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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.32 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.33 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.

Contributors  FY designed and wrote the manuscript. MJ, YuL and YaL collected the 
clinical data. XY and JX edited the manuscript. XZ developed the study and checked 
the manuscript. XZ act as the guarantor.

Funding  This study was supported by the Research and Development Fund of 
Peking University People's Hospital (grant no. RDJP2022-53).

Competing interests  XZ has served as an editorial member of GOCM. All other 
authors declare no competing interest.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants and was approved 
by the Ethics Committee of Peking University People’s Hospital (ethics number: 
2023PHB291-001). As this was a clinical retrospective study, we have applied for 
approval regarding this study’s exemption from informed consent.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available upon reasonable request.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 

 on N
ovem

ber 13, 2024 by guest. P
rotected by copyright.

http://gocm
.bm

j.com
/

gocm
: first published as 10.1136/gocm

-2024-000009 on 1 A
pril 2024. D

ow
nloaded from

 

http://gocm.bmj.com/


10 Yin F, et al. Gynecol Obstet Clin Med 2024;4:e000009. doi:10.1136/gocm-2024-000009

Open access�

and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Xiaohong Zhang http://orcid.org/0000-0002-4950-044X

References
	 1	 ACOG.ACOG practice bulletin No.204: fetal growth restriction. 

Obstet Gynecol 2019;133:e97–109. 
	 2	 Gordijn SJ, Beune IM, Thilaganathan B, et al. Consensus definition 

of fetal growth restriction: a Delphi procedure. Ultrasound Obstet 
Gynecol 2016;48:333–9. 

	 3	 Gourvas V, Dalpa E, Konstantinidou A, et al. Angiogenic factors in 
placentas from pregnancies complicated by fetal growth restriction 
(review). Mol Med Rep 2012;6:23–7. 

	 4	 Sifakis S, Androutsopoulos VP, Pontikaki A, et al. Placental 
expression of PAPPA, PAPPA-2 and PLAC-1 in pregnacies is 
associated with FGR. Mol Med Rep 2018;17:6435–40. 

	 5	 Lees C, Marlow N, Arabin B, et al. Perinatal morbidity and mortality 
in early-onset fetal growth restriction: cohort outcomes of the trial of 
randomized umbilical and fetal flow in Europe (TRUFFLE). Ultrasound 
Obstet Gynecol 2013;42:400–8. 

	 6	 Shen H, Zhao X, Li J, et al. Severe early-onset PE 
with or without FGR in Chinese women. Placenta 
2020;101:S0143-4004(20)30301-5:108–14.:. 

	 7	 Brembilla G, Righini A, Scelsa B, et al. Neuroimaging and 
neurodevelopmental outcome after early fetal growth restriction: 
NEUROPROJECT-FGR. Pediatr Res 2021;90:869–75. 

	 8	 Gaudineau A. Prevalence, risk factors, maternal and fetal 
morbidity and mortality of Intrauterine growth restriction and 
small-for-gestational age. J Gynecol Obstet Biol Reprod (Paris) 
2013;42:S0368-2315(13)00259-7:895–910.:. 

	 9	 Pedroso MA, Palmer KR, Hodges RJ, et al. Uterine artery doppler 
in screening for preeclampsia and fetal growth restriction. Rev Bras 
Ginecol Obstet 2018;40:287–93. 

	10	 Ormesher L, Warrander L, Liu Y, et al. Risk stratification for early-
onset fetal growth restriction in women with abnormal serum 
biomarkers: a retrospective cohort study. Sci Rep 2020;10:22259. 

	11	 Savirón-Cornudella R, Esteban LM, Aznar-Gimeno R, et al. Prediction 
of late-onset small for gestational age and fetal growth restriction by 
fetal biometry at 35 weeks and impact of ultrasound-delivery interval: 
comparison of six fetal growth standards. J Clin Med 2021;10:2984. 

	12	 Wu J, Zhang H, Li L, et al. A Nomogram for predicting overall 
survival in patients with low-grade endometrial Stromal sarcoma: a 
population-based analysis. Cancer Commun (Lond) 2020;40:301–12. 

