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Abstract
Background  Fetal growth restriction (FGR) is a major determinant of perinatal morbidity and mortality. Our study 
aimed to develop a prediction model for the risk of FGR developing adverse perinatal outcome (APO) and evaluate its 
performance.

Methods  This was a prospective observational cohort study of consecutive singleton gestations meeting the 
ACOG-endorsed criteria for FGR from January 2022 to June 2023 at Obstetrics and Gynecology Hospital of Fudan 
University. Clinical information, ultrasound indicators and serum biomarkers were collected. The primary composite 
APO comprised one or more of: perinatal death, intrauterine demise, intraventricular hemorrhage, periventricular 
leukomalacia, seizures, necrotizing enterocolitis, neonatal respiratory distress syndrome, sepsis and the length of stay 
in the neonatal intensive care unit > 7 days. Least absolute shrinkage and selection operator regression was used to 
screen variables for nomogram model construction. The discrimination, calibration and clinical effectiveness of the 
nomogram were evaluated using receiver operating characteristic curve, calibration plots and decision curve analysis 
in training and validation cohorts.

Results  A total of 122 pregnancies were enrolled in the final statistical analysis. Five variables were identified to 
establish a nomogram, including gestational weeks at diagnosis, abnormal umbilical artery Doppler, abnormal uterine 
artery Doppler, and multiples of the median values of placental growth factor and soluble fms-like tyrosine kinase-1. 
The area under the receiver-operating-characteristics curve of 0.87 (95% CI, 0.75–0.99) and 0.86 (95% CI, 0.74–0.98) 
in the training and validation cohort respectively, indicated satisfactory discriminative ability of the nomogram. 
The calibration plots showed favorable consistency between the nomogram’s predictions and actual observations. 
Decision curve analysis supported its practical value in a clinical setting.
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Background
Fetal growth restriction (FGR), defined as the fetus failing 
to reach its genetically predetermined growth potential 
[1], affects 10% of pregnancies worldwide [2]. FGR car-
ries significant risks of stillbirth, neonatal morbidity and 
mortality, neurodevelopmental impairment, and long-
term health problems [3–5]. A fetus is considered to be 
FGR when its sonographic estimated fetal weight (EFW) 
falls below the 10th percentile for its gestational age [6]. 
However, it is important to note that the use of EFW does 
not perform well in isolation for the risk prediction of 
adverse perinatal outcomes (APO) in newborns [7, 8], as 
the approach is merely a snapshot of fetal size, incapable 
of differentiating between the fetus that is constitution-
ally small and fulfilling its growth potential and the small 
fetus that is not fulfilling its growth potential because of 
an underlying pathologic condition. Therefore, the cur-
rent challenge is how to accurately predict the APO risk 
in FGR-afflicted newborns, as the risk can be significantly 
reduced via close monitoring and appropriate timing of 
delivery if the condition is identified prenatally [9].

Uteroplacental insufficiency represents one of the most 
frequent causes of abnormal growth in an otherwise nor-
mal fetus [10], and is associated with impaired placental 
growth factor (PlGF) secretion and excessive soluble fms-
like tyrosine kinase-1 (sFlt-1) release [11–13], as well as 
increased impedance in the umbilical and uterine arteries 
[14–16]. Numerous studies have investigated predictive 
models for the development of FGR based on maternal 
biomarkers and ultrasound indicators [17–19], but fewer 
have studied the prediction of APO when FGR is diag-
nosed. The inability to predict APO leads to repeated 
hospitalizations for antenatal monitoring, increased 
maternal anxiety and health resource waste. It also lim-
its clinicians’ abilities to personalize management and 
counseling.

Nomograms, which are widely used for cancer progno-
sis, have the capacity to generate an individual probability 
by integrating diverse determinant variables. Therefore, 
nomograms can meet our desire for a clinically integrated 
model which facilitates our construction of personalized 
medicine. In this prospective observational cohort study, 
we aimed to develop and validate a nomogram model to 
predict the APO in FGR-afflicted neonates by incorpo-
rating clinical characteristics, maternal serum biomark-
ers and ultrasound indicators.

