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PlGF

• Porció soluble del receptor del VEGF-R1 
• Receptor “señuelo” 
• Vasoconstricció 
• Dany endotelial

• Factor de creixement 
• Proangiogènic 
• Millora l’acció del VEGF-A
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• VPN PE 1 setmana 98% 
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CIR PRECOÇ

(≤ 32 SG)
CIR TARDÀ
(> 32 SG)

Prevalença 20-30% 70-80%

Malaltia placentària SEVERA Lleu

Associació amb PE 50% 10%

Hipòxia Crónica Aguda

Latencia a deteriorament Setmanes (Cascada 
alteracions Doppler) Absència d’història natural

Problema principal Maneig Diagnòstic
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Abstract
Introduction: Early-onset fetal growth restriction and small-for-gestational age of fe-
tuses lead to an increased risk of adverse pregnancy outcomes. Doppler abnormali-
ties can predict the occurrence of complications in the short term, but normal fetal 
Doppler values at the time of diagnosis do not exclude their occurrence in the long 
term. The objective of this study was to investigate the capacity of a predictive model 
to assess individual risks for prenatal counseling at the time of diagnosis.
Material and methods: This was a prospective observational study of singleton 
pregnancies with estimated fetal weight below the 10th centile between 20+0 and 
31+6 weeks of gestational age. Placental growth factor (PlGF) and soluble fms-like 
tyrosine kinase-1 (sFlt-1) levels, estimated fetal weight centile, uterine artery pul-
satility index, fetal Doppler and maternal risk factors for placental disease were as-
sessed at the time of enrollment. The occurrence of adverse perinatal outcomes or 
the need for elective delivery at <30, <34 or <37 weeks was considered an adverse 
pregnancy outcomes. Univariable logistic regression analysis was used to examine 
the association between each predictive variable and the adverse outcomes. A mul-
tivariable logistic regression-based model was constructed with the combination of 
all variables. An additional model without sFlt-1/PlGF was also created. Both models, 
and the sFlt-1/PlGF alone, were used to develop the different formulas to assess 
individual risks. Receiver operating characteristic curves were constructed to assess 
and compare their performance of screening.
Results: Forty-nine small-for-gestational-age fetuses and 124 with fetal growth re-
striction were enrolled at a median gestational age of 23.6 weeks. Elective delivery 
was needed in 77 (44.5%) women at <37 weeks, 53 (30.6%) women at <34 weeks 
and 30 (17.3%) at <30 weeks. Adverse perinatal outcomes occurred in 81 (55.9%) 
pregnancies. When areas under the curve were compared among models, no statisti-
cally significant differences were observed between the model with sFlt-1/PlGF and 
sFlt-1/PlGF alone; however, the model without sFlt-1/PlGF yielded an overall poorer 
performance.

Evidència
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Abstract
Introduction: Increased soluble fms-like tyrosine kinase to placental growth factor 
ratio (sFlt-1/PlGF) has been demonstrated in early-onset fetal growth restriction 
(FGR) and small for gestational age (SGA). sFlt-1/PlGF cut-offs have been described 
to assess preeclampsia severity; however, sFlt-1/PlGF values present in early-onset 
SGA and different FGR severity stages remain unknown. Hence, the objective of this 
study was to describe and compare the sFlt-1/PlGF values and pregnancy outcomes 
among early-onset SGA/FGR stages.
Material and methods: This is a prospective case-control study conducted at Vall 
d’Hebron University Hospital. Singleton pregnancies with estimated fetal weight 
<10th centile and a control group of uncomplicated pregnancies between 20+0 and 
31+6 weeks of gestation were enrolled. Study women were classified at diagnosis 
into different stages, according to estimated fetal weight centile and Doppler ultra-
sound. sFlt-1/PlGF serum concentrations were measured at diagnosis and, together 
with pregnancy outcomes, were compared among FGR severity stages, SGA, and 
controls. Finally, correlations between sFlt-1/PlGF values and time to delivery, ges-
tational age at delivery, days of neonatal admission, and birthweight z-scores were 
investigated.
Results: Among the 207 women enrolled, 32 (15.4%) had uncomplicated pregnan-
cies, 49 (23.7%) pregnancies showed SGA, and 126 (60.9%) involved FGR (92 being 
stage I, 17 stage II, and 17 stage III). SGA and controls had similar median sFlt-1/
PlGF values (25.7 vs 27.1, P > .05) and pregnancy outcomes. However, all FGR stages 
had significantly poorer outcomes and greater sFlt-1/PlGF values than those of SGA 
and controls. Furthermore, median values differed significantly among all FGR sever-
ity stages (9.76 for stage I; 284.3 for stage II, and 625.02 for stage III, P < .05) in-
creasing with FGR severity as well as the frequency of adverse pregnancy outcomes. 
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Abstract
Objective: The aim of this study was to assess the added value of the soluble fms- like 
tyrosine kinase- 1 (sFlt- 1) and placental growth factor (PlGF) ratio for adjusting the 
periodicity of ultrasound examinations in early- onset fetal growth restriction (FGR) 
and small for gestational age (SGA).
Design: A prospective, observational study.
Setting: Tertiary referral hospital.
Population: One hundred and thirty- four single pregnancies with ultrasonographic 
estimated fetal weight (EFW) below the 10th centile between 20+0 and 31+6 weeks of 
gestation with antegrade umbilical artery flow.
Methods: The time from Doppler and sFlt- 1/PlGF assessment to delivery was re-
corded and classified into four ranges: <1, <2, <3 and <4 weeks.
Main outcome measures: Sensitivity (Sn), specificity (Sp), positive predictive value (PPV) 
and negative predictive value (NPV) of sFlt- 1/PlGF values to predict the time to delivery.
Results: In the SGA cohort, the NPV calculated for an sFlt- 1/PlGF cut- off value of 38 
was 100% for delivery before 3 weeks, and 98% for delivery before 4 weeks after diag-
nosis (95% CI 0.89– 1.00). In the FGR cohort, the NPV calculated for an sFlt- 1/PlGF 
cut- off value of 38 was 100% for delivery before 2 weeks after diagnosis (95% CI 0.92– 
1.00). By contrast, more than 50% of cases with an sFlt- 1/PlGF value of >85 required 
an elective delivery before 1 week.
Conclusions: sFlt- 1/PlGF values in early- onset SGA and FGR are predictive of the 
time to delivery and could be used for planning fetal surveillance, by reducing the 
frequency of ultrasound in cases with sFlt- 1/PlGF < 38 and by providing closer fol-
low- up in cases with sFlt- 1/PlGF >85.

K E Y W O R D S
fetal Doppler, fetal growth restriction, fetal surveillance, PlGF, sFlt- 1, small for gestational age

Linked article: This article is commented on by Cecilia Villalaín, pp. 1878 in this issue. To view this minicommentary visit https://doi.org/10.1111/1471-0528.17172.  
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Abstract
Introduction: To assess the rate of change in soluble fms- like tyrosine kinase- 1/
placental growth factor (sFlt- 1/PlGF) ratio and PlGF levels per week compared 
to a single sFlt- 1/PlGF ratio or PlGF level to predict preterm birth for pregnancies 
complicated by fetal growth restriction.
Material and methods: A prospective cohort study of pregnancies complicated by 
isolated fetal growth restriction. Maternal serum PlGF levels and the sFlt- 1/PlGF ratio 
were measured at 4- weekly intervals from recruitment to delivery. We investigated 
the utility of PlGF levels, sFlt- 1/PlGF ratio, change in PlGF levels per week or sFlt- 1/
PlGF ratio per week. Cox- proportional hazard models and Harrell's C concordance 
statistic were used to evaluate the effect of biomarkers on time to preterm birth.
Results: The total study cohort was 158 pregnancies comprising 91 (57.6%) with fetal 
growth restriction and 67 (42.4%) with appropriate for gestational age controls. In the 
fetal growth restriction cohort, sFlt- 1/PlGF ratio and PlGF levels significantly affected 
time to preterm birth (Harrell's C: 0.85–0.76). The rate of increase per week of the 
sFlt- 1/PlGF ratio (hazard ratio [HR] 3.91, 95% confidence interval [CI]: 1.39–10.99, 
p = 0.01, Harrell's C: 0.74) was positively associated with preterm birth but change in 
PlGF levels per week was not (HR 0.65, 95% CI: 0.25–1.67, p = 0.37, Harrell's C: 0.68).
Conclusions: Both a high sFlt- 1/PlGF ratio and low PlGF levels are predictive of 
preterm birth in women with fetal growth restriction. Although the rate of increase 
of the sFlt- 1/PlGF ratio predicts preterm birth, it is not superior to either a single 
elevated sFlt- 1/PlGF ratio or low PlGF level.

K E Y W O R D S
fetal growth restriction, placental dysfunction, placental growth factor, PlGF, pre- eclampsia, 
pregnancy, preterm birth, sFlt- 1, sFlt- 1/PlGF ratio, small for gestational age, soluble fms- like 
tyrosine kinase 1
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• CIRs valors significativament majors a PEGs i 
controls 

• A major severitat, més alt sFlt-1/PlGF 
• Elevada dispersió sFlt-1/PlGF en CIR tipus 1

Diagnòstic
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TA B L E  1   Baseline characteristics

Uncomplicated 
(n = 32) SGA (n = 49) Stage I (n = 92) Stage II (n = 17) Stage III (n = 17)

Maternal age (y) 33.0 (32.0-36.3) 33.0 (30.0-35.0) 31.5 (27.0-36.0) 37.0 (31.0-39.0) 37.0 (32.0-39.0)

Prepregnancy BMI (kg/m2) 25.6 (23.3-29.8) 22.7 (20.5-25.2) 24.7 (22.1-28.6) 25.3 (22.4-26.9) 25.0 (22.6-26.3)

Smoking 5 (15.6%) 5 (10.2%) 15 (16.3%) 3 (17.6%) 5 (29.4%)

Obstetric history

FGR previous pregnancy 2 (6.2%) 9 (18.4%) 8 (8.7%) 2 (11.8%) 2 (11.8%)

SGA previous pregnancy 0 1 (2.0%) 3 (3.3%) 0 0

First pregnancy 12 (37.5%) 19 (38.8%) 55 (59.8%) 14 (82.4%) 11 (64.7%)

Previous preeclampsia 4 (12.5%) 4 (8.2%) 2 (2.2%) 0 1 (5.9%)

Maternal history

Chronic hypertension 3 (9.4%) 1 (2.0%) 0 2 (11.8%) 1 (5.9%)

Prepregnancy diabetes 4 (12.5%) 2 (4.1%) 1 (1.1%) 0 0

Chronic kidney disease 0 1 (2.0%) 0 0 1 (5.9%)

SLE 0 0 1 (1.1%) 0 0

Antiphospholipid 
syndrome

2 (6.2%) 0 4 (4.3%) 1 (5.9%) 0

Ethnicity

White 26 (81.3%) 41 (83.7%) 79 (85.9%) 13 (76.5%) 14 (82.4%)

Black 2 (6.2%) 4 (8.2%) 3 (3.3%) 2 (11.8%) 1 (5.9%)

