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Abstract: Objective: To investigate the effects of oxytocin on cervical ripening and neonatal outcome in patients with
late-pregnancy oligohydramnios (LPO). Methods: The study retrospectively included 100 patients with LPO using
propensity score matching (PSM). The patients were divided into two groups at a 1:1 ratio: the control group (amni-
otomy alone) and the observation group (amniotomy + oxytocin), with 50 cases in each group. General clinical data,
blood and urine test results, imaging examination results, cervical assessment score (CAS), and neonatal Apgar
scores were collected and compared between the two groups. Statistical analysis was performed using SPSS 26.0
software. Result: Compared to the observation group, the control group had a lower induction success rate (84.0%
vs. 76.0%, x? = 10.0, P = 0.0015), a higher mean CAS (4.08 + 0.87 vs. 4.76 + 0.95, t = 2.761, P = 0.008), and a
higher proportion of neonates with Apgar score < 9 (2.0% vs. 14.0%, x*> = 6.042, P = 0.017). Logistic regression
analysis showed that serum ferritin level < 30 pg/L (OR = 4.25, 95% Cl: 1.20-15.08, P = 0.025) and fetal chest-to-
abdomen ratio (FAR) > 0.85 (OR = 5.95, 95% Cl: 1.22-29.03, P = 0.028) were independent risk factors for inad-
equate cervical ripening. Conclusion: Oxytocin is effective in inducing labor in patients with LPO. Its labor-inducing
effect and effect on cervical ripening are influenced by maternal serum ferritin levels and fetal development indices.
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Introduction

Late-pregnancy oligohydramnios (LPO) refers
to a condition in which the amniotic fluid vol-
ume falls below the normal range during the
third trimester (usually beyond 37 weeks of
gestation) [1, 2]. Under normal circumstances,
amniotic fluid provides a crucial intrauterine
environment for fetal development, offering
protection, nutritional support, and facilitating
fetal movement [3]. Oligohydramnios not only
restricts intrauterine fetal movement but also
increases the risk of fetal malformations, pul-
monary hypoplasia, and nuchal cord, possibly
leading to preterm birth, placental abruption, or
fetal distress. The causes of oligohydramnios
are multifaceted, including placental insuffi-
ciency, fetal urinary system abnormalities, fetal
growth retardation, and fetal congenital anom-
alies [4]. Maternal factors such as hyperten-
sion, diabetes, and advanced or very young

maternal age are also associated with an ele-
vated risk of oligohydramnios [5].

With the increasing prevalence of clinical risk
factors related to LPO, such as advanced mater-
nal age, pregnancy-induced hypertension, and
diabetes [6, 7], the incidence of LPO has risen
annually, posing great risk to maternal and
neonatal safety. Previous studies have shown
that LPO is closely related to adverse perinatal
outcomes, including placental insufficiency,
intrauterine growth restriction (IUGR), pro-
longed labor, and neonatal distress, as well as
significantly increased neonatal intensive care
unit (NICU) admission rate [8, 9]. Many studies
and optimized labor-induction practices have
indicated that standardized induction path-
ways, optimized incremental oxytocin dosing,
and individualized interventions based on cervi-
cal maturity may improve labor outcomes and
reduce the cesarean section rate in patients
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with LPO [10, 11]. However, current evidence
from high-quality studies on the LPO population
remains limited.

In clinical practice, labor induction usually
adopts synthetic oxytocin [12], which mimics
the function of endogenous oxytocin to stimu-
late uterine contractions and facilitate progres-
sion of labor [13]. In LPO cases, the intrauterine
environment is typically unfavorable, and con-
tinuing the pregnancy may increases risks to
the fetus, making labor induction crucial in
this population. In patients with LPO, routine
oxytocin administration can increase the fre-
quency and intensity of uterine contractions,
facilitating the natural progression of labor [14,
15]. However, oxytocin may also cause certain
adverse effects. Cervical assessment through
palpation is an important indicator for de-
termining the progression of labor [16, 17].
Oxytocin may cause cervical closure or exces-
sive tilt, increasing cervical assessment diffi-
culty and affecting the progress of labor induc-
tion and clinical decision-making. Moreover,
cervical rigidity thatresults from high uterine
contraction intensity or frequency prolongs
labor and raises the risk of adverse delivery
outcome. The use of oxytocin may also affect
the neonatal Apgar score, which evaluates
heart rate, respiration, muscle tone, reflexes,
and skin color [18, 19]. However, oxytocin-
induced strong or frequent uterine contractions
may reduce fetal oxygen supply, adversely
affecting heart rate and respiration, thereby
lowering the Apgar score. It is advised to closely
monitor maternal response and fetal condition,
adjust the dosage promptly, or discontinue oxy-
tocin administration to ensure maternal and
fetal safety.