Methods
Study design and participants
We conducted a prospective observational cohort study 
from January 2022 to June 2023 at Obstetrics and Gyne-
cology Hospital of Fudan University, the protocol of 
which was granted approval by the Ethics Committee. 
Each subject was required to sign informed consent prior 
to participating in the study.

Pregnancies were recruited following their routine 
ultrasound scans for performing biometry which were 
scheduled at approximately 22, 28, 32 and 37 weeks of 
gestational age. The inclusion criteria were set as fol-
lows: singleton pregnancies with FGR, aged 18 or older. 
The exclusion criteria were referred to as fetal chromo-
somal abnormalities, congenital defects, and incomplete 
delivery information. FGR was defined as fetuses with an 
EFW or abdominal circumference (AC) below the 10th 
percentile of its gestational age according to the Ameri-
can College of Obstetricians and Gynaecologists (ACOG) 
guidelines in 2021 [6]. EFW was calculated based on the 
Hadlock formula I with biparietal diameter, head circum-
ference, abdominal circumference, and femur length and 
adjusted according to gestational age against NICHD-
Asian growth standards. Gestational age was determined 
by fetal crown-rump length measurement at 11+ 0-14+ 0 
weeks of gestation [20].

The individual information was obtained through Hos-
pital Electronic Case System including maternal age, 
gravidity and parity history, BMI at the first visit, aspirin 
intake, smoking, chronic disease conditions and delivery 
outcomes.

Ultrasound indicators
All pregnancies underwent routine ultrasound exami-
nations transabdominally using a Voluson E10 machine 
(GE Healthcare, Zipf, Austria). The measurements of 
fetal biometry and Doppler velocimetry were performed 
by two specially trained and experienced sonographers, 
strictly complied with the International Society of Ultra-
sound in Obstetrics and Gynecology (ISUOG) Practice 
Guidelines [21, 22], with each ultrasound examination 
lasting no more than 20 min.

Fetoplacental circulation was assessed by Doppler 
ultrasound consisting of the measurement of uterine 
artery (UtA) pulsatility index (PI), umbilical artery (UA) 
PI, middle cerebral artery (MCA) PI and ductus venosus 
(DV) PI and diastolic flow (a-wave present, absent, or 
reversed). The proximal uterine arteries were located in 

Conclusions  A nomogram was developed and validated to possess the promising capacity of predicting APO in 
FGR-afflicted neonates, and may prove useful in counseling and management of pregnancies complicated by FGR.
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a standard manner using color flow imaging at the cross-
over point with the external iliac artery; a pulsed Doppler 
gate was placed just above this crossover point to obtain 
the PI. The left and right UtA-PI were measured to calcu-
late the mean UtA-PI. MCA Doppler measurements were 
performed by the sphenoid wings, close to the internal 
carotid artery origin. UA waveforms were obtained in 
free loops of cord by pulsed Doppler to derive PI val-
ues and record absent end-diastolic velocity (AEDV) or 
reversed end-diastolic velocity (REDV).

Abnormal UA Doppler was defined as UA PI greater 
than the 95th percentile for gestational age or AEDV or 
REDV; abnormal MCA Doppler as MCA PI below the 
fifth centile and/or cerebroplacental ratio (CPR) below 
the fifth centile; and abnormal UtA Doppler as UtA 
PI>95th percentile. Abnormal DV Doppler meant an 
absent or reversed a-wave of ductus venosus.

