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Abstract

Background: Stillbirth after 28 weeks gestation affects between 1.3-8.8 per 1000 births in high-income countries.
The majority of stillbirths in this setting occur in women without established risk factors. Identification of risk factors
which could be identified and managed in pregnancy is a priority in stillbirth prevention research. This study aimed
to evaluate women'’s experiences of fetal movements and how these relate to stillbirth.

Methods: An international internet-based case—control study of women who had a stillbirth 228 weeks' gestation
within 30 days prior to completing the survey (n = 153) and women with an ongoing pregnancy or a live born
child (n = 480). The online questionnaire was developed with parent stakeholder organizations using a mixture of
categorical and open-ended responses and Likert scales. Univariate and multiple logistic regression was used to
determine crude (unadjusted) and adjusted odds ratios (aOR) with 95% confidence intervals (Cl). Summative

content analysis was used to analyse free text responses.

Results: Women whose pregnancy ended in stillbirth were less likely to check fetal movements (@OR 0.54, 95% Cl 0.35-
0.83) and were less likely to be told to do so by a health professional (aOR 0.55, 95% Cl 0.36-0.86). Pregnancies ending in
stillbirth were more frequently associated with significant abnormalities in fetal movements in the preceding two weeks;
this included a significant reduction in fetal activity (aOR 14.1, 95% Cl 7.27-27.45) or sudden single episode of excessive
fetal activity (aOR 4.30, 95% Cl 2.25-8.24). Cases described their perception of changes in fetal activity differently to

"o

healthy controls e.g. vigorous activity was described as “frantic”, “wild" or “crazy” compared to “powerful” or “strong”.

Conclusions: Alterations in fetal activity are associated with increased risk of stillbirth. Pregnant women should be
educated about awareness of fetal activity and reporting abnormal activity to health professionals.
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Background

Fetal activity is a well-accepted marker of fetal wellbeing,
such that maternal perception of changes in activity can
indicate fetal compromise. The most commonly reported
change is a perceived reduction in fetal movement. In-
deed, reduced fetal movements have long been associated
with adverse pregnancy outcomes such as fetal growth
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restriction and stillbirth [1, 2]; this association is thought
to result from placental dysfunction which is evident in
cases of reduced fetal movements [3, 4]. However, little is
known about other aspects of perceived fetal activity, such
as an increase in movement, and associations with adverse
outcomes. Recent data from a case—control study and a
large international cohort study have both suggested that
any significant change in the usual pattern of fetal move-
ment is risk factor for stillbirth [5, 6]. Consequently, it is
important to better understand maternal perception of
altered fetal activity and whether these perceptions can be
used to identify fetuses at highest risk of antepartum still-
birth. To address this, we conducted a case—control study

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12884-017-1555-6&domain=pdf
http://orcid.org/0000-0002-4303-7845
mailto:alexander.heazell@manchester.ac.uk
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Heazell et al. BMC Pregnancy and Childbirth (2017) 17:369

to explore novel risk factors associated with stillbirth. The
objective of this manuscript is to report maternally-
perceived fetal movements in women who experienced a
recent stillbirth compared to a control group of women.

Methods

This is part of a study which investigated potentially
modifiable risk factors for stillbirth in an international
population. It involved an international group of re-
searchers and clinicians, the STARS (Study of Trends and
Associated Risks for Stillbirth) Consortium, partnered
with the Star Legacy Foundation and other stillbirth and
parental support groups to conduct a web-based survey of
women who had experienced a stillbirth using a nested
case—control design with a larger uncontrolled cohort of
late stillbirths. We have previously reported on the
methods of the cohort study [6]. In reporting this study,
guidelines from Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) group were
followed [7].

Participants

Participants were recruited to this study by web-based
advertising, social media, and word of mouth between
September 2012 and August 2014. All participants
completed the survey, which asked a range of questions
including their recollection of fetal activity. Cases were
women, at least 18 years of age, who were fluent in read-
ing and writing English, who had delivered a singleton
stillborn baby with no evidence of congenital anomaly at
or greater than 28 weeks gestation less than 30 days
prior to completing the survey. Controls were either still
pregnant (greater than 28 weeks) or had recently
delivered a living baby less than 30 days before they
completed the survey. Controls also had to be 18 years
or older and fluent in English. For both cases and con-
trols those with multiple pregnancies, neonatal death, or
fetal loss/live birth prior to 28 weeks gestation were
excluded.

Justification of sample size

To detect a difference in odds ratio of >3.0 between
women with stillbirths compared to healthy controls,
130 cases would be needed if the exposure had a fre-
quency of 50% and 144 if the exposure had a frequency
of 20%, assuming a Power of 80%, p = 0.05 and 1:1
matching.

