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Abstract
Purpose The study aimed to assess the course of the soluble Fms-like tyrosine kinase 1 (sFlt-1)/placental growth factor 
(PlGF) ratio in pregnant women with fetal growth restriction (FGR) and to evaluate potential associations between the sFlt-1/
PlGF ratio and feto-maternal Doppler parameters, fetal biometric measurements and the time between study inclusion and 
birth (“time to delivery”).
Methods This was a retrospective longitudinal single center study including 52 FGR cases. The serum levels of sFlt-1 and 
PlGF were measured by using the BRAHMS Kryptor Compact PLUS. Fetal biometric and Doppler parameters, as well as 
the sFlt-1/PlGF ratio, were obtained both upon study inclusion and upon birth.
Results Various associations between the levels of the biomarkers in maternal blood upon study inclusion and upon birth 
and sonographic parameters were observed in FGR cases: umbilical artery (p < 0.01), uterine arteries (p < 0.01), ductus 
venosus (p < 0.05), cerebroplacental ratio (CPR) (p < 0.01), femur length (p < 0.01) and birth weight (p < 0.01). The higher 
the sFlt-1/PlGF ratio upon study inclusion, the shorter the “time to delivery” (p < 0.01). The multivariate regression analysis 
showed that the greater the daily percentage increase of the angiogenic markers, the shorter the “time to delivery” (p < 0.01).
Conclusion The fetal well-being, as measured by feto-maternal Doppler parameters such as CPR and the severity of the 
placental dysfunction, as measured by the urgency of birth and birth weight, is reflected by the level of the sFlt-1/PlGF ratio 
in the maternal serum. A rapid daily increase of the sFlt-1/PlGF ratio is significantly associated with the clinical progres-
sion of the disease.

Keywords Fetal growth restriction · sFlt-1/PlGF · Soluble Fms-like tyrosine kinase 1 · Placental growth factor · Time to 
delivery · Feto-maternal Doppler parameters

Introduction

The fetus suffering from fetal growth restriction (FGR) 
does not reach its genetically predetermined growth due to 
an underlying pathology [1]. Uteroplacental insufficiency, 
which leads to oxygen deficiency for the fetus, appears to 
be the most common cause of FGR [2]. FGR is associated 
with increased rates of perinatal morbidity and mortality [3] 
and therefore requires close monitoring. Depending on ges-
tational age (GA) a distinction is also made between early-
onset FGR (< 34th week of pregnancy) and late-onset FGR 
(≥ 34th week of pregnancy).

Preeclampsia (PE) and FGR are two entities of impaired 
placental function, therefore clinical and pathophysiologi-
cal overlapping is common. The pathogenesis and etiology 
of placental dysfunction have not yet been fully elucidated, 

 * A. Andrikos 
 argiandrikos@yahoo.gr

1 Department of Obstetrics and Gynecology, University 
Hospital Essen, Essen, Germany

2 Institute for Medical Informatics, Biometry 
and Epidemiology, University of Duisburg-Essen, Essen, 
Germany

3 Department of Obstetrics and Gynecology, University 
Hospital Carl Gustav Carus, Dresden, Germany

4 Department of Obstetrics and Gynecology, University 
Hospital Regensburg, Regensburg, Germany

http://orcid.org/0000-0003-3380-186X
http://crossmark.crossref.org/dialog/?doi=10.1007/s00404-021-06186-5&domain=pdf


598 Archives of Gynecology and Obstetrics (2022) 305:597–605

1 3

however, the imbalance between angiogenic and antiangio-
genic factors is considered to play a critical role in its devel-
opment [4]. The placenta produces several proangiogenic 
factors such as vascular endothelial growth factor (VEGF), 
placental growth factor (PlGF) and antiangiogenic factors, 
such as soluble Fms-like tyrosine kinase 1 (sFlt-1) [5]. The 
balance between these factors is crucial for the normal devel-
opment of the pregnancy and if this balance is compromised, 
it may lead to endothelial dysfunction in the maternal vas-
cular system [6].