Serum biomarkers
Eligible subjects had their blood taken on the day of 
recruitment. Blood samples of 5 mL were collected by 
skilled nurses into vacuum polypropylene tubes from the 
cubital vein. The serum samples were immediately sepa-
rated by centrifugation at 1400 rpm for 10 min at room 
temperature, coded and stored at -80℃ for further analy-
sis. Maternal serum concentrations of PlGF and sFlt-1 in 
pg/mL were analyzed at the time of diagnosis by electro-
chemiluminescence with sFlt-1 and PlGF kits of iMAGIN 
1800 (Aucheer, Ningbo, China). Serum biomarker data 
were standardized using multiples of the median (MoM).

Clinical management
All enrolled patients were followed up through standard 
antenatal management based on current clinical guide-
lines. Management decisions relating to the frequency 
of antenatal surveillance, timing of admission, and tim-
ing and mode of delivery were at the discretion of the 
supervising clinicians. Our institutional practice includes 
inpatient management for pregnancies complicated by 
preeclampsia, UA absent or reversed end-diastolic flow, 
and/or non-reassuring cardiotocography (CTG). Fur-
thermore, our recommended delivery timing for FGR 
pregnancies is as follows: no later than 37 weeks in preg-
nancies with UA-PI > 95th percentile, MCA-PI < 5th per-
centile, or preeclampsia without severe features, or with 
severe FGR with EFW less than the 3rd percentile; no 
later than 34 weeks for those with AEDV or preeclampsia 
with severe features; and no later than 32 weeks for those 
complicated by REDV. Antenatal corticosteroid treat-
ment and administration of magnesium sulfate are rou-
tinely practiced in accordance with the ACOG guidelines.

Study outcomes
The primary outcome was a composite of APO in neo-
nates, defined as one or more of the following:

1.	 Perinatal death occurring from 28 weeks of gestation 
until one week after birth;

2.	 Intrauterine demise before 28 gestational weeks;
3.	 Intraventricular hemorrhage (IVH) of any grade 

diagnosed by ultrasound;
4.	 Periventricular leukomalacia (PVL) ascertained by 

ultrasonography;
5.	 Seizures on two or more occasions within 72 h after 

birth;
6.	 Necrotizing enterocolitis (NEC) diagnosed by 

radiography, surgery, or autopsy;
7.	 Neonatal respiratory distress syndrome (RDS);
8.	 Sepsis ascertained by blood culture;
9.	 Length of stay in the neonatal intensive care unit 

(NICU) > 7 days.

Statistical analysis
Statistical analyses were performed with RStudio (ver-
sion 4.2.0) and SPSS Statistics for Windows, Version 
20.0 (IBM Corp, NY, USA). The continuous data were 
expressed as the means ± standard deviation (SD); the 
categorical data as n (%); and the non-normal variables 
as the medians (25th and 75th ). P value for the differ-
ences was calculated using unpaired Student’s t-test for 
the continuous variables with normal distribution and 
Mann-Whitney U test for the continuous variables with 
non-normal distribution between the two groups. The 
Chi-square test was used for the categorical variables. 
P < 0.05 was considered statistically significant.

The steps for the construction and validation of the 
nomogram were described below. (1) The participants 
were divided into the training and validation cohorts with 
a ratio of 1:1. (2) Least absolute shrinkage and selection 
operator (lasso) regression was used to screen variables 
for model construction in the training cohort. (3) The 
performance of each predictor was evaluated by the area 
under the receiver operating characteristic (ROC) curve 
(AUC). (4) The prediction model was evaluated in both 
the training and validation cohorts. The AUC calculated 
by bootstrapping were used to evaluate discriminative 
ability. Calibration plots were used to evaluate calibrat-
ing ability, using the Hosmer-Lemeshow test with p > 0.05 
indicating good model calibration [23]. Decision curve 
analysis (DCA), a method for evaluating the clinical ben-
efit of alternative model [24], was applied to nomograms 
by quantifying net benefits at different threshold prob-
abilities. The curves of the treat-all-patients scheme (rep-
resenting the highest clinical costs) and the treat-none 
scheme (representing no clinical benefit) were plotted 
as two references. The cut-off point for the prediction 
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model was selected to maximize sensitivity and specific-
ity according to the Youden index.