Survey

The survey included open-ended responses, categorical
responses, such as yes/no/don’t know, Likert scales, and
selection of responses from a list either through drop-
down menus that allowed single responses or check
boxes that allowed multiple responses. Participants were
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invited to describe symptoms and experiences in more
detail in accompanying free-text boxes. The format of
the final survey included branching logic such that par-
ticipants were directed through different paths based on
their response. The questionnaire is available as a
Additional file 1.

Ethical approval

This study was approved by the Institutional Review Board
(IRB) of the University of Michigan (HUM#00063655).
Prior to gaining access to the survey participants were in-
formed about the purpose of the study (to look for trends
and risk-factors for stillbirth) as well as contact information
for a stillbirth support group (First Candle) if they became
distressed whilst completing the survey. Informed consent
was gained by the participant clicking an “I agree” button
prior to gaining access to the survey.

Data analysis

Data were cleaned by two authors (JW and LO) prior to
being sent to CC for analysis. Women found not to fit
the inclusion criteria above were excluded from analysis.
In addition, there were several instances where women
had attempted to complete the survey but did not finish
and then returned to complete the survey later. In these
cases, only the complete version was retained. Categor-
ical variables were reported as counts and proportions
whereas continuous variables were presented in terms of
mean (standard deviation) or median (Interquartile
range). All statistical analysis was performed with SAS
(version 9.4, SAS Institute, Cary, NC) using cross tabula-
tions, with x* tests, and logistic regressions to find crude
(unadjusted) and adjusted odds ratios (aOR) with 95%
confidence intervals (CI). The level of statistical signifi-
cance was set at p < 0.05. A multivariable logistic regres-
sion model was developed to include maternal variables
along with the maternal perception of fetal movements
reported to be associated with increased risk of stillbirth,
based on prior knowledge and previous literature (ma-
ternal age [8], BMI [9], parity [10], gestation [11], pla-
cental site [9, 10] (as reported by the mother from her
ultrasound scans) and birth weight percentile [12, 13]);
country of respondent (US vs non US) and ethnicity of
respondent (Caucasian vs Non-caucasian) were also
added to the model as they were significantly different
between cases and controls. Birth weight percentile was
calculated using GROW software [14]. The birth weight
percentile was not included in the final multivariate
model as birth weight data were missing for 47% of
controls. Interaction terms were tested in the model be-
tween birth weight percentile and the maternal percep-
tion of fetal movements. A sensitivity analysis was
carried out to compare whether incorporating the birth-
weight percentile altered the findings.
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Most questions included an option for free text. How-
ever, these data were not rich, because not all partici-
pants opted to give any response to these questions and
even if they did, typically they wrote just a few words or
sentences. This meant that the data are not suitable for
thematic analysis. Therefore, these data were analysed
using ‘summative content analysis’ outlined by Hsieh
and Shannon. [15] Comment data from cases and con-
trols were initially analysed separately. Firstly, data from
each question were searched for reoccurrence of words.
To maintain rigor two authors (JW and JB) separately
read and reread the data for recurring words. The most
commonly recurring word or phrase participants used,
when giving more detail about their experiences, were
identified. Once these words were identified, JW and JB
met to discuss them and agreement was reached. Exem-
plar quotes for each of the identified words or phrases
were agreed upon by JW and JB. Percentages are in-
cluded in the table to indicate the ratio of the recurring
words with respect to the total number of responses for
that question.

Results

In total, 153 cases and 480 controls completed the survey.
Median duration of time since the stillbirth was 13 days
(range 1-29 days). Demographics of the sample, including
the participant’s country of residence, are shown in Table 1.
The mean age of women at the time of stillbirth was 31
(standard deviation 5.4) and was not different between
groups. The proportion of Caucasian women was lower in
the cases compared to controls (79.7% vs. 90.2%
p < 0.0002). Although both the United States and Canada
had similar proportions of cases and controls, control
women were over-represented in respondents from the
United Kingdom compared to the proportion of cases (see
Table 1). The median gestation at the time of the stillbirth
was 37 weeks (range 28—41 weeks), and 52% of the babies
in the population were male. A greater proportion of con-
trols reported they had a high-risk pregnancy than cases
(p = 0.025).

