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Abstract

Introduction: Small fetal size is the most important risk factor for stillbirth. To our
knowledge, no previous study has considered combinations of mid-trimester meas-
ures of fetal size as predictors of stillbirth risk. The aim of this cohort study was to as-
sess whether small fetal measurements by mid-pregnancy ultrasound, in conjunction
with maternal factors, can predict the risk of stillbirth.

Material and Methods: In this historical cohort study, we identified 377 563 single-
ton pregnancies in the Swedish Pregnancy Register between 2014 and 2021, with
delivery at >227° gestational weeks with a first trimester (67°-13%° weeks) dating
ultrasound, and second trimester (16*°-21*° weeks) measurements of biparietal di-
ameter (BPD), abdominal circumference (AC), and femur length (FL). Relative risks (RR)
with a 95% confidence interval (Cl) for stillbirth were calculated for fetuses with any
second-trimester biometry <5th centile, and adjusted for maternal characteristics.
Odds ratios (ORs) with 95% CI| were used to assess the individual contributions of
fetal biometry and maternal characteristics to stillbirth risk. Significant factors were
included in a multivariate prediction model, and the area under the receiver operating
characteristic curve (AUC) was used to assess predictive performance.

Results: Short second-trimester FL was associated with increased risk of stillbirth,
especially when combined with small AC or both small BPD and AC (aRR [95% Cl] 2.78
[1.44-5.34] and 2.40 [1.14-5.06], respectively), whereas normal FL with small BPD
and/or AC was not. In the multivariable model, short FL in combination with small AC
was the strongest contributor to stillbirth risk assessment. The AUC of the prediction
model, including both maternal characteristics, small AC, and short FL, was 0.623 for
stillbirth in all pregnancies, 0.635 for term stillbirth, and 0.591 for preterm stillbirth.
Conclusions: We found evidence of increased risk of stillbirth among fetuses with
short FL, especially in combination with small AC, but not with normal FL, regardless
of other small fetal dimensions. However, maternal characteristics and mid-gestational

biometry perform poorly in predicting stillbirth.

Abbreviations: AC, abdominal circumference; BMI, body mass index; BPD, biparietal diameter; Cl, confidence interval; CRL, crown-rump length; CUB, Combined Ultrasound and
Biochemistry; FGR, Fetal growth restriction; FL, femur length; GA, gestational age; RR, risk ratio; SGA, Small for gestational age.
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1 | INTRODUCTION

Fetal growth restriction (FGR) is defined as a failure of the fetus to
reach its biological growth potential. In the absence of a gold stand-
ard measure, FGR is often defined as small fetal size for gestational
age. A deviation of fetal size from a growth reference below a chosen
threshold, as for example the 10th, 5th, or 3rd centile (small for ges-
tational age, SGA) is often used as a proxy for FGR. Small fetal size
may reflect impaired placental function, leading to reduced placental
volume, surface area, and vascularization of the chorionic plate‘l’2
Such placental dysfunction results in poor nutrient and, most im-
portantly, reduced oxygen supply across the placental barrier, which
makes the growth-restricted fetus vulnerable to increased oxygen
needs. Accordingly, chronic or acute hypoxia is thought to be the
leading cause of stillbirth in growth-restricted fetuses.®

However, this static measurement of size includes fetuses who
are healthy but genetically small. Moreover, by using SGA as a proxy
for FGR, fetuses who suffer from placental insufficiency but are
appropriate for gestational age will remain undetected.* That said,
small fetal size for gestational age is probably the most important
risk factor for stillbirth, especially in preterm gestational ages.””
Antenatal detection of FGR improves the prognosis and reduces
stillbirth risk.>®? Many stillbirths with placental insufficiency as the
primary cause of death are likely preventable.”*

Universal second trimester assessment of fetal anatomy and bi-
ometry has been common practice in Sweden since the late 1990s,
with coverage exceeding 95%.1* First trimester routine screening
has gradually been implemented during the last decade but is not yet
covering the entire country.12 Dating of pregnancy with ultrasound
in the first trimester is recommended by the International Society of
Ultrasound in Obstetrics and Gynecology as being the most accurate
estimate of gestational age.'® Fetal growth of individual biometric
measurements in the second trimester can accordingly be assessed
if the pregnancy was dated earlier. Early growth deviations can rep-
resent early FGR, but also inaccurate dating, normal variation, and
congenital malformations, or chromosome aberrations.

Several prediction models for stillbirth risk have been devel-
oped and are intended for use at different points of time during
pregnancy. However, there is no clinically useful first or second
trimester screening test to predict stillbirth in a low-risk popula-
tion. In a review from 2020, Townsend et al.* identified a high
risk of bias in almost all reviewed stillbirth prediction models, and
found the low number of events per predictor parameter (EPP) as
particularly concerning. Moreover, the review did not include any
screening models developed in low-risk populations within high-
resource settings. To our knowledge, no study has evaluated the
risk of stillbirth in relation to combinations of second trimester
fetal biometric growth deviations, either in a population-based

Key Message

Stillbirth risk is increased in fetuses with short mid-
gestational femur length, but not in fetuses with normal
femur length, even if combined with other small biometric
measurements. Stillbirth prediction performance by fetal

biometry and maternal characteristics is however poor.

cohort or in a low-risk study population large enough to meet the
recommended threshold of >10 EPP.

