




















Figure 5 Differential clinical factors and predictive accuracy of singleton FGR pregnancies in high-risk and low-risk groups.
(A) Heatmap and clinical features of high-risk and low-risk groups in the training group. The samples are ordered by risk score,
and the score decreases from left to right. “P<0.05, **p<0.01 and ***p<0.001. (B) Risk score distribution in low-risk and high-
risk groups in the training group. (C) Kaplan-Meier survival analysis of the low-risk and high-risk group in the training group. (D)
Heatmap and clinical features of high-risk and low-risk groups in the validation group. The samples are ordered by risk score,
and the score decreases from left to right. “P<0.05, **p<0.01 and ***p<0.001. (E) Risk score distribution in low-risk and high-risk
groups in the validation group. (F) Kaplan-Meier survival analysis of the low-risk and high-risk group in the validation group.

FGR, fetal growth restriction.

non-chromosomal abnormal singleton FGR pregnancies
that had structural abnormalities without indications for
induced labour, other indicators need to be considered
to determine the final indication of induced labour.
History of abnormal pregnancy like stillbirth increased
the risk of other abnormal pregnancy outcomes in the

subsequent pregnancy such as FGR placental abruption,
caesarean delivery and preterm delivery.” In the present
study, we found that history of abnormal pregnancy was
related to APOs of singleton FGR pregnancies. Abnormal
labour presentation was related to the causes of stillbirth
during labour.™ In this paper, we first found that breech/
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Figure 6 The clinical decision-making curve of the
predictive model for singleton fetal growth restriction

pregnancy outcome.

transverse position was an independent pregnancy prog-
nostic factor of singleton FGR pregnancies, revealing that
abnormal labour presentation may be a sign of APOs of
singleton FGR pregnancies, though it may not be a cause
of the APOs. The result of our paper showed that the
history of caesarean section may be related to APOs of
FGR patients. So, for those singleton FGR pregnancies
with a history of abnormal pregnancy, abnormal labour
presentation or history of caesarean section, pregnancy
monitoring and strict management should be further
strengthened.

A median cut-off value (88 points) was applied to stratify
single pregnant women into a high-risk group and a low-
risk group. Though the results showed that there were
significant differences between the high-risk and low-risk
groups in terms of clinical factors such as umbilical artery
flow, fetal anomaly and history of abnormal pregnancy,
individual differences in singleton FGR pregnancies after
redistribution were found in the high-risk group and low-
risk group. So, the results further demonstrated that indi-
vidual clinical factor was difficult to accurately determine
FGR patient outcome; an algorithm based on several
related clinical factors may be more useful to predict the
prognosis of singleton FGR pregnancies. It was found in
this study that within a threshold probability from 3%
to 49%, singleton FGR patients could benefit from the
application of this predictive model.

For the clinical implications of this work, first, as for
the fetus at high risk of TOP predicted by the predic-
tion model, pregnancy should be closely monitored and
treated more aggressively. Second, the prediction model
for death in this paper mainly could predict the short
outcome of fetuses and clinical trials should be further
taken to demonstrate whether this predictive model
could improve the outcome of fetuses with FGR. We

hypothesised that after verification of the present find-
ings in prospective studies, proactive perinatal clinical
protocols, taking into account this predictive model when
deciding on the time of termination of FGR patients,
might reduce physical and psychological harm to FGR
pregnant women.

There were some limitations in the current research.
First, FGR patients were not divided into early-onset FGR
and late-onset FGR in the cohorts due to the limited
number of cases. Second, twin pregnant women were not
included in this study. Third, there were short-term and
long-term APOs of FGR patients, but we only predicted
the short-term pregnancy outcome of the FGR patients,
so long-term APOs could be further predicted in future
research and clinical trials should be taken to demon-
strate whether this predictive model could improve the
outcome of fetuses with FGR. Fourth, owing to the limited
sample size, APO in this paper was defined as TOP, which
included intrauterine fetal death and therapeutic lethal
induction with definite indications given by prenatal diag-
nostician. It may lead to bias and it makes more sense
to predict intrauterine fetal death in the future study.
Fifth, samples of the training and validation sets came
from completely two different hospitals, which may lead
to some bias. In the future study, further enlarging the
sample size may help reduce the bias. In addition, the
research was a retrospective study, and prospective valida-
tion was needed to verify the promotion and application
of the model. Finally, there is a risk of heterogeneity of
the study variables and population; further optimisation
of this model in a national multicentre study is needed.

Conclusion

Our data indicated that the predictive model can accu-
rately assess the short-term pregnancy outcome of
singleton FGR patients, as determined by internal and
external validation. The identification of singleton FGR
patients who have a high risk of TOP might allow timely
treatment and improve the fetus live birth rate.
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