	13	 Balachandran VP, Gonen M, Smith JJ, et al. Nomograms 
in oncology: more than meets the eye. Lancet Oncol 
2015;16:S1470-2045(14)71116-7:e173–80.:. 

	14	 Song K, Song J, Chen F, et al. Prognostic nomograms for predicting 
overall and cancer-specific survival of high-grade osteosarcoma 
patients. J Bone Oncol 2018;13:106–13. 

	15	 Narita Y, Kadowaki S, Oze I, et al. Establishment and validation 
of prognostic nomograms in first-line metastatic gastric cancer 
patients. J Gastrointest Oncol 2018;9:52–63. 

	16	 Vittinghoff E, McCulloch CE. Relaxing the rule of ten events 
per variable in logistic and cox regression. Am J Epidemiol 
2007;165:710–8. 

	17	 Harrell FE, Lee KL, Mark DB. Multivariable prognostic models: 
issues in developing models, evaluating assumptions and 
adequacy, and measuring and reducing errors. Stat Med 
1996;15:361–87. 

	18	 Triunfo S, Crispi F, Gratacos E, et al. Prediction of delivery of small-
for-gestational-age neonates and adverse perinatal outcome by 
Fetoplacental Doppler at 37 weeks' gestation. Ultrasound Obstet 
Gynecol 2017;49:364–71. 

	19	 McCowan LM, Figueras F, Anderson NH. Evidence-based national 
guidelines for the management of suspected fetal growth restriction: 
comparison, consensus, and controversy. Am J Obstet Gynecol 
2018;218:S0002-9378(17)32478-X:S855–68.:. 

	20	 Yakıştıran B, Katlan DC, Yüce T, et al. Neural and cardiac injury 
markers in fetal growth restriction and their relation to perinatal 
outcomes. Turk J Obstet Gynecol 2019;16:50–4. 

	21	 Caradeux J, Martinez-Portilla RJ, Basuki TR, et al. Risk of fetal 
death in growth-restricted fetuses with umbilical and/or Ductus 
Venosus absent or reversed end-diastolic velocities before 34 weeks 
of gestation: a systematic review and meta-analysis. Am J Obstet 
Gynecol 2018;218:S0002-9378(17)32331-1:S774–S782.. 

	22	 Morsing E, Brodszki J, Thuring A, et al. Infant outcome after active 
management of early-onset fetal growth restriction with absent or 
reversed umbilical artery blood flow. Ultrasound Obstet Gynecol 
2021;57:931–41. 

	23	 Baião AER, de Carvalho PRN, Moreira MEL, et al. Predictors of 
perinatal outcome in early-onset fetal growth restriction: a study from 
an emerging economy country. Prenat Diagn 2020;40:373–9. 

	24	 Ganzevoort W, Thornton JG, Marlow N, et al. Comparative analysis 
of 2-year outcomes in GRIT and TRUFFLE trials. Ultrasound Obstet 
Gynecol 2020;55:68–74. 

	25	 Mendoza M, Hurtado I, Bonacina E, et al. Individual risk assessment 
for Prenatal counseling in early-onset growth-restricted and 
small-for-gestational-age fetuses. Acta Obstet Gynecol Scand 
2021;100:504–12. 

	26	 Baschat AA. Planning management and delivery of the 
growth-restricted fetus. Best Pract Res Clin Obstet Gynaecol 
2018;49:S1521-6934(18)30050-6:53–65.:. 

	27	 Oros D, Figueras F, Cruz-Martinez R, et al. Longitudinal changes in 
uterine, umbilical and fetal cerebral Doppler indices in late-onset 
small-for-gestational age fetuses. Ultrasound Obstet Gynecol 
2011;37:191–5. 

	28	 Marokakis S, Kasparian NA, Kennedy SE. Prenatal counselling 
for congenital anomalies: a systematic review. Prenat Diagn 
2016;36:662–71. 