The application of oxytocin in labor manage-
ment for LPO patients remains controversial.
Reduced amniotic fluid volume may impair uter-
ine contractility and cervical ripening, indirectly
reducing the effectiveness of oxytocin-induced
labor [20, 21]. Both the dosage and duration
of oxytocin administration show close associa-
tions with neonatal Apgar scores and maternal
outcomes [22]. However, research on oxytocin
use in LPO populations and its relationship with
labor outcomes is limited, and systematic ana-
lytical evidence is lacking.

Therefore, this study focuses on pregnant
women with LPO and aims to identify factors
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influencing cervical assessment and neonatal
Apgar scores during oxytocin-induced labor.
By determining the key indicators, this study
seeks to provide recommendations for clinical-
ly optimizing oxytocin administration protocols,
improving induction effectiveness, and reduc-
ing negative maternal and neonatal outcomes.
The novelty of this study lies in its use of multi-
factorial clinical analytical methods to compre-
hensively evaluate the correlation between oxy-
tocin dosage, duration of administration, and
perinatal outcomes, offering valuable insight
for clinical practice.

Materials and methods
Subject screening

Through electronic medical record screening, a
total of 215 pregnant women diagnosed with
LPO at Zhejiang Xiaoshan Hospital between
May 2021 and April 2023 were initially identi-
fied. ICD-10 codes for oligohydramnios and
related diagnoses were applied to ensure accu-
rate retrieval of medical records.

Inclusion criteria: (1) Singleton pregnancy; (2)
Gestational age > 37 weeks; (3) Ultrasound-
diagnosed oligohydramnios [amniotic fluid
index (AFI) < 5 cm]; (4) No severe pregnancy-
related comorbidities (such as uncontrolled
hypertension, diabetes, heart disease); (5) No
severe fetal congenital malformations or chro-
mosomal abnormalities; (6) Complete clinical
and follow-up data available.

Exclusion criteria: (1) Presence of absolute con-
traindications to labor induction (such as pla-
centa previa, placental abruption); (2) Severe
maternal diseases (e.g., heart, liver, or kidney
dysfunction, immune system diseases); (3)
History of classical cesarean section or major
uterine surgery; (4) History of cervical surgery
or cervical insufficiency; (5) Missing key clinical
data (such as gestational age, AFl, mode of
delivery).

To control for confounding bias, propensity
score matching (PSM) was employed, with
“whether to receive oxytocin treatment” as the
dependent variable. Covariates including age,
gravidity, parity, gestational age, AFIl, and preg-
nancy-related complications were incorporated
to calculate the propensity scores. Patients
were divided into the observation group (amni-
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Figure 1. Flowchart of patient screening, inclusion, and allocation.

otomy + oxytocin; n = 50) and the control group
(@amniotomy only; n = 50), using a 1:1 nearest-
neighbor matching method (caliper value
0.02) (Figure 1). After matching, no statistical
differences were observed in baseline charac-
teristics between the two groups (P > 0.05).
This study strictly adhered to the guidelines of
the Declaration of Helsinki and was approved
by the Medical Ethics Committee of Zhejiang
Xiaoshan Hospital. Since this study was retro-
spective and all patient data had been anony-
mized and de-identified before analysis, the
ethics committee waived the requirement for
patient informed consent.

Data extraction

Data were retrospectively extracted from the
electronic medical record system by two trained
obstetricians using a standardized data collec-
tion form. The extracted information included:

(1) Maternal demographic and pregnancy infor-
mation: Basic maternal information included
age, gravidity, parity, previous delivery history,
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pregnancy complications (e.g., gestational dia-
betes, pregnancy-induced hypertension, thy-
roid dysfunction), gestational age, and amniotic
fluid index (AFI) at admission.

