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ORIGINAL ARTICLE

Insufficient antenatal identification of fetal growth restriction leading to
intrauterine fetal death: a regional population-based study in Japan

Shinsuke Tokoroa, Shigeki Koshidab , Shunichiro Tsujia , Daisuke Katsuraa , Tetsuo Onoc ,
Takashi Murakamia and Kentaro Takahashib

aDepartment of Obstetrics and Gynecology, Shiga University of Medical Science, Otsu-city, Japan; bPerinatal Center, Shiga University
of Medical Science, Otsu-city, Japan; cDepartment of Obstetrics and Gynecology, Omihachiman Community Medical Center,
Omihachiman-city, Japan

ABSTRACT
Objective: Fetal growth restriction (FGR) is associated with perinatal adverse outcomes includ-
ing intrauterine fetal death. Antenatally unidentified FGR has a higher risk of intrauterine fetal
death than that identified antenatally. We, therefore, investigated the antenatal identification of
FGR among intrauterine fetal deaths, and assessed the perinatal factors associated with the
identification of FGR.
Methods: This retrospective and population-based study reviewed all stillbirths in Shiga
Prefecture, Japan, from 2007 to 2016 with exclusion criteria of multiple births, births at unidenti-
fied gestational weeks or < 22 gestational weeks, and lethal disorders. We analyzed cases of
FGR, using the Japanese clinical definition: Z-score of estimated fetal weight for gestational age
<�1.5 standard deviations (SD).
Results: We identified 94 stillbirths with FGR among 429 stillbirths. Thirty-seven cases were
antenatally identified during pregnancy management (39%). Dividing cases by a Z-score of
�2.5 SD, 51 cases were classified as ��2.5 SD. Twenty-eight of the 51 cases (55%) with a
Z-score <�2.5 SD were antenatally identified as having FGR, whereas 9 of the 43 cases (21%)
with a Z-score ��2.5 SD were antenatally identified as having FGR (p¼ .002). Among cases with
a Z-Score <�2.5 SD, 16 of 21 (76%) beyond 28 weeks’ gestation and 12 of 30 (40%) before
28weeks’ gestation were antenatally identified as having FGR (p¼ .023).
Conclusion: Fetal growth restriction leading to intrauterine fetal death in Japan was antenatally
identified in less than half of cases. Antenatal identification of FGR was associated with the
severity of growth restriction.
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Introduction

Fetal growth restriction (FGR) is defined as failure to
achieve a normal weight for gestational age in a fetus
due to several factors [1]. The etiology of FGR can be
broadly categorized into maternal, fetal, placental and
umbilical cord’s factors [1]. Growth-restricted fetuses
are more likely to develop adverse outcomes, such as
severe fetal distress, cerebral damage, long-term
neurological sequalae and intrauterine fetal death
(IUFD), than those with a normal growth [2]. The pro-
portion of FGR in IUFD was reported to be 34–52%
[3–8], indicating that FGR is a major risk factor for
IUFD.

Several population-based studies have shown that
fetuses with FGR not detected antenatally have a

higher risk of IUFD than those with FGR identified
antenatally [3–5,9] Although many guidelines recom-
mend screening for FGR during pregnancy, including
ultrasound examinations [9], an accurate antenatal
diagnosis of FGR is very difficult due to the limited
precision of fetal weight estimation using transabdo-
minal ultrasonography [10]. Studies have shown that
the antenatal identification rate of FGR leading to
IUFD was 12% [5] in New Zealand, 18% [3] in the UK,
and 44% [9] in France, rates that are considered insuf-
ficient. There are a limited number of population-
based studies regarding antenatal identification of
FGR leading to IUFD in developed countries. It would
thus be useful to evaluate the rate of antenatal identi-
fication of FGR among IUFD in Japan, which has the
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lowest stillbirth rate in the world. To be specific, the
stillbirth rate (vs. 1000 births) in 2019 was 1.5 in
Japan, 2.2 in Australia, 2.7 in Germany, 3.0 in the UK,
2.8 in Canada, and 3.0 in the USA [11].

Therefore, we investigated the rate of antenatal
identification of FGR among IUFD in a regional popu-
lation-based study in Japan. In addition, we also
assessed perinatal factors associated with the ante-
natal identification of FGR.

Materials and methods

Data collection

This study was a population-based survey of stillbirth
in Shiga Prefecture, Japan. There are approximately
13,000 births per year in Shiga. Two-thirds of them are
delivered in 30 primary obstetric clinics, while the
remaining cases are delivered at 11 general hospitals
or 4 tertiary perinatal centers; all these cases were
evaluated in this survey.