Placental hypoxia and oxidative stress lead to excessive 
production of sFlt-1 [5] and thus to a reduction of the con-
centrations of VEGF and PlGF in the maternal vascular 
system [7]. The impaired angiogenic balance appears to be 
the result of pathological placentation, however, it does not 
always result in clinical manifestation of maternal disease 
[8] or in FGR. Previous studies [9–11] analyzing human 
sFlt-1 FGR mouse models have shown that increased levels 
of sFlt-1 affect the vascularization in the murine placenta 
and consequently impair placental function leading to FGR 
fetuses. These findings implement that an elevated sFlt-1/
PlGF ratio may not only cause endothelial dysfunction in 
the maternal vascular system, but also can affect per se the 
normal development of the placenta. The sFlt-1/PlGF ratio 
is significantly increased before the clinical manifestation of 
PE appears [4] and therefore, sFlt-1/PlGF is used to predict 
the occurrence of a PE [12]. Furthermore, sFlt-1/PlGF levels 
correlate with the severity of PE [13].

A high sFlt-1/PlGF ratio is also associated with FGR [8]. 
However, an elevated sFlt-1/PlGF ratio indicates placental 
pathology but is not able to discriminate between PE or 
FGR. In contrast to PE, sFlt-1/PlGF levels are not routinely 
evaluated in the clinic as predictors for the course of FGR.

This study aimed to assess the course of the sFlt-1/PlGF 
ratio in pregnant women with FGR fetuses and to evalu-
ate potential associations between the sFlt-1/PlGF ratio and 
feto-maternal Doppler parameters, fetal biometric measure-
ments and the time between study inclusion and birth in 
FGR (“time to delivery”).

Materials and methods

Study population

This study is a retrospective longitudinal study. All patients 
were treated between 2015 and 2017 in the Department 
of Obstetrics and Gynecology at the University Hospital 
Essen, Germany. A total of 52 patients were consecutively 
enrolled in the study. The patients were referred to the hos-
pital with suspected FGR without PE. The severity of FGR 
of the patients enrolled in the study was different, varying 
from patients that needed to be delivered shortly after the 

first examination to patients where the pregnancy could be 
prolonged for several weeks. Blood serum for sFlt-1/PlGF 
determination was collected from every patient with sus-
pected FGR in our hospital. Previously described cut-off val-
ues of the sFlt-1/PlGF ratio > 85 to predict early-onset preec-
lampsia [12] were used as an inclusion criterion. Patients 
with PE and without FGR, fetal chromosomal anomalies and 
congenital infections were excluded from this study. Patients 
were included independently of gestational age.

The various parameters as well as the sFlt-1/PlGF ratio 
were obtained at the time of the first examination and were 
defined as “parameters upon study inclusion”. The same 
parameters were obtained before birth and were defined as 
“parameters upon delivery”. The patients suffered from dif-
ferent severity of placental insufficiency upon study inclu-
sion and not all of the patients were directly hospitalised 
until the birth. The hospitalisation was indicated if birth 
was impending based on sonographic, clinic or cardioto-
cographic criteria. The first determination of the various 
parameters upon study inclusion (first examination) and the 
last determination of the same parameters before birth were 
used for the statistical analysis.

All sonographic parameters, except for the uterine artery 
Doppler studies, which were performed only upon study 
inclusion, were obtained both upon study inclusion and upon 
birth. FGR is defined as an estimated fetal weight < 10th 
percentile and/or non-percentile appropriate fetal growth 
during pregnancy (arrest of fetal growth or change in its 
rate in at least 2 measurements performed 3 weeks apart 
from each other) and pathological Doppler of the umbilical 
artery (pulsatility index (PI) > 95th percentile) or pathologi-
cal Doppler of the uterine artery (PI > 95th percentile) or oli-
gohydramnios [14]. PE is defined as the new onset of hyper-
tension ≥ 140/90 mmHg on 2 separate occasions ≥ 4 h apart 
and significant proteinuria ≥ 300 mg/24 h [15]. Written con-
sent of the patients to participate in the study was obtained. 
The study was approved by the local ethics committee of the 
University of Duisburg-Essen (No. 12-5212-BO).

Sampling of blood serum

9 ml of blood was collected from each woman using a serum 
monovette (Sarstedt AG and Co.), stored at 4 °C and pro-
cessed within 4 h to avoid blood cell lysis. Blood fractiona-
tion was performed by centrifugation at 10 min for 2500×g. 
Subsequently, 400 μl of the upper phase, containing blood 
serum, were carefully removed and used for the measure-
ment of sFlt-1 and PlGF levels.