The study aimed to investigate if different combinations of
smaller-than-expected biometric measurements in the second tri-

mester are associated with increased stillbirth risks.

2 | MATERIAL AND METHODS

In this historical cohort study, we included all singleton pregnancies
with delivery at 22*° completed gestational weeks (154 gestational
days) or later, with at least two obstetric ultrasound examinations
before 22 gestational weeks registered in the Swedish Pregnancy
Register between 2014 and 2021. The Pregnancy Register is a na-
tional quality register that includes data on pregnancy and childbirth,
beginning at the first antenatal visit and ending at the follow-up visit
to maternity care at 8-16weeks postpartum.'® It includes data on
maternal demography, reproduction and health, information on
prenatal diagnostics, and pregnancy outcomes for mother and new-
born. During the study period, the register collected data directly
from electronic medical records in approximately 95% of all births in
Sweden (19 of 21 regions).

The Pregnancy Register contains a module for estimating the risk
of fetal trisomy (Combined Ultrasound and Biochemistry, or CUB
test, performed between 11*° and 13*° weeks), which is the basis
for approximately 80% of all CUB tests performed in Sweden. The
CUB test includes dating of the pregnancy using crown-rump length
(CRL) or biparietal diameter (BPD), depending on gestational length.
Data from ultrasounds other than the CUB test are also transferred
from the electronic medical records to the Pregnancy Register, in-
cluding fetal biometry, estimated fetal weight, and fetal Doppler
examinations.

The data from the Pregnancy Register included 625522 sin-
gleton pregnancies (2114 stillbirths; stillbirth rate 3.4/1000). We
excluded pregnancies with more than one fetus at first ultrasound
(n=172), no first trimester (gestational age [GA] 6*0 to 13*¢ weeks)
ultrasound data available in the Pregnancy Register (n=179917),
pregnancies with GA at birth <22%% weeks (n=5), pregnancies with
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no registered second trimester (16*° to 21*¢ weeks) ultrasound, in-
cluding a complete set of biometric measurements of the fetal head,
abdomen and femur (n=67 373), and pregnancies with missing data
on birthweight (n=492) (Figure 1). The final study cohort consisted
of 377563 pregnancies.

To achieve uniform dating of pregnancies, we calculated the esti-
mated date of delivery based on the registered first trimester ultra-
sound biometric measurements. For all pregnancies where a CUB test
was performed (61.3%), we used biometric measurements from the
CUB ultrasound for dating, since the CUB tests are always performed
by certified first-trimester sonographers. When no CUB test was
performed, we used biometric measurements from the first available
first trimester ultrasound recorded in the Pregnancy Register. When
BPD was less than 21 mm, the modified Robinson formula®® for CRL
(8.052 x (CRLx 1.037)24+23.73) for pregnancy dating was used.
When BPD was 221 mm, the modified Selbing and Kjessler formula®’
(58.65+1.07 x BPD +0.0138 x BPD?) was used, as recommended by
the Swedish Society of Obstetrics and Gynecology.18 Hence, for this
study both spontaneously conceived and in vitro fertilized pregnan-
cies were dated using first trimester ultrasound.

The biometric measurements of the fetal head (BPD), abdomen
(abdominal circumference, AC, calculated as x*mean abdominal di-
ameter), and femur (femur length, FL) at the second trimester rou-
tine scan were retrieved from the Pregnancy Register. The individual
biometric measurements were classified as small (BPD and AC) or
short (FL) if the measurement was below the 5th percentile accord-
ing to the new Swedish intrauterine growth references for biomet-

1. The sex-neutral reference

ric measurements by Lindstrém et a
ranges were chosen, as fetal sex is usually not taken into account
during pregnancy.

The cohort was stratified according to fetal biometry at the sec-

ond trimester ultrasound scan into eight categories:

1. Normal biometry (FL, AC, and BPD =5th centile)

Isolated small BPD (BPD <5th centile, AC and FL >5th centile)

Isolated small AC (AC <5th centile, BPD and FL >5th centile)

Isolated short FL (FL< 5th centile, BPD and AC >5th centile)

Normal BPD, small AC, and short FL (BPD =5th centile, AC and FL

<5th centile)

6. Normal AC, small BPD, and short FL (AC =5th centile, BPD and FL
<5th centile)

7. Normal FL, small BPD and AC (FL >5th centile, BPD and AC <5th
centile)

8. All biometry small (BPD, AC, and FL <5th centile).

A

2.1 | Outcome and covariates

The outcome was stillbirth at 227° gestational weeks or later.

Covariates included maternal country of birth, level of educa-
tion, parity, in vitro fertilization, cohabitation with the other parent,
tobacco use at the first antenatal visit, body mass index (BMI) in
early pregnancy, maternal age, and fetal sex.