First, we directly investigated all stillbirth certificates
with permission from the Japanese Ministry of Health,
Labor and Welfare. Second, we prepared and sent a
questionnaire to each facility that had submitted a
stillbirth certificate. Basically, the obstetrician at each
facility wrote and returned the answers to the ques-
tionnaire. A peer-review team involving experienced
obstetricians and neonatologists then retrospectively
reviewed the questionnaires returned from the facili-
ties [12]. There were 429 stillbirths after the 22nd ges-
tational week in Shiga Prefecture from 2007 to 2016,
and 85% of recipients (365/429) completed this survey.

We first excluded the following 135 cases in this study
(Figure 1): cases with questionnaires not returned
(n¼ 64); multiple births (n¼ 47); unknown gestational
week of IUFD (n¼ 17); IUFD before the 22nd gesta-
tional week (22þ 0) (n¼ 6) and traffic accident (n¼ 1).
We then divided these cases into two groups accord-
ing to the criteria of FGR by birthweight of infants: the
FGR and Non-FGR groups. We also excluded cases of
lethal disorders (n¼ 13), including fetal hydrops
(n¼ 8), trisomy-18 (n¼ 3) and Potter sequence (n¼ 2).
We ultimately analyzed a total of 94 cases of stillbirths
with FGR.

Definition of FGR

In the Japanese Obstetric Clinical Guideline, FGR is
defined as an estimated fetal weight (EFW) with a Z-
score of �1.5 standard deviations (SD) or an EFW
below Z-score of �1.5 SD from the mean based on
the fetal growth curve at a given gestational week.
The precise date of IUFD could not be determined in
the cases that were diagnosed with IUFD at the out-
patient department. Therefore, there was some
unknown period between the date of IUFD and deliv-
ery of a stillborn infant. In the current study, we used
the birthweight of the infant at stillbirth and the ges-
tational week at which IUFD was confirmed to deter-
mine FGR. We did not employ the Japanese neonatal
anthropometric charts used for “small for gestational
age (SGA),” which is defined in cases falling under the
10th percentile of the chart at a given gestational
week. We considered it more appropriate to use a

Figure 1. Flow chart in this study.

2 S. TOKORO ET AL.



fetal growth curve to evaluate whether or not fetuses
should have been diagnosed with FGR.

Calculation of Z-score

The Z-score was calculated using the mean and SD of
the estimated fetal weight at each gestational week
from the fetal growth curve defined by the Japanese
Society of Ultrasound in Medicine [13]. The mean and
SD of the EFW for each gestational week and day
were interpolated from the above values.

Antenatal identification of FGR

We classified cases that the health care provider
described as FGR in the returned questionnaire as
“antenatally identified FGR.” In this context,
“antenatally identified FGR” refers to the cases in
which the EFW measured by ultrasonography was
compared with the fetal growth curve, and the health-
care provider made an overall judgment concerning
the diagnosis of FGR. We divided subjects into two
groups based on the antenatal identification of FGR
prior to the diagnosis of IUFD: the identified group
(group I) and the unidentified group (group U).

Association between identification of FGR and
Z-score of infant weight

We created a scatter plot of stillbirth data using the
gestational age as the horizontal axis and the Z-score
of the birth weight of the stillborn baby as the vertical
axis (Figure 2). To evaluate the relationship between
EFW and antenatal identification, we set the cutoff
level for the Z-score at �2.5 SD, which is a critical
value for the severity of FGR, and set the cutoff level
for the gestational age as 28weeks, which is super
preterm.

Statistical analyses

Continuous variables were shown as the mean (SD) or
n (%) and assessed using the Mann-Whitney U test or
Student’s t-test, depending on the results of the nor-
mality test. The frequency of other subjects and ratios
are shown as n (%) and were assessed using a chi-
squared test. The results of multivariable logistic
regression analysis were presented as the adjusted
odds ratio with 95% confidence interval (CI). p Values
under .05 were considered to indicate statistical sig-
nificance. All statistical analyses were performed using
the R application software program (ver. 4.0.2) [14].

Results

Background of stillbirths

As shown in Table 1, the mean maternal age was
30.3 years old, and 51 women (54%) were primipara
among the stillbirths with FGR cases. Eighty-two cases
(87%) of IUFD were identified at the outpatient
department. The mean week of gestation for stillbirths
with FGR cases was 29.3weeks. The mean infant’s
weight for stillbirths with FGR cases was 948 g. The
mean Z-score for stillbirths with FGR cases was �2.84.
Thirty-seven of 94 cases (39%) were antenatally identi-
fied as having FGR. In addition, stillbirths at tertiary
centers accounted for 24% of these stillbirths
with FGR.