Determination of sFlt‑1 and PlGF

At least 8 µl blood from the serum monovette is required 
in order to measure the concentration of sFlt-1 (BRAHMS 
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sFlt-1, No. 845.075) and at least 70  µl blood for the 
measurement of the concentration of PlGF (BRAHMS 
PlGF plus, No. 859.075). The protein levels of sFlt-1 and 
PlGF were measured by using the BRAHMS KRYPTOR 
compact PLUS machine based on TRACE® Technology 
according to the manufacturer protocol (time-resolved 
amplified cryptate emission) (BRAHMS Kryptor Com-
pact, Thermo Fischer Scientific, BRAHMS GmbH, Hen-
nigsdorf, Germany). The lowest detection limit for sFlt-1 
was assessed as being 22 pg/ml and for PlGF 3.6 pg/ml. 
The upper detection limit for sFlt-1 was assessed as being 
90,000 pg/ml and for PlGF 7000 pg/ml. The functional 
assay sensitivity, detected by inter-assay precision cor-
responding to a 20% coefficient of variability (CV), has 
been calculated as being lower than 29 pg/mL for sFlt-1 
and 6.7 pg/mL for PlGF.

Ultrasound scan

The transabdominal ultrasound was performed using three 
different ultrasound devices: Voluson S8 (GE Healthcare, 
Chicago, Illinois), Voluson E8 (GE Healthcare, Chicago, 
Illinois) and Phillips iU22 (Phillips, Seattle, Washing-
ton). The ultrasound was carried out by qualified observ-
ers upon routine conditions and guidelines. Second and 
third trimester biometry was performed by measuring the 
abdominal circumference (AC), the biparietal diameter 
(BPD), head circumference (HC) and the femur length 
(FL). The fetal weight and the weight percentile were 
calculated using the Hadlock curves [16]. The follow-
ing Doppler parameters were measured: PI of the uterine 
arteries (UtA), PI of the umbilical artery (UA), PI of the 
middle cerebral artery (MCA), PI of the ductus venosus 
(DV) and the cerebroplacental ratio (CPR) as the ratio 
between MCA PI and UA PI.

Birth percentiles

Voigt’s percentile curves were used in this study to deter-
mine the birth weight percentiles [17].

Analysis of sFlt‑1/PlGF‑ratio dynamics

The “time to delivery” was defined as the time in days 
between the first determination of the sFlt-1/PlGF ratio upon 
study inclusion and the last determination of the sFlt-1/PlGF 
ratio before birth. The difference between the levels of the 
angiogenic markers upon birth and upon study inclusion 
was measured and the absolute increase of the ratio was 
calculated. After dividing the difference with the “time to 
delivery”, the daily increase of the sFlt-1/PlGF ratio was 
obtained in absolute terms. The total percentage increase of 
the ratio was calculated as follows: the difference (increase) 
between the sFlt-1/PlGF ratio upon study inclusion and upon 
birth was measured. This increase was then divided by the 
original value × 100 (sFlt-1/PlGF upon study inclusion). By 
dividing the total percentage change by the period of time in 
days between study inclusion and birth (“time to delivery”), 
the daily percentage increase of the ratio was calculated.

Criteria for delivery of the FGR fetus

Table 1 shows the in house guidelines of our department 
upon which the delivery was indicated in FGR cases depend-
ing on the GA. The in house guidelines were based on the 
following publications: [18, 19] (Table 1).

Statistical analysis

Statistical analyses were carried out using the statisti-
cal program SPSS (version 11.5) (SPSS Inc., Chicago, 
IL, USA). The descriptive data were presented using the 
mean, median, standard deviation (SD) and interquartile 
range (IQR). Spearman’s rank correlation test was used to 
examine whether the sFlt-1/PlGF ratio was correlated to 
the Doppler parameters, biometric measurements and the 
“time to delivery”, depending on normality checked with 

Table 1  Criteria for delivery of the FGR fetus depending on the GA [18, 19]

DV ductus venosus, UA umbilical artery, EDV end diastolic velocity, CTG  cardiotocography, MCA middle cerebral artery, CPR cerebroplacental 
ratio

GA Criteria for delivery

 ≤ 28 + 0 weeks Reversed DV a-wave and UA reversed EDV and deepest vertical pocket of amniotic fluid < 2 cm and no fetal move-
ments or reversed DV a-wave and pathological CTG (deceleration pattern)

28 + 0 – 30 + 6 weeks Reversed DV a-wave or UA reversed EDV and deepest vertical pocket of amniotic fluid < 2 cm and no fetal movements
31 + 0 – 33 + 6 weeks Absent UA EDV or absent DV a-wave or deepest vertical pocket of amniotic fluid < 2 cm and no fetal movements
 ≥ 34 + 0 weeks DV PI > 95th percentile or UA PI > 95th percentile or MCA PI < 5th percentile or CPR < 5th percentile or amniotic fluid 

index < 5th percentile
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the Kolmogorov–Smirnov test and the Shapiro–Wilk test. 
The various parameters upon study inclusion and birth were 
compared using a Wilcoxon-rank sum test. Bivariate and 
multivariate linear regression models were applied on sFlt-1/
PlGF and biometrical as well as Doppler parameters and 
on “time to delivery”, including all parameters that were 
significantly correlated at the univariate level.