Prenatal laboratory tests were conducted
before delivery. Fasting venous blood samples
were collected to determine complete blood
count, blood glucose, serum ferritin, and lipid
levels, which reflect basic health status of the
mother. Thyroid function was also evaluated by
measuring serum T3, T4, and TSH. When nec-
essary, thyroid ultrasound and radionuclide
scanning were employed for a comprehensive
evaluation of thyroid morphology, size, and
function [23-25]. Serum ferritin reflects the
maternal iron reserve, and low ferritin (< 30
pug/L) may contribute to uterine atony and
increase the difficulty of labor induction [26].

Markers of hepatitis B virus [hepatitis B surface
antigen (HBsAg), hepatitis B surface antibody
(HBsADb), hepatitis B e antigen (HBeAg), hepati-
tis B e antibody (HBeAb)] and serum Trepone-
ma pallidum antibody (TPAb) were determined

Am J Transl Res 2025;17(12):9655-9666



Oxytocin for induction of labor in oligohydramnios of late pregnancy

using Enzyme-linked immunosorbent assay
(ELISA) according to manufacturer’s protocols
[27]. Indicators for hepatitis B and syphilis
were used to assess the risk of infection dur-
ing pregnancy and to prevent mother-to-child
transmission.

Fetal chest-to-abdomen ratio (FAR) was record-
ed during prenatal ultrasound examination to
assess fetal growth. FAR values were divided
into three ranges: < 8, indicative of possible
fetal growth restriction or adverse intrauterine
environment; 8-8.5, considered within the nor-
mal range and indicative of good fetal develop-
ment; and > 8.5: possibly indicative of exces-
sive fetal growth or metabolic abnormalities.

(2) Cervical and induction-related information:
Cervical assessment score (CAS): Transvaginal
ultrasound was used to evaluate cervical length
(0-3 points), internal os dilation (0-3 points),
external os dilation (0-2 points), cervical posi-
tion (0-1 point), and cervical consistency (0-1
point), yielding a total score of 10 points. The
higher the score, the more mature the cervical
condition and the lower the risk of preterm birth
[28]. A total score of < 6 was generally consid-
ered inadequate cervical ripening (abnormal
CAS).

Oxytocin use: The total dose and duration of
oxytocin use were recorded. Uterine contrac-
tion intensity and fetal heart rate changes were
monitored.

Induction-related indicators: These included
the time from induction to delivery, mode of
delivery (vaginal delivery or cesarean section),
induction failure rate, and related complica-
tions (such as uterine hypercontraction and
fetal heart abnormalities).

(3) Neonatal outcome indicators: Basic infor-
mation: Birth weight, gestational age at deliv-
ery, and sex; Apgar score: The 1-min score, with
a total of 10 points, was assessed. An Apgar
score < 9 indicates incomplete neonatal ad-
aptation to intrauterine or intrapartum stress
[29]; Clinical outcomes: Meconium aspiration,
NICU admission, and length of hospital stay;
Postpartum complications: Respiratory dis-
tress, hypoglycemia, jaundice, and other clini-
cal events.

To ensure data accuracy, a second investigator
independently re-extracted and cross-checked
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data from a randomly selected 20% subset
of medical records. Any disagreements were
resolved through discussion.

Outcome measures

Primary outcomes: (1) Cervical maturity, ass-
essed by the CAS, was measured before labor
induction (i.e., before artificial rupture of mem-
branes and/or oxytocin application); (2) Ne-
onatal condition was judged by the 1-min Apgar
score and measured at the first minute after
birth.

Secondary outcomes: (1) Maternal outcomes
included the response to labor induction, deliv-
ery modes, induction-to-delivery interval, post-
partum blood loss, and the occurrence of fetal
heart rate deceleration. Effective induction was
defined as eventual vaginal delivery (including
spontaneous and instrument-assisted deliv-
ery). Delivery modes consisted of vaginal deliv-
ery and cesarean section. The induction-to-
delivery interval was defined as the duration
from artificial rupture of membranes to fetal
expulsion. Postpartum bleeding referred to the
total blood loss within 24 h after fetal expulsion
(mL), and fetal heart rate deceleration was
defined as any clinically significant deceleration
detected during the induction-to-delivery peri-
od obtained through continuous monitoring. (2)
Neonatal outcomes included birth weight, com-
posite indicator of adverse outcomes, and
length of hospital stay. Weight was measured
immediately after birth; adverse outcomes
were defined as meconium aspiration or NICU
admission from birth to discharge; neonatal
length of hospital stay was the total number of
days from birth to discharge.