Women who experienced a stillbirth reported that
they were less likely to keep track of baby’s movements
(aOR 0.54 95% CI 0.35-0.83, p = 0.005, Table 2) and re-
ported that they were less likely to have been told by
their health provider to do so during pregnancy, com-
pared to healthy controls (aOR 0.55, 95% CI 0.36-0.86,
p = 0.008). A perception of increased frequency and/or
strength of fetal movements in the previous two weeks
was protective against stillbirth (aOR 0.36, 95% CI 0.15—
0.85, p < 0.0001 and aOR 042, 95% CI 0.23-0.78,
p < 0.0001 respectively). However, women who experi-
enced a stillbirth were more likely to report an unusual
period of baby’s movements in the prior two weeks
(“once you were aware of your baby's usual pattern of
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movement, was there any time your baby's movements
were unusual?”). The unusual pattern was typically a sig-
nificant reduction in fetal activity (40% of stillbirths vs.
8.4% controls, aOR 14.1 95% 7.27-27.45, p < 0.0001).
However, a significant increase in fetal activity compared
to the usual pattern was also reported (5% of stillbirths
vs. 24% of controls, aOR 5.60, 95% CI 1.69-18.49,
p < 0.0001) (Table 2).

A single episode of excessive fetal movements was
more frequently reported in pregnancies ending in still-
birth compared to controls (30.4% vs. 6.7%; aOR 4.30,
95% CI 2.25-8.24 p < 0.0001), there was no difference in
the frequency of excessive movements between women
who experienced a stillbirth in the preterm period and
those whose babies died at term (26.8% of preterm cases
had single episode of vigorous movement vs. 32.5% of
term cases, p = 0.47). Whereas controls were more likely
to indicate that their baby was “sometimes” vigorous
compared to stillborn cases (44.4% vs. 21.7%; aOR 0.44,
95% CI 0.25-0.75 p < 0.0001). Likewise, increased fre-
quency of fetal movements over the last two weeks of
the pregnancy was more common in healthy controls
than stillbirth (aOR 0.36, 95% CI 0.15-0.85 p < 0.0001)
(Table 2).

Whilst there was no significant difference between
cases and controls regarding their perception of fetal ac-
tivity at bedtime during the pregnancy (96.6% v 95.9%,
aOR 1.37, 95% CI 0.45-4.23 p = 0.58), women who had
a stillbirth were significantly less likely to feel their baby
move at bedtime on the last night of their pregnancy
(aOR 0.11, 95% CI 0.06-0.21 p < 0.0001) (Table 2).

Women were asked three questions about fetal hiccups;
whether they occurred, their frequency, and their dur-
ation. The presence of hiccups did not differ between
cases and controls (80% vs. 81.9%). In unadjusted analyses
women who experienced a stillbirth were more likely to
perceive frequent (daily) hiccup occurrence (OR 2.29, 95%
CI 1.15-4.56) or prolonged episodes of hiccups lasting
more than five minutes (OR 1.60, 95% CI 1.02—-2.50), al-
though after adjustment for the previously mentioned var-
iables these relationships were no longer statistically
significant (aOR 1.83, 95% CI 0.87-3.88, p = 0.08 and aOR
142, 95% CI 0.86-2.36, p = 0.17). When birth weight per-
centile was included in the model for controls with
complete birthweight percentile there was no difference in
the results (Additional file 1: Table S1).

Comment data analysis

The majority of respondents provided free text re-
sponses in addition to their yes/no responses to the
questionnaire. For example, of the 75 parents who had a
stillbirth who monitored fetal movements, 70 provided a
free text response to the question “Describe how you
kept track of fetal movements”. Similarly, 229 of the 259
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Table 1 Demographic information and pregnancy characteristics of participants
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Case(n = 153) Control(n = 480) p-value
Mean Maternal Age (years) (std)® 31 (54) 30 (4.8) 052
Missing n=5 n=20
Maternal Race/Ethnicity
Caucasian 79.7% (n = 122) 90.2% (n = 430) 0.0002
Hispanic 33% (n=5) 3.8% (n = 18)
Other 17.0% (n = 26) 6.0% (n = 29)
Missing 0 3
Median Maternal BMI (kg/m?) (IQR)® 27.1 (23-323) 25.2 (22.5-31) 007"
Missing (h=0) (n=18)
Median Gestational Age (weeks) (IQR) 37 (34-39) 37 (32-39) 020"
Missing (n=0) (n=4)
Country 0.0012
United States 79.7% (n = 122) 68.7% (n = 325)
Canada 72% (n=11) 7.0% (n = 33)
United Kingdom 52% (n =8) 184% (n = 87)
Other 78% (n=12) 5.9% (n = 28)
Missing (n=0) (n=7)
Highest Level of Education 0.63
Postdoctoral education 0% (n = 0) 13% (n = 6)
Doctorate Degree 20% (n =3) 5.0% (n = 24)
Masters Degree 20.9% (n = 32) 20.8% (n = 99)
Bachelors Degree 373% (n = 57) 36.9% (n = 176)
Technical/Trade School 3.9% (n = 6) 3.6% (n=17)
Associates Degree 9.8% (n = 15) 8.0% (n = 38)
High School Diploma 20.9% (n = 32) 18.2% (n = 87)
Some High School 13% (n=2) 25% (n=12)
Other 3.9% (n = 6) 3.8% (n = 18)
Missing (n=0) (n=3)
Employment During Pregnancy 0.09
Work outside the home (full/part time) 67.1% (n = 102) 60.4% (n = 288)
Work at home (full/part time) 59% (n = 9) 78% (n = 37)
Stay at Home Mom 15.8% (n = 24) 245% (n = 117)
Other 72% (n=11) 40% (n=19)
Unemployed 40% (n = 6) 34% (n = 16)
Missing n=1 (n=3)
High-risk pregnancy 24.8% (n = 38) 35.0% (n = 168) 0.025