Results
General characteristics
A total of 125 pregnancies with FGR were enrolled. 
After exclusion, the analysis included 122 eligible par-
ticipants who could be evaluate. In the total cohort, 27 
(22.1%) pregnancies were complicated by the composite 
APO, including one perinatal death and three intrauter-
ine demises, and one case had IVH, two had NEC, 11 had 
RDS, 4 had sepsis, and 22 had a length of stay in the neo-
natal intensive care unit (NICU) > 7 days. The incidence 
of the composite APO was 21.3% (13/61) in the training 
cohort and 23.0% (14/61) in the validation cohort (Fig. 1).

The baseline characteristics of the study population are 
summarized in Table 1. In the APO group, the gestational 
weeks at diagnosis of FGR was earlier, sFlt-1 MoM were 
higher and PlGF MoM were lower. The APO group had a 
higher rate of abnormal UA and UtA Doppler. Pregnant 
outcome of the study subjects is displayed in Table S1. 
Pregnancies in the APO group had a higher incidence of 
preeclampsia and preterm premature rupture of mem-
brane (PPROM). The fetuses in the APO group were 
delivered earlier, with a higher rate of preterm birth and a 
lower birth weight, compared with control fetuses. Addi-
tionally, caesarean section showed a higher incidence of 
APO group.

Predictor selection
To prevent overfitting and ensure the stability of the 
model, lasso logistic regression was used to screen 

parameters. The variation characteristics of the coef-
ficient of these variables were shown in Figure S1A, and 
the 10-fold cross-validation method was applied to the 
model with excellent performance but minimum num-
ber of variables was obtained when log(λ) = − 3.38 (Fig-
ure S1B). Five predictors were selected to construct the 
nomogram, including gestational weeks at diagnosis, 
abnormal UA Doppler, abnormal UtA Doppler, maternal 
serum PlGF MoM and sFlt-1 MoM.

Predictors were grouped into three types: P1, the clini-
cal feature (gestational weeks at diagnosis of FGR); P2, 
ultrasound indicators (abnormal UA Doppler + abnormal 
UtA Doppler); P3, serum biomarkers (PlGF MoM + sFlt-1 
MoM). Table  2 showed the predictive performance 
of each individual predictor and predictor combina-
tion, which indicated that combining all predictors 
(P1 + P2 + P3) had optimal predictive performance.

Nomogram construction and evaluation
The nomogram prediction model was constructed using 
five variables selected by the lasso algorithm (Fig.  2). 
Figure S2 shows an example of using the nomogram to 
predict APO risk of a given patient. The patient was diag-
nosed as FGR at 32 gestational weeks, with abnormal UA 
and UtA Doppler and MoM values of PlGF and sFlt-1 of 
0.6 and 1.17, respectively. Her final score would be 15 
(gestational weeks at diagnosis) + 37 (PlGF MoM) + 10 
(sFlt-1 MoM) + 21 (abnormal UA Doppler) + 20 (abnor-
mal UtA Doppler) = 103, which corresponds to a risk of 
FGR of 0.51.

In the training cohort, the AUC was 0.87 (95% CI, 0.75–
0.99), using a cut-off value of 0.22 with 85.7% specificity 

Fig. 1  Numbers of participants enrolled and outcomes in the training and validation cohorts. APO: adverse perinatal outcome; FGR: fetal restricted 
growth
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and 75.0% sensitivity according to the Youden index. In 
the validation cohort, the AUC was 0.86 (95% CI, 0.74–
0.98), using a cut-off value of 0.35 with 91.3% specificity 
and 73.3% sensitivity (Fig. 3A-B). This indicates that the 
model has a favorable performance in distinguishing the 
APO group.

The calibration curves showed high consisten-
cies between the predicted values and observed val-
ues in the training and validation cohorts, and the 
results of the Hosmer–Lemeshow test were P = 0.55 and 
P = 0.68 respectively, indicating good model calibration 
(Fig. 3C-D).