Asian 2 (6.2%) 1 (2.0%) 1 (1.1%) 0 0

Southeast Asia 2 (6.2%) 3 (6.1%) 9 (9.8%) 2 (11.8%) 1 (5.9%)

Other 0 0 0 0 1 (5.9%)

Mode of conception

Spontaneous 29 (90.6%) 48 (98.0%) 87 (94.6%) 13 (76.5%) 16 (94.1%)

IVF 3 (9.4%) 1 (2.0%) 4 (4.3%) 4 (23.5%) 1 (5.9%)

Insemination 0 0 1 (1.1%) 0 0

Gestational age (wk) at 
diagnosis

25.7 (23.2-27.5) 27.1 (24.2-29.7) 25.8 (23.6-29.1) 26.0 (25.0-29.1) 25.0 (24.0-26.4)

PE at diagnosis 0e  0e  7 (7.6%) 3 (17.6%) 5 (29.4%)a,b 

Ratio sFlt-1 to PlGF 4.79 
(3.71-7.34)c,d,e 

4.14 (2.12-7.42)c,d,e  9.76 
(3.42-45.71)a,b,d,e 

284.30 
(119.11-550.40)a,b,c,e 

625.02 
(508.83-989.99)a,b,c,d 

Ratio sFlt-1 to PlGF in 
cases without PE at 
diagnosis

4.79 
(3.71-7.34)c,d,e 

4.14 (2.12-7.42)c,d,e  7.80 
(2.78-29.54)a,b,d,e 

272.13 
(118.78-461.47a,b,c,e 

591.42 
(435.36-798.86)a,b,c,d 

Ratio sFlt-1 to PlGF categories

<38 30 (93.8%)d,e  48 (98.0%)c,d,e  67 (72.9%)b,d,e  1 (5.9%)a,b,c  0a,b,c 

38-84 2 (6.2%) 1 (2.0%) 5 (5.4%) 1 (5.9%) 0

≥85 0b,c,d,e  0a,c,d,e  20 (21.7%)a,b,d,e  15 (88.2%)a,b,c  17 (100.0%)a,b,c 

Mean uterine artery 
Doppler >95th centile

4 (12.5%)c,d,e  0c,d,e  64 (69.6%)a,b,e  13 (76.5%)a,b  17 (100.0%)a,b,c 

Note: Continuous data are given as median and interquartile range. Categorical data are given as frequency and percentage.
Abbreviations: BMI, body mass index; FGR, fetal growth restriction, IVF, in vitro fertilization; PE, preeclampsia; PlGF, placental growth factor; sFlt-1, 
soluble fms-like tyrosine-kinase-1; SGA, small for gestational age; SLE, systemic lupus erythematosus.
aP < .05 compared with controls; 
bP < .05 compared with SGA; 
cP < .05 compared with FGR I; 
dP < .05 compared with FGR II; 
eP < .05 compared with FGR III. 
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(118.78-461.47a,b,c,e 

591.42 
(435.36-798.86)a,b,c,d 

Ratio sFlt-1 to PlGF categories

<38 30 (93.8%)d,e  48 (98.0%)c,d,e  67 (72.9%)b,d,e  1 (5.9%)a,b,c  0a,b,c 

38-84 2 (6.2%) 1 (2.0%) 5 (5.4%) 1 (5.9%) 0

≥85 0b,c,d,e  0a,c,d,e  20 (21.7%)a,b,d,e  15 (88.2%)a,b,c  17 (100.0%)a,b,c 

Mean uterine artery 
Doppler >95th centile

4 (12.5%)c,d,e  0c,d,e  64 (69.6%)a,b,e  13 (76.5%)a,b  17 (100.0%)a,b,c 

Note: Continuous data are given as median and interquartile range. Categorical data are given as frequency and percentage.
Abbreviations: BMI, body mass index; FGR, fetal growth restriction, IVF, in vitro fertilization; PE, preeclampsia; PlGF, placental growth factor; sFlt-1, 
soluble fms-like tyrosine-kinase-1; SGA, small for gestational age; SLE, systemic lupus erythematosus.
aP < .05 compared with controls; 
bP < .05 compared with SGA; 
cP < .05 compared with FGR I; 
dP < .05 compared with FGR II; 
eP < .05 compared with FGR III. 
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routinely measured in FGR to rule out PE and this could have af-
fected clinical decisions, although management was intended to be 
based on current protocols. Another important aspect is that our 
results could only be valid with the FGR classification used in our 
study and our findings might not be valid for other FGR severity 
classifications.1 Finally, pregnancies involving congenital defects, 
chromosomal anomalies, or genetic syndromes were excluded 
from this study; so, our results might not be applicable to these 
conditions.

5  | CONCLUSION

In conclusion, sFlt-1/PlGF ratio values at the time of diagnosis permit 
early-onset FGR severity classification with good correlation with 
Doppler ultrasound findings. Hence, angiogenic factors could be 
useful in clinical management and may aid severity classification in 
settings where Doppler assessment is not feasible. As FGR stages 
have been shown to have different angiogenic profiles, further 

research is needed to establish appropriate cut-offs for each FGR 
stage to permit their most likely incorporation to clinical manage-
ment of early-onset FGR.
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Line and scatter plots displaying the correlation of the sFlt-1/PlGF ratio to gestational age at delivery (A), days from diagnosis to delivery 
(B), birthweight z-scores (C), and days in neonatal intensive care unit (NICU) (D). Dots indicate individual sFlt-1/PlGF ratios; line indicates 
regression line [Color figure can be viewed at wileyonlinelibrary.com]
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were not blinded to the investigators, which could have in-
fluenced the fetal surveillance protocol; nevertheless, the 
indication for delivery was based strictly on ultrasound and 
CTG findings in all cases. Third, chromosomal anomalies 
and congenital defects were excluded in this study; thus, our 
results are not applicable to such cases. Fourth, our results 
might be of great value for tailoring follow- up and prenatal 
counselling; however, they cannot be used for planning de-
livery. Finally, only 15 cases had an sFlt- 1/PlGF value of >85, 
which could limit the external validity of our findings.

4.3 | Interpretation

Previous studies have shown that high sFlt- 1/PlGF values in 
FGR and PE reveal an antiangiogenic status, which is caused 
by the underlying placental dysfunction.22 The sFlt- 1/PlGF 
ratio has demonstrated that it is useful for predicting preg-
nancy complications associated with placental insufficiency, 
and particularly for ruling out PE in pregnancies with FGR 
or other clinical signs and symptoms of PE.10 Recently, sev-
eral studies have shown that the sFlt- 1/PlGF ratio values in 

F I G U R E  1  Bar chart showing the frequencies of SGA and FGR cases with delivery at <1, <2, <3 and <4 weeks after diagnosis, according to soluble 
fms- like tyrosine kinase- 1/placental growth factor value at diagnosis. FGR, fetal growth restriction; PlGF, placental growth factor; sFlt- 1, soluble fms- like 
tyrosinekinase- 1; SGA, small for gestational age

F I G U R E  2  Kaplan– Meier graphs showing time from diagnosis to delivery in pregnancies with early- onset fetal growth restriction, according to 
soluble fms- like tyrosine kinase- 1/placental growth factor values of <38 or ≥38 (A), ≤85 or >85 (B), ≤110 or >110 (C), ≤201 or >201 (D) and ≤655 or >655 
(E), at diagnosis
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and percentage and continuous variables were reported as 
median and interquartile range (IQR). The time from Doppler 
and sFlt- 1/PlGF assessment to delivery was recorded and clas-
sified into four ranges: <1, <2, <3 and <4 weeks. The associa-
tion between sFlt- 1/PlGF values above the cut- off values and 
time to delivery was investigated by calculating the sensitivity 
(Sn), specificity (Sp), positive predictive value (PPV) and neg-
ative predictive value (NPV). Kaplan– Meier survival curves 
were constructed for the analysis of time to delivery after the 
diagnosis of early- onset FGR for sFlt- 1/PlGF cut- off values of 
38, 85, 110, 201 and 655. The two- sided statistical significance 
level was set at p < 0.05. The R Commander package in R 2.3- 1 
was used for statistical analysis.

3 |  R E SU LTS

During the study period, 134 consecutive women were in-
vited to take part in the study and all agreed to participate. 
Among them, 48 (35.8%) had a fetus that was SGA and 86 
(64.2%) had FGR. All FGR with abnormal Doppler results 
were associated with UA increased pulsatility. The median 
GA at diagnosis of SGA and FGR was 26.5 weeks (IQR 24.0– 
29.0 weeks) and 25.6 weeks (IQR 23.0– 29.3 weeks), respec-
tively. The demographic and clinical characteristics of the 
studied cohorts are shown in Table  1. The median GA at 
delivery was 38.0 weeks (IQR 37.0– 39.0 weeks) for SGA and 
37.0 weeks (IQR 34.2– 37.0 weeks) for FGR, with low EFW 
centile being the most common indication in both groups 
(61.7% in SGA and 38.4% in FGR). More details regarding 
pregnancy outcomes are presented in Table 2.

In the SGA cohort, the median interval between diagnosis 
and delivery was 63.0 days (IQR 47.2– 75.5 days). All women 
with a fetus recorded as SGA had an sFlt- 1/PlGF ratio of 
below 38 at diagnosis and the time to delivery was longer 
than 3 weeks in all cases. Thus, sFlt- 1/PlGF < 38 at diagnosis 
had an NPV of 100% for the need for elective delivery before 
3 weeks. More details are presented in Figure 1.

In the FGR cohort, at diagnosis 67 women (77.9%) had an 
sFlt- 1/PlGF value of <38, four (4.7%) had an sFlt- 1/PlGF value 
of 38– 85, 15 (17.4%) had an sFlt- 1/PlGF value of >85, 13 (15.1%) 
had an sFlt- 1/PlGF value of >110, eight (9.3%) had an sFlt- 1/
PlGF value of >201 and six (7.2%) had an sFlt- 1/PlGF value of 
>655. The overall median interval to delivery was 61.0 days 
(IQR 41.2– 87.5 days). The interval to delivery was analysed 
by sFlt- 1/PlGF groups and was significantly shorter in cases 
with higher sFlt- 1/PlGF values. The median (IQR) intervals 
were: 70.0 (48.5– 91.5) and 28.0 (5.0– 53.0) days in cases with 
sFlt- 1/PlGF values of <38 or ≥38, respectively (p < 0.001); 70.0 
(50.3– 89.8) and 6.0 (5.0– 35.5) days in cases with sFlt- 1/PlGF 
values of ≤85 or >85, respectively (p < 0.001); 70.0 (49.8– 90.5) 
and 6.0 (5.0– 28.0)  days in cases with sFlt- 1/PlGF values of 
≤110 or >110, respectively (p  < 0.001); 67.0 (46.8– 89.3) and 
5.0 (2.9– 23.0) days in cases with sFlt- 1/PlGF values of ≤201 
or >201, respectively (p < 0.001); and 63.5 (45.0– 89.0) and 2.9 
(2.0– 5.0)  days in cases with sFlt- 1/PlGF values of ≤655 or 

T A B L E  1  Baseline characteristics of the study population

SGA (n = 48) FGR (n = 86)

Maternal age (years) 33.0 (30.0– 35.0) 31.0 (27.0– 35.7)
Pre- pregnancy BMI  

(kg/m2)
23 (20.6– 25.3) 24.2 (21.6– 27.9)

