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Abstract
Introduction: The velocity of fetal deterioration in fetal growth restriction is ex-
tremely variable, which makes monitoring and counseling very challenging. The solu-
ble fms- like tyrosine kinase to placental growth factor (sFlt1/PlGF) ratio provides a 
readout of the vasoactive environment that correlates with preeclampsia and fetal 
growth restriction and that could be useful to predict fetal deterioration. Previous 
studies showed a correlation between higher sFlt1/PlGF ratios and lower gestational 
ages at birth, although it is unclear whether this is due to the increased incidence of 
preeclampsia. Our goal was to evaluate whether the sFlt1/PlGF ratio predicts faster 
fetal deterioration in early fetal growth restriction.
Material and methods: This was a historical cohort study in a tertiary maternity hos-
pital. Data from singleton pregnancies with early fetal growth restriction (diagnosed 
before 32 gestational weeks) confirmed after birth monitored between January 2016 
and December 2020 were retrieved from clinical files. Cases of chromosomal/fetal 
abnormalities, infection and medical terminations of pregnancy were excluded. The 
sFlt1/PlGF ratio was acquired at diagnosis of early fetal growth restriction in our 
unit. The correlation of log10 sFlt1/PlGF with latency to delivery/fetal demise was 
assessed with linear, logistic (positive sFlt1/PlGF if >85) and Cox regression excluding 
deliveries for maternal conditions and controlling for preeclampsia, gestational age 
at time of ratio test, maternal age and smoking during pregnancy. Receiver- operating 
characteristic (ROC) analysis tested the performance of sFlt1/PlGF ratio in predicting 
delivery for fetal reasons in the following week.
Results: 125 patients were included. Mean sFlt1/PlGF ratio was 91.2 (SD 148.7) and 
28% of patients had a positive ratio. A higher log10 sFlt1/PlGF ratio predicted shorter 
latency for delivery/fetal demise in linear regression after controlling for confound-
ers, β = −3.001, (−3.713 to −2.288). Logistic regression with ratio positivity confirmed 
these findings (latency for delivery 5.7 ± 3.32 weeks for ratios ≤85 vs 1.9 ± 1.52 weeks 
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1  |  INTRODUC TION

Impaired placentation is the basis of the proposed pathophysiology 
for some conditions referred to as “placental syndromes”, such as 
preeclampsia1– 3and fetal growth restriction (FGR).3 In these syn-
dromes, the anti- angiogenic environment that follows an impaired 
placentation is a crucial mediator for its clinical sequelae.1– 3 Two 
mediators have emerged as being particularly relevant: placental 
growth factor (PlGF), an angiogenic factor, and soluble fms- like ty-
rosine kinase 1 (sFlt1), that acts as an anti- angiogenic factor.4

In preeclampsia, circulating levels of sFlt1 levels are increased 
and free PlGF is decreased5; the magnitude of change in both sFlt1 
and PlGF levels correlates with adverse outcomes.6 Consequently, 
the sFlt1/PlGF ratio is increasingly used in clinical practice, assisting 
with diagnosis in cases where preeclampsia is suspected and for risk- 
stratification of preeclamptic patients.7,8

In FGR, clinical management is currently limited to serial fetal ul-
trasound monitoring; and close maternal surveillance (given the risk 
of preeclampsia). The addition of computerized cardiotocography 
monitoring to surveillance algorithms has been shown to improve 
outcomes in this setting.9 However, it is unfortunately not available 
in all centers. Fetal Doppler monitoring allows for risk stratification 
in these fetuses and, according to most guidelines, indicates the 
timing for the next assessment and for delivery.10– 15 However, the 
rates of clinical deterioration are extremely variable among patients, 
which makes counseling very challenging.16