Results

The result part is divided in three sections:

1. sFlt-1/PlGF ratio und its association with sonographic 
parameters

2. sFlt-1/PlGF ratio and its association with the “time to 
delivery”

3. Course of sFlt-1/PlGF ratio in FGR patients with and 
without PE

Study cohort

Patient characteristics, clinical and sonographic parameters 
are shown in Table 2. All patients presented with an isolated 
FGR, whereas 10 of those patients developed accompany-
ing PE during the course of treatment. The pregnancy week 
upon study inclusion ranged from the 19th to the 39th week 

of pregnancy and was not considered as an inclusion crite-
rion in this particular study. The mean gestational age (GA) 
in weeks after the last menstrual period (or early pregnancy 
scan) at the time of the first examination was 30 weeks 
(SD ± 5.3) and upon birth 32.7 weeks (SD ± 5), the mean 
maternal age was 29.8 (SD ± 6.4) years and the majority of 
the patients were primiparae (78.9%). The mean birth weight 
in our population was 1610 g (± 722) and the mean birth 
weight in percentiles was 7 (SD ± 7) (Table 2). The median 
difference between the last sFlt-1/PlGF determination and 
birth was 3 (1–7.25) days (Table 3). The sFlt-1/PlGF ratio 
upon study inclusion and upon birth and the parameters 
determined to describe the sFlt-1/PlGF ratio dynamics are 
shown in Table 3. The birth of the majority of the patients 
was indicated following the criteria depending on the GA 
showed in Table 1 (N = 42). For some of the patients the 
birth was indicated based on maternal conditions and PE 
(N = 8) and for 2 of the patients the birth was indicated due 
to abruptio placentae.

Correlation between sFlt‑1/PlGF ratio 
and sonographic parameters

Sonographic parameters were compared at the time of study 
inclusion and birth. The following parameters differed sig-
nificantly between study inclusion and birth: AC (p = 0.002), 
BPD (p = 0.008), FL (p = 0.001), PI UA (p = 0.01), PI MCA 

Table 2  Patient characteristics: clinical and sonographic parameters upon study inclusion and at the “time of delivery” in mean (± SD) and 
median (IQR)

SD standard deviation, IQR interquartile range, sFlt-1 soluble Fms-like tyrosine kinase 1, PlGF placental growth factor, BMI body mass index, 
mmHg millimeter of mercury, GA gestational age, PI pulsatility index, UtA uterine artery, UA umbilical artery, MCA middle cerebral artery, DV 
ductus venosus, CPR cerebroplacental ratio, BPD biparietal diameter, AC abdominal circumference, FL femur length, g grams, cm centimeters

Parameter Upon study inclusion Upon birth p-value

Pregnancy BMI (kg/m2) 25.6 (± 4.52), 25.45 (22.47–28.10) – –
Maternal age 29.8 (± 6.4), 28 (24–35) – –
Gravidity 1.62 (± 1.27), 1 (1–2) – –
Systolic arterial blood pressure (mmHg) 127 (± 16), 129 (118–140) 131 (± 16), 130 (118–143) 0.06
Diastolic arterial blood pressure (mmHg) 77 (± 15), 77 (67–85) 78 (± 13), 77 (70–89) 0.50
PI right UtA, 1.40 (± 0.89), 1.29 (0.76–1.74) – –
PI left UtA, 1.43 (± 0.58), 1.42 (0.93–1.88) – –
PI UA 1.41 (± 0,56), 1.20 (1.03–1.78) 1.74 (± 1.32), 1.34 (1.06–1.89) 0.01
PI MCA 1.75 (± 0.41), 1.69 (1.52–2.07) 1.51 (± 0.34), 1.48 (1.23–1.74)  < 0.001
PI DV 0.69 (± 0.32), 0.61 (0.45–0.88) 0.72 (± 0.39), 0.61 (0.40–0.84) 0.91
CPR 1.47 (± 0.62), 1.52 (1.01–1.73) 1.25 (± 0.48), 1.16 (0.89–1.55)  < 0.001
BPD (percentiles) 15 (± 21), 4 (0.5–22) 10 (± 16), 4 (0.3–13) 0.008
AC  (percentiles) 9 (± 11), 6 (1–15) 6 (± 8), 3 (0.4–9) 0.002
FL  (percentiles) 14 (± 20), 4 (0.5–19) 11 (± 16), 4 (0.1–13) 0.001
Birth weight  (g) – 1610 (± 722), 1660 (1100–2173) –
Birth height  (cm) – 41 (± 7), 43 (39–46) –
Birth weight  (percentiles) – 7 (± 7), 5 (2–9) –
Birth height  (percentiles) – 12 (± 12), 7 (4–17) –
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(p < 0.001), CPR (p < 0.001). No differences were shown 
between the PI of the DV (p = 0.91), the systolic (p = 0.06) 
and diastolic arterial blood pressure (p = 0.50) upon study 
inclusion and birth (Table 2).