Maternal country of birth was categorized into Nordic country
(Sweden, Denmark, Iceland, Finland, and Norway), other European
country, and non-European country. Level of education was catego-
rized according to the Swedish educational system into formal edu-
cation <12years and more than 12years (college or university). BMI
was categorized using the World Health Organization classification
into underweight (<18.5kg/m?), normal weight (18.5-24.9 kg/m?),
overweight (25-29.9kg/m?), obesity class 1 (30-34.9kg/m?), and
obesity class 22 (>35 kg/mz). Standardized birthweight was stratified
into <3rd centile, 3rd-9.9th centile, 10th-90th centile, 90.1st-97th
centile, >97th centile according to Lindstrém et al.?°

To select covariates for adjustments, a causal diagram was drawn
of the associations between fetal size in the second trimester and the
outcome stillbirth. Using DAGitty v3.0, we created a directed acyclic

graph (https://www.dagitty.net) to find the minimal sufficient set of

| 625 522 singleton pregnancies from the Pregnancy Register, 2114 stillbirths (stillbirth rate 3.4/1000) |

4»' >1 fetus at first ultrasound (n=172), 1 stillbirth (stillbirth rate 5.8/1000)

No first trimester (week 67 to 137°) ultrasound data available
(n=179 917), 765 stillbirths (stillbirth rate 4.3/1000)

445 433 pregnancies with valid first trimester (week 67 to 137) ultrasound
biometry (BPD or CRL), 1348 stillbirths (stillbirth rate 3.0/1000)

4’| Gestational age at birth < 2240 (n=5), 2 stillbirths (stillbirth rate 400/1000)

No second trimester ultrasound (week 167 to 217°) including biometric
measurements (n=67 373), 333 stillbirths (stillbirth rate 4.9/1000)

44 No registered birthweight (n=492), 35 stillbirths (stillbirth rate 71.1/1000) |

377 563 pregnancies with ultrasound data in first and mid-second trimester, 978 stillbirths (stillbirth rate 2.6/1000) |

FIGURE 1 Selection of the study cohort.
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confounders for estimating the total causal effect of fetal growth in

the second trimester on stillbirth risk (Figure S1).

2.2 | Statistical analyses

Maternal, infant, and delivery characteristics were explored with de-
scriptive statistics.

We calculated the relative risk of stillbirth for each of the eight
size categories at the second-trimester ultrasound scan. The relative
risk was expressed as a risk ratio (RR) with a 95% confidence interval
(Cl) and calculated using log-binomial multivariable logistic regres-
sion models, where fetuses with normal biometry at the second-
trimester ultrasound scan were treated as the reference group. In
the second step, we adjusted for the minimal sufficient set of con-
founders according to the directed acyclic graph, which were coun-
try of birth, parity, in vitro fertilization, smoking, BMI, and maternal
age (adjusted RR, aRR). Only cases with complete data were included
in the adjusted models.

Since the cause of stillbirth varies between preterm, term, and
postterm gestational ages, we stratified the cohort according to ges-
tational age at birth into preterm (22%0-36%¢ gestational weeks) and
term birth (237 gestational weeks). The RR of stillbirth with 95% CI
was calculated for the eight biometry categories, with normal biom-
etry at second-trimester ultrasound scan as the reference group for
preterm and term fetuses, respectively. The models were adjusted
for the same minimal sufficient set of confounders as above (country
of birth, parity, in vitro fertilization, smoking, BMI, and maternal age).

A subanalysis of risk for stillbirth, stratified by infant sex was
conducted using log-binomial multivariable logistic regression mod-
els where fetuses with normal biometry at second-trimester ultra-
sound scan were treated as the reference group. Only cases with
known infant sex were included in the subanalysis.

Next, we created a prediction model for identifying fetuses at
risk of stillbirth based on maternal characteristics and fetal biome-
try. First, we assessed the risk of stillbirth, expressed as odds ratios
(ORs) with 95% ClI, and the relative contribution of each variable
using multivariate logistic regression analysis for all individual ma-
ternal characteristics and fetal biometry. To avoid effects of mul-
ticollinearity, maternal BMI and age were included as continuous
variables and centered by subtracting the arithmetic mean from
each value. Maternal country of birth was coded as a binary variable
to estimate the independent effect of each category, with Nordic
country of birth as the reference category. For the remaining binary
variables, the reference categories were: >12years of education,
previous childbirth, no IVF treatment, parental cohabitation, and
no smoking in early pregnancy. Fetal biometric measurements were
assessed both as continuous and binary variables, where <5th cen-
tile defined the cutoff value for the binary variables, and = 5th cen-
tile for each biometric measurement was treated as the reference
category. Only cases with complete data on all variables were in-
cluded in the analyses. A p-value <0.05 was considered statistically
significant.

Next, all variables independently and significantly associated
with stillbirth were included in the multivariable prediction mod-
els developed in three steps. The first model included only signifi-
cant maternal characteristics. The second model incorporated the
same maternal characteristics along with the significant continuous
fetal biometric measurements. The third model included the same
maternal characteristics and the significant binary fetal biometric
variables (<5th centile). Last, the predictive performance of the
models was determined using the area under the Receiver Operating
Characteristics (ROC) curves (AUC) with 95% Cl, and detection rates
(DR) were estimated for the models at 5% and 10% false positive
rates (FPR). All models were evaluated for the entire study popula-
tion and for term and preterm births separately.

To evaluate the diagnostic performance of the different size
categories without the addition of the parameters included in the
prediction models, key diagnostic measures (sensitivity, FPR, and
positive predictive value [PPV]) were calculated to evaluate the de-
tection of later stillbirth.

Last, to assess the robustness of our results, biometry centiles
were generated from within the actual cohort for each day between

1*. The individual biometric measure-

gestational week 16*° and 2
ments were classified as small (BPD and AC) or short (FL) if below the
5th percentile. Rates and relative risks of stillbirth, expressed as RRs
with 95% Cl, by cohort-defined fetal size categories were calculated
and adjusted for the same minimal sufficient set of confounders as
above (country of birth, parity, in vitro fertilization, smoking, BMI,
and maternal age).