Previous studies have demonstrated that the sFlt1/PlGF ratio 
is elevated in FGR pregnancies, even in the absence of preeclamp-
sia.17– 20 The elevation of the sFlt1/PlGF ratio appears to be higher 
in cases of FGR with superimposed preeclampsia than in cases of 
isolated FGR.21 In addition, an increased sFlt1/PlGF ratio has been 
shown to correlate with adverse outcomes in early FGR22,23 and to 
predict shorter intervals to delivery in patients with preeclampsia 
or FGR.24 Other studies have shown that higher sFlt1/PlGF ratios 
predict a shorter interval to delivery in early FGR.25– 27 However, 
those studies did not control for the occurrence of preeclampsia 
and thus it is not clear whether this correlation is due to the known 
association between preeclampsia and FGR, or whether the sFlt1/
PlGF ratio can predict fetal clinical deterioration even in the ab-
sence of this complication. Additionally, previous publications have 
shown that other variables such as maternal age and smoking during 

pregnancy are associated with changes in the sFlt1/PlGF ratio.28 
Since both are also risk factors for preterm delivery, the assessment 
of the association between sFlt1/PlGF ratio and interval to delivery 
should account for these confounders.

Our goal was to investigate whether a higher sFlt1/PlGF ratio 
predicts a faster fetal clinical deterioration of FGR even after con-
trolling for preeclampsia and other confounders, such as gestational 
age at time of ratio sampling, maternal age and smoking during preg-
nancy. This could be a potentially useful tool for risk stratification 
and patient counseling in FGR.

2  |  MATERIAL AND METHODS

This was a historical cohort study conducted in a tertiary maternity 
center in Lisbon, Portugal (Maternidade Dr. Alfredo da Costa, Centro 
Hospitalar Universitário Lisboa Central). The hospital identification 
number for all patients followed in our FGR clinic from January 2016 
to December 2020 was retrieved from electronic appointment re-
cords, and all files were reviewed to select singleton pregnancies 
diagnosed with early FGR and confirmed after birth. Data pertaining 
to those patients were retrieved from clinical notes.

Pregnancy was dated according to crown– rump length ob-
tained from first trimester ultrasound (performed between 11 and 
13 + 6 weeks of gestation) or when this result was not available, 
according to biparietal diameter between 14 and 21 + 6 weeks of 
gestation.

Early FGR was diagnosed according to international guide-
lines29 in the presence of one solitary criterion or two or more 
contributory criteria. Solitary criteria were estimated fetal weight 
(EFW) or abdominal circumference <3th centile for a given ges-
tational age, and umbilical artery absent end- diastolic flow 

for ratios >85); β = −0.698 (−1.064 to −0.332). Adjusted Cox regression showed that 
a positive ratio confers a significantly positive hazard ratio (HR) for earlier delivery/
fetal demise, HR 9.869 (5.061– 19.243). ROC analysis showed an area under the curve 
of 0.847 (SE ± 0.06).
Conclusions: sFlt1/PlGF ratio is correlated with faster fetal deterioration in early fetal 
growth restriction, independently of preeclampsia.

K E Y W O R D S
fetal deterioration, fetal growth restriction, sFlt1/PlGF ratio

Key message

A higher sFlt1/PlGF ratio at diagnosis of early fetal growth 
restriction predicts faster fetal deterioration after control-
ling for maternal- indicated deliveries, preeclampsia, gesta-
tional age at time of ratio test, maternal age and smoking.
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    |  3PALMA DOS REIS et al.

(UA- AEDF). Contributory criteria were EFW or abdominal circum-
ference <10th centile combined with umbilical artery pulsatility 
index (UA- PI) >95th centile or mean uterine artery pulsatility index 
>95th centile.

FGR was classified as early when diagnosed before 32 ges-
tational weeks, and as severe in the presence of an EFW <3rd 
centile by ultrasound scan. The periodicity of maternal and fetal 
evaluation complied with international guidelines10: fetuses with 
an EFW <10th centile but >3rd centile with normal fetal Dopplers 
were monitored every 10– 15 days; fetuses with an EFW <3rd cen-
tile with normal fetal Dopplers were monitored weekly. In cases 
of UA- PI >95th centile or middle cerebral artery pulsatility index 
(MCA- PI) <5th centile, patients were monitored weekly. When 
there was UA- AEDF, patients were monitored every 48 hours, and 
in cases of absent umbilical artery end- diastolic flow or Doppler 
venosus changes, patients were admitted to the hospital and mon-
itored every 12– 24 hours.