DCA curves showed that the nomogram yields great 
Net Benefit over a large threshold probability range in the 
training and validation cohorts, with both the treat-all-
patients scheme and the treat-none scheme (Fig. 3E-F).

Table 1  Baseline characteristics of the study population
Characteristic Training Cohort Validation Cohort

With APO
(n = 13)

No APO
(n = 48)

P With APO
(n = 14)

No APO
(n = 47)

P

Demographic characteristics
Age (yrs), mean ± SD 30.15 ± 2.94 30.88 ± 4.13 0.558 31.14 ± 5.08 30.21 ± 3.71 0.454
BMI at the first visit (kg/m2), mean ± SD 23.44 ± 4.99 21.55 ± 3.30 0.108 23.02 ± 3.33 21.07 ± 2.49 0.021
Overweight or obesity, n (%) 2(15.4%) 7(14.6%) 0.942 3(21.4%) 5(10.6%) 0.294
Primiparous, n (%) 12(92.3%) 41(85.4%) 0.514 10(71.4%) 42(89.4%) 0.097
Miscarriage 0.04 0.091
0 7 35 7 34
1 4 12 2 9
2 2 0 3 2
≥ 3 0 1 2 2
Aspirin intake, n (%) 5(38.5%) 13(27.1%) 0.425 5(35.7%) 10(21.3%) 0.271
Smoking, n (%) 0 0 0 0
Gestational age at diagnosis (weeks), mean ± SD 29.94 ± 4.58 33.11 ± 5.11 0.047 29.29 ± 4.27 32.05 ± 4.52 0.047
Clinical characteristics
Chronic hypertension, n (%) 1(7.7%) 3(6.3%) 0.852 1(7.1%) 0 0.065
Pregestational diabetes mellitus, n (%) 0 2(4.2%) 0.453 0 0
Chronic kidney disease, n (%) 0 0 0 1(2.1%) 0.582
Immunological disease, n (%) 0 0 0 1(2.1%) 0.582
Prior FGR, n (%) 0 1(2.1%) 0.600 0 1(2.1%) 0.582
Prior preeclampsia, n (%) 1(7.7%) 0 0.053 0 1(2.1%) 0.582
Maternal serum biomarkers
sFlt-1 MoM, median (IQR) 2.08

(1.09–4.29)
0.78
(0.61–1.34)

0.000 1.42
(0.49–4.70)

0.86
(0.57–1.41)

0.160

PlGF MoM, median (IQR) 0.11
(0.04–0.18)

0.17
(0.08–0.36)

0.063 0.11
(0.05–0.23)

0.29
(0.14–0.44)

0.007

Ultrasonic characteristics
Abnormal UA Doppler, n (%) 6(46.2%) 4(8.3%) 0.001 5(35.7%) 4(8.5%) 0.012
Abnormal MCA Doppler, n (%) 3(23.1%) 3(6.3%) 0.071 2(14.3%) 2(4.3%) 0.183
Abnormal UtA Doppler, n (%) 5(38.5%) 6(12.5%) 0.031 6(42.9%) 6(12.8%) 0.013
Abnormal DV Doppler, n (%) 0 0 0 0
APO, adverse perinatal outcome; BMI, body mass index; DV, ductus venosus; MCA: middle cerebral artery; MoM, multiples of the median; PlGF, placental growth 
factor; sFlt-1, soluble fms-like tyrosine kinase-1; UA, umbilical artery; UtA, uterine artery