Smoking 5 (10.4%) 15 (17.4%)
Obstetric history

FGR in previous 
pregnancy

9 (18.7%) 7 (8.1%)

SGA in previous 
pregnancy

1 (2.1%) 3 (3.5%)

Stillbirth in previous 
pregnancy

1 (2.1%) 1 (1.2%)

Previous pre- eclampsia 4 (8.3%) 1 (1.2%)
Maternal history

Chronic hypertension 1 (2.1%) 0
Pre- pregnancy diabetes 2 (4.2%) 1 (1.2%)
Chronic kidney disease 1 (2.1%) 0
SLE 0 0
Antiphospholipid 

syndrome
0 3 (3.5%)

Ethnicity
White 40 (83.3%) 78 (90.7%)
Black 4 (8.3%) 2 (2.3%)
Asian 1 (2.1%) 0
Southeast Asian 3 (6.2%) 6 (7%)
Other 0 0

Mode of conception
Spontaneous 47 (97.9%) 82 (95.3%)
IVF 1 (2.1%) 3 (3.5%)
Insemination 0 1 (1.2%)

Gestational age (weeks) at 
diagnosis

26.5 (24.0– 29.0) 25.6 (23.0– 29.3)

UA PI >95th centile 0 11 (12.8%)
UtA PI >95th centile 0 58 (67.4%)
EFW <3rd centile 0 44 (51.1%)
Pre- eclampsia at diagnosis 0 0
sFlt- 1/PlGF 3.95 (2.11– 7.53) 7.80 (2.89– 28.9)

<38 48 (100%) 67 (77.9%)
>85 0 15 (17.4%)
>110 0 13 (15.1%)
>201 0 8 (9.3%)
>655 0 6 (7.0%)

Mean uterine artery 
Doppler >95th centile

0 58 (67.4%)

Note: Continuous data are given as median and interquartile range; categorical data 
are given as frequency and percentage.
Abbreviations: BMI, body mass index; EFW, estimated fetal weight; FGR, fetal 
growth restriction; IVF, in vitro fertilisation; PlGF, placental growth factor; sFlt- 1, 
soluble fms- like tyrosine- kinase- 1; SGA, small for gestational age; SLE, systemic 
lupus erythematosus; UA PI, umbilical artery pulsatility index; UtA PI, mean 
uterine artery pulsatility index .
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and percentage and continuous variables were reported as 
median and interquartile range (IQR). The time from Doppler 
and sFlt- 1/PlGF assessment to delivery was recorded and clas-
sified into four ranges: <1, <2, <3 and <4 weeks. The associa-
tion between sFlt- 1/PlGF values above the cut- off values and 
time to delivery was investigated by calculating the sensitivity 
(Sn), specificity (Sp), positive predictive value (PPV) and neg-
ative predictive value (NPV). Kaplan– Meier survival curves 
were constructed for the analysis of time to delivery after the 
diagnosis of early- onset FGR for sFlt- 1/PlGF cut- off values of 
38, 85, 110, 201 and 655. The two- sided statistical significance 
level was set at p < 0.05. The R Commander package in R 2.3- 1 
was used for statistical analysis.

3 |  R E SU LTS

During the study period, 134 consecutive women were in-
vited to take part in the study and all agreed to participate. 
Among them, 48 (35.8%) had a fetus that was SGA and 86 
(64.2%) had FGR. All FGR with abnormal Doppler results 
were associated with UA increased pulsatility. The median 
GA at diagnosis of SGA and FGR was 26.5 weeks (IQR 24.0– 
29.0 weeks) and 25.6 weeks (IQR 23.0– 29.3 weeks), respec-
tively. The demographic and clinical characteristics of the 
studied cohorts are shown in Table  1. The median GA at 
delivery was 38.0 weeks (IQR 37.0– 39.0 weeks) for SGA and 
37.0 weeks (IQR 34.2– 37.0 weeks) for FGR, with low EFW 
centile being the most common indication in both groups 
(61.7% in SGA and 38.4% in FGR). More details regarding 
pregnancy outcomes are presented in Table 2.

In the SGA cohort, the median interval between diagnosis 
and delivery was 63.0 days (IQR 47.2– 75.5 days). All women 
with a fetus recorded as SGA had an sFlt- 1/PlGF ratio of 
below 38 at diagnosis and the time to delivery was longer 
than 3 weeks in all cases. Thus, sFlt- 1/PlGF < 38 at diagnosis 
had an NPV of 100% for the need for elective delivery before 
3 weeks. More details are presented in Figure 1.

In the FGR cohort, at diagnosis 67 women (77.9%) had an 
sFlt- 1/PlGF value of <38, four (4.7%) had an sFlt- 1/PlGF value 
of 38– 85, 15 (17.4%) had an sFlt- 1/PlGF value of >85, 13 (15.1%) 
had an sFlt- 1/PlGF value of >110, eight (9.3%) had an sFlt- 1/
PlGF value of >201 and six (7.2%) had an sFlt- 1/PlGF value of 
>655. The overall median interval to delivery was 61.0 days 
(IQR 41.2– 87.5 days). The interval to delivery was analysed 
by sFlt- 1/PlGF groups and was significantly shorter in cases 
with higher sFlt- 1/PlGF values. The median (IQR) intervals 
were: 70.0 (48.5– 91.5) and 28.0 (5.0– 53.0) days in cases with 
sFlt- 1/PlGF values of <38 or ≥38, respectively (p < 0.001); 70.0 
(50.3– 89.8) and 6.0 (5.0– 35.5) days in cases with sFlt- 1/PlGF 
values of ≤85 or >85, respectively (p < 0.001); 70.0 (49.8– 90.5) 
and 6.0 (5.0– 28.0)  days in cases with sFlt- 1/PlGF values of 
≤110 or >110, respectively (p  < 0.001); 67.0 (46.8– 89.3) and 
5.0 (2.9– 23.0) days in cases with sFlt- 1/PlGF values of ≤201 
or >201, respectively (p < 0.001); and 63.5 (45.0– 89.0) and 2.9 
(2.0– 5.0)  days in cases with sFlt- 1/PlGF values of ≤655 or 

T A B L E  1  Baseline characteristics of the study population

SGA (n = 48) FGR (n = 86)

Maternal age (years) 33.0 (30.0– 35.0) 31.0 (27.0– 35.7)
Pre- pregnancy BMI  

(kg/m2)
23 (20.6– 25.3) 24.2 (21.6– 27.9)

Smoking 5 (10.4%) 15 (17.4%)
Obstetric history

FGR in previous 
pregnancy

9 (18.7%) 7 (8.1%)

SGA in previous 
pregnancy

1 (2.1%) 3 (3.5%)

Stillbirth in previous 
pregnancy

1 (2.1%) 1 (1.2%)

Previous pre- eclampsia 4 (8.3%) 1 (1.2%)
Maternal history

Chronic hypertension 1 (2.1%) 0
Pre- pregnancy diabetes 2 (4.2%) 1 (1.2%)
Chronic kidney disease 1 (2.1%) 0
SLE 0 0
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syndrome
0 3 (3.5%)

Ethnicity
White 40 (83.3%) 78 (90.7%)
Black 4 (8.3%) 2 (2.3%)
Asian 1 (2.1%) 0
Southeast Asian 3 (6.2%) 6 (7%)
Other 0 0

Mode of conception
Spontaneous 47 (97.9%) 82 (95.3%)
IVF 1 (2.1%) 3 (3.5%)
Insemination 0 1 (1.2%)

Gestational age (weeks) at 
diagnosis

26.5 (24.0– 29.0) 25.6 (23.0– 29.3)

UA PI >95th centile 0 11 (12.8%)
UtA PI >95th centile 0 58 (67.4%)
EFW <3rd centile 0 44 (51.1%)
Pre- eclampsia at diagnosis 0 0
sFlt- 1/PlGF 3.95 (2.11– 7.53) 7.80 (2.89– 28.9)

<38 48 (100%) 67 (77.9%)
>85 0 15 (17.4%)
>110 0 13 (15.1%)
>201 0 8 (9.3%)
>655 0 6 (7.0%)

Mean uterine artery 
Doppler >95th centile

0 58 (67.4%)

Note: Continuous data are given as median and interquartile range; categorical data 
are given as frequency and percentage.
Abbreviations: BMI, body mass index; EFW, estimated fetal weight; FGR, fetal 
growth restriction; IVF, in vitro fertilisation; PlGF, placental growth factor; sFlt- 1, 
soluble fms- like tyrosine- kinase- 1; SGA, small for gestational age; SLE, systemic 
lupus erythematosus; UA PI, umbilical artery pulsatility index; UtA PI, mean 
uterine artery pulsatility index .
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were not blinded to the investigators, which could have in-
fluenced the fetal surveillance protocol; nevertheless, the 
indication for delivery was based strictly on ultrasound and 
CTG findings in all cases. Third, chromosomal anomalies 
and congenital defects were excluded in this study; thus, our 
results are not applicable to such cases. Fourth, our results 
might be of great value for tailoring follow- up and prenatal 
counselling; however, they cannot be used for planning de-
livery. Finally, only 15 cases had an sFlt- 1/PlGF value of >85, 
which could limit the external validity of our findings.

4.3 | Interpretation

Previous studies have shown that high sFlt- 1/PlGF values in 
FGR and PE reveal an antiangiogenic status, which is caused 
by the underlying placental dysfunction.22 The sFlt- 1/PlGF 
ratio has demonstrated that it is useful for predicting preg-
nancy complications associated with placental insufficiency, 
and particularly for ruling out PE in pregnancies with FGR 
or other clinical signs and symptoms of PE.10 Recently, sev-
eral studies have shown that the sFlt- 1/PlGF ratio values in 

F I G U R E  1  Bar chart showing the frequencies of SGA and FGR cases with delivery at <1, <2, <3 and <4 weeks after diagnosis, according to soluble 
fms- like tyrosine kinase- 1/placental growth factor value at diagnosis. FGR, fetal growth restriction; PlGF, placental growth factor; sFlt- 1, soluble fms- like 
tyrosinekinase- 1; SGA, small for gestational age

F I G U R E  2  Kaplan– Meier graphs showing time from diagnosis to delivery in pregnancies with early- onset fetal growth restriction, according to 
soluble fms- like tyrosine kinase- 1/placental growth factor values of <38 or ≥38 (A), ≤85 or >85 (B), ≤110 or >110 (C), ≤201 or >201 (D) and ≤655 or >655 
(E), at diagnosis

1872 |   BONACINA et al.

and percentage and continuous variables were reported as 
median and interquartile range (IQR). The time from Doppler 
and sFlt- 1/PlGF assessment to delivery was recorded and clas-
sified into four ranges: <1, <2, <3 and <4 weeks. The associa-
tion between sFlt- 1/PlGF values above the cut- off values and 
time to delivery was investigated by calculating the sensitivity 
(Sn), specificity (Sp), positive predictive value (PPV) and neg-
ative predictive value (NPV). Kaplan– Meier survival curves 
were constructed for the analysis of time to delivery after the 
diagnosis of early- onset FGR for sFlt- 1/PlGF cut- off values of 
38, 85, 110, 201 and 655. The two- sided statistical significance 
level was set at p < 0.05. The R Commander package in R 2.3- 1 
was used for statistical analysis.