Criteria for delivery also complied with these guidelines10: de-
livery was initiated at any gestational age for maternal indications 
(HELLP syndrome or severe preeclampsia) or if the fetal biophysical 
profile score was <4/8 (after fetal viability was established; defined 
in our center at 24 gestational weeks and an EFW >500 g, after 
patient counseling). In addition, delivery was implemented at 28– 
32 weeks in cases of absent or reversed a- wave in the ductus ve-
nosus; 32– 34 weeks for reversed end- diastolic flow in the umbilical 
artery; 34– 38 weeks for absent end- diastolic flow in the umbilical 
artery; 37 weeks for cerebroplacental ratio or MCA- PI <5th centile; 
and, for the remaining cases, between 37 and 39 weeks.

Vaginal delivery was preferred whenever possible. FGR- specific 
cesarean section indications included altered umbilical artery or 
ductus venosus Doppler, non- reassuring fetal status, gestational age 
<32 weeks (after patient counseling) or maternal conditions.

As part of the initial evaluation, all women were tested for 
infections (syphilis and cytomegalovirus in addition to the rou-
tine pregnancy serology) and invasive testing was offered in 
cases of early and severe FGR (EFW <3rd centile by ultrasound 
scan), maternal infection or malformations, or at the request of 
the couple. Cases of infection, chromosomal abnormalities, fetal 
malformations and medical interruptions of pregnancy were ex-
cluded from this analysis.

Maternal blood was collected at diagnosis of FGR in our clinic 
for assessment of the sFlt1/PlGF ratio. Some cases were diagnosed 
in other centers and referred to our unit; in these cases, blood was 
collected after the first appointment in our clinic. The maximum 
time- lapse for ratio collection after the confirmation of diagnosis in 
our unit that was accepted for this study was 15 days. This assess-
ment aimed to stratify the patients in terms of risk of developing 
preeclampsia, with a positive ratio potentially influencing the next 
clinical evaluation (patients could be booked an earlier appointment 
at the clinician's discretion if the ratio was high). Ratio values did 
not interfere with the previously described indications for delivery 
(a positive ratio was not a reason to expedite delivery or for hospital 

admission). The samples were processed using an automatic analysis 
system (Roche Cobas e41). According to the literature, the sFlt1/
PlGF ratio was considered positive if ≥85.30

Preeclampsia was defined and managed according to the 
American College of Obstetrics and Gynecology guidelines.31 All 
ultrasound scans were performed by fetal medicine consultants ac-
credited by the Fetal Medicine Foundation. Smoking was codified 
as a binary variable (yes or no) according to reported tobacco use 
during pregnancy.

2.1  |  Statistical analyses

STATA statistical software 13.0 was used for all calculations. 
Continuous data are reported as means and standard deviations 
or median and interquartile range. Categorical data are reported as 
numbers and proportions. Proportions were compared with Chi- 
square test, and means were compared using Student's t- test (para-
metric) or Mann– Whitney U- test (non- parametric).

A variable called “latency for delivery” was generated (gesta-
tional age at birth or fetal demise minus gestational age at measure-
ment of sFlt1/PlGF ratio).

Since the sFlt1/PlGF ratio exhibited a non- parametric distribu-
tion in our cohort, a Box Cox transformation was performed (λ = 0). 
Consequently, a decimal logarithm of the sFlt1/PlGF ratio was gen-
erated as a variable to test in the regression models.

Multiple linear regression models analyzed the correlation of the 
decimal logarithm of the sFlt1/PlGF ratio and both gestational age 
at birth and latency for delivery, excluding deliveries for maternal 
indication; and controlling for preeclampsia, gestational age at time 
of ratio test, maternal age and smoking during pregnancy. A multi-
ple logistic regression model was also built, using ratio positivity as 
a binary variable and controlling for the previously described con-
founders. Survival analysis was performed, defining delivery or fetal 
demise as the failure event and analyzing latency for delivery/fetal 
demise as the time- to- event data. Adjusted Cox regression was per-
formed, analyzing the correlation of a positive sFlt1/PlGF ratio with 
latency to delivery while controlling for the previously described 
confounders. Kaplan– Meier curves were obtained from this model.

A receiver operating characteristic (ROC) analysis tested the 
performance of the sFlt1/PlGF ratio in predicting delivery for fetal 
reasons in the following week (excluding cases of delivery for ma-
ternal reasons).