Various associations between the levels of the biomark-
ers in maternal blood and sonographic parameters were 
observed (Table 4). SFlt-1/PlGF upon study inclusion corre-
lated significantly negatively with the AC (p = 0.03), the FL 
(p < 0.01), the PI of the MCA (p < 0.01), the CPR (p < 0.01) 
and positively with the PI of the right UtA (p = 0.03), the PI 
of the left UtA (p < 0.01) the PI of the UA (p < 0.01) and the 

PI of the DV (p = 0.01) (Table 4). Sflt-1/PlGF upon birth 
correlated significantly negatively with the FL (p < 0.01), the 
birth weight (p < 0.01), the birth height (p = 0.04), the CPR 
(p < 0.01) and positively with the PI of the UA (p < 0.01) 
and the PI of the DV (p = 0.02). The results are summarized 
in Table 4.

To clarify possible associations between independent 
and dependent variables, bivariate and multivariate linear 
regression models were applied on sFlt-1/PlGF ratio upon 
study inclusion and birth, including all parameters that were 
significantly correlated with the angiogenic marker at the 
univariate level. The multivariate linear regression analysis 
did not show any significant correlations (data not shown).

Correlation between sFlt‑1/PlGF and the “time 
to delivery”

A correlation analysis was also performed between the “time 
to delivery” given in days and sFlt-1/PlGF ratio upon study 
inclusion and birth and the several dynamic parameters char-
acterizing the course of sFlt-1/PlGF increase. Associations 
were shown between the “time to delivery” and the sFlt-1/
PlGF ratio upon study inclusion (p < 0.01), the GA upon 
study inclusion in weeks (p < 0.01) and with all parameters 
of increase of the sFlt-1/PlGF ratio in absolute and percent-
age terms (p < 0.01). The results are shown in Table 5.

Bivariate linear regression models were applied on “time 
to delivery” including all parameters of increase of the 
sFlt-1/PlGF ratio in absolute and percentage terms. Signifi-
cant correlations were observed between the “time to deliv-
ery” and the total absolute, the total percentage and the daily 
percentage increase of sFlt-1/PlGF ratio (p = 0.01, p = 0.02 
and p = 0.03, respectively) (data not shown).

Multivariate linear regression models were subsequently 
applied on “time to delivery” including all parameters of 
increase of the sFlt-1/PlGF ratio that were significantly cor-
related with the “time to delivery” at the univariate level 

Table 3  Parameters of the 
sFlt-1/PlGF ratio course

SD standard deviation, IQR interquartile range, sFlt-1 soluble Fms-like tyrosine kinase 1, PlGF placental 
growth factor, GA gestational age

Parameter Mean (± SD) Median (IQR)

GA upon study inclusion in weeks after the last menstrual period 30 (± 5.3) 31.6 (26.7–34.1)
GA upon birth in weeks after the last menstrual period 32.7 (± 5) 34.1 (30.1–36.9)
“Time to delivery”  (days) 19 (± 14) 16 (7–30)
Difference between the last sFlt-1/PlGF determination and birth in days – 3 (1–7.25)
sFlt-1/PlGF ratio upon study inclusion 448 (± 746) 269 (96–545)
sFlt-1/PlGF ratio upon birth 590 (± 780) 394 (140–738)
Absolute increase of the sFlt-1/PlGF ratio 142 (± 296) 32 (0–159)
Absolute increase of the sFlt-1/PlGF ratio per day 7 (± 17) 1 (0–8)
Total percentage increase of the sFlt-1/PlGF ratio 208 (± 658) 9 (0–169)
Percentage increase of the sFlt-1/PlGF ratio per day 7 (± 20) 0.9 (0–6)