3 |  R E SU LTS

During the study period, 134 consecutive women were in-
vited to take part in the study and all agreed to participate. 
Among them, 48 (35.8%) had a fetus that was SGA and 86 
(64.2%) had FGR. All FGR with abnormal Doppler results 
were associated with UA increased pulsatility. The median 
GA at diagnosis of SGA and FGR was 26.5 weeks (IQR 24.0– 
29.0 weeks) and 25.6 weeks (IQR 23.0– 29.3 weeks), respec-
tively. The demographic and clinical characteristics of the 
studied cohorts are shown in Table  1. The median GA at 
delivery was 38.0 weeks (IQR 37.0– 39.0 weeks) for SGA and 
37.0 weeks (IQR 34.2– 37.0 weeks) for FGR, with low EFW 
centile being the most common indication in both groups 
(61.7% in SGA and 38.4% in FGR). More details regarding 
pregnancy outcomes are presented in Table 2.

In the SGA cohort, the median interval between diagnosis 
and delivery was 63.0 days (IQR 47.2– 75.5 days). All women 
with a fetus recorded as SGA had an sFlt- 1/PlGF ratio of 
below 38 at diagnosis and the time to delivery was longer 
than 3 weeks in all cases. Thus, sFlt- 1/PlGF < 38 at diagnosis 
had an NPV of 100% for the need for elective delivery before 
3 weeks. More details are presented in Figure 1.

In the FGR cohort, at diagnosis 67 women (77.9%) had an 
sFlt- 1/PlGF value of <38, four (4.7%) had an sFlt- 1/PlGF value 
of 38– 85, 15 (17.4%) had an sFlt- 1/PlGF value of >85, 13 (15.1%) 
had an sFlt- 1/PlGF value of >110, eight (9.3%) had an sFlt- 1/
PlGF value of >201 and six (7.2%) had an sFlt- 1/PlGF value of 
>655. The overall median interval to delivery was 61.0 days 
(IQR 41.2– 87.5 days). The interval to delivery was analysed 
by sFlt- 1/PlGF groups and was significantly shorter in cases 
with higher sFlt- 1/PlGF values. The median (IQR) intervals 
were: 70.0 (48.5– 91.5) and 28.0 (5.0– 53.0) days in cases with 
sFlt- 1/PlGF values of <38 or ≥38, respectively (p < 0.001); 70.0 
(50.3– 89.8) and 6.0 (5.0– 35.5) days in cases with sFlt- 1/PlGF 
values of ≤85 or >85, respectively (p < 0.001); 70.0 (49.8– 90.5) 
and 6.0 (5.0– 28.0)  days in cases with sFlt- 1/PlGF values of 
≤110 or >110, respectively (p  < 0.001); 67.0 (46.8– 89.3) and 
5.0 (2.9– 23.0) days in cases with sFlt- 1/PlGF values of ≤201 
or >201, respectively (p < 0.001); and 63.5 (45.0– 89.0) and 2.9 
(2.0– 5.0)  days in cases with sFlt- 1/PlGF values of ≤655 or 

T A B L E  1  Baseline characteristics of the study population

SGA (n = 48) FGR (n = 86)

Maternal age (years) 33.0 (30.0– 35.0) 31.0 (27.0– 35.7)
Pre- pregnancy BMI  

(kg/m2)
23 (20.6– 25.3) 24.2 (21.6– 27.9)

Smoking 5 (10.4%) 15 (17.4%)
Obstetric history

FGR in previous 
pregnancy

9 (18.7%) 7 (8.1%)

SGA in previous 
pregnancy

1 (2.1%) 3 (3.5%)

Stillbirth in previous 
pregnancy

1 (2.1%) 1 (1.2%)

Previous pre- eclampsia 4 (8.3%) 1 (1.2%)
Maternal history

Chronic hypertension 1 (2.1%) 0
Pre- pregnancy diabetes 2 (4.2%) 1 (1.2%)
Chronic kidney disease 1 (2.1%) 0
SLE 0 0
Antiphospholipid 

syndrome
0 3 (3.5%)

Ethnicity
White 40 (83.3%) 78 (90.7%)
Black 4 (8.3%) 2 (2.3%)
Asian 1 (2.1%) 0
Southeast Asian 3 (6.2%) 6 (7%)
Other 0 0

Mode of conception
Spontaneous 47 (97.9%) 82 (95.3%)
IVF 1 (2.1%) 3 (3.5%)
Insemination 0 1 (1.2%)

Gestational age (weeks) at 
diagnosis

26.5 (24.0– 29.0) 25.6 (23.0– 29.3)

UA PI >95th centile 0 11 (12.8%)
UtA PI >95th centile 0 58 (67.4%)
EFW <3rd centile 0 44 (51.1%)
Pre- eclampsia at diagnosis 0 0
sFlt- 1/PlGF 3.95 (2.11– 7.53) 7.80 (2.89– 28.9)

<38 48 (100%) 67 (77.9%)
>85 0 15 (17.4%)
>110 0 13 (15.1%)
>201 0 8 (9.3%)
>655 0 6 (7.0%)

Mean uterine artery 
Doppler >95th centile

0 58 (67.4%)

Note: Continuous data are given as median and interquartile range; categorical data 
are given as frequency and percentage.
Abbreviations: BMI, body mass index; EFW, estimated fetal weight; FGR, fetal 
growth restriction; IVF, in vitro fertilisation; PlGF, placental growth factor; sFlt- 1, 
soluble fms- like tyrosine- kinase- 1; SGA, small for gestational age; SLE, systemic 
lupus erythematosus; UA PI, umbilical artery pulsatility index; UtA PI, mean 
uterine artery pulsatility index .
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and percentage and continuous variables were reported as 
median and interquartile range (IQR). The time from Doppler 
and sFlt- 1/PlGF assessment to delivery was recorded and clas-
sified into four ranges: <1, <2, <3 and <4 weeks. The associa-
tion between sFlt- 1/PlGF values above the cut- off values and 
time to delivery was investigated by calculating the sensitivity 
(Sn), specificity (Sp), positive predictive value (PPV) and neg-
ative predictive value (NPV). Kaplan– Meier survival curves 
were constructed for the analysis of time to delivery after the 
diagnosis of early- onset FGR for sFlt- 1/PlGF cut- off values of 
38, 85, 110, 201 and 655. The two- sided statistical significance 
level was set at p < 0.05. The R Commander package in R 2.3- 1 
was used for statistical analysis.

3 |  R E SU LTS

During the study period, 134 consecutive women were in-
vited to take part in the study and all agreed to participate. 
Among them, 48 (35.8%) had a fetus that was SGA and 86 
(64.2%) had FGR. All FGR with abnormal Doppler results 
were associated with UA increased pulsatility. The median 
GA at diagnosis of SGA and FGR was 26.5 weeks (IQR 24.0– 
29.0 weeks) and 25.6 weeks (IQR 23.0– 29.3 weeks), respec-
tively. The demographic and clinical characteristics of the 
studied cohorts are shown in Table  1. The median GA at 
delivery was 38.0 weeks (IQR 37.0– 39.0 weeks) for SGA and 
37.0 weeks (IQR 34.2– 37.0 weeks) for FGR, with low EFW 
centile being the most common indication in both groups 
(61.7% in SGA and 38.4% in FGR). More details regarding 
pregnancy outcomes are presented in Table 2.

In the SGA cohort, the median interval between diagnosis 
and delivery was 63.0 days (IQR 47.2– 75.5 days). All women 
with a fetus recorded as SGA had an sFlt- 1/PlGF ratio of 
below 38 at diagnosis and the time to delivery was longer 
than 3 weeks in all cases. Thus, sFlt- 1/PlGF < 38 at diagnosis 
had an NPV of 100% for the need for elective delivery before 
3 weeks. More details are presented in Figure 1.

In the FGR cohort, at diagnosis 67 women (77.9%) had an 
sFlt- 1/PlGF value of <38, four (4.7%) had an sFlt- 1/PlGF value 
of 38– 85, 15 (17.4%) had an sFlt- 1/PlGF value of >85, 13 (15.1%) 
had an sFlt- 1/PlGF value of >110, eight (9.3%) had an sFlt- 1/
PlGF value of >201 and six (7.2%) had an sFlt- 1/PlGF value of 
>655. The overall median interval to delivery was 61.0 days 
(IQR 41.2– 87.5 days). The interval to delivery was analysed 
by sFlt- 1/PlGF groups and was significantly shorter in cases 
with higher sFlt- 1/PlGF values. The median (IQR) intervals 
were: 70.0 (48.5– 91.5) and 28.0 (5.0– 53.0) days in cases with 
sFlt- 1/PlGF values of <38 or ≥38, respectively (p < 0.001); 70.0 
(50.3– 89.8) and 6.0 (5.0– 35.5) days in cases with sFlt- 1/PlGF 
values of ≤85 or >85, respectively (p < 0.001); 70.0 (49.8– 90.5) 
and 6.0 (5.0– 28.0)  days in cases with sFlt- 1/PlGF values of 
≤110 or >110, respectively (p  < 0.001); 67.0 (46.8– 89.3) and 
5.0 (2.9– 23.0) days in cases with sFlt- 1/PlGF values of ≤201 
or >201, respectively (p < 0.001); and 63.5 (45.0– 89.0) and 2.9 
(2.0– 5.0)  days in cases with sFlt- 1/PlGF values of ≤655 or 

T A B L E  1  Baseline characteristics of the study population
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Pre- pregnancy BMI  

(kg/m2)
23 (20.6– 25.3) 24.2 (21.6– 27.9)

Smoking 5 (10.4%) 15 (17.4%)
Obstetric history

FGR in previous 
pregnancy

9 (18.7%) 7 (8.1%)

SGA in previous 
pregnancy

1 (2.1%) 3 (3.5%)

Stillbirth in previous 
pregnancy

1 (2.1%) 1 (1.2%)

Previous pre- eclampsia 4 (8.3%) 1 (1.2%)
Maternal history

Chronic hypertension 1 (2.1%) 0
Pre- pregnancy diabetes 2 (4.2%) 1 (1.2%)
Chronic kidney disease 1 (2.1%) 0
SLE 0 0
Antiphospholipid 

syndrome
0 3 (3.5%)

Ethnicity
White 40 (83.3%) 78 (90.7%)
Black 4 (8.3%) 2 (2.3%)
Asian 1 (2.1%) 0
Southeast Asian 3 (6.2%) 6 (7%)
Other 0 0

Mode of conception
Spontaneous 47 (97.9%) 82 (95.3%)
IVF 1 (2.1%) 3 (3.5%)
Insemination 0 1 (1.2%)

Gestational age (weeks) at 
diagnosis

26.5 (24.0– 29.0) 25.6 (23.0– 29.3)

UA PI >95th centile 0 11 (12.8%)
UtA PI >95th centile 0 58 (67.4%)
EFW <3rd centile 0 44 (51.1%)
Pre- eclampsia at diagnosis 0 0
sFlt- 1/PlGF 3.95 (2.11– 7.53) 7.80 (2.89– 28.9)

<38 48 (100%) 67 (77.9%)
>85 0 15 (17.4%)
>110 0 13 (15.1%)
>201 0 8 (9.3%)
>655 0 6 (7.0%)

Mean uterine artery 
Doppler >95th centile

0 58 (67.4%)

Note: Continuous data are given as median and interquartile range; categorical data 
are given as frequency and percentage.
Abbreviations: BMI, body mass index; EFW, estimated fetal weight; FGR, fetal 
growth restriction; IVF, in vitro fertilisation; PlGF, placental growth factor; sFlt- 1, 
soluble fms- like tyrosine- kinase- 1; SGA, small for gestational age; SLE, systemic 
lupus erythematosus; UA PI, umbilical artery pulsatility index; UtA PI, mean 
uterine artery pulsatility index .
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were not blinded to the investigators, which could have in-
fluenced the fetal surveillance protocol; nevertheless, the 
indication for delivery was based strictly on ultrasound and 
CTG findings in all cases. Third, chromosomal anomalies 
and congenital defects were excluded in this study; thus, our 
results are not applicable to such cases. Fourth, our results 
might be of great value for tailoring follow- up and prenatal 
counselling; however, they cannot be used for planning de-
livery. Finally, only 15 cases had an sFlt- 1/PlGF value of >85, 
which could limit the external validity of our findings.