Statistical methods

Statistical analysis was conducted using SPSS
26.0. Measured data were first tested for nor-
mality. Data conforming to a normal distribu-
tion were expressed as mean + standard devia-
tion (X £ s), and intergroup comparisons were
made using the independent samples t-test.
Data not conforming to a normal distribution
were expressed as median (quartiles), and
intergroup comparisons were made using the
Mann-Whitney U test. Counted data were exp-
ressed as frequency and percentage (n, %), and
intergroup comparisons were made using x?
test or Fisher’s exact test, as appropriate.
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Table 1. Comparison of baseline characteristics between the two groups

Observation group  Control group

Index (n = 50) (n = 50) t/x? P
Age (years) 294 +4.1 30.1+3.8 0.878 0.381
Weight (kg) 69.37 + 15.02 70.33+14.36 -0.311 0.757
Production situation 0.178 0.673

First birth 35 (70%) 33(66%)

Multiparity 15 (30%) 17 (34%)
Gravidity (times) 2.1+0.8 2.0+0.9 0.465 0.654
Parity (times) 1.0+0.5 1.1+0.6 0.817 0.424
Previous vaginal delivery (cases, %) 10 (20%) 8 (16%) 0.16 0.683
Previous cesarean section (cases, %) 5 (10%) 6 (12%) 0.108 0.756
Total number of pregnancy complications (cases, %) 12 (24%) 11 (22%) 0.068 0.812

Gestational diabetes (cases, %) 5 (10%) 4 (8%) 0.127 0.727

Pregnancy-induced hypertension (cases, %) 4 (8%) 5 (10%) 0.107 0.732

Thyroid dysfunction (cases, %) 3 (6%) 2 (4%) 0.224 0.654
Gestational age at admission (weeks) 38.6+1.1 38.8+1.0 0.779 0.474
AFI (cm) 4.2 +0.7 4.3+0.6 0.495 0.620
FAR 1.194 0.557

< 8 (cases, %) 6 (12%) 7 (14%)

8-8.5 (cases, %) 36 (72%) 34 (68%)

> 8.5 (cases, %) 8 (16%) 9 (18%)

Note: FAR: fetal chest-to-abdomen ratio; AFl: amniotic fluid index.

To explore the effects of oxytocin dosage,
induction-to-delivery interval, and related fac-
tors on cervical ripening and neonatal Apgar
score, a multivariable Logistic regression analy-
sis was conducted. Univariate logistic regres-
sion analysis was conducted to identify factors
associated with inadequate cervical ripening
(CAS < 6), and variables with P < 0.1 were
selected for inclusion in the multivariate logis-
tic regression model. The regression model
used the Enter method, in which all selected
variables were entered simultaneously with-
out applying stepwise selection. Results were
reported as odds ratios (ORs) with corre-
sponding 95% confidence intervals (Cls). All
tests were two-sided, with P < 0.05 considered
significant.

Results

Comparison of basic characteristics between
the two groups

No significant differences were observed in
the distribution of age, weight, gravidity, parity,
previous delivery history, or the incidence of
pregnancy complications between the two
groups (all P > 0.05). The gestational age at
admission was between 37 and 41 weeks for
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both groups, with an average AFl of 4.2 + 0.7
cm for the observation group and 4.3 + 0.6 cm
for the control group (P = 0.620), indicating that
the baseline conditions of the two groups were
comparable (Table 1).

Comparison of prenatal laboratory tests be-
tween the two groups

Prenatal blood and urine tests showed that the
complete blood count, blood glucose, blood
lipids, and thyroid function (T3, T4, TSH) of
pregnant women in both groups were within the
normal range, and no significant differences
were observed between the groups (P > 0.05).
The serological indicators of hepatitis B and
syphilis were also well-controlled, with no sig-
nificant differences between groups, indicating
that the basic health status and infection risk
of the two groups were comparable (Table 2).