Table 4  Correlation analysis using the Spearman’s rank correlation 
test between various parameters and the sFlt-1/PlGF ratio upon study 
inclusion and birth

sFlt-1 soluble Fms-like tyrosine kinase 1, PlGF placental growth fac-
tor, BPD biparietal diameter, HC head circumference, AC abdominal 
circumference, FL femur length, PI pulsatility index, UtA uterine 
artery, UA umbilical artery, MCA middle cerebral artery, DV ductus 
venosus, CPR cerebroplacental ratio

Parameter sFlt-1 upon study inclu-
sion

sFlt-1 upon birth

Correlation 
coefficient

p-value Correlation 
coefficient

p-value

BPD  − 0.22 0.13 − 0.19 0.23
HC 0.04 0.76 0.18 0.26
AC − 0.30 0.03 − 0.25 0.10
FL − 0.40  < 0.01 − 0.44  < 0.01
PI right UtA 0.32 0.03 – –
PI left UtA 0.43  < 0.01 – –
PI UA 0.46  < 0.01 0.46  < 0.01
PI MCA − 0.45  < 0.01 − 0.10 0.54
PI DV 0.42 0.01 0.40 0.02
CPR − 0.54  < 0.01 − 0.44  < 0.01
Birth weight – – − 0.47  < 0.01
Birth height – – − 0.31 0.04



602 Archives of Gynecology and Obstetrics (2022) 305:597–605

1 3

(Table 6). The multivariate linear regression analysis showed 
a negative correlation between the daily percentage increase 
of the sFlt-1/PlGF ratio and the “time to delivery” (p < 0.01) 
(Table 6). However, a positive correlation between the total 
percentage increase and the total absolute increase of the 
sFlt-1/PlGF ratio and the “time to delivery” was detected 
(Table 6).

Comparison of patients with and without PE

The patients with isolated FGR presented a mean daily 
percentage increase of the sFlt-1/PlGF ratio of 5.77% 
(SD ± 11.4), whereas if PE was also present, a greater mean 
daily percentage increase of the sFlt-1/PlGF ratio (14.2% 
(SD ± 42.5)) was observed. However, the median daily per-
centage increase of the sFlt-1/PlGF ratio in the patients with 

isolated FGR was 1.23% (0–7.42), higher compared to the 
patients with accompanying PE 0.4% (0–3.4). Moreover, the 
mean sFlt-1/PlGF ratio upon study inclusion and the mean 
“time to delivery” did not show any significant differences 
between the patients with isolated FGR compared to the 
patients with accompanying PE (451 ± 806 vs 434 ± 439 and 
18.9 ± 13.7 vs 18.2 ± 15.1, respectively). Furthermore, the 
mean sFlt-1/PlGF ratio upon birth was slightly but not sig-
nificantly higher in the patients with isolated FGR compared 
to patients with accompanying PE (599 ± 847 vs 552 ± 425).

Discussion

To our knowledge, this is the first study evaluating the 
respective course levels of sFlt-1/PlGF ratio in patients with 
FGR and correlating it with feto-maternal Doppler param-
eters, biometric measurements and the “time to delivery”. 
Various associations between the levels of the biomarkers 
in maternal serum and sonographic parameters were noticed 
in FGR cases. The course of the sFlt-1/PlGF ratio was asso-
ciated with the “time to delivery” and the severity of the 
placental insufficiency was reflected by the levels of the 
angiogenic markers underscoring the importance of these 
biomarkers in pregnancies with placental dysfunction.

sFlt‑1/PlGF ratio and the “time to delivery”

The main outcome of this study is the negative correlation 
between the “time to delivery” and the daily percentage 
increase of sFlt-1/PlGF: the higher the daily percentage 
increase of the angiogenic markers, the more urgent is the 
birth, shown by a short “time to delivery”. A positive cor-
relation between the total absolute increase and the total 
percentage increase of the sFlt-1/PlGF ratio and the “time to 
delivery” was seen, since patients who were admitted with 
rather lower levels of the sFlt-1/PlGF ratio and therefore 
were not delivered immediately, showed a greater increase 
of the ratio during ongoing pregnancy course.