4.3 | Interpretation

Previous studies have shown that high sFlt- 1/PlGF values in 
FGR and PE reveal an antiangiogenic status, which is caused 
by the underlying placental dysfunction.22 The sFlt- 1/PlGF 
ratio has demonstrated that it is useful for predicting preg-
nancy complications associated with placental insufficiency, 
and particularly for ruling out PE in pregnancies with FGR 
or other clinical signs and symptoms of PE.10 Recently, sev-
eral studies have shown that the sFlt- 1/PlGF ratio values in 

F I G U R E  1  Bar chart showing the frequencies of SGA and FGR cases with delivery at <1, <2, <3 and <4 weeks after diagnosis, according to soluble 
fms- like tyrosine kinase- 1/placental growth factor value at diagnosis. FGR, fetal growth restriction; PlGF, placental growth factor; sFlt- 1, soluble fms- like 
tyrosinekinase- 1; SGA, small for gestational age

F I G U R E  2  Kaplan– Meier graphs showing time from diagnosis to delivery in pregnancies with early- onset fetal growth restriction, according to 
soluble fms- like tyrosine kinase- 1/placental growth factor values of <38 or ≥38 (A), ≤85 or >85 (B), ≤110 or >110 (C), ≤201 or >201 (D) and ≤655 or >655 
(E), at diagnosis
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and percentage and continuous variables were reported as 
median and interquartile range (IQR). The time from Doppler 
and sFlt- 1/PlGF assessment to delivery was recorded and clas-
sified into four ranges: <1, <2, <3 and <4 weeks. The associa-
tion between sFlt- 1/PlGF values above the cut- off values and 
time to delivery was investigated by calculating the sensitivity 
(Sn), specificity (Sp), positive predictive value (PPV) and neg-
ative predictive value (NPV). Kaplan– Meier survival curves 
were constructed for the analysis of time to delivery after the 
diagnosis of early- onset FGR for sFlt- 1/PlGF cut- off values of 
38, 85, 110, 201 and 655. The two- sided statistical significance 
level was set at p < 0.05. The R Commander package in R 2.3- 1 
was used for statistical analysis.

3 |  R E SU LTS

During the study period, 134 consecutive women were in-
vited to take part in the study and all agreed to participate. 
Among them, 48 (35.8%) had a fetus that was SGA and 86 
(64.2%) had FGR. All FGR with abnormal Doppler results 
were associated with UA increased pulsatility. The median 
GA at diagnosis of SGA and FGR was 26.5 weeks (IQR 24.0– 
29.0 weeks) and 25.6 weeks (IQR 23.0– 29.3 weeks), respec-
tively. The demographic and clinical characteristics of the 
studied cohorts are shown in Table  1. The median GA at 
delivery was 38.0 weeks (IQR 37.0– 39.0 weeks) for SGA and 
37.0 weeks (IQR 34.2– 37.0 weeks) for FGR, with low EFW 
centile being the most common indication in both groups 
(61.7% in SGA and 38.4% in FGR). More details regarding 
pregnancy outcomes are presented in Table 2.

In the SGA cohort, the median interval between diagnosis 
and delivery was 63.0 days (IQR 47.2– 75.5 days). All women 
with a fetus recorded as SGA had an sFlt- 1/PlGF ratio of 
below 38 at diagnosis and the time to delivery was longer 
than 3 weeks in all cases. Thus, sFlt- 1/PlGF < 38 at diagnosis 
had an NPV of 100% for the need for elective delivery before 
3 weeks. More details are presented in Figure 1.

In the FGR cohort, at diagnosis 67 women (77.9%) had an 
sFlt- 1/PlGF value of <38, four (4.7%) had an sFlt- 1/PlGF value 
of 38– 85, 15 (17.4%) had an sFlt- 1/PlGF value of >85, 13 (15.1%) 
had an sFlt- 1/PlGF value of >110, eight (9.3%) had an sFlt- 1/
PlGF value of >201 and six (7.2%) had an sFlt- 1/PlGF value of 
>655. The overall median interval to delivery was 61.0 days 
(IQR 41.2– 87.5 days). The interval to delivery was analysed 
by sFlt- 1/PlGF groups and was significantly shorter in cases 
with higher sFlt- 1/PlGF values. The median (IQR) intervals 
were: 70.0 (48.5– 91.5) and 28.0 (5.0– 53.0) days in cases with 
sFlt- 1/PlGF values of <38 or ≥38, respectively (p < 0.001); 70.0 
(50.3– 89.8) and 6.0 (5.0– 35.5) days in cases with sFlt- 1/PlGF 
values of ≤85 or >85, respectively (p < 0.001); 70.0 (49.8– 90.5) 
and 6.0 (5.0– 28.0)  days in cases with sFlt- 1/PlGF values of 
≤110 or >110, respectively (p  < 0.001); 67.0 (46.8– 89.3) and 
5.0 (2.9– 23.0) days in cases with sFlt- 1/PlGF values of ≤201 
or >201, respectively (p < 0.001); and 63.5 (45.0– 89.0) and 2.9 
(2.0– 5.0)  days in cases with sFlt- 1/PlGF values of ≤655 or 

T A B L E  1  Baseline characteristics of the study population

SGA (n = 48) FGR (n = 86)

Maternal age (years) 33.0 (30.0– 35.0) 31.0 (27.0– 35.7)
Pre- pregnancy BMI  

(kg/m2)
23 (20.6– 25.3) 24.2 (21.6– 27.9)

Smoking 5 (10.4%) 15 (17.4%)
Obstetric history

FGR in previous 
pregnancy

9 (18.7%) 7 (8.1%)

SGA in previous 
pregnancy

1 (2.1%) 3 (3.5%)

Stillbirth in previous 
pregnancy

1 (2.1%) 1 (1.2%)

Previous pre- eclampsia 4 (8.3%) 1 (1.2%)
Maternal history

Chronic hypertension 1 (2.1%) 0
Pre- pregnancy diabetes 2 (4.2%) 1 (1.2%)
Chronic kidney disease 1 (2.1%) 0
SLE 0 0
Antiphospholipid 

syndrome
0 3 (3.5%)

Ethnicity
White 40 (83.3%) 78 (90.7%)
Black 4 (8.3%) 2 (2.3%)
Asian 1 (2.1%) 0
Southeast Asian 3 (6.2%) 6 (7%)
Other 0 0

Mode of conception
Spontaneous 47 (97.9%) 82 (95.3%)
IVF 1 (2.1%) 3 (3.5%)
Insemination 0 1 (1.2%)

Gestational age (weeks) at 
diagnosis

26.5 (24.0– 29.0) 25.6 (23.0– 29.3)

UA PI >95th centile 0 11 (12.8%)
UtA PI >95th centile 0 58 (67.4%)
EFW <3rd centile 0 44 (51.1%)
Pre- eclampsia at diagnosis 0 0
sFlt- 1/PlGF 3.95 (2.11– 7.53) 7.80 (2.89– 28.9)

<38 48 (100%) 67 (77.9%)
>85 0 15 (17.4%)
>110 0 13 (15.1%)
>201 0 8 (9.3%)
>655 0 6 (7.0%)

Mean uterine artery 
Doppler >95th centile

0 58 (67.4%)

Note: Continuous data are given as median and interquartile range; categorical data 
are given as frequency and percentage.
Abbreviations: BMI, body mass index; EFW, estimated fetal weight; FGR, fetal 
growth restriction; IVF, in vitro fertilisation; PlGF, placental growth factor; sFlt- 1, 
soluble fms- like tyrosine- kinase- 1; SGA, small for gestational age; SLE, systemic 
lupus erythematosus; UA PI, umbilical artery pulsatility index; UtA PI, mean 
uterine artery pulsatility index .
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and percentage and continuous variables were reported as 
median and interquartile range (IQR). The time from Doppler 
and sFlt- 1/PlGF assessment to delivery was recorded and clas-
sified into four ranges: <1, <2, <3 and <4 weeks. The associa-
tion between sFlt- 1/PlGF values above the cut- off values and 
time to delivery was investigated by calculating the sensitivity 
(Sn), specificity (Sp), positive predictive value (PPV) and neg-
ative predictive value (NPV). Kaplan– Meier survival curves 
were constructed for the analysis of time to delivery after the 
diagnosis of early- onset FGR for sFlt- 1/PlGF cut- off values of 
38, 85, 110, 201 and 655. The two- sided statistical significance 
level was set at p < 0.05. The R Commander package in R 2.3- 1 
was used for statistical analysis.

3 |  R E SU LTS

During the study period, 134 consecutive women were in-
vited to take part in the study and all agreed to participate. 
Among them, 48 (35.8%) had a fetus that was SGA and 86 
(64.2%) had FGR. All FGR with abnormal Doppler results 
were associated with UA increased pulsatility. The median 
GA at diagnosis of SGA and FGR was 26.5 weeks (IQR 24.0– 
29.0 weeks) and 25.6 weeks (IQR 23.0– 29.3 weeks), respec-
tively. The demographic and clinical characteristics of the 
studied cohorts are shown in Table  1. The median GA at 
delivery was 38.0 weeks (IQR 37.0– 39.0 weeks) for SGA and 
37.0 weeks (IQR 34.2– 37.0 weeks) for FGR, with low EFW 
centile being the most common indication in both groups 
(61.7% in SGA and 38.4% in FGR). More details regarding 
pregnancy outcomes are presented in Table 2.

In the SGA cohort, the median interval between diagnosis 
and delivery was 63.0 days (IQR 47.2– 75.5 days). All women 
with a fetus recorded as SGA had an sFlt- 1/PlGF ratio of 
below 38 at diagnosis and the time to delivery was longer 
than 3 weeks in all cases. Thus, sFlt- 1/PlGF < 38 at diagnosis 
had an NPV of 100% for the need for elective delivery before 
3 weeks. More details are presented in Figure 1.

