdoipAy sunwwi-uoN
(%6°9)T1 (%8°'T)T (%1°6)€ (%S°€)s uo1BuUl AINIY
(%9°0)T (%0°0)0 (%0°0)0 (%0°0)0 uomdayu|
1000 76°0 200°0 (%Z2°0T).1 (%9°%)s (%C°ST)S (%0°2)0T Alewoue jejuasuod jeyia
snj9y 1y dnoin
(%) U ‘(uonedyisse)d 2qo)ay) asned yuigns
(%8'8)71 (%8°0)¢ (%0°€)T (%8 0¥ wnyedenu|
%1°0 %9°0 500 (%T'16)SHT (%C°26)90T (%0°26)TE (%TL6)8ET wnyedajuy
% ‘U ‘YMIgnns Jo adAL
(¥01) a113u8d
/10 S9°0 0z°0 (€£86-1°15)6°06 (£°66-569)2'16 (0°66-1'89)T°C6 (£'66-9°65)8'16 o1jes JySiam jejuade)d:0394
(™o
90°0 8%7°0 £0°0 (6°9-8'€)9°S (£ 2-%'%)0"9 (€°2-9°€)0"9 (§°2-€%)0'9 o1jes JySiam jejuade)d:01a4
15°0 120 020 (Ty1-€0)0°€ @r1-¢owe (1'S1-€0)TY (6°11-€°0)9°C (¥OI) @11u82 1ySiam Jeuddeld
€20 9¢'0 81°0 (76£-881)08¢ (00v-012)00€  (097-981)7ZE  (£1%-007)10€ (4O1) yS1am ejuddeld
80'0 1T°0 90°0 (0'z€-0'0)6'C (8'ce-€0)T’s (P'zz-01)02 (T9t-70)L°s (¥O1) 211uad WySeMyUIg
(099t (948 (TVA4
o 61°0 80°0 (0T£‘T-0859)00S°T -088)0S61 -$16)095°T -006)688°T (4O1) WSemyrig
(%E°T)T - (%0°€)T (%2°0)T djeujwidlepu|
(%8°7%)89 (%L 2%)Ts (%Y Ty (%5°9%)99 dews4
6€'0 9.0 %2°0 (%0°95)68 (%€°T9)LS (%S°75)81 (%8°25)9. alew
lapusn
3JUIPIAS 3JUIPIAS 3JUIPIAS (651=U) (z¢h71=U)
ou 'sA Wiy anjeA-d  ousA Wiy ameA-d  ou ‘sA WidY anjeA-d  W4Y 10 WiV JO udpIAd ON  (60T=u) WY (e€=u) Wiv W4y 10 WiV JlsuL)IeIRY) |B)8y

*(40I) sasuel aj13ienbialul 10 saSuel Y}Im sueipaw Se pajuasaldal aie sajqelieA SNONUIUOY "SIIISLIdIIRIRYD |B19) JO SISAjRUR |RIIISIIR]S € d)qe)



ter Kuile et al.: Reduced fetal movements in stillbirths

DE GRUYTER

"uoneIYISSe)I 9q0J3Y 03 SUIPI0IIL YUIGIIHS JO SISNBI BY3 JO 3UO SY, “AdueuSald ul aseasip ansusnadAy = dQH, "/3p40 UOIIBIYISSE]D 3J0)3Y Ul 9SNed Paisl] 1s.y YL,

040 68°0 S9°0 (%C L17)SL (%5°09)S6 (%5°8%7)91 (%0°09)TZ 5(%) U “(311ud2 Y101>) Y94
%€°0 050 6%7°0 (%9°15)Z8 (%9°09)99 (%Y 6€)ET (%9°59)6Z »% ‘U ‘asned jeyuade)d Auy
200°0 00T 800°0 (%¥7'8€)19 (%9°65)59 (%Y'9€)TT (%C'19)LL LAouapynsur jejusdeld
(%6°T)E (%0°0)0 (%0°0)0 (%0°0)0 d]qe|leAe uojjewlojul oN
(%¥%°6)ST (%E°61)TT (%C°ST)S (%€°81)9C 9]qe|leAe UOI}IPUOD JURAdI3I ON
payisseppun :| dnoig
(%8°€)9 (%0°0)0 (%0°0)0 (%0°0)0 eixAydsy
wnyedesjul :9 dnoig
(%9°0)T (%6°0)T (%0°0)0 (%2°0)T By
(%0°0)0 (%6'0)T (%0°0)0 (%2'0)T asnsiw Snig
(%6°'1)€ (%0°0)0 (%0°0)0 (%0°0)0 qdQH
(%6°T)€E (%0°0)0 (%0°€)T (%2°0)T sajaqelq