Studies using larger cohorts conducted in patients with 
PE have shown similar results concerning a high sFlt-1/
PlGF ratio and the necessity to deliver soon [7]. Therefore, 
it seems that the level of the sFlt-1/PlGF ratio reflects the 
severity of the placental insufficiency, as also described in 
previous studies [20]. The median “time to delivery” in our 
study was 16 days (7–30), which is similar to previous stud-
ies performed in patients with FGR [21].

In summary, we conclude that the higher the sFlt-1/PlGF 
ratio upon study inclusion, the more severe the placental 
dysfunction. Patients who were admitted with an extremely 
high sFlt-1/PlGF ratio showed only a small total percentage 
and absolute increase, since they started at a very high level. 

Table 5  Correlation analysis using the Spearman’s rank correlation 
test between the “time to delivery” and parameters characterizing the 
course of the sFlt-1/PlGF ratio

sFlt-1 soluble Fms-like tyrosine kinase 1, PlGF placental growth fac-
tor, GA gestational age

Parameters of the course of sFlt-1/PlGF ratio “Time to 
delivery” 
Correlation 
coefficient
p-value

sFlt-1/PlGF ratio upon study inclusion − 0.40
 < 0.01

sFlt-1/PlGF ratio upon birth − 0.11
0.43

GA upon study inclusion in weeks − 0.39
 < 0.01

GA upon birth in weeks 0.01
0.97

Total absolute increase of sFlt-1/PlGF ratio 0.55
 < 0.01

Daily absolute increase of sFlt-1/PlGF ratio 0.37
 < 0.01

Total percentage increase of sFlt-1/PlGF ratio 0.60
 < 0.01

Daily percentage increase of sFlt-1/PlGF ratio 0.49
 < 0.01

Table 6  Results of the multivariate linear regression analysis of 
selected variables and the “time to delivery”

sFlt-1 soluble Fms-like tyrosine kinase 1, PlGF placental growth fac-
tor

Regression parameter ß estimate p-value

Total absolute increase of sFlt-1/PlGF ratio 0.40 0.02
Total percentage increase of sFlt-1/PlGF ratio 2.26  < 0.001
Daily percentage increase of sFlt-1/PlGF ratio − 2.13  < 0.01
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A longitudinal course of the angiogenic markers could not 
be observed in these patients due to the immediate birth. On 
the other hand, the patients who were admitted with a lower 
sFlt-1/PlGF ratio showed a greater increase of the biomarker 
because they had a lower sFlt-1/PlGF ratio upon study inclu-
sion and the “time to delivery” was correspondingly longer. 
Thus, a positive correlation between the total percentage and 
absolute increase and the “time to delivery” was observable. 
On the contrary, the daily percentage increase correlated 
negatively with the “time to delivery” in both the bivari-
ate and multivariate regression analysis, meaning that the 
steeper the daily percentage increase of the ratio, the faster 
these patients had to be delivered. This result appears plau-
sible, since the daily percentage increase of the ratio reflects 
more objectively the progress of the placental dysfunction.

sFlt‑1/PlGF ratio and sonographic parameters

Sonographic determined AC and FL showed a strong cor-
relation with the sFlt-1/PlGF ratio in our study. The AC is 
considered to be the best sonographic parameter for the diag-
nosis of FGR [22]. The insufficient blood flow to the gastro-
intestinal tract and to the liver leads to a small AC. A short 
FL is also an adaptive response to the “brain-sparing-effect” 
observed in cases of placental insufficiency [23]. The short 
femur has been associated with FGR in various previous 
studies [24, 25]. The BPD and the HC in FGR due to pla-
cental dysfunction is initially not affected by the redistribu-
tion of the blood flow to the vital organs [26], therefore the 
BPD and the HC could not be significantly correlated with 
the sFlt-1/PlGF ratio. Furthermore, the angiogenic markers 
upon birth were associated with the birth weight and height 
and therefore reflected the severity of the placental dysfunc-
tion in our study.