	29	 Borrell A, Grande M, Meler E, et al. Genomic Microarray in fetuses 
with early growth restriction: A multicenter study. Fetal Diagn Ther 
2017;42:174–80. 

	30	 Vanlieferinghen S, Bernard J-P, Salomon LJ, et al. Second trimester 
growth restriction and underlying fetal anomalies. Gynecol Obstet 
Fertil 2014;42:S1297-9589(14)00210-0:567–71.:. 

	31	 An G, Lin Y, Xu LP, et al. Application of Chromosomal Microarray to 
investigate genetic causes of isolated fetal growth restriction. Mol 
Cytogenet 2018;11:33. 

	32	 Reddy UM. Prediction and prevention of recurrent Stillbirth. Obstet 
Gynecol 2007;110:1151–64. 

	33	 Yu L, Tang M, Fan XH, et al. Analysis of 2 204 stillbirths in 11 
hospitals of Guangdong province. Zhonghua Fu Chan Ke Za Zhi 
2017;52:805–10. 

 on N
ovem

ber 13, 2024 by guest. P
rotected by copyright.

http://gocm
.bm

j.com
/

gocm
: first published as 10.1136/gocm

-2024-000009 on 1 A
pril 2024. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-4950-044X
http://dx.doi.org/10.1097/AOG.0000000000003070
http://dx.doi.org/10.1002/uog.15884
http://dx.doi.org/10.1002/uog.15884
http://dx.doi.org/10.3892/mmr.2012.898
http://dx.doi.org/10.3892/mmr.2018.8721
http://dx.doi.org/10.1002/uog.13190
http://dx.doi.org/10.1002/uog.13190
http://dx.doi.org/10.1016/j.placenta.2020.09.009
http://dx.doi.org/10.1038/s41390-020-01333-1
http://dx.doi.org/10.1016/j.jgyn.2013.09.013
http://dx.doi.org/10.1055/s-0038-1660777
http://dx.doi.org/10.1055/s-0038-1660777
http://dx.doi.org/10.1038/s41598-020-78631-5
http://dx.doi.org/10.3390/jcm10132984
http://dx.doi.org/10.1002/cac2.12067
http://dx.doi.org/10.1016/S1470-2045(14)71116-7
http://dx.doi.org/10.1016/j.jbo.2018.09.012
http://dx.doi.org/10.21037/jgo.2017.11.08
http://dx.doi.org/10.1093/aje/kwk052
http://dx.doi.org/10.1002/(SICI)1097-0258(19960229)15:4<361::AID-SIM168>3.0.CO;2-4
http://dx.doi.org/10.1002/uog.15979
http://dx.doi.org/10.1002/uog.15979
http://dx.doi.org/10.1016/j.ajog.2017.12.004
http://dx.doi.org/10.4274/tjod.galenos.2019.84665
http://dx.doi.org/10.1016/j.ajog.2017.11.566
http://dx.doi.org/10.1016/j.ajog.2017.11.566
http://dx.doi.org/10.1002/uog.23101
http://dx.doi.org/10.1002/pd.5596
http://dx.doi.org/10.1002/uog.20354
http://dx.doi.org/10.1002/uog.20354
http://dx.doi.org/10.1111/aogs.14032
http://dx.doi.org/10.1016/j.bpobgyn.2018.02.009
http://dx.doi.org/10.1002/uog.7738
http://dx.doi.org/10.1002/pd.4836
http://dx.doi.org/10.1159/000452217
http://dx.doi.org/10.1016/j.gyobfe.2014.07.002
http://dx.doi.org/10.1016/j.gyobfe.2014.07.002
http://dx.doi.org/10.1186/s13039-018-0382-4
http://dx.doi.org/10.1186/s13039-018-0382-4
http://dx.doi.org/10.1097/01.AOG.0000287616.71602.d0
http://dx.doi.org/10.1097/01.AOG.0000287616.71602.d0
http://dx.doi.org/10.3760/cma.j.issn.0529-567x.2017.12.003
http://gocm.bmj.com/