Two- sided P <0.05 were used for statistical significance, and 
two- sided confidence intervals of 95% are reported.

2.2  |  Ethics statement

Local ethics committee approval was obtained (Comissão de Ética 
do Centro Hospitalar Universitário Lisboa Central, process number 
1150/2021) on November 26, 2021.
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4  |    PALMA DOS REIS et al.

3  |  RESULTS

The flowchart of participants included in the study is presented in 
Figure 1.

Our study sample characteristics are described in Table 1. 
Mean maternal age at delivery was 31.9 ± 5.9 years and the majority 
were primipara (45.6%). Preeclampsia complicated 12.8% of these 
pregnancies.

Mean gestational age at diagnosis of FGR was 27.2 weeks; 80.8% 
of cases were severe.29 The main indications for delivery were ges-
tational age >37 weeks (28%), fetal biophysical profile score <4/8 
(16.8%), maternal indications (13.6%) and changes in the ductus ve-
nosus (10.4%). Infants with early FGR were born at a mean gesta-
tional age of 34.8 ± 3.7 weeks and 49 cases (42.2%) were admitted to 
the NICU in the first 28 days of life.

In our cohort, there were six cases of fetal demise (survival rate 
was 95.2%). Mean maternal age in these cases was 33.3 ± 5.5 years. 
Half the women (n = 3) were primipara, and 50% (n = 3) reported 
smoking during pregnancy. In all cases, fetuses had been diagnosed 
with severe FGR (EFW <3rd centile). Median gestational age at di-
agnosis of FGR in this setting was 29.28 weeks (interquartile range 
[IQR] 28.28– 31.43) and median birthweight was 670 g (IQR 500– 
960). There was one case of preeclampsia in this group of patients, 
and in all of these patients (n = 6) the sFlt1/PlGF ratio was positive. 
Median sFlt1/PlGF ratio was 321.5 (IQR 176– 661). Only one patient 
consented to neonatal autopsy, and in this case the main finding was 
pulmonary hypoplasia.

Mean sFlt1/PlGF ratio in our overall cohort was 91.2 (SD 148.7) 
with 35 (28%) positive ratios.

We analyzed the correlation between the logarithm of the sFlt1/
PlGF ratio and timing of delivery/fetal demise, using linear regres-
sion. Considering that our goal was to correlate the sFlt1/PlGF 
ratio with deliveries secondary to fetal deterioration, deliveries for 

maternal indications were excluded (n = 17). Preeclampsia, gesta-
tional age at the time of ratio test, maternal age and smoking during 
pregnancy were included in the model as possible confounders.

Graphical results can be found in Figure 1A (for absolute gesta-
tional age at delivery/fetal demise), showing that higher values of 
the sFlt1/PlGF ratio are associated with earlier gestational ages at 
delivery/fetal demise; and Figure 1B (for latency to delivery/fetal 
demise), showing that higher values of the sFlt1/PlGF ratio are asso-
ciated with shorter latencies to delivery/fetal demise.

The statistical model for Figure 1A can be found in Table S1A. 
Both in the crude model and in the multivariate model adjusted for 
preeclampsia, gestational age at ratio test, maternal age and smoking 
during pregnancy, there is a significant decrease in gestational age 
at birth/fetal demise for higher values of the ratio. In the adjusted 
analysis, the β coefficient for the decimal logarithm of the sFlt1/
PlGF ratio is −3.001 (−3.715 to −2.288). The statistical model for 
Figure 1B can be found in Table S1B, showing a significant decrease 
in latency to delivery/fetal demise for higher values of the ratio in 
both the crude and the multivariate model (adjusted for the previ-
ously described confounders). In the adjusted analysis, the β coef-
ficient for the decimal logarithm of the sFlt1/PlGF ratio is −3.001 
(−3.713 to −2.288).