Comparison of prenatal fetal indicators be-
tween the two groups

Prenatal ultrasound assessment of the FAR
showed that the majority in both groups were in
the range of 8-8.5, including 36 cases (72%) in
the observation group and 34 cases (68%) in
the control group. For FAR < 8, there were 6
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Table 2. Comparison of prenatal laboratory values between the two groups

Observation group

Control group

Index (n = 50) (n = 50) t/x? P
Complete blood count
White blood cells (x10°%/L) 72+13 7.0+1.2 0.854 0.402
Hemoglobin (g/L) 1189+ 10.3 120.3+11.1 1.013 0.312
Platelets (x10°%/L) 220.3 +35.9 225.1 +36.3 0.743 0.462
Blood glucose (mmol/L) 48 +0.5 49+04 0.821 0.416
Blood lipids (TC, mmol/L) 5.1+0.6 50+0.5 0.723 0.473
Serum ferritin (ug/L) 30.6 +5.3 31.3+3.6 0.546 0.124
Thyroid function
T3 (hmol/L) 1.6+0.2 1.6+0.3 0.982 0.456
T4 (nmol/L) 98 + 12 100 £ 11 0.859 0.405
TSH (mIU/L) 2.1+0.6 22+0.5 0.653 0.521
Serological indicators for hepatitis B and syphilis
HBsAg positive (cases, %) 4%) 1 (2%) 0.494 0.483
HBsAb positive (cases, %) 90%) 46 (92%) 0.179 0.684
HBeAg positive (cases, %) 0%) 0 (0%) - -
HBeAb positive (cases, %) 96%) 47 (94%) 0.175 0.680
TPAb positive (cases, %) 0%) 0 (0%) -

O Observation group
80 - @ Control group

70 T T
T
360 A
o 50 A
o i
£ 40
830 -
o 20 A
10 A =
0
<8 8~8.5 >8.5
FAR

Figure 2. Comparison of prenatal fetal chest-to-abdo-
men ratio (FAR) between the two groups.

cases (12%) in the observation group and 7
cases (14%) in the control group; for > 8.5,
there were 8 cases (16%) in the observation
group and 9 cases (18%) in the control group.
Statistical analysis showed no significant di-
fference between the two groups in terms of
FAR (x? = 1.19, P = 0.55) (Figure 2).

Comparison of maternal delivery outcomes
between the two groups

The success rate of labor induction in the ob-
servation group was significantly higher than
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that of the control group (84.0% vs. 76.0%, x° =
10.000, P = 0.0015). The observation group
also demonstrated a higher mean volume of
postpartum blood loss (242.6 + 25.0 vs. 220.0
+20.0 mL, t = 2.145, P = 0.034), and a higher
incidence of fetal heart rate deceleration
(46.0% vs. 30.0%, x> = 4.000, P = 0.045) com-
pared to the control group. In addition, a signifi-
cantly higher incidence of adverse outcomes
was observed in the observation group relative
to the control group (24.0% vs. 8.0%, x> =
5.000, P = 0.025). In terms of labor duration,
the average delivery time in the observation
group was shorter than that of the control group
(8 hvs. 8 h 15 min), but the difference was not
significant (t = 1.325, P = 0.188) (Table 3).

Comparison of CAS between the two groups

The CAS was 4.76 + 0.95 in the control group,
significantly higher than 4.08 + 0.87 in the
observation group (t=2.761, P=0.008) (Figure
3). However, further statistical analysis revealed
that in the control group, 38 cases (76%) had
abnormal CAS, and in the observation group,
42 cases (84%) had abnormal CAS, with no sig-
nificant difference between the two groups (x2
= 1.33, P = 0.249), indicating that the majority
of subjects had inadequate cervical ripening.
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Table 3. Comparison of maternal delivery outcomes between the two groups

Group Sugcess r.ate Postpartum  Fetal heart.rate Incidence of Average.labor
ininduction  blood loss (mL)  deceleration adverse outcomes duration
Control group (n = 50) 38 (76%) 220.0 £ 20.0 15 (30%) 4 (8%) 8 h 15 min
Observation group (n = 50) 42 (84%) 2426 +25.0 23 (46%) 12 (24%) 8h
X/t 10.000 2.145 4.000 5.000 1.325
P 0.0015 0.034 0.045 0.025 0.188
A 6 - B 100 -
N 90 - .
° ] I _ 80 1 I I
241 [ g 00
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Figure 3. Comparison of CAS between the two groups. A: Total CAS score; B: Abnormal CAS (< 6); *P < 0.05, com-
pared to the observation group. CAS: cervical assessment score.

