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Abstract

Objective: The purpose of this research was to establish prediction model of fetal distress risk and admission to neonatal
intensive care unit(NICU) risk of patients with fetal growth restriction(FGR). Design: Case-control study, a retrospective
analysis. Setting: Women’s Hospital, School of Medicine, Zhejiang University in China. Population: 930 patients who were
diagnosed with FGR were selected, and using fetal distress and admission to NICU as outcome.. Methods: Using lasso
regression and multivariable logistic regression analysis established the nomogram prediction model of fetal distress risk and
admission to NICU risk. Discrimination, calibration and clinical usability of the predicting model were respectively adopted.
Internal validation was assessed using the bootstrapping validation. Main Outcome Measures: Nomograms were established
for Predicting fetal distress and admission to neonatal intensive care unit in patients with FGR. Results: We found that six
identified factors associated with fetal distress of patients with FGR. Four independent predictors were selected for admission
to NICU of patients with FGR. The delivery method of cesarean section increased the above risks. Two nomograms were
developed and verified accordingly. The two models had good discrimination and good calibration respectively. The decision
curve analysis performed that the clinical usability and benefits of the nomograms were the range of 3%-75% and 17%-95%.
Conclusion: Two nomograms were the first to predict fetal distress and admission to NICU of patients with FGR. Establishing
effective predictive models based on independent predictors could help early diagnosis and evaluation of fetal distress and
admission to NICU in patients with FGR.

Introduction

Fetal growth restriction (FGR) is one of the common complications of obstetrics and the second leading
cause of perinatal death. It has specific clinical features, short-term and long-term risks.!-3. Current research
showed that its occurrence was affected by many factors, including maternal factors* , placental and umbilical
cord factors® °, fetal factors® , genetic factors™?, etc.

Fetal factors included multiple pregnancies, fetal chromosomal abnormalities, fetal malformations and other
factors, and clinical intervention was of little significance. Owing to lack of effective treatment, the outcome
of fetus was the early termination of pregnancy. However, focusing on maternal diseases, placenta and
umbilical cord factors, there are currently a large number of studies to improve the prognosis of the fetus for
FGR patients at risk of adverse outcome® 10 1 but there were lack of effective predictive models to predict
the occurrence of fetal distress and admission to neonatal intensive care unit (NICU) for FGR patients.
Therefore, our research constructed two new predictive models. A visual and simple nomogram evaluated
its risk and provided more reliable evidence for the next active treatment.

Patients and methods



Patients’ characteristics

Retrospective analysis of 930 patients were delivered with FGR in the obstetrics and gynecology hospital
affiliated from January 1, 2014 to December 30, 2019 at Women’s Hospital, School of Medicine, Zhejiang
University, in Hangzhou. We selected maternal features as follows: age, pregnancy times, birth times, body
mass index (BMI) before delivery, weight gain during pregnancy, gestational week, delivery method, hyper-
tensive disorders of pregnancy(HDP), intrahepatic cholestasis of pregnancy(ICP), gestational diabetes mel-
litus(GDM), hypothyroidism, Placenta previa, thrombosis, anticardiolipin syndrome, abnormal cord blood
flow(absent or upside down), oligohydramnios, recurrent spontaneous abortion (RSA), using prednisone, us-
ing aspirin, using low molecular weight heparin. The following information of the offspring was obtained: sex,
fetal distress, admission to NICU. We selected information about fetal distress diagnosed by obstetricians
and admission to NICU from the medical records of the hospital, as the outcome of the study. The most
widely adopted diagnostic criteria of fetal FGR is an estimated fetal weight (EFW) below the 10th percentile
for the gestational age?. Exclusion criteria included multiple pregnancies, cases of incomplete information.
Among them, there were 150 cases of fetal distress and 780 cases without fetal distress. There were 478 cases
of neonates entering into the NICU and 452 cases as a control. Selecting 70% of the total cases randomly
was for internal validation (Figure 1A).

Statistical analysis

Statistical analyses of all data, which were represented by counting data, performed using R software (Version
3.6.0; https://www.R-project.org). The least absolute shrinkage and selection operator (LASSO) method!?
was used to screen out the clinical characteristics that it was best to predict the risk factors of fetal distress and
entering into NICU, and then multivariate logistic regression analysis was used to build two predicting models
of the risk factors of fetal distress and entering into NICU, P<0.05 was considered statistically significant.
Two predicting models of nomogram were formulated based on the results of logistic regression analysis
and by using R software. Discrimination of the two predicting models of nomogram were assessed by the
concordance index (C-index) and receiver operating characteristic (ROC) curve. Bootstrapping validation
with 1,000 resample were used for calculating a relatively corrected C-index. Selecting 70% of the total
sample size randomly was as internal validation. Internal validation was assessed using the bootstrapping
validation. Calibration and clinical usability of the two predicting models were respectively adopted by
calibration curves and decision curve analysis. Decision curve analysis is a novel method that is better than
the traditional decision analytic techniques to evaluate prediction models '3. Using the ROC curve and
calibration to execute the Internal validation.