Medical condition diagnosed before pregnancy
Medical condition diagnosed during pregnancy
Previous pregnancy complication

Previous pregnancy loss

33% (n=05)
124% (n = 19)
33% (n=15)
59% (n =9)

7.9% (n = 38)
8.1% (n = 39)
7.1% (n = 34)
11.9% (n = 57)

“Non-parametric test (Wilcoxon two-sample t-test)
#Standard deviation (std), Interquartile range (IQR)
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Table 2 Maternal report of practices of monitoring fetal movements and their perception of fetal movements during the last

2 weeks of pregnancy
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Question Response Group Unadjusted Adjusted OR’ P-value
Cases Controls OR (95% Cl) (95% C)
Total % Total %
During this pregnancy did your healthcare No 79 549 161 416 Reference Reference 0.008
frfc‘ﬁ%efryfjrysa“bsson‘igsernisekn? utokeep v 65 451 226 584 059(04,086) 055 (036, 086)
Did you keep track of your baby's No 70 483 132 338 Reference Reference 0.005
movement during this pregnancy? Yes 75 517 259 662 055(037,08) 054 (035 083)
How would you describe this baby's Less than average movement 14 959 24 6.17 156 (0.77,3.18) 221 (0.99, 4.98) 0.054
usual movements? Average movements 73 50 195  50.1 Reference Reference
Above average movements 47 322 134 345 094 (061,144) 090 (056, 1.44)
Constant movement 12 822 36 925 0.89 (044, 1.80) 0.98 (0.55, 2.11)
Once you were aware of your baby's No 27 193 200 525 Reference Reference <.0001
tuﬁ;ae‘ Ei?i:&:g?ﬁf&w e Yes, a little bit less 35 25 96 252 27(155472) 282(152524)
movements were unusual? Yes, significantly less 56 40 32 84 129(7.17,234) 1413 (7.27,2745)
Yes, a little bit more 15 10.7 44 116 253(1.24,5.14) 261 (1.20, 5.66)
Yes, significantly more 7 5 9 236 5.76(1.98,16.7) 5.60 (1.69, 18.49)
During the last two weeks of this Stay the same 66 465 180 492 Reference Reference <.0001
%i?”;a”bcyy/s ?;d052;2ETENGTH of Decrease 58 409 56 153 283 (178,449) 253 (151,423)
Increase 18 127 130 355 038(021,067) 042 (023,0.78)
During the last two weeks of this Stay the same 65 448 223 596 Reference Reference <.0001
g;ey%r:fr”gay’bjisdnzzevgrii?wifwd Decrease 73 503 76 203 329 (216,503) 297 (186,472)
Increase 7 483 75 20.1 032(0.14,0.73) 036 (0.15, 0.85)
Did you usually feel your baby No 5 342 16 4.15  Reference Reference 0.58
ggéﬁ:ﬁgid“me during this Yes 141 966 370 959 122 (044,339 137 (045, 4.23)
Did you feel your baby move at No 49 398 23 6.67 Reference Reference <.0001
?ﬁfiﬂ”:gr?;ng? last night of Yes 74 602 322 933 011006019 0.1 (006, 021)
During the last two weeks of this No 59 428 143 402 Reference Reference <.0001
E;ﬁg”tigfyy Ode g;’gy”v‘v’:scfnig Yes, once. 42 304 24 674 424(236,762) 430 (225 824)
vigorous than usual)? Yes, sometimes. 30 217 158 444 046(028,075 044 (025 0.75)
Yes, often. 7 507 31 871 055(0.23,1.31) 0.71(0.28, 1.81)
Did you experience your baby No 28 20 69 18.1 Reference Reference 0.09
having hiccup fike movements? Yes 11280 313 819 088(054,143) 061 (034,1.08)
If you noticed your baby having Less than 5 min 44 40.7 160 525 Reference Reference 0.17
gﬁ;ufv gﬁ'fd”;:;’ﬂ;gga:ow 5 or more than 5 min 64 593 145 475 160 142
last on average? (1.02, 2.50) (0.86, 2.36)
If your baby experienced hiccup Once or twice 12 112 59 193 Reference Reference 0.08
like movements, how often throughout this
did you notice them? pregnancy
Weekly 33 308 113 371 143 1.05
(0.69, 2.98) (048, 2.31)
Daily 62 579 133 436 229(1.15,456) 183
(0.87,3.88)

“Adjusted by maternal age, ethnicity, smoking status, BMI, parity, country of residence, gestation, placental site
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controls who responded positively also provided a free
text response. It should also be noted that each free text
option had a different response rate and that the per-
centages in each box do not add to 100% as some par-
ticipant responses fell equally into two of the identified
themes and some of the responses were not common
enough to fall into one of the recurring words or phrases
identified.