Table 4. Comparison of neonatal outcomes between the two groups

Index Observation group (n = 50) Control group (n = 50) t/x? P

Birth weight (g) 3202.3 +420.3 3150.9 + 401.1 0.630 0.530
Gestational age (weeks) 38.6+1.1 38.8+1.0 0.770 0.440
Meconium aspiration (cases, %) 1 (2%) 2 (4%) Fisher 0.520
NICU admission (cases, %) 1 (2%) 3 (6%) Fisher 0.320
Length of hospital stay (days) 45+1.2 4.7+1.3 0.770 0.440

Note: NICU: neonatal intensive care unit.

Comparison of neonatal outcomes between (2.0%) of NICU admission, while in the control
the two groups group, there were 2 cases (4.0%) and 3 cases
(6.0%), respectively, with no significant differ-
There were no significant differences in birth ence (P > 0.05). The average length of hospital
weight or gestational age between the two stay for neonates in the two groups was (4.5 +
groups of neonates (P > 0.05). The average 1.2) days and (4.7 + 1.3) days, respectively (t =
birth weight was (3202.3 £ 420.3) g in the 0.770, P = 0.440) (Table 4).
observation group and (3150.9 + 401.1) g in
the control group (t = 0.630, P = 0.530); ge- In the control group, 43 neonates (86%) had
stational age was (38.6 + 1.1) weeks and (38.8 Apgar scores > 9, and 7 neonates (14%) had
+ 1.0) weeks, respectively (t = 0.770, P = Apgar scores < 9; and the numbers in the
0.440). In the observation group, there was 1 observation group were 49 (98%) and 1 (2%),
case (2.0%) of meconium aspiration and 1 case respectively. The chi-square test indicated a
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Figure 4. Contrast of neonatal Apgar scores. *P <
0.05, compared to the observation group.

significantly lower proportion of neonates with
Apgar scores < 9 in the observation group (x2 =
4.000, P = 0.045) (Figure 4).

Relationship between Apgar score, CAS, and
oxytocin use in the observation group

In the observation group (n = 50), the average
dose of oxytocin in mothers of neonates with
an Apgar score > 9 was 12.4 + 3.6 mU/min,
with a mean duration of 6.5 + 1.2 h. There was
only one neonate with an Apgar score < 9,
whose mother received a dose of 18.0 mU/min
for 9.0 h, precluding statistical comparison.
Subjects with a CAS < 6 (n = 42) had higher
dose and longer duration of oxytocin use at
13.1 + 3.8 mU/min and 7.0 + 1.3 h, respec-
tively, compared to those with a CAS > 6 (n = 8,
dose 10.2 + 2.8 mU/min, duration 5.6 + 1.1 h;
dose t =2.41, P=0.020; durationt =2.35,P =
0.024), suggesting that those with inadequate
cervical ripening may require a higher dose and
longer duration of oxytocin intervention.

Relationship between CAS and oxytocin use
in the observation group, and analysis of risk
factors

The number of cases with neonatal Apgar score
< 9in the observation group was too small (n =
1) to support a stable multivariate regression
analysis, thus, the focus was shifted to explor-
ing the factors affecting cervical ripening (with
CAS < 6 as the dependent variable).

(1) Results of univariate analysis: In Table 5,
there were no significant differences between
the two groups in terms of age, gravidity, parity,
pregnancy complications, gestational age at
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admission, AFl, or most laboratory indicators (P
> 0.05). However, the level of serum ferritin
before delivery in the group with CAS < 6 was
significantly lower than that of the group with
CAS > 6 [28.5 pg/L (22.0, 35.8) vs. 38.0 pg/L
(33.3, 45.5), P =0.012]. The proportion of FAR
> 0.85 in the group with CAS < 6 was signifi-
cantly higher than that in the group with CAS >
6 [9 (21.4%) vs. 0 (0.0%), P = 0.047]. Univariate
logistic regression further indicated that serum
ferritin < 30 pg/L (OR = 4.05, 95% Cl: 1.18-
13.89, P = 0.026) and FAR > 0.85 (OR = 5.34,
95% Cl: 1.09-26.19, P = 0.034) were signifi-
cantly associated with inadequate cervical
ripening.