Statistical analyses were performed using IBM Corp. Released
2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY:

IBM Corp.

3 | RESULTS

The study population consisted of 377563 singleton births, of which
978 were stillborn. Fetal, maternal, and infant characteristics in total
and by stillbirth are presented in Table 1. Most mothers (72%) were
born in a Nordic country, and 15% were born outside Europe. For
stillbirths, 20% of the mothers were born in a non-European country.
Maternal and infant characteristics by fetal size at second-trimester
ultrasound are shown in Table S1.

The stillbirth rate per 1000 ongoing pregnancies slightly in-
creased in late preterm gestations and rose steeply after the ex-
pected date of delivery (Figure S2). When stratified by gestational
age, stillbirth in extreme preterm gestation (22-27 weeks) was most
common among fetuses with isolated small BPD (27%) at second
trimester scan. Among fetuses with normal biometry at second tri-
mester scan, a larger proportion (38%) of the stillborn infants were
born in term gestation (37-40weeks) than in other biometry groups
(Table S2). Moreover, 75% of the fetuses with all biometry small and
66.7% of the fetuses with normal BPD, small AC and FL, or normal
AC, small BPD and FL who were later stillborn had a birthweight
below the 3rd centile.
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TABLE 1 Fetal, maternal and infant characteristics in total and by stillbirth, singleton births in Sweden 2014-2021.

Stillbirths
Total,n=377563 Total, n=978 Term, n=459 Preterm, n=519
Second trimester fetal biometry?
Normal biometry 83.9% 79.9% 81.3% 78.6%
Isolated small BPD 5.1% 5.2% 4.8% 5.6%
Isolated small AC 7.2% 8.2% 8.1% 8.3%
Isolated small FL 1.3% 2.8% 2.6% 2.9%
Normal BPD, small AC and FL 0.4% 1.2% 0.7% 1.7%
Normal AC, small BPD and FL 0.3% 0.3% 0.2% 0.4%
Normal FL, small BPD and AC 1.5% 1.6% 1.5% 1.7%
All biometry small 0.3% 0.8% 0.9% 0.8%
Maternal country of birth
Nordic country 72.1% 59.8% 62.5% 57.4%
Europe outside Nordic countries 6.0% 7.7% 6.3% 8.9%
Non-European country 14.9% 20.3% 21.8% 19.1%
Missing 7.1% 12.2% 9.4% 14.6%
Years of education
<12years 33.9% 37.9% 35.9% 39.7%
>12years 52.2% 41.0% 45.5% 37.0%
Missing 13.9% 21.1% 18.5% 23.3%
Parity
0 43.5% 46.7% 44.9% 48.4%
1-2 51.4% 45.3% 48.1% 42.8%
>3 5.2% 8.0% 7.0% 8.9%
Missing <0.1% 0.0% 0.0% 0.0%
IVF pregnancy
Yes 5.6% 6.6% 5.4% 7.7%
Missing 0.1% 0.0% 0.0% 0.0%
Parental cohabitation
No 6.6% 10.9% 11.3% 10.6%
Missing 0.2% 0.6% 0.2% 1.0%
Tobacco use at first antenatal visit
Daily smoker 3.6% 5.7% 5.4% 6.0%
Missing 3.0% 4.6% 3.3% 5.8%
Maternal BMI (kg/mz)
<18.5 2.4% 1.7% 1.5% 1.9%
18.5-24.9 57.6% 45.2% 45.5% 44.9%
25-29.9 25.9% 28.0% 26.8% 29.1%
30-34.0 9.8% 14.9% 17.6% 12.5%
235 4.4% 6.7% 6.5% 6.9%
Missing 2.7% 3.4% 2.0% 4.6%
Maternal age at delivery (years)
<25 7.4% 8.5% 7.2% 9.6%
25-34 63.5% 56.3% 56.2% 56.5%
35-39 23.4% 27.4% 29.0% 26.0%
240 5.8% 7.8% 7.6% 7.9%
Missing <0.1% 0.0% 0.0% 0.0%

(Continues)
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TABLE 1 (Continued)

Stillbirths
Total, n=377563 Total, n=978 Term, n=459 Preterm, n=519
Sex
Boy 51.9% 48.6% 45.8% 51.1%
Girl 48.1% 51.2% 54.2% 48.6%
Unknown <0.1% 0.2% 0.0% 0.4%

2Small biparietal diameter (BPD) and abdominal circumference (AC) and short femur length (FL) are defined as BPD, AC, and FL <5th centile for

gestational age according to Lindstrom et al. 2020.

TABLE 2 Rate and risk of stillbirth by

Fetal size at second Total Stillbirth . .