Table 2  Area under receiver-operating-characteristics curve 
(AUC) for individual predictors and combinations of predictors 
for prediction of adverse perinatal outcome (APO)
Predictors AUC (95%CI)
Gestational weeks at diagnosis (P1) 0.70 (0.60–0.79)
Abnormal UA Doppler 0.66 (0.56–0.76)
Abnormal UtA Doppler 0.64 (0.54–0.74)
sFlt-1 MoM 0.73 (0.61–0.85)
PlGF MoM 0.70 (0.59–0.82)
Abnormal UA Doppler + Abnormal UtA Doppler (P2) 0.75 (0.65–0.85)
sFlt-1 MoM + PlGF MoM (P3) 0.75 (0.64–0.87)
P1 + P2 0.80 (0.70–0.89)
P1 + P3 0.79 (0.69–0.90)
P2 + P3 0.80 (0.71–0.90)
P1 + P2 + P3 0.85 (0.76–0.94)
MoM, multiples of the median; PlGF, placental growth factor; sFlt-1, soluble fms-
like tyrosine kinase-1; UA, umbilical artery; UtA, uterine artery
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Discussion
In this study, we pioneered the construction and valida-
tion of a nomogram to predict the APO risks in FGR-
afflicted neonates. The nomogram combines gestational 
weeks at diagnosis, abnormal UA Doppler, abnormal UtA 
Doppler, maternal serum PlGF MoM and sFlt-1 MoM. 
These findings show that combining multiple indicators 
could effectively predict the APO risks under routine 
conditions, and can be used to inform personalized and 
precise counseling, efficient allocation of resources and 
optimization of clinical management.

Earlier studies of FGR have also attempted to look 
for predictive indexes of APO [25, 26]. By compari-
son, our study was characterized by the prospective 
design and dataset of perinatal registry data and hospi-
tal records. Thanks to this, the information of predictors 
was acquired at the time of FGR diagnosis, which in our 
cohort was on average three weeks prior to delivery.

In general, a single factor such as biometric measure-
ment or growth trajectory alone, is not adequately iden-
tify the risk of adverse perinatal outcomes. Previous 
studies suggested that cerebroplacental (CPR) and umbil-
icocerebral (UCR) ratios on their own are poor prognos-
tic predictors of APO (AUC 0.44 and 0.56, respectively) 
[27, 28]. Using a slow growth trajectory as stand-alone 
criterion for FGR was reported not to be associated with 
a higher risk of APO in a low-risk population [29]. The 
large Pregnancy Outcome Prediction (POP) study found 
that EFW < 10th percentile was associated with the risk 
of neonatal morbidity only when the AC growth velocity 
was in the lowest decile [30]. In this context, the sFlt-1/
PlGF ratio could be used to complement ultrasound 
examinations. As reported by a small size study, a sFlt-1/
PlGF ratio ≥ 86.2 resulted in maximum detection of 

pregnancies at risk of APO in a cohort of 34 pregnancies 
with FGR diagnosed at < 34 weeks [31]. In the present 
study, the analysis of only FGR cases provided an oppor-
tunity to reconsider the factors that could be integrated 
into the predictive model. The nomogram integrates 
multiple factors into a quantitative model and has been 
shown to perform better (AUC 0.87 and 0.86 in the train-
ing and validation cohorts respectively) than some con-
ventional single indexes.

Previous studies have applied screening models of mul-
tiple factors to the general population and demonstrated 
the ability to identify small-for-gestational-age (SGA) 
neonates, without much success at delineating those at 
risk of APO [17, 18, 32]. For example, a competing-risks 
model, based on maternal factors and biophysical (UtA-
PI) and biochemical (PlGF) markers at 11–13 weeks’ 
gestation, was reported to be effective for prediction of 
FGR (defined as birth weight < 3rd percentile) in preg-
nant patients with preeclampsia [32]. For obstetricians, 
it is more important to identify the constitutionally small 
fetus from one who is pathologically growth restricted 
and at risk for postnatal complications. However, use of 
these models was not associated with a reduced risk of 
perinatal death or perinatal morbidity.