Difference in background characteristics according
to the antenatal identification of FGR

As shown in Table 2 and described before, we divided
subjects into two groups based on the antenatal iden-
tification of FGR prior to the diagnosis of IUFD: group
I and group U. In groups I and U, the mean maternal

Figure 2. Association between the identification of FGR and
the Z-score of infant weight. A solid circle indicates “Identified
antenatally” case and white circle indicates “Unidentified ante-
natally” case. Z-score equals �2.5 SD and 28 weeks of gesta-
tion are shown together by dashed lines.
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age was 30.4 and 30.2 years old, the ratio of primipar-
ity was 57% and 53%, the percentage of outpatients
at the diagnosis of IUFD was 89% and 86%, the mean
weight of stillborn babies was 859 and 1005 g, and
the rate of managing pregnancies in tertiary centers
was 32% and 19%, respectively. Furthermore, the
mean gestational age was 29.3weeks in each group.
There was no significant difference in any of these
parameters between the two groups. The mean Z-
Score was �3.22 in group I and �2.60 in group U,
showing a significantly smaller value in group I
(p< 0.001).

Impact of the gestational age and Z-score on the
antenatal identification of FGR

As shown in Figure 2, which presents a scatter plot of
stillbirth data, 51 cases were classified as being <�2.5
SD and 43 cases were classified as being ��2.5 SD.

Twenty-eight of 51 cases (55%) with a Z-score < �2.5
SD were antenatally identified as having FGR, whereas
9 of 43 cases (21%) with a Z-score � �2.5 SD were
antenatally identified as having FGR (p¼ .002). Among
cases with a Z-Score <�2.5 SD, 16 of 21 (76%) beyond
28 weeks’ gestation and 12 of 30 (40%) before 28
weeks’ gestation were antenatally identified as having
FGR (p¼ .023).

Factors influencing on antenatal identification of
FGR stillbirth cases

A multiple logistic regression model yielding adjusted
odds ratio (aOR) and 95% confidence intervals (CIs)
was used to identify factors associated with antenatal
identification of FGR leading to IUFD. The model
included almost all factors shown in Table 1: maternal
age, parity, gestational age (<28 or �28weeks),
Z-score (<�2.5 or ��2.5), and institution where the

Table 1. Background of stillbirth with FGR in this study.
Factors FGR cases (n¼ 94) Non-FGR cases (n¼ 179) p Value

Maternal age 30.3 ± 5.4 31.6 ± 5.0 .044
Parity
Primiparity 51 (54) 73 (41) .046
Multiparity 43 (46) 106 (59)

Method of conception
Fertilization 10 (11) 16 (8.9) .812
Natural 84 (89) 163 (91)

Sex of the fetus�
Male 44 (48) 94 (53) .517
Female 48 (52) 84 (47)

Inpatient or outpatient
Inpatient 12 (13) 42 (23) .052
Outpatient 82 (87) 137 (77)

Gestational week 29.3 ± 5.5 32.6 ± 6.1 <.001
Birth weight 948 ± 704 1906 ± 965 <.001
Z-score of infant birth weight �2.84 ± 1.16 �0.26 ± 0.90 <.001
Antenatally identified FGRs 37 (39) – –
Institution where the pregnancy was managed at IUFD
Non-tertiary center 71 (76) 143 (80) .499
Tertiary center 23 (24) 36 (20)

�Two cases were not identified in FGR, and one case was not identified in Non-FGR.
FGR: fetal growth restriction; IUFD: intrauterine fetal death.

Table 2. Difference of background according to antenatal identification of FGR.

Factors

Antenatal identification of FGR

p Value
Identified

(n¼ 37, group I)
Unidentified

(n¼ 57, group U)

Maternal age 30.4 ± 6.0 30.2 ± 5.1 .927
Parity
Primiparity 21 (57) 30 (53) .857
Multiparity 16 (43) 27 (47)

Inpatient or outpatient
Inpatient 4 (11) 8 (14) .888
Outpatient 33 (89) 49 (86)

Gestational week 29.3 ± 4.8 29.3 ± 6.0 .685
Birth weight 859 ± 617 1005 ± 754 .640
Z-score of infant birth weight �3.22 ± 1.28 �2.60 ± 1.01 .012
Institution where the pregnancy was managed before IUFD
Non-tertiary center 25 (68) 46 (81) .230
Tertiary center 12 (32) 11 (19)

FGR: fetal growth restriction; IUFD: intrauterine fetal death.
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pregnancy was managed before IUFD. As a result, only
Z-score of infant birth weight was significantly associ-
ated with the antenatal identification of FGR. (aOR for
Z-score <�2.5 SD vs. ��2.5 SD: 8.46; 95% CI 2.65–
27.01, p< .001)

Discussion

FGR leading to IUFD in Japan was antenatally identi-
fied in less than half of cases during pregnancy man-
agement. Next, we also found that antenatal
identification of FGR was associated with the severity
of FGR.