I — fetal sge at second trmTester u!trasot.md
scan® (gestational week Crude RR (95% Adjusted® RR scan W,Ith crude an('j adJUSt_Ed risk ratio
16+ to 21*9) N N Rate/1000 Cl) (95% Cl) (RR) with 95% confidence intervals (Cl).
Normal biometry 316773 781 2.5 1.00 1.00

(reference)

Isolated small BPD 19261 51 2.6 1.07 (0.81-1.43) 1.06(0.77-1.44)

Isolated small AC 27000 80 3.0 1.20(0.96-1.51)  1.24(0.97-1.59)

Isolated short FL 4823 27 5.6 2.27 (1.55-3.33) 2.22(1.47-3.37)

Normal BPD, small AC 1473 12 8.1 3.30(1.87-5.83) 2.78(1.44-5.34)

and FL

Normal AC, small BPD 1183 3 2.5 1.03(0.33-3.19) 1.16(0.38-3.61)

and FL

Normal FL, small BPD 5749 16 2.8 1.13(0.69-1.85) 0.97(0.55-1.72)

and AC

All biometry small 1301 8 6.1 2.49(1.25-4.99) 2.40(1.14-5.06)

Note: Only complete cases were included in the adjusted analysis (=377 563 for crude RR,

n=339366 for adjusted RR).

2Small biparietal diameter (BPD) and abdominal circumference (AC) and short femur length (FL) are

defined as BPD, AC, and FL <5th centile for gestational age according to Lindstrom et a

|19

PAdjusted for country of birth, parity, in vitro fertilization, smoking, BMI, and maternal age.

In total, the stillbirth rate was 2.6 per 1000 births in the study
population. Table 2 displays rates and risk of stillbirth by fetal size at
second trimester scan. Highest stillbirth rates were seen in fetuses
with isolated short FL, normal BPD with small AC and FL, and all
biometry small (5.6 %o, 8.1 %o, and 6.1 %o, respectively). Accordingly,
the risk of stillbirth was highest for these fetuses (crude RR; 95%
Cl 2.27 [1.55-3.33] for isolated short FL; 3.30 [1.87-5.83] for nor-
mal BPD with small AC and FL; and 2.49 [1.25-4.99] for all biometry
small). After adjustment for country of birth, parity, in vitro fertil-
ization, smoking, BMI, and maternal age, the RR remained substan-
tially increased for the same size categories, 2.22 [1.47-3.37], 2.78
[1.44-5.34], and 2.40 [1.14-5.06], respectively.

When stratified by gestational age at birth, the risk for stillbirth
by fetal size at second trimester ultrasound scan was slightly differ-
ent in preterm and term pregnancies (Table S3). For births before
37 weeks of gestation, the risk of stillbirth was increased for fetuses
with normal BPD but small AC and FL (aRR; 95% CI 2.27 [1.10-4.72]),
while in births at 37+0 gestational weeks or later, the risk of still-
birth was increased with isolated short FL (aRR; 95% Cl 2.14 [1.18-
3.91]) and with all biometry small (aRR; 95% Cl 2.82 [1.05-7.54]).

The subanalysis stratified by infant sex showed a stillbirth rate
of 2.4 per 1000 births for boys and 2.8 per 1000 births for girls
(Table S4). The stillbirth rate was highest for boys and girls with nor-
mal BPD but small AC and FL in the second trimester (8.2 %o and 8.1
%o for boys and girls, respectively). Despite differences in stillbirth
rate, the relative risks of stillbirth were not significantly different be-
tween boys and girls in any of the eight biometry categories.

The multivariate complete case regression analysis of the asso-
ciation between stillbirth and the individual maternal and biometric
factors included 88% of the total study population and 82% (n=806)
of the stillbirths. For term births, 399 (87%) of the stillbirths and for
preterm births, 407 (78%) were included in the analyses. Fetal sec-
ond trimester biometric variables independently and significantly
associated with stillbirth only included FL, both when analyzed as
a continuous (FL centile) and as a binary (FL <5th centile) variable
(Table 3). Among maternal characteristics, maternal country of birth,
educational level, parity, parental cohabitation, smoking, BMI, and
maternal age were significantly associated with stillbirth.

The prediction model included significant maternal characteris-
tics, both without and with the addition of FL and AC centile and FL
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TABLE 3 Risk of stillbirth by individual second trimester fetal biometric and maternal characteristics for all births, term births and
preterm births, respectively, presented as Odds Ratio with 95% confidence interval (Cl).

Odds ratio (95% Cl)

All births,n=332183

Term births, n=359877 Preterm births,n=15197

Second trimester fetal biometry, centile®

Biparietal diameter
Abdominal circumference
Femur length

Small fetal biometry, <5th centile?
Small biparietal diameter
Small abdominal circumference
Short femur length

Maternal characteristics
Europe outside Nordic countries
Non-European country
<12years education
Nulliparous
IVF pregnancy
No parental cohabitation
Smoking in early pregnancy
BMI - 25.0 (kg/m?)

1.00 (0.99;1.00)
1.00 (1.00;1.00)
1.00(0.99;1.00)°

0.98(0.77:1.24)
1.22 (1.00;1.49)
2.18(1.62;2.92)°

1.53(1.19;1.96)°
1.54 (1.30;1.83)°
1.31(1.13;1.52)°
1.37(1.18;1.58)°
1.12 (0.84;1.49)

1.31(1.03;1.67)°
1.45 (1.08;1.96)°
1.04 (1.03;1.06)°

1.00(1.00;1.00)
1.00(1.00;1.00)
1.00(0.99;1.00)

0.93(0.65;1.32)
1.16 (0.86;1.56)
1.93 (1.22;3.06)°

1.16 (0.78;1.73)
1.61(1.27;2.04)°
1.15(0.93;1.42)°
1.43(1.16;1.77)
0.85(0.55;1.34)
1.48 (1.07;2.05)°
1.49 (0.97;2.31)°
1.05 (1.04;1.07)°