There were five main ways participants wrote that they
kept track of fetal movement (Table 3). Of those who
kept track, there were no differences between the
methods used to track fetal movements between cases
and controls except that cases more frequently reported
“active baby/constant movement” and made comments
such as “knew about kick counts but the baby was so ac-
tive, I did not need to track the actual count.”

When participants were asked “once you were
aware of your baby’s usual pattern of movement, was
there any time your baby’s movements were unusual?”
there was a stark difference noted between responses
between cases and controls (Table 3). Cases used
words that indicated that their baby moved less to-
wards the end of the pregnancy much more often
than controls (56% vs. 11%). Another noticeable dif-
ference was that the cases indicated that there were
certain times of the day that their baby was less ac-
tive. Conversely, the controls indicated that their baby
was more active at certain times of day. The controls
were also much more likely to report in the qualita-
tive analysis that their baby had one or two quiet
days than the cases (34.7% vs. 8%, Table 3).

When participants were asked to provide comment
on change in strength in fetal movements (“during
the last two weeks of this pregnancy, were the
strength of your babys movements.....”) 40% of the
cases reported that their baby’s movements were less
strong, using words like “slow” and “weak”, compared
to only 12.7% of controls. In contrast, 40% of the
controls reported that their baby’s movements were
stronger using words like “powerful” and “stronger”,
compared to only 5% of cases. In addition, only the
controls used words like, “pressure”, “poking”, and
“pushing” or said that they could actually see their
baby moving. On the other hand, cases used words
like “rolling” to describe a change in strength.

When asked to describe a change in frequency in fetal
movements (“during the last two weeks of this preg-
nancy, did the frequency of your baby’s movements.....”),
many more cases than controls used words that indi-
cated a decrease in frequency (78% vs. 28.9%). For ex-
ample, the cases said things like “notable decrease in
movements” unlike controls who described “slightly fewer
movements”. The controls typically described an increase
in the frequency of movements using words like “I am
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feeling her more due to her size”. Notably, none of the
descriptions the (1 = 23) cases gave, reported an increase
unless they were reporting a change from increase to de-
crease “Increased until 5 days prior when she started to
move less”. (Table 3).

When asked to describe a time when their baby had
more vigorous movement (“during the last two weeks of
this pregnancy, did you notice any time that your baby
was more vigorous than usual?”) 48% of the cases who
gave further detail described a single occasion of in-
creased vigour and used words like “frantic” or “crazy”
to describe this time, whereas only one of the controls
used this kind of word. Interestingly, this control gave
details of this experience:

“the night he was born there were violent kicks. I
went to the hospital because it was quite painful. I
was told that I needed an emergency c-section. The
cord was wrapped around his neck. He was quite pur-
ple but ended up being just fine.”

Conversely, controls used words like “powerful”, “strong”
and “aggressive” to describe times of increased vigour
and tended not to provide a description about a single
incident of increased vigour, rather they made comments
suggesting that increased vigour was a typical pattern in
the previous two weeks, for example; “The baby always
seems to become most active when I lay down at night
for bed’ (Table 3).

Discussion

Main findings

This study provides further evidence that stillbirth is
associated with a change in fetal movements. How-
ever, while reduced fetal movements are known to be
a risk for stillbirth [16, 17], we have provided novel
data that a sudden change in vigour — described as
“crazy”, “wild” or “frantic” movements - were almost
exclusively reported by women who had a stillbirth.
This exaggerated activity can be differentiated from a
general increase in fetal movements in the preceding
weeks which was a reassuring feature. Importantly,
while women who had a stillbirth were less likely to
have been tracking fetal movements, they were also
significantly less likely to report having been
instructed by a care provider to keep track. These
findings are in agreement with other research studies
and a recent Confidential Enquiry into Antepartum
Stillbirths [5, 6, 18]. Together these data highlight the
importance of care providers having a documented
discussion to encourage women to become familiar
with their baby’s pattern of movement and to respond
to changes in fetal activity.
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Table 3 Summary of the comment analysis on free text responses
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Description of how participants who responded
"yes" to keeping track, kept track of fetal movements

Kick Counting

General awareness

‘Stimulating’ the baby
Drinking and eating (water/juice/sugary),
music

Used an i-device/app

Active baby/Constant movement

Free text response to “Once you were aware
of your baby’s usual pattern of movement, was
there any time your baby’'s movements were
unusual?”