We found that less than half (39%) of stillbirths
with FGR were antenatally identified as having FGR
during pregnancy management. The identification rate
in the current study is higher than that in previous
population-based reports (12% [5] and 18% [3]). In
these studies, FGR was identified based on the EFW
measured by ultrasonography in addition to Doppler
velocimetry of the umbilical artery or an evaluation of
the amniotic fluid. In Japan, however, FGR is typically
identified based solely on the EFW measured during
an antenatal pregnancy checkup. Possible reasons for
the difference in the identification rate include the
definition of FGR and the frequency of fetal weight
estimation between Japan and other developed coun-
tries. Regarding the difference in the definition of FGR,
the Japanese definition of FGR is �6.7% of the esti-
mated fetal weight, which is nearly �1.5 SD of the Z-
score, whereas this value is less than 10% in other
developed countries. It might be easier to antenatally
identify prominently smaller fetuses as having FGR
with the Japanese definition (�6.7%ile) than with
other countries’ definitions (�10%ile) when using
ultrasound measurements of fetuses.

Regarding the difference in the frequency of fetal
weight estimation, the frequency is greater in Japan
than in other developed countries. Fetal weight esti-
mation is typically performed every 2weeks after 24
gestational weeks and every week after 36 gestational
weeks in Japan [15], whereas it is performed once
every 3–4weeks at most throughout pregnancy in
other developed countries [16]. Frequent fetal weight
estimation may increase the reliability of estimation by
taking into account the fetal growth rate [17,18],
although there are negative opinions [19,20] concern-
ing the appropriateness of frequent estimation, which
might result in confusion due to variations in the
measurement technique itself [16]. In addition, Ego
et al. reported a relatively high identification rate of
44% [9], which is largely due to the definition of FGR

identification. That study classified the cases with
slowed growth or referrals to specialists as antenatally
identified cases of FGR, regardless of the estimated
fetal weight, whereas FGR was identified mainly by
the estimated fetal weight in other developed coun-
tries, including Japan. After reassessments using only
the estimated fetal weight, the identification rate was
corrected to 25% in this report [9], which seems to be
comparable to that in other reports (12% [5] and
18% [3]).

We also found that the antenatal identification of
FGR was associated with the severity of FGR, namely
with the Z-score of fetal weight at each gestational
week. The identification rate of FGR was significantly
higher when the Z-score was smaller, which is consist-
ent with previous reports [9,19,21,22]. This result is
considered reasonable, as it means that the greater
the deviation from the normal, the more easily the
condition is identified. In addition, among severe cases
with a Z-score of <�2.5 SD, the identification rate was
significantly higher beyond 28 weeks’ gestation than
before 28 weeks’ gestation (Figure 2). This may be
because the measurements were performed more fre-
quently as gestational age increased, thus increasing
the reliability of fetal measurements for the reasons
mentioned above.

Several limitations associated with the present
study warrant mention. First, this study was limited by
the inability to determine the accurate date of IUFD. It
is impossible to determine when the IUFD occurred
after the last confirmation of fetal viability at the out-
patient department or inpatient ward. Due to the dif-
ference between the date of birth and that of fetal
death, we could overestimate the numbers of FGR.
Although the maximum interval during the above
checkups may have been two weeks, the interval of
most cases was restricted to within a few days, as
most IUFDs were confirmed after the appearance of
indicative symptoms, such as decreased fetal move-
ment. Our overestimation might not have been very
significant. Second, all data were limited to cases of
stillbirth, and we were unable to study the antenatal
identification rate of FGR leading to livebirths. Since
the identification rate of FGR leading to livebirths is
unknown, whether or not the identification rate of
FGR leading to stillbirth is indeed relatively low is
unclear. If the identification rate of FGR leading to
livebirths could be studied under similar conditions,
then its impact on IUFD would be expected to be
clearer. Third, there may have been some examiner
bias, as various skilled healthcare providers identified
FGR. However, despite these limitations, we were able
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to demonstrate the current situation in Japan, where
pregnancies are managed at facilities of various levels,
including primary obstetric clinics, general hospitals,
and tertiary perinatal centers. Finally, some proportion
of our data, including unclaimed cases, multiple preg-
nancies etc., were omitted from the population.
Furthermore, data on the maternal educational level
and body mass index, which might have affected the
risk of stillbirth or measurement of the EFW, were not
available.

Conclusion

The antenatal identification rate of FGR leading to
IUFD in Japan is considered insufficient. Stillbirths
might be prevented if antenatal identification of FGR
is improved. Further research concerning the antenatal
identification of FGR to reduce IUFD is needed.
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