1.00 (1.00;1.00)
1.00 (0.99:1.00)
1.00 (0.99:1.00)°

1.16 (0.83;1.61)
1.19 (0.90;1.58)
1.55 (1.04;2.30)°

2.04 (1.47;2.82)°
1.45(1.13;1.86)°
1.25(1.01;1.54)°
0.88(0.71;1.08)

1.00 (0.69;1.46)

1.07 (0.75;1.53
0.99 (0.65;1.52
1.01(0.99;1.03

Age at delivery - 32.1 (years) 1.03 (1.02;1.05)°

)
)
)
)

)
1.04 (1.02;1.06)° 1.00(0.98;1.02

Note: Fetal biometric variables are continuous (centile) or binary (<5th centile). Only complete cases were included in the analysis.

Reference categories for categorical variables: Small fetal biometry: 25th centile; Maternal country of birth: Nordic country; Years of education:
>12years; Parity: parous; IVF pregnancy: no; Parental cohabitation: yes; Smoking in early pregnancy: no.

aAccording to Lindstrom et al®’.

bStatistically significant difference compared with the concerned reference category, p-value <0.05.

and AC <5th centile. The AUC for the model including maternal char-
acteristics only was 0.613, with a DR of 20.5% at 10% FPR (Table 4;
Figure S3a-f). The addition of FL and AC led to a marginal increase in
predictive performance. The AUC was 0.623 with a DR of 20.6% at
10% FPR for maternal characteristics, FL <5th centile, and AC <5th
centile. There was no statistically significant difference in predictive
performance between the models. The predictive performance of all
models was better for term than for preterm stillbirths; the AUC for
the model including maternal characteristics, FL <5th centile, and
AC <5th centile was 0.635 for term and 0.591 for preterm stillbirths,
respectively (Table 4, Figures S4a-f and S5a-f).

The key diagnostic metrics showed overall low sensitivity for
detecting future stillbirth by fetal size category in the second tri-
mester of pregnancy (Table S5). The FPR was lowest among fetuses
with short FL, either as an isolated finding or in combination with
other deviant biometric measures. The PPV was very low for all size
categories.

When fetal size was defined using cohort-generate centiles from
the actual study cohort, category 5, 6, and 8, all including short
FL, had the highest rates of stillbirth per 1000 births, between 4.6
and 5.0/1000 births (Table 1). The relative risk was significantly in-
creased for fetuses with isolated small AC, isolated short FL, and
normal AC with small BPD and FL; aRR (95% Cl) 1.40 (1.02-1.92)

for small AC, 1.41 (1.04-1.91) for short FL, and 2.08 (1.08-4.01) for
normal AC with small BPD and FL, respectively (Table 5).

4 | DISCUSSION

In this cohort study of 377563 singleton births, short FL at second
trimester ultrasound scan was associated with an increased risk of
stillbirth, both in fetuses with isolated FL deviation and in those with
FL deviation combined with small AC. The highest risk of stillbirth
was seen in fetuses with the combination of short FL, normal BPD,
and small AC. Even in this high-risk category, the absolute risk of
stillbirth remained low from a global perspective. The performance
of all tested models for stillbirth prediction at the second trimes-
ter routine ultrasound scan was rather poor, especially for preterm
stillbirths, and did not significantly improve by adding FL and AC to
maternal characteristics.

The main strength of our study is the large cohort size with bio-
metric measurements of the fetal head, abdomen, and femur. This
allowed us to analyze combinations of deviant biometric measure-
ments at second trimester ultrasound scans and the rare outcome
stillbirth with a substantially higher number of events per predictor,
compared with earlier studies. The vast majority of pregnant women
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TABLE 4 Prediction of stillbirth at all, term, and preterm gestational ages based on maternal characteristics and fetal femur length (FL),
modeled as continuous (centile) or binary variable (<5th centile).

Detection rate

Area under curve (95% ClI) at 10% FPR at 5% FPR
All stillbirths
Maternal characteristics® 0.613(0.593:0.634) 20.5% 11.3%
Maternal characteristics + FL centile® 0.622 (0.602;0.642) 21.0% 10.4%
Maternal characteristics + FL <5th centile® 0.621 (0.601;0.642) 21.8% 12.4%
Maternal characteristics + AC centile® 0.615 (0.594;0.635) 20.7% 10.8%
Maternal characteristics + AC <5th centile® 0.617 (0.597;0.637) 20.2% 11.1%

Maternal characteristics + FL <5th centile® and AC <5th centile® 0.623 (0.603;0.643) 20.6% 12.2%
Term stillbirths

Maternal characteristics 0.630 (0.602;0.658) 21.9% 13.5%
Maternal characteristics + FL centile® 0.632 (0.604;0.660) 22.1% 12.5%
Maternal characteristics + FL <5th centile® 0.634 (0.606;0.633) 22.4% 13.0%
Maternal characteristics + AC centile® 0.630 (0.602;0.658) 22.1% 12.8%
Maternal characteristics + AC <5th centile” 0.631 (0.603;0.660) 21.4% 11.8%
Maternal characteristics + FL <5th centile® and AC <5th centile® 0.635 (0.607;0.663) 22.2% 12.5%
Preterm stillbirths
Maternal characteristics 0.578 (0.549;0.606) 17.9% 8.8%
Maternal characteristics + FL centile” 0.596 (0.569;0.624) 18.4% 8.1%
Maternal characteristics + FL <5th centile® 0.586 (0.557;0.615) 18.2% 9.1%
Maternal characteristics + AC centile® 0.585 (0.556;0.614) 18.2% 10.1%
Maternal characteristics + AC <5th centile” 0.586(0.557;0.614) 18.9% 8.8%
Maternal characteristics + FL <5th centile® and AC <5th centile® 0.591 (0.562;0.619) 18.2% 9.1%

Abbreviations: Cl, confidence interval; FPR, false positive rate.