The results with logistic regression using ratio positivity (con-
trolling for the previously described confounders), were similar to 
those described with linear regression (Table S2). Mean gestational 
age at birth/fetal demise with a positive ratio was 31.72 ± 2.52 
vs 35.98 ± 3.36 weeks in cases with negative ratio (P <0.001). 
Mean latency for delivery was 5.7 ± 3.32 weeks for ratios ≤85 vs 
1.9 ± 1.52 weeks for ratios >85. In the adjusted logistic regression 
model for the outcome latency for delivery/fetal demise (controlling 
for preeclampsia, gestational age at time of ratio test, maternal age 
and smoking during pregnancy) the β coefficient for a positive sFlt1/
PlGF ratio was −0.698 (−1.064 to −0.332).

F L O W C H A R T  1  Patients included in 
the study.

134
eligible singleton 
pregnancies with 
early fetal growth 

restriction confirmed 
after birth 

Exclusion criteria
• Medical termination of pregnancy (n=2)
• Fetal malformations (n=5)
• Infection (n=1)
• Chromosomal abnormalities (n=1) 

125 pregnancies 

Excluded deliveries for maternal causes (n=17)

108 cases included in the models
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    |  5PALMA DOS REIS et al.

Analyzing time to event data (latency for delivery/fetal demise) 
with adjusted Cox regression, early FGR with a positive ratio confers 
a significantly positive HR for earlier delivery or fetal demise with a 
hazard ratio of 9.869 (5.061– 19.243), even after controlling for the 
previously described confounders. This survival model is described 
in Table S3. The respective Kaplan– Meier curve is represented in 
Figure 2 according to ratio positivity showing significantly shorter sur-
vival times (time for delivery/fetal demise) for the positive ratio group.

A receiver operating characteristic (ROC) analysis for the out-
come of delivery for fetal reasons in the following week shows that 
the sFlt1/PlGF ratio has a good predictive value for this outcome, 
with an area under the curve (AUC) of 0.847 ± 0.06 (95% CI 0.731– 
0.962) (Figure 3).

4  |  DISCUSSION

In this study, a higher sFlt1/PlGF ratio at diagnosis of early FGR was 
correlated with a shorter latency to delivery and an earlier gesta-
tional age at delivery, even after controlling for confounders such 
as preeclampsia, gestational age at ratio sampling, maternal age and 
smoking during pregnancy.

In terms of population characteristics, as seen in Table 1, our 
unit has a higher proportion of severe (80.8%) vs non- severe (19.2%) 
cases of early FGR since it is a tertiary reference center for this con-
dition, and most non- severe FGRs are managed successfully in other 
centers.

The link between early FGR and hypertensive complications of 
pregnancy is well established and has been attributed to the com-
mon pathophysiology of both syndromes.3 Despite this, our cohort 
had a low absolute incidence of hypertensive complications (6.4% 
incidence of gestational hypertension and 12.8% incidence of pre-
eclampsia) when compared with other studies that report incidences 
of preeclampsia of around 50%.26 Our results are closer, although 
still lower than the 26% incidence of preeclampsia described in a 
cohort of early FGR pregnancies without absent/reverse umbilical 
artery- end diastolic flow (UA- EDF) and without ductus venosus 
changes at diagnosis.27 The reason for this low incidence of hyper-
tensive complications of pregnancy in FGR when compared with 
previous reports is not completely clear. Some studies have reported 
a particularly low incidence of preeclampsia in Mediterranean coun-
tries, questioning the influence of the Mediterranean climate or diet 
in decreasing the risk for this condition.33 Additionally, in our cohort, 
in 35 pregnancies the decision to deliver was made due to gesta-
tional age >37 gestational weeks (with normal fetal Dopplers). In 
these cases, although diagnostic criteria were compatible with early 
FGR (EFW <3rd centile or mean uterine artery PI > 95th centile) the 
fetuses might have behaved more like small- for gestational age than 
early FGRs, which might explain the lower incidence of preeclampsia.

Mean gestational age at diagnosis of FGR in our cohort (27.2 ges-
tational weeks) was similar to previous reports.26,27 In agreement with 

TA B L E  1  Description of the study population (early FGR 
pregnancies) regarding maternal, pregnancy, delivery and newborn 
characteristics.

