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Abstract
Objective: Here, we tested the correlation between maternal placental growth factor (PlGF) and fetal heart
rate (FHR) monitoring �ndings.

Methods: We included 35 women with single pregnancies from 35 to 42 weeks of gestation who were
hospitalized due to onset of labor. Blood samples were collected at the start of labor. Intrapartum FHR
monitoring parameters included total deceleration area, average deceleration area (mean deceleration
area per 10 minutes), and �ve-tier classi�cation level.

Results: Of the 35 women, 26 (74%) had vaginal delivery and 9 (26%) had cesarean section. After
excluding 2 women who had cesarean section for arrest of labor, we analyzed 26 women who had
vaginal delivery (VD group) and 7 who had cesarean section for fetal indications (CSF group). PlGF level
was signi�cantly higher in the VD group (157 ± 106 pg/ml) than in the CSF group (74 ± 62 pg/ml) (P =
0.03). There were no signi�cant correlations between PlGF and total (r = -0.07) or average (r = -0.08)
deceleration area. A signi�cant negative correlation was observed between PlGF and the proportion of
�ve-tier classi�cation level 3 or higher (r = -0.42).

Conclusion: PlGF was correlated with FHR monitoring �ndings and might be a promising biomarker of
intrapartum fetal function. 

Synopsis
PlGF measured before labor may be useful in predicting cesarean section due to fetal dysfunction. In
addition, PlGF has a signi�cant correlation with FHR �ndings at delivery by �ve-tier classi�cation
system.
 
 

Introduction
Conversion to cesarean section can occur for various reasons, such as fetal distress and arrest of labor.
The risk factors for fetal distress include fetal growth restriction, oligohydramnios, and post-term delivery.
These risk factors, along with fetal well-being, are assessed before delivery. However, even when vaginal
delivery (VD) is possible, repeated uterine contractions during delivery may lead to non-reassuring fetal
status—an indication for conversion to cesarean section [1]. At present, it is di�cult to predict whether VD
will be successful, with no signs of fetal distress.

Various placenta-derived molecules have been proposed to function as markers of fetal-placental
function. These include estriol, a placental steroid metabolite [2], human placental lactogen (hPL), a
hormone secreted by syncytiotrophoblasts of placental villi [3], and placental growth factor (PlGF) and
soluble fms-like tyrosine kinase-1 (sFlt-1), two proteins secreted by trophoblasts of placental villi [4, 5].
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Here, we focused on PlGF. Speci�cally, we tested the correlation between maternal PlGF and fetal heart
rate (FHR) monitoring �ndings. The goal was to understand whether PlGF could serve as a predictive
marker for delivery outcomes.

Materials And Methods

Study design and participants
This study included primiparous women at 35 to 42 weeks of gestation who were admitted to Mie
University Hospital due to onset of labor from June to September 2020. Exclusion criteria were as
follows: cesarean section for medical indications at the onset of labor, fetal abnormalities, gestational
diabetes, preeclampsia, and fetal growth restriction. Gestational diabetes was diagnosed according to the
criteria of the International Association of Diabetes and Pregnancy Study Groups Consensus Panel.
Preeclampsia was diagnosed according to the criteria of the International Society for the Study of
Hypertension in Pregnancy. Fetal growth restriction was diagnosed according to the criteria of the
American College of Obstetricians and Gynecologists [28]. This study

Measurement of PlGF
Blood samples to measure maternal PlGF were collected at the start of labor. After the onset of labor, the
participants were divided into two groups: the VD group and the CSF group. We excluded women who
had cesarean section for non-fetal indications. PlGF measured before the onset of labor was compared
between the VD group and the CSF group.

Intrapartum FHR monitoring
FHR monitoring was started after the onset of labor and was recorded continuously until delivery. From
the intrapartum FHR monitoring records, we calculated total deceleration area, deceleration area per 10
minutes, and the proportion of �ve-tier classi�cation level 3 or higher.

Deceleration area was measured using the method of Cahill et al. [25]. Brie�y, we calculated total
deceleration area as the sum of the areas within the deceleration, and each area was estimated as 1/2 ×
duration × depth in the �nal 120 min of electronic fetal monitoring as a measure of both quantity and
severity. Only measurements from the �rst stage of labor were used, with those from the second stage
excluded. In addition, the average deceleration area per 10 min was calculated as follows: (total
deceleration area ÷ recording time) × 10.