Slowing down

One or two quiet days

Time of day (Night time, morning, evening)

Free text response to “During the last two
weeks of this pregnancy, did the STRENGTH
of your baby’s movements..."

Less strong

Stronger/harder

Roll/ing

Number of
times used
Casesn =70
n (%)*

39 (55.7)

18 (25.7)

10 (8.5)

4(5.7)

5(7.0)

Number of
times used
Casesn =75
n (%)

42 (56)

20 (26.6)
(less active)

Number of
times used
Cases n =20
n (%)

8 (40)

1(5)

4 (20)

Number of
times used
Controls
n=229

n (%)*

149 (65.1)

53 (23.1)

25 (10.9)

24 (10.5)

3(13)

Number of
times used
Controls
n=118

n (%)

13(11)

42 (35.6)

14 (119
(more active)

Number of
times used
Controls n =55
n (%)

7(127)

22 (40)

Exemplar quotes

« | did kick counts every day at about 8 am and
7:30 pm (Case).
« Kick counts in the morning or evening. Timed
how long it took to get to 10 movements (Control).

« | just made mental note of it each day and | got
use to her movements throughout the day and
night (Case).

« Kept a mental record of movements and
discussed them with husband but did not write
anything down (Control).

« I did not had any method to keep track of baby
movement just sit after eating and listening music
or drink something like that will make him
move (Case).

- Just made sure | remembered when | felt her
move and if | felt her throughout the day. If |
didnt/couldn’t remember movement, I'd sit still
and drink some juice to see if she would wake
for me (Control).

« Baby kick app on iPhone (Case).

« Kick counting app. Count ten kicks, records time
between kicks and overall time to get to ten
kicks (Control).

- | felt her move constantly (Case).
« I never had to do kick counts because | felt my
baby move so much (Control).

Exemplar quotes

« In the last couple of weeks of my pregnancy, |
noticed the movements did slow down (Case).

« In the last month before losing the baby, | felt
gradual reduced movement (Case).

« Slowed down at end of pregnancy (Control).

+ One day | was not feeling well — baby moved
less than normal. | went in for a non-stress test
and all checked out fine (Control).

+ Only once and was checked by midwife (Control).

- Sometimes he wouldn't be as active as early in
the morning (Case).

« The baby had specific times when she was
more active (9 pm through 1 am)(Control).

Exemplar quotes

- Slow, weak movements (Case).
« Less strong in last 4 days (Case).
- Less frequent and less intensity (Control).

« She was slower, but stronger (Case).

« Her movements are gradually getting stronger
(Control).

« His kicks have gotten a little more power
behind them recently (Control).

« More of a rolling rather than punching and
kicking (Case).
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Table 3 Summary of the comment analysis on free text responses (Continued)

+ She seemed to roll around more during the
last week (Case).

« Movements are more rolls and pushes now
rather than kicks and punches (Control).

Pressure/pushing/poking 0(0) 5(9) « More pressure to his movements (Control).
- | can feel more 'poking’ as the baby flexes
more (Control).
- More pressure when poking feet/knees
out (Control).
« Less kicking, more pushing (Control).

Free text response to “During the last two Number of Number of Exemplar quotes
weeks of this pregnancy, did the times used times used
FREQUENCY of your baby's movements...." Cases n =23 Controls

n (%)* n=38

n (%)*
Decrease 18 (78) 11 (28.9) - Noticeable decrease in movements (Case).
- Slightly fewer movements at 40 weeks
(Control).

More/increased 0 (0) 10 (26.3) - Lots of movement 1 and 2 days prior to

birth (Control).

« | am feeling her more due to her size
(Control).

- Able to feel the kicks more often, probably
because they are stronger (Control).

Very Active 0(0) 3(79) - Very active baby facing out so I'd get
lots of kicks (Control).
Free text response to “During the last two Number of Number of Exemplar quotes
weeks of this pregnancy, did you notice times used times used
any time that your baby was more Cases n = 31 Controls
vigorous than usual?” n (%) n=74
n (%)
Crazy/wild 15 (48) 1 (1.35) - There were a few times that | mentioned

to my husband how “wild and active” our
baby was. | thought he was going to
jump out a couple of times (Case).

- The evening of the very last night he
was totally crazy active. | was reassured
because | thought he had been slow and
sluggish for the last couple of weeks (Case).

« Felt almost like she was having a seizure (Case).

Vigorous at night 14 (45.2) 25 (33.8) « Always very active, last night before she
(Noticeably (Normally passed she was extremely active (Case).
vigorous vigorous at « The last night | felt him move, he was
night before night) moving lots!!l More than usual. Then nothing
death) more (Case).