Early FGR 
(n = 125)

Maternal characteristics

Age at delivery (years), mean (SD) 31.9 (5.9)

Primipara, n (%) 57 (45.6)

Chronic hypertension, n (%) 9 (7.2)

Pregnancy characteristics

Tobacco smoking during pregnancy, n (%) 18 (14.4)

Gestational diabetes, n (%) 13 (10.4)

Gestational hypertension, n (%) 8 (6.4)

Preeclampsia, n (%) 16 (12.8)

Gestational age at FGR diagnosis mean (SD) 27.2 (3.7)

Severe FGR, n (%) 101 (80.8)

sFlt1/PlGF ratio, mean (SD) 91.2 (148.7)

Positive sFlt1/PlGF ratio, n (%) 35 (28)

Gestational age of sFlt1/PlGF ratio, mean (SD) 30.4 (3.6)

Delivery characteristics

Gestational age (in weeks), mean (SD) 34.8 (3.7)

Spontaneous onset of labor, n (%) 15 (12)

Indication to terminate pregnancy, n = 110)

Fetal demise 6 (4.8)

Fetal BPS <4/8 21 (16.8)

Maternal cause 17 (13.6)

Absent or reversed a- wave in DV 13 (10.4)

Reversed UA- EDF 2 (1.6)

Absent UA- EDF 8 (6.4)

CPR <5th centile 5 (4)

MCA- PI <5th centile 3 (2.4)

Gestational age >37 weeks 35 (28)

Type of delivery, n (%)

Vaginal 53 (42.4)

Cesarean 72 (57.6)

Newborn characteristics

Live- born 120 (95.2)

Sex, n (%)

Male 58 (47.5)

Female 64 (52.5)

Birthweight (g), median (IQR) 1922 (1070)

Birthweight percentile, mean (SD) 1.8 (2.24)

Admission to the NICU, n (%) 49 (42.2)

Neonatal death, n = 126, n (%) 5 (5.7)

Abbreviations: BPS, biophysical profile score; CPR, cerebroplacental 
ratio; FGR, fetal growth restriction; IQR, interquartile range; MCA- PI, 
middle cerebral artery pulsatility index; NICU, neonatal intensive care 
unit; PlGF, placental growth factor; sFlt1, soluble fms- like tyrosine 
kinase 1; UA- EDF, umbilical artery- end diastolic flow.
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6  |    PALMA DOS REIS et al.

previous studies, newborns with early FGR were born prematurely 
(mean gestational age at delivery 34.8 ± 3.7 weeks), with low birth-
weight (median 1922 g, IQR 1070) and had a significant probability of 
being admitted to the NICU (42.2%). Comparing these neonatal out-
comes with a study by Garcia- Manau et al.27 that looks at outcomes 
of early FGR stratified by fetal Doppler findings at diagnosis, they 
were similar to what is described for patients in their stage I (fetuses 
without absent or reverse UA- EDF or ductus venosus changes); these 
results are also concordant to what is described in terms of neonatal 
outcomes in another cohort of early FGR pregnancies by Quezada 
et al.26 The incidence of fetal demise in our cohort was 4.8% (n = 6), 
which is similar to other studies.12 Reasons for planning a preterm de-
livery (through induction of labor or cesarean section) were concor-
dant with previous literature, with maternal indications, changes in 
ductus venosus and fetal BPS <4/8 being the most common causes.10

Latency from ratio sampling to delivery was significantly lower 
in the group with a ratio >85 (13.3 vs 39.9 days), which is very similar 

to what was previously reported in the study from Quezada et al. 
mentioned above.26

The sFlt1/PlGF ratio at diagnosis of FGR was positive in around 
one- quarter of our population (28%), which is consistent with pre-
vious studies.23 In particular, the study from Garcia- Manau et al.27 
reports a positive ratio in 21.5% of patients with early FGR in stage 
I. Quezada et al.,26 however, in a cohort of early FGR pregnancies, 
reported an even higher rate (75% positive sFlt1/PlGF ratios), with 
a mean ratio value of 196 (whereas in our cohort, mean sFlt1/PlGF 
was 91.2). We hypothesize that our population is more similar to 
the stage I population described in the former study by Garcia- 
Manau et al.27

Looking at the correlation between sFlt1/PlGF ratio and la-
tency to delivery/fetal demise, it was clear that a higher ratio 
predicts a faster fetal deterioration and an earlier delivery/fetal 
demise for early FGR fetuses, even after excluding deliveries for 
maternal indications and controlling for confounders (occurrence 