9JUdPIAD 9JUIPIAD 3JUIPIAD (651=U) (e¢hr1=U)
ou ‘SA W4y anjeA-d  ou 'sA W4y anjeA-d  ou “SA W4yV anjeA-d  W4Y 10 WY Jo 3JudpIAd ON  (60T=U) WHY (e€=u) Wiv W4Y 10 WiV JpIsueIRIRYD |B)R4

(panupuod) :g 3yqer



8 —— terKuile et al.: Reduced fetal movements in stillbirths

DE GRUYTER

Table 4. Logistic regression of factors associated with in women with singleton stillbirths stillbirth associated with RFM. Multivariable model
adjusted for body mass index, cigarette smoking, gestation, history of prior pregnancy loss and a small for gestational age fetus in addition to

the variables shown in the table.

Univariate logistic regression  Multivariate logistic regression

Characteristic

RFM

No evidence

0dds ratio (95% Cl), p-Value

0dds ratio (95% Cl), p-Value

Gravidity, n, %

1

2

>3

Previous pregnancy loss <24 weeks, n, %
0

1

>2

Hypertension in pregnancy, n, %*

No

Yes

Proteinuria, n, %

1+or less

2+ or more

Interaction of hypertension x proteinuria
Hypertension and no or trace proteinuria
Hypertension and 1+ proteinuria
Hypertension and >2+ proteinuria
Placental insufficiency, n, %

No

Yes

n=109
48(44.0%)
23(21.1%)
38(34.9%)
n=109
79(72.5%)
24(22.0%)
6(5.5%)
n=108
87(79.8%)
21(20.2%)
n=94
88(93.6%)
6(6.4%)
n=104
98(94.2%)
2(1.9%)
4(3.8%)
n=109
44(40.4%)
65(59.6%)

n=159
49(30.8%)
30(18.9%)
80(50.3%)
n=159
101(63.5%)
25(15.7%)
33(20.8%)
n=157
108(68.8%)
49(31.2%)
n=142
109(76.8%)
33(23.2%)
n=152
123(80.9%)
4(2.6%)
25(24.0%)
n=159
98(61.6%)
61(38.4%)

Reference
0.78(0.40, 1.54), 0.48
0.49(0.28, 0.84), 0.01

Reference
1.23(0.65, 2.31), 0.53
0.23 (0.09, 0.58), 0.002

Reference
0.44(0.240, 0.81), p=0.008

Reference
0.23(0.09, 0.56), 0.001

Reference
0.29(0.09, 2.64), p=0.27
0.19(0.07, 0.58), p=0.003

Reference
2.28(1.36, 3.80), p=0.002

Reference
1.27(0.0.51, 3.09), p=0.60
0.88(0.39, 2.02), p=0.78

Reference
1.42 (0.0.58, 3.46); p=0.45
0.29 (0.08, 0.97),p=0.04

Reference
0.54(0.23, 1.27), p=0.16

Reference
0.0.27(0.08, 0.89), p=0.03

Reference®
0.26(0.03-2.68), p=0.26"
0.20(0.06, 0.62), p=0.006°

Reference
3.15(1.57, 6.32), p=0.002

Hypertension defined as maximum blood pressure >140/90 mmHg or MAP >105 mmHg. "Multivariate regression for the combined variable did

not include hypertension and proteinuria due to co-linearity.

diagnostic value of reported RFM and AFM is not the same.
Further research needs to be carried out to identify the
reasons behind these findings. Possible causes for the
variances between the two groups would be that AFM oc-
curs after the fetus has already died, or after a sudden
cause of death (e.g. cord occlusion) or the movements had
been absent during the whole pregnancy. Therefore, the
proposed mechanism of fetal adaptation as a reaction to
insufficient metabolic supply would not apply in the case
of AFM [25].