In the FGR cohort, at diagnosis 67 women (77.9%) had an 
sFlt- 1/PlGF value of <38, four (4.7%) had an sFlt- 1/PlGF value 
of 38– 85, 15 (17.4%) had an sFlt- 1/PlGF value of >85, 13 (15.1%) 
had an sFlt- 1/PlGF value of >110, eight (9.3%) had an sFlt- 1/
PlGF value of >201 and six (7.2%) had an sFlt- 1/PlGF value of 
>655. The overall median interval to delivery was 61.0 days 
(IQR 41.2– 87.5 days). The interval to delivery was analysed 
by sFlt- 1/PlGF groups and was significantly shorter in cases 
with higher sFlt- 1/PlGF values. The median (IQR) intervals 
were: 70.0 (48.5– 91.5) and 28.0 (5.0– 53.0) days in cases with 
sFlt- 1/PlGF values of <38 or ≥38, respectively (p < 0.001); 70.0 
(50.3– 89.8) and 6.0 (5.0– 35.5) days in cases with sFlt- 1/PlGF 
values of ≤85 or >85, respectively (p < 0.001); 70.0 (49.8– 90.5) 
and 6.0 (5.0– 28.0)  days in cases with sFlt- 1/PlGF values of 
≤110 or >110, respectively (p  < 0.001); 67.0 (46.8– 89.3) and 
5.0 (2.9– 23.0) days in cases with sFlt- 1/PlGF values of ≤201 
or >201, respectively (p < 0.001); and 63.5 (45.0– 89.0) and 2.9 
(2.0– 5.0)  days in cases with sFlt- 1/PlGF values of ≤655 or 

T A B L E  1  Baseline characteristics of the study population
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Maternal age (years) 33.0 (30.0– 35.0) 31.0 (27.0– 35.7)
Pre- pregnancy BMI  
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23 (20.6– 25.3) 24.2 (21.6– 27.9)

Smoking 5 (10.4%) 15 (17.4%)
Obstetric history

FGR in previous 
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9 (18.7%) 7 (8.1%)
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1 (2.1%) 3 (3.5%)

Stillbirth in previous 
pregnancy

1 (2.1%) 1 (1.2%)

Previous pre- eclampsia 4 (8.3%) 1 (1.2%)
Maternal history

Chronic hypertension 1 (2.1%) 0
Pre- pregnancy diabetes 2 (4.2%) 1 (1.2%)
Chronic kidney disease 1 (2.1%) 0
SLE 0 0
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syndrome
0 3 (3.5%)
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White 40 (83.3%) 78 (90.7%)
Black 4 (8.3%) 2 (2.3%)
Asian 1 (2.1%) 0
Southeast Asian 3 (6.2%) 6 (7%)
Other 0 0

Mode of conception
Spontaneous 47 (97.9%) 82 (95.3%)
IVF 1 (2.1%) 3 (3.5%)
Insemination 0 1 (1.2%)

Gestational age (weeks) at 
diagnosis

26.5 (24.0– 29.0) 25.6 (23.0– 29.3)

UA PI >95th centile 0 11 (12.8%)
UtA PI >95th centile 0 58 (67.4%)
EFW <3rd centile 0 44 (51.1%)
Pre- eclampsia at diagnosis 0 0
sFlt- 1/PlGF 3.95 (2.11– 7.53) 7.80 (2.89– 28.9)

<38 48 (100%) 67 (77.9%)
>85 0 15 (17.4%)
>110 0 13 (15.1%)
>201 0 8 (9.3%)
>655 0 6 (7.0%)

Mean uterine artery 
Doppler >95th centile

0 58 (67.4%)

Note: Continuous data are given as median and interquartile range; categorical data 
are given as frequency and percentage.
Abbreviations: BMI, body mass index; EFW, estimated fetal weight; FGR, fetal 
growth restriction; IVF, in vitro fertilisation; PlGF, placental growth factor; sFlt- 1, 
soluble fms- like tyrosine- kinase- 1; SGA, small for gestational age; SLE, systemic 
lupus erythematosus; UA PI, umbilical artery pulsatility index; UtA PI, mean 
uterine artery pulsatility index .
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were not blinded to the investigators, which could have in-
fluenced the fetal surveillance protocol; nevertheless, the 
indication for delivery was based strictly on ultrasound and 
CTG findings in all cases. Third, chromosomal anomalies 
and congenital defects were excluded in this study; thus, our 
results are not applicable to such cases. Fourth, our results 
might be of great value for tailoring follow- up and prenatal 
counselling; however, they cannot be used for planning de-
livery. Finally, only 15 cases had an sFlt- 1/PlGF value of >85, 
which could limit the external validity of our findings.

4.3 | Interpretation

Previous studies have shown that high sFlt- 1/PlGF values in 
FGR and PE reveal an antiangiogenic status, which is caused 
by the underlying placental dysfunction.22 The sFlt- 1/PlGF 
ratio has demonstrated that it is useful for predicting preg-
nancy complications associated with placental insufficiency, 
and particularly for ruling out PE in pregnancies with FGR 
or other clinical signs and symptoms of PE.10 Recently, sev-
eral studies have shown that the sFlt- 1/PlGF ratio values in 

F I G U R E  1  Bar chart showing the frequencies of SGA and FGR cases with delivery at <1, <2, <3 and <4 weeks after diagnosis, according to soluble 
fms- like tyrosine kinase- 1/placental growth factor value at diagnosis. FGR, fetal growth restriction; PlGF, placental growth factor; sFlt- 1, soluble fms- like 
tyrosinekinase- 1; SGA, small for gestational age

F I G U R E  2  Kaplan– Meier graphs showing time from diagnosis to delivery in pregnancies with early- onset fetal growth restriction, according to 
soluble fms- like tyrosine kinase- 1/placental growth factor values of <38 or ≥38 (A), ≤85 or >85 (B), ≤110 or >110 (C), ≤201 or >201 (D) and ≤655 or >655 
(E), at diagnosis
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and percentage and continuous variables were reported as 
median and interquartile range (IQR). The time from Doppler 
and sFlt- 1/PlGF assessment to delivery was recorded and clas-
sified into four ranges: <1, <2, <3 and <4 weeks. The associa-
tion between sFlt- 1/PlGF values above the cut- off values and 
time to delivery was investigated by calculating the sensitivity 
(Sn), specificity (Sp), positive predictive value (PPV) and neg-
ative predictive value (NPV). Kaplan– Meier survival curves 
were constructed for the analysis of time to delivery after the 
diagnosis of early- onset FGR for sFlt- 1/PlGF cut- off values of 
38, 85, 110, 201 and 655. The two- sided statistical significance 
level was set at p < 0.05. The R Commander package in R 2.3- 1 
was used for statistical analysis.
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During the study period, 134 consecutive women were in-
vited to take part in the study and all agreed to participate. 
Among them, 48 (35.8%) had a fetus that was SGA and 86 
(64.2%) had FGR. All FGR with abnormal Doppler results 
were associated with UA increased pulsatility. The median 
GA at diagnosis of SGA and FGR was 26.5 weeks (IQR 24.0– 
29.0 weeks) and 25.6 weeks (IQR 23.0– 29.3 weeks), respec-
tively. The demographic and clinical characteristics of the 
studied cohorts are shown in Table  1. The median GA at 
delivery was 38.0 weeks (IQR 37.0– 39.0 weeks) for SGA and 
37.0 weeks (IQR 34.2– 37.0 weeks) for FGR, with low EFW 
centile being the most common indication in both groups 
(61.7% in SGA and 38.4% in FGR). More details regarding 
pregnancy outcomes are presented in Table 2.

In the SGA cohort, the median interval between diagnosis 
and delivery was 63.0 days (IQR 47.2– 75.5 days). All women 
with a fetus recorded as SGA had an sFlt- 1/PlGF ratio of 
below 38 at diagnosis and the time to delivery was longer 
than 3 weeks in all cases. Thus, sFlt- 1/PlGF < 38 at diagnosis 
had an NPV of 100% for the need for elective delivery before 
3 weeks. More details are presented in Figure 1.

In the FGR cohort, at diagnosis 67 women (77.9%) had an 
sFlt- 1/PlGF value of <38, four (4.7%) had an sFlt- 1/PlGF value 
of 38– 85, 15 (17.4%) had an sFlt- 1/PlGF value of >85, 13 (15.1%) 
had an sFlt- 1/PlGF value of >110, eight (9.3%) had an sFlt- 1/
PlGF value of >201 and six (7.2%) had an sFlt- 1/PlGF value of 
>655. The overall median interval to delivery was 61.0 days 
(IQR 41.2– 87.5 days). The interval to delivery was analysed 
by sFlt- 1/PlGF groups and was significantly shorter in cases 
with higher sFlt- 1/PlGF values. The median (IQR) intervals 
were: 70.0 (48.5– 91.5) and 28.0 (5.0– 53.0) days in cases with 
sFlt- 1/PlGF values of <38 or ≥38, respectively (p < 0.001); 70.0 
(50.3– 89.8) and 6.0 (5.0– 35.5) days in cases with sFlt- 1/PlGF 
values of ≤85 or >85, respectively (p < 0.001); 70.0 (49.8– 90.5) 
and 6.0 (5.0– 28.0)  days in cases with sFlt- 1/PlGF values of 
≤110 or >110, respectively (p  < 0.001); 67.0 (46.8– 89.3) and 
5.0 (2.9– 23.0) days in cases with sFlt- 1/PlGF values of ≤201 
or >201, respectively (p < 0.001); and 63.5 (45.0– 89.0) and 2.9 
(2.0– 5.0)  days in cases with sFlt- 1/PlGF values of ≤655 or 

T A B L E  1  Baseline characteristics of the study population

SGA (n = 48) FGR (n = 86)

Maternal age (years) 33.0 (30.0– 35.0) 31.0 (27.0– 35.7)
Pre- pregnancy BMI  

(kg/m2)
23 (20.6– 25.3) 24.2 (21.6– 27.9)

Smoking 5 (10.4%) 15 (17.4%)
Obstetric history

FGR in previous 
pregnancy

9 (18.7%) 7 (8.1%)

SGA in previous 
pregnancy

1 (2.1%) 3 (3.5%)

Stillbirth in previous 
pregnancy

1 (2.1%) 1 (1.2%)

Previous pre- eclampsia 4 (8.3%) 1 (1.2%)
Maternal history

Chronic hypertension 1 (2.1%) 0
Pre- pregnancy diabetes 2 (4.2%) 1 (1.2%)
Chronic kidney disease 1 (2.1%) 0
SLE 0 0
Antiphospholipid 

syndrome
0 3 (3.5%)

Ethnicity
White 40 (83.3%) 78 (90.7%)
Black 4 (8.3%) 2 (2.3%)
Asian 1 (2.1%) 0
Southeast Asian 3 (6.2%) 6 (7%)
Other 0 0

Mode of conception
Spontaneous 47 (97.9%) 82 (95.3%)
IVF 1 (2.1%) 3 (3.5%)
Insemination 0 1 (1.2%)

Gestational age (weeks) at 
diagnosis

26.5 (24.0– 29.0) 25.6 (23.0– 29.3)