F I G U R E  1  (A) Decimal logarithm of the 
sFlt1/PlGF ratio and gestational age at 
delivery in early fetal growth restriction 
(FGR). Adjusted linear regression with 95% 
confidence interval (excluding delivery 
for maternal indication). (B) Decimal 
logarithm of the sFlt1/PlGF ratio and 
latency to delivery in early FGR. Adjusted 
linear regression with 95% confidence 
interval (excluding delivery for maternal 
indications).
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of preeclampsia, gestational age at time of ratio test, maternal age 
and smoking during pregnancy) (Figures 1A,B and 2, Tables S1A,B 
and S3). When considering the cut- off described in the literature 
for ratio positivity, a positive ratio significantly correlates with an 
earlier delivery/fetal demise and shorter latency to delivery/fetal 
demise (Table S2). Additionally, the sFlt1/PlGF ratio seems to be a 
good predictor of delivery for fetal deterioration in the following 
week (Figure 3).

This can be explained by the phenotype of early FGR and its asso-
ciation with severely impaired placentation, vasculopathy and an anti- 
angiogenic environment.3,16,32 We hypothesize that a higher sFlt1/PlGF 
ratio represents a more marked anti- angiogenic environment, translat-
ing to a more severely impaired placenta. This would mean less oxygen 
and nutrients being available to the fetus, with a consequent decrease 
in fetal reserve and faster clinical deterioration measurable through 

fetal Doppler changes (organ- sparing mechanisms) and ultimately fetal 
demise.

The counseling and monitoring of patients with FGR can be very 
challenging, particularly in pregnancies complicated by early FGR, 
where the velocity of fetal deterioration is hard to predict.16 The 
sFlt1/PlGF ratio could be a useful tool to predict fetal deterioration 
in this setting.

It should be noted that this study has some important limitations. 
First, this is a retrospective cohort study with a limited sample size; 
on the other hand, clinicians were not blinded to the results of the 
sFlt1/PlGF ratio. Although these results should not change the man-
agement of these pregnancies and they were not an indication to 
expedite delivery according to the unit's protocol, they could have 
introduced a potential bias in the clinicians towards more intensive 
surveillance of these patients and consequently earlier identification 
of fetal deterioration. Additionally, we were unable to control for 
two other important confounders –  maternal obesity, and fetal sta-
tus at the time of diagnosis. The latter is particularly relevant, since 
it is unclear whether the sFlt1/PlGF ratio improved the predictive 
value for shorter latency to delivery/fetal demise when compared 
with or added to fetal status at diagnosis.

Lastly, and although in this study we controlled for the occurrence 
of preeclampsia to try to isolate the accuracy of the sFlt1/PlGF ratio 
in predicting fetal deterioration, we are aware that this can be seen as 
an artificial division, since some authors postulate that FGR and pre-
eclampsia are part of a single angiogenic placental syndrome.33

Despite these limitations, this is, to the authors’ knowledge, the 
first study to assess the influence of the sFlt1/PlGF ratio in fetal 
deterioration in FGR (controlling for confounders).

Further studies are needed to test sFlt1/PlGF ratio incorporation 
in clinical algorithms, particularly for early FGR monitoring. Future 
studies focusing on the influence of sFlt1/PlGF ratio in fetal deteri-
oration should control for preeclampsia and other maternal indica-
tions for delivery.

F I G U R E  2  Kaplan– Meier survivor function for delivery or fetal 
demise in early fetal growth restriction, by positive sFlt1/PlGF 
ratio. Adjusted survival analysis (excluding delivery for maternal 
indication). Log rank test: P <0.001.

F I G U R E  3  Receiver- operating 
characteristic analysis testing the 
performance of sFlt1/PlGF ratio in 
predicting delivery for fetal reasons in the 
following week.
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5  |  CONCLUSION

This study shows that a high sFlt1/PlGF ratio at the time of diag-
nosis of FGR is correlated with a significantly faster fetal deterio-
ration rate in early FGR. Consequently, the ratio could be a useful 
tool to incorporate in clinical algorithms for the management of 
this syndrome.
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