@Maternal characteristics include country of birth, educational level, parity, parental cohabitation, maternal smoking, BMI and age at delivery.

PAccording to Lindstrém et al'’.

in Sweden undergo an ultrasound scan in the gestational weeks in-
cluded in the study, and the Swedish Pregnancy Register covers 95%
of these pregnancies.'>?! The main loss of information is by region,
which allows the remaining cohort to be interpreted as population
based. In Sweden, termination of pregnancy is not legal after the
fetus is considered viable. This implies that termination of preg-
nancy due to fetal malformations, chromosome aberrations or FGR
is extremely rare after gestational week 21+ 6. The risk of misclassi-
fication bias, where termination of pregnancy is misclassified as still-
birth, is thereby negligible. Last, all pregnancies in this cohort were
uniformly dated in the first trimester to avoid potential bias related
to dating discrepancy and early differences in fetal growth rate.

As with all observational studies, there are some important
limitations. First, records on stillbirths in Swedish registries lack
information on aneuploidy, malformations, and cause of death.
Routinely, ICD codes of stillbirth are not registered in the mothers'
or infants' medical records; hence, the cause of death cannot be
determined. Thereby, we could not draw any conclusions regard-
ing mid-gestational fetal biometry and stillbirth etiology in this
study. Second, BPD rather than head circumference is used for
the estimation of fetal size in Sweden, except in cases with doli-
cho- or brachiocephaly. Hence, head circumference is only present

in a minority of the subjects included in the Pregnancy Register
and could not be used in the study analyses. Third, selection bias
is a concern. Fetal biometry is not always recorded in the regis-
try, which implies a risk of selection bias with a higher proportion
of aberrant measurements recorded. Further, we cannot exclude
the possibility that measurement error may have influenced the
results. However, given the large cohort size, we believe that the
likelihood is low that measurement error could lead to one-way
over- or underestimation of fetal biometry since. earlier studies
show different degrees of interobserver variability in fetal biome-
try assessment, but with a low mean difference, especially for ce-
phalic and femoral measurements.??

In Sweden, the clinical routines varied by regions during the
study period. Some regions offered first trimester scans only for
women aged 35years or older. Thus, our study population is older
than the general Swedish pregnant population. This may have in-
fluenced the results, since older women are at higher risk of fetal
aneuploidy with short FL and later stillbirth.1® On the other hand,
a majority of the study population was screened for fetal trisomies,
and diagnosis of aneuploidy often leads to termination of the preg-
nancy. However, the used quality register lacks information if ab-
normal second trimester biometry was acted upon at diagnoses. If
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TABLE 5 Rate and risk of stillbirth
by cohort defined fetal size at second
trimester ultrasound scan with crude
and adjusted risk ratio (RR) with 95%
confidence intervals (Cl).

Fetal size at second
trimester ultrasound
scan® (gestational
week 16*° to 21*9)

Normal biometry
(reference)

Isolated small BPD
Isolated small AC
Isolated short FL

Normal BPD, small AC
and FL

Normal AC, small BPD
and FL

Normal FL, small BPD
and AC

All biometry small

N N

Total Stillbirth

Adjusted® RR
Rate/1000 Crude RR(95% Cl) (95% Cl)

327461 803 25 1.00 1.00

13788 38 2.8
13038 47 3.6
14607 54 3.7

2170 10 4.6

1.12(0.81-1.55)
1.47 (1.09-1.97)
1.50(1.14-1.98)
1.87 (1.00-3.49)

1.12(0.79-1.58)
1.40(1.02-1.92)
1.41 (1.04-1.91)
1.83(0.95-3.52)

1995 10 5.0 2.03(1.09-3.80) 2.08 (1.08-4.01)

2836 9 3.2 1.29 (0.67-2.49) 1.25(0.62-2.50)

1493 7 4.7 1.90(0.91-4.00) 1.82(0.82-4.06)

Note: Only complete cases were included in the adjusted analysis (=377 563 for crude RR,
n=350502 for adjusted RR).

aSmall biparietal diameter (BPD) and abdominal circumference (AC) and short femur length (FL) are
defined as BPD, AC, and FL <5th centile for gestational age in the cohort.

bAdjusted for country of birth, parity, in vitro fertilization, smoking, BMI, and maternal age.

increased surveillance was initiated due to the findings, it may have
reduced the strength of association by identification of abnormal
growth and indicating iatrogenic preterm birth due to FGR. Last,
the uneven distribution of deviant biometric measurements, where
short FL was less frequent in our cohort than small BPD or AC, can
be regarded as a weakness of the study. However, the centile distri-
bution was based on a reference developed in a low-risk population,
which can be considered as a strength. Moreover, even though the
relative risk was lower when fetal size was defined using centiles de-
rived from the actual study cohort, short FL remained significantly
associated with stillbirth.