+ His movements tend to be stronger at the end
of the day when I relax on the couch around
8 pm (Control).

The baby always seems to become most active

when | lay down at night for bed (Control).

More powerful/strong/aggressive 0 (0) 11 (149 - More powerful movements (Control).

« When | was in the bath one night the
movements were very strong and very low.
It was quite an unusual feeling (Control).

- When I sit in certain positions, she became
more vigorous (Control).

« A friend was feeling him move and he got
really aggressive, the strongest movement
| have felt him have but it was just once
(Control).

*Note percentages do not add to 100%
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Strengths and limitations

A strength of this international nested-case control
study is the series of questions about fetal movements
that has allowed exploration of patterns in fine detail in
order to gain a more comprehensive understanding of
fetal movement in the weeks prior to a stillbirth (or
previous weeks of pregnancy for control women). The
inclusion of free-text sections following each question
enabled a descriptive analysis of women’s experiences in
their own words that allowed the emergence of recur-
ring words rather than yes/no responses to questions
assumed to be important from the investigator’s
perspective. We focused on late stillbirths (28 weeks
gestation or later) in order to examine novel and
potentially modifiable risk factors that could identify
fetuses otherwise able to survive ex wutero. This ap-
proach also minimised the inclusion of responses
from a mother whose stillbirth could be associated
with a serious anomaly. The use of an internet-based
questionnaire meant that participants did not come
from a single site which increases the generalisability
of the findings.

Despite its strengths our approach had several limita-
tions. Firstly, use of an online questionnaire prevented
selection of matched controls for each stillbirth. Nonethe-
less, while matching may improve study efficiency it can
also have important disadvantages since it may be impos-
sible to find an exact match especially in a study that has a
time-sensitive element (e.g., late pregnancy); this can
subsequently render the study inefficient. Additional inef-
ficiencies can emerge when the matching variable is not a
true confounder. Recall bias could be considered as a limi-
tation which may have affected mothers’ memory of
whether they were informed about fetal movements or
their memory of fetal movement. Critically, the study
methodology attempted to reduce recall bias in several
important ways. Firstly, all women were asked the same
series of questions that also included open-ended re-
sponses. The case group comprised only women who had
recently (within the previous 30 days) experienced a
stillbirth, a time when events surrounding the death can
be clearly recalled [19]. Moreover, 73% of the control
women were still pregnant at the time of survey comple-
tion and a further 23% completed the survey within
3 weeks of delivery making it unlikely that experiences or
concerns would be systematically biased in terms of out-
comes affecting reported experiences. Also, since this
study revealed novel findings, recall bias is unlikely to have
been influenced by information available to mothers. A
final limitation is the possibility of misclassification. While
we could confirm a live birth for the majority of control
women, two control women subsequently delivered a still-
born baby after completion of the survey during preg-
nancy. This is not unexpected given the current stillbirth
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rate in high-income countries [20]. Although there may
be other babies that died which were not reported to us,
the expected number would be very small, and would not
influence the results seen here. Furthermore, the
sensitivity analysis demonstrated that excluding women
with unknown outcomes did not significantly alter the
study findings.

There may be other sources of bias which should be
considered. Women who had experienced a stillbirth in a
previous pregnancy may have been motivated to partici-
pate in a subsequent healthy pregnancy; these women
may experience pregnancy differently. It is possible that
women who had poor pregnancy outcomes did not an-
swer the follow up questionnaire accurately leading to as-
certainment bias. However, this seems not to have been
the case as in addition to including at least 2 perinatal
losses, the group of control women reported a variety of
birth outcomes (data not shown) which indicate that not
all control pregnancies were uncomplicated.

Interpretation

While the relationship between reduced fetal movements
and adverse pregnancy outcome has been described since
the 1970s [21], the impact of a single episode of excessive
fetal movements is a relatively novel finding that has been
rarely reported or investigated. In a historical, uncon-
trolled, cohort of women who experienced a stillbirth we
have previously documented that 16.7% of women re-
ported increased movement, however it was not clear in
this study if this was a single episode or not [6].Moreover,
our findings have provided further support for those of
Stacey et al. who also reported that a single episode of vig-
orous activity was associated with an almost 7-fold in-
crease in late stillbirth (aOR: 6.81; 95% CI: 3.01-15.41).
Similarly, our findings of increase in strength, frequency
or multiple episodes of vigorous fetal movements was pro-
tective against stillbirth were also reported by Stacey et al.
Importantly, the protective effect of a gradual increase in
strength and frequency do not contradict the finding that
an isolated event of vigorous movement was found to be
associated with stillbirth. Indeed, it is probable that the in-
crease in strength and frequency are reflective of a general
trend in fetal behaviour across the previous two weeks but
an isolated event that is uncharacteristic for the fetus may
be a warning sign.