UA PI >95th centile 0 11 (12.8%)
UtA PI >95th centile 0 58 (67.4%)
EFW <3rd centile 0 44 (51.1%)
Pre- eclampsia at diagnosis 0 0
sFlt- 1/PlGF 3.95 (2.11– 7.53) 7.80 (2.89– 28.9)

<38 48 (100%) 67 (77.9%)
>85 0 15 (17.4%)
>110 0 13 (15.1%)
>201 0 8 (9.3%)
>655 0 6 (7.0%)

Mean uterine artery 
Doppler >95th centile

0 58 (67.4%)

Note: Continuous data are given as median and interquartile range; categorical data 
are given as frequency and percentage.
Abbreviations: BMI, body mass index; EFW, estimated fetal weight; FGR, fetal 
growth restriction; IVF, in vitro fertilisation; PlGF, placental growth factor; sFlt- 1, 
soluble fms- like tyrosine- kinase- 1; SGA, small for gestational age; SLE, systemic 
lupus erythematosus; UA PI, umbilical artery pulsatility index; UtA PI, mean 
uterine artery pulsatility index .
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median and interquartile range (IQR). The time from Doppler 
and sFlt- 1/PlGF assessment to delivery was recorded and clas-
sified into four ranges: <1, <2, <3 and <4 weeks. The associa-
tion between sFlt- 1/PlGF values above the cut- off values and 
time to delivery was investigated by calculating the sensitivity 
(Sn), specificity (Sp), positive predictive value (PPV) and neg-
ative predictive value (NPV). Kaplan– Meier survival curves 
were constructed for the analysis of time to delivery after the 
diagnosis of early- onset FGR for sFlt- 1/PlGF cut- off values of 
38, 85, 110, 201 and 655. The two- sided statistical significance 
level was set at p < 0.05. The R Commander package in R 2.3- 1 
was used for statistical analysis.

3 |  R E SU LTS

During the study period, 134 consecutive women were in-
vited to take part in the study and all agreed to participate. 
Among them, 48 (35.8%) had a fetus that was SGA and 86 
(64.2%) had FGR. All FGR with abnormal Doppler results 
were associated with UA increased pulsatility. The median 
GA at diagnosis of SGA and FGR was 26.5 weeks (IQR 24.0– 
29.0 weeks) and 25.6 weeks (IQR 23.0– 29.3 weeks), respec-
tively. The demographic and clinical characteristics of the 
studied cohorts are shown in Table  1. The median GA at 
delivery was 38.0 weeks (IQR 37.0– 39.0 weeks) for SGA and 
37.0 weeks (IQR 34.2– 37.0 weeks) for FGR, with low EFW 
centile being the most common indication in both groups 
(61.7% in SGA and 38.4% in FGR). More details regarding 
pregnancy outcomes are presented in Table 2.

In the SGA cohort, the median interval between diagnosis 
and delivery was 63.0 days (IQR 47.2– 75.5 days). All women 
with a fetus recorded as SGA had an sFlt- 1/PlGF ratio of 
below 38 at diagnosis and the time to delivery was longer 
than 3 weeks in all cases. Thus, sFlt- 1/PlGF < 38 at diagnosis 
had an NPV of 100% for the need for elective delivery before 
3 weeks. More details are presented in Figure 1.

In the FGR cohort, at diagnosis 67 women (77.9%) had an 
sFlt- 1/PlGF value of <38, four (4.7%) had an sFlt- 1/PlGF value 
of 38– 85, 15 (17.4%) had an sFlt- 1/PlGF value of >85, 13 (15.1%) 
had an sFlt- 1/PlGF value of >110, eight (9.3%) had an sFlt- 1/
PlGF value of >201 and six (7.2%) had an sFlt- 1/PlGF value of 
>655. The overall median interval to delivery was 61.0 days 
(IQR 41.2– 87.5 days). The interval to delivery was analysed 
by sFlt- 1/PlGF groups and was significantly shorter in cases 
with higher sFlt- 1/PlGF values. The median (IQR) intervals 
were: 70.0 (48.5– 91.5) and 28.0 (5.0– 53.0) days in cases with 
sFlt- 1/PlGF values of <38 or ≥38, respectively (p < 0.001); 70.0 
(50.3– 89.8) and 6.0 (5.0– 35.5) days in cases with sFlt- 1/PlGF 
values of ≤85 or >85, respectively (p < 0.001); 70.0 (49.8– 90.5) 
and 6.0 (5.0– 28.0)  days in cases with sFlt- 1/PlGF values of 
≤110 or >110, respectively (p  < 0.001); 67.0 (46.8– 89.3) and 
5.0 (2.9– 23.0) days in cases with sFlt- 1/PlGF values of ≤201 
or >201, respectively (p < 0.001); and 63.5 (45.0– 89.0) and 2.9 
(2.0– 5.0)  days in cases with sFlt- 1/PlGF values of ≤655 or 

T A B L E  1  Baseline characteristics of the study population

SGA (n = 48) FGR (n = 86)

Maternal age (years) 33.0 (30.0– 35.0) 31.0 (27.0– 35.7)
Pre- pregnancy BMI  

(kg/m2)
23 (20.6– 25.3) 24.2 (21.6– 27.9)

Smoking 5 (10.4%) 15 (17.4%)
Obstetric history

FGR in previous 
pregnancy

9 (18.7%) 7 (8.1%)

SGA in previous 
pregnancy

1 (2.1%) 3 (3.5%)

Stillbirth in previous 
pregnancy

1 (2.1%) 1 (1.2%)

Previous pre- eclampsia 4 (8.3%) 1 (1.2%)
Maternal history

Chronic hypertension 1 (2.1%) 0
Pre- pregnancy diabetes 2 (4.2%) 1 (1.2%)
Chronic kidney disease 1 (2.1%) 0
SLE 0 0
Antiphospholipid 

syndrome
0 3 (3.5%)

Ethnicity
White 40 (83.3%) 78 (90.7%)
Black 4 (8.3%) 2 (2.3%)
Asian 1 (2.1%) 0
Southeast Asian 3 (6.2%) 6 (7%)
Other 0 0

Mode of conception
Spontaneous 47 (97.9%) 82 (95.3%)
IVF 1 (2.1%) 3 (3.5%)
Insemination 0 1 (1.2%)

Gestational age (weeks) at 
diagnosis

26.5 (24.0– 29.0) 25.6 (23.0– 29.3)

UA PI >95th centile 0 11 (12.8%)
UtA PI >95th centile 0 58 (67.4%)
EFW <3rd centile 0 44 (51.1%)
Pre- eclampsia at diagnosis 0 0
sFlt- 1/PlGF 3.95 (2.11– 7.53) 7.80 (2.89– 28.9)

<38 48 (100%) 67 (77.9%)
>85 0 15 (17.4%)
>110 0 13 (15.1%)
>201 0 8 (9.3%)
>655 0 6 (7.0%)

Mean uterine artery 
Doppler >95th centile

0 58 (67.4%)

Note: Continuous data are given as median and interquartile range; categorical data 
are given as frequency and percentage.
Abbreviations: BMI, body mass index; EFW, estimated fetal weight; FGR, fetal 
growth restriction; IVF, in vitro fertilisation; PlGF, placental growth factor; sFlt- 1, 
soluble fms- like tyrosine- kinase- 1; SGA, small for gestational age; SLE, systemic 
lupus erythematosus; UA PI, umbilical artery pulsatility index; UtA PI, mean 
uterine artery pulsatility index .

PEG + sFlt1/PlGF <38 VPN 100% Part 3 set

CIR + sFlt1/PlGF <38

CIR + sFlt1/PlGF >85

CIR + sFlt1/PlGF >655

VPN 100% Part 2 set

VPP 53% Part 1 set

VPP 100% Part 1 set

sFlt-1/PlGF i seguiment en CIR precoç
Seguiment

Bonacina E. et al. Angiogenic factors for planning fetal surveillance in fetal growth restriction and small-
for-gestational-age fetuses: A prospective observational study. BJOG. 2022



• PFE < p3 
• PFE 3-10 + Doppler 
• Ratio setmanal

n = 73 CIR de <32+0 SG
• 73% CIR amb [sFlt-1/PlGF] >38 4 set abans del 

part 
• 100% CIR + PE amb [sFlt-1/PlGF] >38 4 set abans 

del part 
• Aparició de PE escurça 1,6 setm al part

sFlt-1/PlGF en CIR precoç
Pronòstic

Herraiz I, et al. Longitudinal change of sFlt-1/PlGF ratio in singleton pregnancy with early-onset fetal growth restriction. 
UOG. 2018 Nov



• n = 158 (91 CIRs i 67 AGA) 
• Estudi de cohorts prospectiu 
• sFlt-1/PlGF cada 4 setmanes

≥24+0 SG

sFlt-1/PlGF setmanal en CIR precoç

Hong J, Crawford K, Cavanagh E, Clifton V, Kumar S. Prediction of preterm birth in women with fetal 
growth restriction - Is the weekly change in sFlt-1/PlGF ratio or PlGF levels useful? Acta Obstet Gynecol 

Scand. 2024 Jun

1116  |    HONG et al.

while all other characteristics were not significantly different be-
tween the FGR and AGA cohorts. The median gestational age at 
birth and birthweight were significantly lower in FGR group (260 vs. 
269 days, p < 0.001) and (2100 vs. 2844 g, p < 0.001). The majority of 
cases of PTB were medically indicated (33/37, 89.2%). The main indi-
cations for medically indicated PTB in the FGR cohort were deterio-
rating fetal condition (19/26, 73.1%) followed by PET (5/26, 19.2%).

Table 2 presents the series of Cox proportional hazards mod-
els investigating the predictive utility of placental biomarkers and 
change in biomarkers for overall PTB in the FGR cohort. There 
were insufficient failures (i.e., PTBs) to analyze in the AGA popu-
lation. PlGF levels in the lowest quintile (HR 4.08 (95% CI: 1.83–
9.11), p < 0.001) and sFlt- 1/PlGF ratio in the highest quintile (HR 
8.74 (95% CI: 3.96–19.32), p < 0.001) were significantly associated 
with time to PTB. However, the rate of decrease in PlGF levels did 
not affect the time to PTB (HR 0.65 (95% CI: 0.25–1.67), p = 0.68). 
In contrast, the rate of increase in the sFlt- 1/PlGF ratio was signifi-
cantly associated with time to PTB (HR 3.91 (95% CI: 1.39–10.99), 
p = 0.01) (Figure 2).

For all significant predictors of time to PTB in the FGR cohort, 
Harrell's C was then explored to determine whether the level 
of PlGF and sFlt- 1/PlGF ratio, or the change in sFlt- 1/PlGF ratio 
per week from the previous blood test offered the best predic-
tive value (Table 2). We found that the highest sFlt- 1/PlGF ratio 
MoM quintile (Harrell's C 0.85) was a better predictor for time to 

PTB than the lowest PlGF MoM quintile (Harrell's C 0.76) and the 
highest change of sFlt- 1/PlGF ratio MoM quintile (Harrell's C 0.74). 
This confirmed that the rate of increase of the sFlt- 1/PlGF ratio 
from the previous test was an inferior predictor of time to PTB 
and thus had no predictive advantage over the current sFlt- 1/PlGF 
ratio or PlGF levels.