We are not aware of any previous study exploring the asso-
ciation between different combinations of biometry deviations
in fetal second trimester biometry measurements and stillbirth
risk. Most previous studies have considered deviances in a single
biometric measurement and adverse fetal outcomes, mainly for
isolated short femur Iength.23'25 Similar to our results, a meta-
analysis found a significant association between isolated short FL
at second trimester scan and increased stillbirth risk.?® Further, in
two small cohort studies, stillbirth risk was increased in fetuses
with short second trimester FL and later severe FGR (AC <5th cen-
tile with abnormal umbilical Doppler findings before 37 weeks of
gestation), which singles out short FL with continued decreased
growth rate as a high-risk group for stillbirth.?*2> In line with our
results, Familiari et al.2% found FL to be the only second trimester
biometric measurement associated with stillbirth. However, the
size of our cohort, which was more than 15 times larger, allowed
us to explore stillbirth risk in several categories based on fetal bi-
ometry, which to our knowledge has not been done before.

We did not find an association between small BPD and stillbirth
risk, unless both AC and FL deviated as well. In contrast, two studies

found an association between small second trimester head circum-
ference (HC) and adverse perinatal outcome and stillbirth, although
neither of them assessed second trimester AC or FL.2”28 In a Danish
registry study, the incidence of stillbirth or miscarriage was higher in
fetuses with small HC and AC compared with fetuses with small HC
but normal AC, or with both biometric measurements normal but

without information about FL.%’

Consistent with our results, they
found a higher proportion of small HC among girls, and suggested
the use of sex-specific cut-offs for fetal head size to reach similar
detection rates among the sexes.

In a Norwegian retrospective study including 13528 women,
fetuses with a small abdominal diameter and normal BPD had an
increased risk of adverse outcomes compared with fetuses with
both measurements small and those with a normal abdominal diam-
eter.®° However, FL was again not considered. Thus, the fetuses with
stunted head growth may overlap with our exposure “all biometry
small” (group 8), which we found to be the group associated with the
second-highest relative risk of stillbirth. In our study, we could not
see an association between small head and abdomen and stillbirth
risk, unless also combined with short FL.

The predictive performance of the different models in the study
was modest, and not more than one fifth of the stillbirths would have
been identified if a FPR of 10% was accepted and the models were

.,3! the detection

used in clinical routine. In a study by Ashoor et a
rate of stillbirths using maternal factors alone or in combination with
estimated fetal weight based on second trimester biometry was sim-
ilar to our results. However, the predictive performance improved
by adding uterine artery Doppler, especially for preterm placental
dysfunction-related stillbirths.! In conformity with many other set-
tings, uterine artery screening is not part of routine pregnancy sur-

veillance in Sweden, which implies that such models are not easily
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adopted in clinic or possible to evaluate in a population-based co-
hort. The low diagnostic performance observed in this study indi-
cates that second trimester biometry alone, without the addition of
other parameters than maternal characteristics, is not useful for pre-
dicting later stillbirth in a clinical setting. Even the highest AUCs, for
predicting term stillbirth, are in a range usually considered “poor”.

The stillbirth rate in the background population during the
study period was 3.4 per 1000 births from gestational week 22+° or
later.?! This is low from a global perspective and comparable to most
countries in the European Union.%? However, even though our study
population was older than the background population, the stillbirth
rate was markedly low (2.6 per 1000 births). This may have been
due to a selection bias, driven by the non-universal first trimester
ultrasound, and may lead to a lower proportion of women of African
and Asian origin and higher educational levels, which are known pro-
tective factors for stillbirth risk in Sweden.?! The presence of infor-
mation about biometry at the second trimester ultrasound seems to
be associated with a lower risk of stillbirth, as the stillbirth rate in
pregnancies without such information in the initial population sam-
ple was almost twice as high as in our study population. Awareness
of aberrant biometry may have increased the surveillance with re-
duced stillbirth rates as a consequence.

Short FL has previously been identified as a marker for severe
FGR and perinatal complications such as preeclampsia, placental
abruption, preterm birth, and stillbirth.?* Our results confirm that
short FL, especially in combination with small AC, may be seen as
a marker for placental dysfunction and stillbirth risk. However, ma-
ternal factors and second trimester biometry do not seem to have a
predictive value strong enough to be clinically useful for screening of
stillbirth risk. We speculate that fetuses with short FL in the second
trimester of pregnancy, particularly if combined with small AC, may
benefit from increased pregnancy surveillance with targeted screen-
ing for declining growth rate, especially in cases with abnormal fetal
or uterine Dopplers‘31’33 The combination of small AC and short FL
predicted the highest risks of stillbirth. It is plausible that this associ-
ation is related to early placental dysfunction with risk of severe FGR
and asymmetric fetal growth due to brain sparing. Even so, more
research is needed to evaluate if a screening model, including aber-
rant second trimester biometry and increased surveillance of such

pregnancies, can result in reduced risk of stillbirth.

5 | CONCLUSION

The risk of stillbirth is increased in fetuses with short FL at the sec-
ond trimester ultrasound scan, especially in combination with small
AC, but not in fetuses with normal FL, regardless of other fetal di-
mensions. However, information on maternal characteristics and

mid-gestational biometry alone is a poor predictor of stillbirth.
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