Understanding the relationship between altered fetal
movements and stillbirth is complicated by an appreci-
ation of the time of fetal death. For example, a single
period of increased fetal activity may be associated with
a terminal event only diagnosed in retrospect. The quali-
tative comments participants provided in this study
identified a common scenario almost exclusively de-
scribed by women who experienced a stillbirth. This was
a period when their fetus went “crazy” or “wild”. It was
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noted by Sadovsky in the 1970s that any “...sudden,
strong, vigorous fetal movements with increased rate
followed by cessation was almost invariably a sign of
acute fetal distress and fetal death and may indicate fetal
distress and an hypoxic-ischaemic insult” [21]. Sadovsky
goes on to speculate that this movement may be the
fetus’ attempt to “release a complication” such as cord
entanglement, if the movements were “successful in
releasing the complication then normal fetal movements
would resume, if they did not, fetal demise usually
resulted.” Women in our study often reported this kind
of movement in the days and hours prior to their baby’s
death suggesting that if the woman appreciates this as a
warning sign of a baby in trouble that there may be a
short window of opportunity for her to seek immediate
care and possible intervention to prevent fetal death.
This seems particularly pertinent given that the only
control who described this episode sought immediate
care and required an emergency Caesarean section.
These unique descriptors in the comment data also
provide maternity care providers with the words women
may use to describe acute fetal compromise and
differentiate this from normal periods of increased fetal
activity associated with reduced odds of stillbirth in both
this study and Stacey el al.’s study.

In this study women with stillbirths experienced a
gradual slowing of fetal movements towards the end
of pregnancy, with reported reductions in the strength
and frequency of movements and a number of case
babies had a single period of excessive movement de-
scribe as “crazy” or “wild” in the hours or days before
their death. Conversely, controls described more
activity and stronger movements as pregnancy pro-
gressed that became more powerful to the point that
they could be seen externally. Control responses indi-
cated that it may be normal for the well fetus to have
one or two quiet days during the pregnancy and that
some babies had regular times for increased vigorous
activity. Therefore, listening and responding to these
keywords could provide maternity care providers with
a window of opportunity to identify and manage the
fetus at increased risk of stillbirth.

Studies have highlighted that women frequently re-
ceive inconsistent information regarding what to do
in the case of reduced fetal movements [22] and the
information obtained via the internet is highly
variable and frequently inaccurate [23]. This study
highlights that women who experienced a stillbirth
reported that they were less likely to be counselled
regarding the importance of fetal movements and
were less likely to monitor fetal movements, reprising
concerns about the lack of education given to
mothers about the significance of reduced fetal move-
ments described in Confidential Enquiries into
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Antepartum Stillbirths [18, 24]. The recent Stillbirth
Priority Setting Partnership identified relevant re-
search priorities in this field, particularly whether
more accessible evidence-based information on signs
and symptoms of stillbirth risk (in this case altered
fetal movements) would reduce the incidence of still-
birth [25]. Further studies are needed to determine
accurate information and the most effective timing
and means of delivery to inform women about what
to do after perceiving alterations in fetal movements.
In addition, in this and the cohort study some women
who had received education about fetal movements
did not report reduced fetal movements to their ma-
ternity care provider. Thus, further study is also
needed regarding the barriers and facilitators for
women seeking advice from their care provider for
abnormal fetal movements.

Conclusions

In summary, this study confirms that all pregnant
women need to be educated that a reduction in fetal
activity should be reported to their maternity care
provider. Additionally, if the woman notices a sudden
period of increased vigour that she would describe as
“crazy” or “wild,” this should also be considered a signifi-
cant event which should be reported. Conversely, this
study suggests that a single day of reduced movements
may be normal for the well fetus and that a gradual
increase in strength and multiple episodes of vigorous
movements described as “powerful” and “aggressive” also
appear to be reassuring for fetal health.

We report a protective effect in participants who
“kept track” of fetal movements. However, there was
little difference in the descriptions that participants
used as to how they kept track, aside from the fact
there was a slightly higher percentage of cases than
controls who indicated that their baby moved so
much they felt they did not need to keep track. This
may suggest that whatever method the mother uses
that it is important for her to get to know her baby’s
individual pattern of movement, because this allows
her an opportunity to report significant changes in
her baby’s behaviour to her care provider. However,
more research is warranted into assessing which
means of tracking fetal movements provides the most
accessible information for women to enable her to get
to know her unborn baby and thus allow her to im-
mediately report changes in her unborn baby’s behav-
iour to maximise the care providers’ ability to keep
her and her unborn baby safe. In addition, better
management, which is evidence-based, is needed to
improve management and detection of the fetus at
risk due to changes in fetal movement.
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