Intrapartum FHR monitoring using the �ve-tier classi�cation system [20] is described in Tables 2 and 3.
FHR monitoring data were output every 10 min and evaluated according to the �ve-tier classi�cation
system. In �ve-tier classi�cation, level 3 or higher indicates the need to prepare for a rapid delivery.
Therefore, we calculated the proportion of cases in level 3 or higher.
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Table 1
Maternal and neonatal characteristics

Characteristic VD group (n = 26) CSF group (n = 7) P-value

Age (years) 32.6 ± 0.7 31.6 ± 1.6 0.57

Primipara, n (%) 18 (69%) 6 (85%) 0.35

Height (cm) 157.1 ± 0.9 156.7 ± 1.8 0.84

Weight (kg) 63.5 ± 2.0 62.3 ± 3.9 0.79

Gestational age at birth (weeks) 38.5 ± 0.3 37.7 ± 0.6 0.24

Maternal complications, n (%) 0 (0%) 0 (0%) -

Birth weight (g) 2950 ± 85 2584 ± 163 0.06

pH of umbilical artery 7.28 ± 0.01 7.14 ± 0.02 0.001

Smoking 0 (0%) 0 (0%) -

CSF, cesarean section for fetal indications; VD, vaginal delivery.

Data are the mean ± standard deviation unless otherwise indicated.
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Table 2
Five-tier classi�cation of fetal heart rate deceleration

Fetal heart rate variability Five-tier classi�cation

No ED Mild

VD

Severe

VD

Mild

LD

Severe

LD

Mild

PD

Severe

PD

Moderate variability  

Normal baseline 1 2 2 3 3 3 3 4

Tachycardia 2 2 3 3 3 4 3 4

Bradycardia ≥ 80 bpm 3 3 3 4 3 4 4 4

Bradycardia < 80 bpm 4 4 - 4 4 4 - -

Minimal variability  

Normal baseline 2 3 3 4 3 4 4 5

Normal baseline 3 3 4 4 4 5 4 5

Bradycardia ≥ 80 bpm 4 4 5 5 5 5 5 5

Bradycardia < 80 bpm 5 5 - 5 5 5 - -

Absent variability 4 5 5 5 5 5 5 5

Marked variability 2 2 3 3 3 4 3 4

Sinusoidal 4 4 4 4 5 5 5 5

ED, early deceleration; LD, late deceleration; PD, prolonged deceleration; VD, variable deceleration.

Deceleration was classi�ed as mild or severe, with severe de�ned as follows and everything else mild:
severe VD, the lowest point of transient bradycardia was < 70 bpm and lasted for ≥ 30 s, or the lowest
point was ≥ 70 bpm and < 80 bpm, and lasted for ≥ 60 s; severe LD, the largest drop in heart rate from
baseline was ≥ 15 bpm; and severe PD, the lowest point was < 80 bpm.
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Table 3
Five-tier classi�cation system

Level Correspondence

1 Observation

2 Observation

or

Increase monitoring, implement conservative treatments, search for cause

3 Increase monitoring, implement conservative treatments, search for cause

or

Implement conservative treatments, search for cause, prepare for rapid delivery

4 Implement conservative treatments, search for cause, prepare for rapid delivery

or

Carry out rapid delivery, prepare for neonatal resuscitation

5 Carry out rapid delivery, prepare for neonatal resuscitation

Assessment of serum markers
Serum samples (2 ml), collected according to a standard operating procedure, were analyzed. Maternal
serum levels of PlGF were determined by means of the fully automated Elecsys assays for PlGF on an
electrochemiluminescence immunoassay platform (cobas e411 analyzers, Roche Diagnostics K. K. ). The
within-run coe�cient of variation for control samples is below 4% for a assay. Between-run coe�cients of
variation are 2.3 to 5.6% for the Elecsys PlGF assay.

Statistical analysis
All values are presented as the mean ± standard deviation. All statistical analyses were performed using
GraphPad Prism 8 (GraphPad, San Diego, CA). Hazard ratio was used Cox regression analysis. Pearson
product-moment correlation coe�cient analysis was used to measure the correlation between PlGF level
and FHR monitoring parameters. Values of P < 0.05 were considered statistically signi�cant.

Results

Maternal and neonatal characteristics
We included 35 women with single pregnancies from 35 to 42 weeks of gestation who were hospitalized
due to onset of labor and gave their informed consent to participate in the study (Fig. 1). Of the 35
women, 26 (74%) had VD and 9 (26%) had cesarean section; cesarean section was performed for fetal
indications in 7 and arrest of labor in 2 (Fig. 1). After excluding 2 women who had cesarean section for
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non-fetal indications (arrest of labor), we analyzed 26 women who had vaginal delivery (VD group) and 7
who had cesarean section for fetal indications (CSF group).