The progress of placental dysfunction in patients with 
FGR is characterized by the deterioration of the Doppler 
parameters and flattening of the growth curve, as clearly 
demonstrated by our data. An elevated sFlt-1/PlGF ratio 
has been associated by Navaratnam et al. with pathologi-
cal Doppler indices of the UtA [27]. However, our study 
demonstrated that an increased sFlt-1/PlGF ratio is not only 
related to the maternal but also to the fetal Doppler param-
eters and consequently to the fetal well-being. The CPR has 
been associated in several studies with the perinatal outcome 
[28], in both early-onset FGR [29] und late-onset FGR [30]. 
Lobmaier et al. [31] showed that abnormal levels of PlGF 
in women with FGR in the third trimester of the pregnancy 
are associated with an adverse perinatal outcome. The same 
study demonstrated that Doppler parameters and angiogenic 
factors can predict adverse perinatal outcomes with similar 
performance. The strong association between the angiogenic 
markers and the CPR in our study and the currently available 
data indicate that the CPR could be classified as the Doppler 

parameter which correlates the most with the antiangiogenic 
expression profile of the placenta. Nevertheless, the isolated 
increase of the sFlt-1/PlGF ratio cannot currently be used in 
order to reach clinical decisions based exclusively on this 
increase. The delivery in patients with FGR should further 
be based on the GA and certain sonographic and cardiotoco-
graphic criteria [18, 19]. According to our study, the level of 
the sFlt-1/PlGF ratio could be used as an additional marker 
next to the Doppler parameters which may be helpful in 
order to assess the fetal well-being of FGR fetuses.

However, the multivariate linear regression analysis with 
the sFlt-1/PlGF ratio as dependent variable and the various 
sonographic and clinic parameters as independent variables 
did not show any significant correlations. The examined 
sonographic and clinic parameters represent different aspects 
of the placental dysfunction. Therefore, the sFlt-1/PlGF ratio 
can be assessed as a surrogate parameter for the diverse vari-
ables in our study but cannot be predicted based on solely 
one or more sonographic or clinic parameters.

Subgroup of patients with additional PE

Although patients which developed PE showed similar 
sFlt-1/PlGF ratio at birth and similar “time to delivery” 
compared to FGR patients without additional PE, the mean 
daily percentage increase of the sFlt-1/PlGF ratio was higher 
in these cases, in accordance with former studies [32]. 
However, the median daily percentage increase of the ratio 
was higher in patients with isolated FGR. This result may 
depend on the low number of PE cases in our study. This 
small group of diagnosed PE patients could be due to the 
fact that since 2019 a new definition of preeclampsia has 
been included in the guidelines. Here hypertension and FGR 
are sufficient for the diagnosis of PE which may change the 
results. Given the fact that the values of the sFlt-1/PlGF 
ratio, the course of the biomarkers and the “time to delivery” 
did not show any significant differences between the patients 
with isolated FGR and those with accompanying PE and the 
fact that only 10 of the 52 patients (19.2%) developed PE 
in the course of treatment, we did not perform a subgroup 
analysis in this study. We conclude, that the observation of 
the daily changes of sFlt-1/PlGF contribute strongly to the 
severity of disease and the necessity for an urgent birth.

All the patients that were hospitalised in our institution 
received 40 mg low molecular weight heparin subcutane-
ous for deep vein thrombosis prophylaxis. Some studies 
[33, 34] suggest that the sFlt-1 levels in serum can be 
increased shortly after heparin administration. However, 
both studies [33, 34] showed that the sFlt-1 levels return 
to baseline in 10–12 h after heparin administration. Given 
the fact that our patients received heparin at 8 pm and 
the blood for the measurement of the sFlt-1/PlGF ratio 
was collected at the next morning, not earlier than 8am, 
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suggest that the levels of the sFlt-1/PlGF ratio measured 
in our study were not affected or increased from heparin 
administration.

We acknowledge some limitations of the study. The small 
number of patients, the heterogeneity of the patient popula-
tion and the different GA at the time of the first determina-
tion of the sFlt-1/PlGF ratio in our study are important fac-
tors that limit our ability to accurately predict the “time to 
delivery”. The role of the sFlt-1/PlGF ratio in predicting the 
“time to delivery” and the perinatal outcome in patients with 
placental dysfunction remains still limited, as also shown by 
other authors [35]. The sFlt-1/PlGF ratio should be obtained 
in further prospective studies at defined GA from the begin-
ning of the second trimester to reexamine the associations 
between the course of the angiogenic markers and the “time 
to delivery”. To what extent a predefined level of the ratio 
in patients with FGR could lead to immediate birth should 
also be the subject of subsequent studies.

Conclusion

The fetal well-being, as measured by feto-maternal Doppler 
parameters such as CPR and the severity of the placental 
dysfunction, as measured by the urgency of the birth and 
the birth weight, were reflected by the level of the sFlt-1/
PlGF ratio in the maternal serum. A rapid daily percentage 
increase of the sFlt-1/PlGF ratio is significantly associated 
with the clinical progression of the disease.
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