Finally, we calculated the actual values of biomarkers and the 
change in sFlt- 1/PlGF ratio, in order to facilitate generalizability and 
clinical translation of our findings. The lowest PlGF MoM quintile 
and highest sFlt- 1/PlGF ratio MoM quintile was equivalent to a PlGF 
level of <67.3 ng/L and an sFlt- 1/PlGF ratio of >48.3, respectively, 
whilst the highest mean change in sFlt- 1/PlGF ratio per week was 
equivalent to 79.6. (Table 3).

4  |  DISCUSSION

In this prospective study we found that although the rate of increase 
per week of the sFlt- 1/PlGF ratio was associated with time to PTB in 
women with an FGR infant it was not a better predictor than either 
a single low absolute PlGF level or elevated sFlt- 1/PlGF ratio. We 
also found that the rate of decrease per week in PlGF levels was 
not predictive of overall PTB compared with the absolute PlGF level, 
sFlt- 1/PlGF ratio or rate of change per week of the sFlt- 1/PlGF ratio 
(defined as >79.6/week).

TA B L E  2  Models investigating the predictive utility of placental growth factor, soluble fms- like tyrosine kinase- 1/placental growth factor 
(sFlt- 1/PlGF) ratio and change in biomarkers per week expressed as quintiles of multiples of median in fetal growth restriction.

Univariable HR (95% CI) p- value Multivariablea HR (95% CI) p- value Harrell's C statistic

Model

PlGF MoM in the lowest quintile 4.45 (1.97–10.02) <0.001 4.08 (1.83–9.11) <0.001 0.76

PlGF MoM change per week 0.77 (0.32–1.86) 0.65 0.65 (0.25–1.67) 0.37 0.68

sFlt- 1/PlGF ratio highest quintile MoM 9.16 (4.13–20.31) <0.001 8.74 (3.96–19.32) <0.001 0.85

sFlt- 1/PlGF ratio MoM change per week 5.24 (2.12–12.94) 0.001 3.91 (1.39–10.99) 0.01 0.74

Abbreviations: FGR, fetal growth restriction; ng/L, nanogram per liter; MoM, multiples of median; PlGF, placental growth factor; sFlt- 1, soluble fms- 
like tyrosine kinase- 1.
aAdjusted for pre- eclampsia.

F I G U R E  2  Multivariable Cox proportional hazards regression models on the predictive utility. (A) Placental growth factor (PlGF). 
(B) Soluble fms- like tyrosine kinase- 1/placental growth factor (sFlt- 1/PlGF) ratio. (C) Change in sFlt- 1/PlGF ratio per week for preterm birth.
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rating fetal condition (19/26, 73.1%) followed by PET (5/26, 19.2%).
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with time to PTB. However, the rate of decrease in PlGF levels did 
not affect the time to PTB (HR 0.65 (95% CI: 0.25–1.67), p = 0.68). 
In contrast, the rate of increase in the sFlt- 1/PlGF ratio was signifi-
cantly associated with time to PTB (HR 3.91 (95% CI: 1.39–10.99), 
p = 0.01) (Figure 2).

For all significant predictors of time to PTB in the FGR cohort, 
Harrell's C was then explored to determine whether the level 
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per week from the previous blood test offered the best predic-
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Figure 1 Mean area under the receiver-operating-characteristics
curve of different proposed models for prediction of perinatal
survival (a) and severe neonatal morbidity (b) after bootstrapping
(1000 replications) in cases with early-onset fetal growth
restriction. Altered Doppler was defined as absent or reversed
umbilical artery flow and impaired middle cerebral artery flow.
*Evaluated at cut-offs obtained by Youden’s index (for perinatal
survival: estimated fetal weight (EFW) < 501 g, gestational age at
diagnosis (GA) < 25 + 0 weeks, placental growth factor (PlGF)
< 37 pg/mL, PlGF multiples of the median (MoM) < 0.07; for
neonatal morbidity: EFW < 650 g, GA < 26 + 4 weeks, PlGF
< 46 pg/mL, PlGF MoM < 0.07).

half of such cases will not survive. However, we did not
find adequate prenatal predictors of neonatal morbidity.

Interpretation of results

Accurate parental counseling in the context of eoFGR
remains challenging, especially when the diagnosis is
made around viability. It is known that, controlling
for GA, extremely preterm infants with eoFGR have
a 3-fold higher risk of mortality and a 2-week lag in
survival compared with normally grown fetuses; and their
viability is compromised when delivery occurs before
25–26 weeks of gestation32. However, at the time of
diagnosing eoFGR, it is difficult to establish when delivery
will be indicated, especially at the earliest stages of fetal
deterioration. In the study of Story et al.33, including
20 eoFGR cases diagnosed before 24 weeks’ gestation,
four babies were delivered at term and did not require
neonatal admission. This also occurred in 15% of our
cases of eoFGR. Similarly, there is a wide variability in
the progression of Doppler abnormalities from diagnosis
to delivery in eoFGR34. Therefore, our current ability to
predict survival in eoFGR is limited. This study supplies
new evidence regarding the utility of PlGF to better
predict survival in eoFGR diagnosed before 28 weeks. At
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Figure 2 Perinatal survival rates (a), time from diagnosis to delivery
(b) and estimated weight gain from diagnosis to delivery (c) in cases
with early-onset fetal growth restriction, according to estimated
fetal weight (EFW) and placental growth factor at diagnosis (PlGF)
( , PlGF < 37 pg/mL; , PlGF ≥ 37 pg/mL). In boxplots, boxes with
internal lines are median and interquartile range, whiskers are
values 1.5-times the interquartile range and individual datapoints
are outliers. *P < 0.05.

diagnosis, the combination of EFW and PlGF provides
more accurate information than does GA or Doppler
status. This does not contradict that the GA at birth

© 2022 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd Ultrasound Obstet Gynecol 2023; 61: 181–190.
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Figure 1 Mean area under the receiver-operating-characteristics
curve of different proposed models for prediction of perinatal
survival (a) and severe neonatal morbidity (b) after bootstrapping
(1000 replications) in cases with early-onset fetal growth
restriction. Altered Doppler was defined as absent or reversed
umbilical artery flow and impaired middle cerebral artery flow.
*Evaluated at cut-offs obtained by Youden’s index (for perinatal
survival: estimated fetal weight (EFW) < 501 g, gestational age at
diagnosis (GA) < 25 + 0 weeks, placental growth factor (PlGF)
< 37 pg/mL, PlGF multiples of the median (MoM) < 0.07; for
neonatal morbidity: EFW < 650 g, GA < 26 + 4 weeks, PlGF
< 46 pg/mL, PlGF MoM < 0.07).

half of such cases will not survive. However, we did not
find adequate prenatal predictors of neonatal morbidity.

Interpretation of results

Accurate parental counseling in the context of eoFGR
remains challenging, especially when the diagnosis is
made around viability. It is known that, controlling
for GA, extremely preterm infants with eoFGR have
a 3-fold higher risk of mortality and a 2-week lag in
survival compared with normally grown fetuses; and their
viability is compromised when delivery occurs before
25–26 weeks of gestation32. However, at the time of
diagnosing eoFGR, it is difficult to establish when delivery
will be indicated, especially at the earliest stages of fetal
deterioration. In the study of Story et al.33, including
20 eoFGR cases diagnosed before 24 weeks’ gestation,
four babies were delivered at term and did not require
neonatal admission. This also occurred in 15% of our
cases of eoFGR. Similarly, there is a wide variability in
the progression of Doppler abnormalities from diagnosis
to delivery in eoFGR34. Therefore, our current ability to
predict survival in eoFGR is limited. This study supplies
new evidence regarding the utility of PlGF to better
predict survival in eoFGR diagnosed before 28 weeks. At
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Figure 2 Perinatal survival rates (a), time from diagnosis to delivery
(b) and estimated weight gain from diagnosis to delivery (c) in cases
with early-onset fetal growth restriction, according to estimated
fetal weight (EFW) and placental growth factor at diagnosis (PlGF)
( , PlGF < 37 pg/mL; , PlGF ≥ 37 pg/mL). In boxplots, boxes with
internal lines are median and interquartile range, whiskers are
values 1.5-times the interquartile range and individual datapoints
are outliers. *P < 0.05.

diagnosis, the combination of EFW and PlGF provides
more accurate information than does GA or Doppler
status. This does not contradict that the GA at birth
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PFE >500g o PlGF ≥37pg/mL SV 80%

PFE >500g + PlGF ≥37pg/mL SV 95%

PFE ≤500g o PlGF <37pg/mL SV 50%

Pronòstic

Rodríguez-Calvo J et al. Prediction of perinatal survival in early-onset fetal growth restriction: role of placental growth 
factor. Ultrasound Obstet Gynecol. 2023 Feb;61(2):181-190.



sFlt-1/PlGF i assessorament en CIR precoç

• n = 173 <p10 (124 CIR i 49 PEG) 
• Estudi prospectiu observacional 
• Creació de models d’asses-

sorament

20 - 31+6 SG Part <30 SG
AUC (IC 95%)

Part <34 SG
AUC (IC 95%)

Part <37 SG
AUC (IC 95%)

EPA 
AUC (IC 95%)

sFlt-1/PlGF 0,961 
(0,925-0,997)

0,939 
(0,894-0,983)

0,861 
(0,789-0,933)

0,833 
(0,771-0,896)

Model amb
sFlt-1/PlGF

0,975 
(0,953-0,998)

0,965 
(0,940-0,991)

0,850 
(0,772-0,929)

0,873 
(0,821-0,925)

Model sense
sFlt-1/PlGF

0,886 
(0,881-0,961)

0,937 
(0,893-0,981)

0,780 
(0,683-0,877)

0,856 
(0,799-0,912)

Edat gestacional al Diagnòstic 

Percentil i PFE al Diagnòstic 

Doppler fetal al Diagnòstic 

Doppler uterí al Diagnòstic 

Risc de PE al Diagnòstic 

Ratio sFlt-1/PlGF al Diagnòstic

• Model multivariable complet presenta major 
capacitat de predicció 

• No diferències entre model complet vs sFlt-1/PlGF 
• Model sense ratio té bona predicció global

Pronòstic

Mendoza M. Individual risk assessment for prenatal counseling in early-onset growth-restricted and small-for-
gestational-age fetuses. Acta Obstet Gynecol Scand. 2020



Conclusions
Diagnòstic Seguiment Pronòstic

• Bona correlació Doppler - 
Ràtio sFlt-1/PlGF 

• 88% CIR II RFA >85 
• 100% CIR III RFA >85

• PEGs Ràtio sFlt-1/PlGF <38 es 
podrien beneficiar de controls c/3 
setmanes 

• CIRs I Ràtio sFlt-1/PlGF <38 es 
podrien beneficiar de controls c/2 
setmanes 

• CIRs I Ràtio sFlt-1/PlGF >85 es 
podrien beneficiar de controls més 
estrets 

• La determinació repetida no 
suposa un millor seguiment

• Ràtio sFlt-1/PlGF elevats: 
pitjors resultats perinatals i 
menor temps fins el part 

• Càlcul individualitzat de 
complicacions 

• Determinació única al 
diagnóstic
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El valor de Ràtio sFlt-1/PlGF NO permet indicar finalització de la gestació
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