Results
Lasso regression analysis results

We screened out the variables using the offspring outcome of fetal distress by lasso regression analysis.
Six optimal variates were selected from the twenty-one variables as follows: age, gestational week, delivery
method, placenta previa, abnormal cord blood flow (absent or upside down), LMWH (Figure 1B and C).
Tablel lists the patients’ characteristics of the Chinese population among the six independent predictors.
According to the outcome of admission to NICU, nine optimal variates were screened out among the twenty-
one variables using lasso regression analysis, for instance pregnancy times, gestational week, delivery method,
HDP, ICP, oligohydramnios, RSA, using prednisone, newborn sex (Figure 1D and E). Table2 lists the
information of nine variables.

Prediction model Construction

Selecting six optimal variates about fetal distress risk were analyzed by multivariable logistic regression
analysis. The results were given in Table 3, the prediction model that merged the above six independent
predictors was presented using the nomogram (Figure 2A). Selecting nine optimal variates about the risk
of admission to NICU were performed by multivariable logistic regression analysis. The results listed in
Table4. The prediction model that amalgamated the above four independent predictors was revealed as the



nomogram (Figure 2B).
Predictive Accuracy of the Nomogram

The C-index of the nomogram predicted by the risk of fetal distress was 0.733(950.718 through bootstrapping
validation. Simultaneously, The C-index of the prediction nomogram of admission to NICU risk was 0.794
(95through bootstrapping validation.

Furthermore, our models demonstrated good discriminative ability in both the total (AUC of prediction
model one: 0.733, Figure3A. AUC of prediction model two: 0.794, Figure 3B) and internal Validation (AUC
of prediction model one: 0.727, Figure3C. AUC of prediction model two: 0.801, Figure 3D ) cases, which
performed a good prediction capability in the risk of fetal distress and risk of admission to NICU nomogram.

Calibration of the Nomogram

The calibration curves of the prediction nomogram using to predict the fetal distress risk in FGR patients
demonstrated a good agreement in the total (Figure 4A) and the internal Validation (Figure 4B) cases. At
the same time, the calibration curves of the prediction of admission to NICU risk nomogram in FGR patients
proved a good agreement in the total (Figure 4C) and the internal Validation (Figure 4D) cases.

Decision Curve Analysis of the Nomogram

The decision curve analysis (DCA) was used to perform the clinical usability and benefits of the nomogram.
As shown in Figure 5A, the DCA showed that if the threshold probability of fetal distress in a patient was
the range of 3%-75%, separately, using this fetal distress risk nomogram to predict the risk of fetal distress
adds more benefit than the scheme. The DCA presented that if the threshold probability of admission to
NICU was the range of 19%-97% in Figure 5B,respectively, using this the admission to NICU risk nomogram
could predict the risk of admission to NICU adds more benefit than the scheme. Net benefit in this range
was compared to several overlaps on basis of the fetal distress risk nomogram and admission to NICU risk
nomogram.

Discussion

With the development of medical research in recent years, nomogram is a new type of multi-factor statistical
method, which has better advantages than the total statistical method. It is widely applied in the medical
fields and provides a visual basis for clinical work. Our study was the first to use nomogram to explore the
risk of fetal distress and admission to NICU in patients with FGR in china. Using a novel prediction tool
that was the lasso regression screened out more influential and available variables from the research factors
in patients with FGR.

At present, FGR is the most concerned disease that affects fetal outcome in the field of fetal medicine 4.
In the early stage, Barker firstly proposed a hypothesis which was ”fetal origins of adult hypothesis”!® 16
With the continuous research and development of the disease, it gradually transformed into ”developmental
origins of health and disease”!”> ¥, An unhealthy maternal intrauterine environment not only affected the
growth and development of the fetus, but also caused adverse consequences for the fetus!?. Therefore, owing
to its effective prenatal monitoring, timing and method of pregnancy termination are particularly important.
However, there are still great controversies about FGR management due to the lack of effective and gold
standard.