Importantly, the causes of stillbirth were not solely
classified based upon post mortem examinations or his-
topathological examination of the placenta, but were
determined using a multidisciplinary approach which led
to the assignation of one or more conditions according to
the ReCoDe classification and maternal history of fetal
activity was not taken into account when these decisions
were made. Therefore, there was a low risk of classification
bias in this study.

The significant relationship between RFM and
placental insufficiency mirrors that seen in livebirths
[16, 17]. This provides additional support for the hypothesis
that RFM is a symptom of placental insufficiency leading to
decreased nutrient or oxygen support and the fetus

conserving energy as a result. However, FGR was not found
to be significantly associated with RFM. This may reflect
that the classification of FGR was based on birthweight
centile, and there might have been FGR stillbirths that were
not below the 10th centile. In such cases placental histo-
pathology probably offers more reliable information about
the cause of stillbirth than birthweight alone. Another
possible explanation for the lack of association between
FGR and RFM in this sample, is that placental insufficiency
occurred later in pregnancy when primary adaptation
(reduced fetal growth) would be not as evident when the
baby died, which is consistent with the trend towards
higher fetal:placental weight ratio in RFM (6.0 vs. 5.6,
p=0.06).

Both increased proteinuria and hypertension were
found less often in women with RFM in univariate analysis.
Blood pressure of women with RFM was on average
4 mmHg lower than women with no evidence of RFM.
Arguably the difference in overt hypertensive disease
(2140/90 mmHg) was more interesting. However, this does
not appear to be an independent association with RFM as
the effect was not significant following multivariate
regression. This may be due to its correlation with pro-
teinuria, which may reflect preeclampsia. Although
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preeclampsia can be associated with some types of
placental insufficiency, this study showed that RFM was
negatively associated with signs of preeclampsia, this may
be due to additional antenatal checks and fetal monitoring
identifying compromise in cases of preeclampsia.

This study found that absent and RFM occurred more
often in antepartum stillbirths. One study found that in 8%
of stillbirths contractions were misinterpreted as fetal
movements [26]. This means that women with intrapartum
stillbirths possibly had RFM, but did not recognise this as
such. This phenomenon was addressed as a confounding
factor in this study due to limited information in these
cases. However, as there were only 18 intrapartum still-
births (6%) in the study, of which 14 (4.7%) felt normal
movements, possible misinterpretations were unlikely to
significantly influence the results.

This study also showed that AFM and RFM occur less in
twin pregnancies. Potential explanations for this observa-
tion is that twin fetuses move less than singletons [27], that
movements between twins are usually asynchronous and
as the survivor keeps moving this makes it difficult for the
mother to identify a reduction in movements. This merits
further exploration in specific studies of fetal movements
in multiple pregnancies.

Although this study found a relationship between
placental insufficiency and RFM in cases of stillbirth,
specific causes of placental insufficiency were not inves-
tigated. In a previous study of livebirths, it was shown that
RFM is associated with a greater area with signs of infarc-
tion, a higher density of syncytial knots which is consistent
with maternal vascular malperfusion [17]. Future studies
could determine whether specific placental or fetal condi-
tions are associated with RFM. This could identify under-
lying pathologic processes which would enable specific
testing to be instituted to identify fetal compromise.
Another suggestion for future work would be the effect of
recurrent RFM. In this study, only cases with RFM shortly
before birth were used. The prognostic value of a reduction
in movement earlier in the pregnancy, which apparently
does not immediately lead to fetal death, still needs to be
investigated. It would be interesting to investigate if a
higher frequency of RFM in pregnancy is associated with a
greater degree of placental pathology.

Efforts are needed to reduce stillbirth in high-income
countries. Maternal perception of fetal movements is a simple
and adequate way to confirm fetal viability and if reduced,
recognise increased risk of fetal compromise. However, the
recently reported AFFIRM study found that a combination of
information about fetal movements and standardised man-
agement (including induction of labour from 37 weeks’
gestation) did not give the anticipated 30% reduction in

ter Kuile et al.: Reduced fetal movements in stillbirths =— 9

stillbirth [28]. One possibility raised in an editorial was that
the study was underpowered [29]. Our study, which found
that just under half of stillbirths had ARFM, means that the
intervention would have had to reduce stillbirths in this
group by over 60% to achieve this degree of reduction. Thus,
directing intervention after RFM to focus on women with
objective evidence of placental insufficiency or fetal
compromise may be more appropriate; this is currently being
explored by a multicentre pilot study [30].
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