Our study has important clinical implications. The 
nomogram has shown good performance for detecting 
FGR pregnancies at a higher risk of APO, which require 
more frequent scans and should be closely monitored for 
the early detection of fetal or maternal complications. On 
the contrary, the cases at a lower risk might be possible to 
extend the interval between scans, which would signifi-
cantly reduce the number of fetal ultrasounds, thereby 
lowering parental anxiety and the burden on the health-
care system.

Fig. 2  Nomogram prediction model for adverse perinatal outcome (APO) in FGR patients. APO, adverse prenatal outcome; PlGF, placental growth factor; 
sFlt-1, soluble fms-like tyrosine kinase-1; UA, umbilical artery; UtA, uterine artery
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Fig. 3 (See legend on next page.)
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We acknowledge some limitations of this study. First, 
due to our focus on a specific population of FGR, the 
relatively narrow inclusion criteria limited our sample 
size and generalizability of our findings. The sample size 
means our study was underpowered to demonstrate 
small or medium effects, which was illustrated by 95% CI, 
thus larger cohorts or randomized controlled trials are 
expected in the future. The exclusion of pregnancies with 
known chromosomal and structural abnormalities means 
our findings cannot be applied to the whole spectrum of 
FGR. Another issue that limits the external validity of the 
data for our study populations is that the pregnancies 
were Asian and their fetal-weight percentile was calcu-
lated using the NICHD-Asian growth standards, and the 
majority of participants did not have clinical risk factors 
for FGR. Secondly, some perinatal outcomes had a low 
incidence, such as seizures and PVL, and only 27 cases 
were severe FGR (ultrasonographic EFW or AC below 
the 3rd percentile), so the results should be interpreted 
with caution. Finally, Doppler measurements were not 
blinded to clinicians, and indeed, many management 
decisions will have been influenced by the ultrasound 
findings, which could increase the potential for bias.

In the future, our findings should be independently 
and externally validated. Given the incidence of FGR, 
this would require another multicenter study. The inte-
gration of nomogram into mobile apps may be useful for 
further research that is needed to determine whether the 
use of these models would have benefit in practice, both 
on the parental mental health and on the use of health 
resources. Finally, our primary outcome only provides 
short-term information, and the long-term neurodevel-
opmental outcomes of FGR fetuses remain to be studied.

In conclusion, the newly developed nomogram, com-
posed of five factors readily available in daily clinical 
practice at the time of FGR diagnosis, is feasible and 
capable of predicting APO in FGR-afflicted neonates. 
Before incorporation into clinical practice, the perfor-
mance of the prediction model should be evaluated in 
lager cohorts and different populations. We expect that 
other indicators could also improve the predictive value 
of the model. If findings are reassuring, the nomogram 
may then be used for personalized counseling, allocation 
of resources, risk stratification and optimization of man-
agement of pregnancies complicated by FGR.
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REDV	� Reversed end-diastolic velocity
PVL	� Periventricular leukomalacia
sFlt-1	� Soluble fms-like tyrosine kinase-1
UA	� Umbilical artery
UCR	� Umbilicocerebral ratio
UtA	� Uterine artery
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Fig. 3  Nomogram performance. A-B: Receiver operating characteristic (ROC) curves of prediction model for adverse perinatal outcome (APO) in FGR 
patients. C-D: The calibration plots used to illustrate the association between actual APO rates and predicted APO rates in the training and validation 
cohort; calibration plots showing the apparent (actual), bias-corrected (adjusted), and ideal (100% agreement) curves with bootstrapping samples. Boot-
strapping involved 500 repetitions. Nomogram-predicted probability of APO rates is plotted on the x-axis, and the observed probability of APO rates is 
plotted on the y-axis. E-F: Decision curve analysis of the nomogram for the prognosis prediction of patients with FGR in the training and validation cohort. 
The abscissa is the threshold probability, and the ordinate is the net benefit rate. The horizontal image indicates net benefit when all patients with FGR 
are considered have not developing APO and not treated. The oblique image indicates net benefit when all patients with FGR are considered having 
develop APO and treated
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