Our study started from the maternal disease to explore the outcome of the fetus, which has important
clinical value. In the prediction model one, six independent variates were presented as predictors of fetal
distress, and nine optimal predictors for staying into the NICU. With the increase of pregnant women’s
age, the decrease of gestational week, abnormal cord blood flow during pregnancy, the risk of fetal distress
has increased in the fetus of FGR patients. Among them, the risk of fetal distress in FGR patients at the
age of 40 years old was significantly higher than the others at the age of 35 years old (OR =4.058, 95%
CI 1.872-8.622,P < 0.001). And abnormal cord blood flow also increased its risk obviously (OR =7.563,
95% CI 3.653-16.146, P < 0.001). FGR patients with placenta previa could reduce the occurrence of fetal



distress (OR =0.330, 95% CI 0.094-0.878, P =0.046). At present, there is no clear and sufficient evidence
to prove that LMWH plays a role in the treatment of fetal growth restriction, so further research is still
under way. Our study found that the application of LMWH during pregnancy could reduce the incidence
of fetal distress (OR =0.554, 95% CI 0.331-0.895,P =0.020), but not affecting the risk of fetal entered into
the NICU by lasso regression analysis. Therefore, we recommend that LMWH could reduce the incidence of
fetal distress, which is consistent with the latest research results® 2°. For the use of clinical aspirin, a meta-
analysis of research randomized controlled trials had shown that aspirin decreased the risk of fetal growth
restriction?!. We used the lasso regression to screen out variates, indicating that aspirin did not decrease the
risk of fetal distress for fetal growth restriction. Our research tentatively studied that the gestational week
decreases would increase the incidence of admission to NICU after birth (P < 0.001), which was similar to
the research??. The fetus of FGR patients with HDP, ICP was easier to entry into the NICU (P =0.032,P
=0.011). The use of prednisone during pregnancy did not reduce the incidence of admission to NICU(P
=0.120). For the more, it is interesting that children to be born for FGR patients whose sex is a boy was
not significantly related to the incidence of staying in the NICU(P =0.244).

Regarding to the delivery method of FGR patients, it is not an absolute indication of cesarean section. When
the cord blood flow was abnormal, it was recommended to terminate the pregnancy by cesarean section?3.
However, there was still a lot of controversy about the timing of delivery and the method of delivery in various
countries 2326, The innovative findings of this study were that vaginal delivery, compared with cesarean
delivery, could reduce the incidence of fetal distress and admission to NICU for FGR patients (P < 0.001, P
< 0.001)). A foreign study showed that most patients with FGR achieved vaginal delivery, the terrible fetal
outcome did not increase?’. Even one research advocated vaginal delivery?®. Therefore, we recommend that
FGR patients chose vaginal delivery without serious emergency complications, and we monitored the labor
process during delivery.

The independent predictors of two nomograms were developed based on prediction model one and two. We
could add up the single points corresponding to the independent predictors of patients with FGR to get the
total points. Finally, we got the probability of risk of fetal distress or admission to NICU. It was easier and
more intuitive for clinicians to understand its risks. For example, the nomogram of prediction model two, a
FGR patients of 34 gestational weeks (about 83 point), using the cesarean section to terminate pregnancy
(about 40 point), without HDP (0 point) and ICP (0 point). The total points are 120 points, and the
corresponding risk of admission to NICU is about 78%. At the same time, when we verified two models,
we found that these had good discrimination and calibration power. The internal verification results are
consistent with the previous ones. When verified two models, we found that these had good discrimination
and calibration power. The decision curve analysis suggested two models had better clinical application
value. The internal verification results are consistent with the previous ones.

The current shortcoming of this study is that the timing of LMWH treatment and the timing of drug
withdrawal was not studied, so further research is needed. In summary, the establishment of an effective
predictive model is the key to prenatal management of the fetal outcome of FGR patients and provides a
reliable basis for clinicians. The further treatment can reduce the occurrence of adverse maternal and infant
outcomes.

Conclusion

Our research showed that six identified factors associated with fetal distress and four independent predictors
were selected for admission to NICU of patients with FGR. The application of LMWH during pregnancy
could reduce the incidence of fetal distress. The delivery method of cesarean section increased the above
risks. Two nomograms were the first to developed and verified which had good discrimination and good
calibration respectively. They are valuable for clinical prediction and practicality. Establishing effective
predictive models based on independent predictors could help early diagnosis and evaluation of fetal distress
and admission to NICU in patients with FGR.
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