The maternal and neonatal characteristics of the VD and CSF groups are shown in Table 1. There were no
signi�cant differences in maternal and neonatal characteristics between the two, except umbilical artery
pH, which was signi�cantly higher in the VD group than in the CSF group (P = 0.001).

Maternal PlGF level
We compared the maternal PlGF level between the VD and CSF groups (Fig. 2). Prepartum PlGF level was
signi�cantly higher in the VD group (157 ± 106 pg/ml) than in the CSF group (74 ± 62 pg/ml) (P = 0.03).

Correlation between PlGF level and FHR monitoring
parameters
We investigated the correlations between prepartum PlGF level and total deceleration area, average
deceleration area, and the proportion of �ve-tier classi�cation level 3 or higher (Fig. 3). There were no
signi�cant correlations between PlGF and total (r = -0.07) or average (r = -0.08) deceleration area.
However, a signi�cant negative correlation was observed between PlGF level and the proportion of �ve-
tier classi�cation level 3 or higher (r = -0.42).

 

Discussion
This study presented two main �ndings. First, PlGF might be a useful marker for predicting delivery
outcomes. This result does not con�ict with previous �ndings [6–11]. Second, PlGF correlated with FHR
monitoring �ndings (�ve-tier classi�cation level). The new �nding of the present study is that PlGF
correlated with one of two detailed FHR monitoring tools.

PlGF is secreted from trophoblasts of placental villi [12–14], and its secretion decreases in the presence
of hypoxic stress [12, 13]. This suggests that PlGF might correlate with placental function [15] and FHR
monitoring abnormal �ndings during delivery. That said, PlGF is modi�ed by various factors [16]. For
example, in gestational diabetes, it increases due to a compensatory angiogenesis mechanism in
response to placental hypoxia induced by hyperglycemia [17]. Therefore, in this study, we excluded cases
of gestational diabetes. In addition, because primiparous women have been reported to have low PlGF
levels [18, 19], it is necessary to be mindful when using PlGF as a marker.

FHR can be monitored using various methods. A three-stage categorization for FHR monitoring patterns
and their corresponding responses and management has been adopted by the American College of
Obstetricians and Gynecologists, the Royal College of Obstetricians and Gynaecologists, and the Society
of Obstetrics and Gynaecology of Canada. Later, in 2007, Parer and Ikeda proposed a �ve-tier
classi�cation, which has been adopted in Japan [20]. This �ve-tier classi�cation system has not been
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adopted overseas because of its complexity and lack of evidence for its usefulness. However, since 2008,
it has been reported that because of the more detailed categories of the �ve-tier classi�cation compared
to the three-stage classi�cation, the former may be more useful for assessing the risk of fetal acidosis
[21–25]. Deceleration area has been reported to correlate with fetal acidosis, but this was not observed in
the present study.

This study has some limitations. First, the sample size might be too small for analysis. This occurred
mainly because it was di�cult to withdraw blood after the onset of labor. Second, potential confounding
factors that might affect PlGF synthesis and expression, such as the number of pregnancies and
maternal age, remain unknown. That said, it is important to note that we did not include cases that might
have had extremely low PlGF, such as cases of fetal growth restriction, or extremely high PlGF, such as
cases of diabetes mellitus. Nevertheless, birth weight tended to be lower in the CSF group.

While this study has several limitations, we were able to corroborate the relationship between PlGF level
and fetal function by observing a correlation with FHR monitoring �ndings. Assessing risks to the fetus
before delivery could be useful for the management of labor. Furthermore, it could help avoid emergency
cesarean sections due to deteriorating fetal status. We believe that PlGF, in combination with other
biomarkers or ultrasonography, could be a promising biomarker of fetal function. Further research is
needed to con�rm the usefulness of maternal PlGF as a predictive marker for delivery outcomes.

Conclusion
PlGF measured before labor may be useful in predicting cesarean section due to fetal dysfunction. In
addition, PlGF has a signi�cant correlation with FHR �ndings at delivery by �ve-tier classi�cation system.
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Figures

Figure 1

Flow diagram of patient enrollment.
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Figure 2

Level of placental growth factor (PlGF) in the vaginal delivery (VD) and cesarian section for fetal
indications (CSF) groups.
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Figure 3

Relationship between placental growth factor (PlGF) and fetal heart rate monitoring parameters. (A) Total
deceleration area, (B) average deceleration area, and (C) percentage of patients with level 3 or more in the
�ve-tier classi�cation system.