(2) Results of multivariate logistic regression
analysis: To further identify the independent
influencing factors of insufficient cervical ri-
pening (CAS < 6), the variables with P < 0.1 in
the univariate analysis (serum ferritin level, FAR
> 0.85, total dose of oxytocin, duration of oxy-
tocin use) were included in the multivariate
Logistic regression model (Table 6). After
adjusting for the effects of the total dose and
duration of oxytocin use, a serum ferritin level
of <30 ug/L (OR = 4.25, 95% Cl: 1.20-15.08, P
= 0.025) and FAR > 0.85 (OR = 5.95, 95% Cl:
1.22-29.03, P = 0.028) were identified as inde-
pendent risk factors for insufficient cervical rip-
ening (CAS < 6). The total dose of oxytocin (OR
= 1.07, 95% Cl: 0.97-1.18, P = 0.175) and the
duration of its use (OR = 1.10, 95% CI: 0.92-
1.32, P = 0.283) lost statistical significance in
multivariate analysis.

Discussion

In recent years, with the popularization of ul-
trasound technology and prenatal diagnosis,
the incidence of oligohydramnios has risen to
about 5% [22]. Oligohydramnios poses certain
risks to both maternal and fetal health and
often requires labor induction [30, 31]. Oxy-
tocin, a commonly used uterotonic drug, can
facilitate childbirth [12, 13]. However, its effi-
cacy and safety in LPO still need careful
assessment.

Our results showed that, compared with amni-
otomy alone, the combination of amniotomy
and oxytocin could significantly increase the
success rate of labor induction (84% vs. 76%)
and decrease the incidence of low Apgar scores
in newborns (2% vs. 6%). This finding is consis-
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Table 5. Comparison of baseline data between patients with different CAS in the observation group

Index CAS <6 (n=42) CAS>6 (n=28) t/Z P
Maternal basic information
Age (years) 29.5+4.2 28.9+35 0.378 0.707
Gravidity (times) 22+0.8 1.8+0.7 1.324 0.192
Parity (times) 1.0+ 0.5 1.1+04 -0.507 0.615
Previous cesarean section (cases, %) 4 (9.5%) 1 (12.5%) 6.351 0.584

Prenatal laboratory tests

Serum ferritin (ug/L) 28.5(22.0, 35.8) 38.0(33.3,45.5)

Hemoglobin (g/L) 118 £+ 11 119+9
Prenatal fetal indicators

FAR > 0.85 (cases, %) 9 (21.4%) 0 (0.0%)

AFI (cm) 41+0.7 45+ 0.6

-2.264 0.012
-0.228 0.821

7.541 0.047
-1.512 0.137

Note: CAS: cervical assessment score; FAR: fetal chest-to-abdomen ratio; AFl: amniotic fluid index.

Table 6. Multivariate logistic regression analysis of factors affecting insufficient cervical ripening

(CAS < 6)

Variate Assignmentin g oticient Waldy® Adjusted OR  95% Cl P
regression analysis

Serum ferritin < 30 pg/L 1=Yes, 0 =No 1.447 5.012 4.25 1.20-15.08 0.025

FAR > 0.85 1=Yes, 0=No 1.784 4.830 5.95 1.22-29.03 0.028

Total dose of oxytocin (mU/min) Continuous variable 0.068 1.837 1.07 0.97-1.18 0.175
(original value)

Duration of oxytocin use (h) Continuous variable 0.095 1.157 1.10 0.92-1.32 0.283

(original value)

Note: CAS: cervical assessment score; FAR: fetal chest-to-abdomen ratio.

tent with a previous study that using oxytocin
24 h after amniotomy, rather than immediately,
significantly increased the vaginal delivery rate
while reducing neonatal acidosis and ICU
admissions, thereby demonstrating its role in
enhancing labor induction success and neona-
tal outcomes [32]. However, the average CAS in
the observation group was lower than that in
the control group (4.08 vs. 4.76), and further
analysis within the group showed that the
majority of subjects (84%) had insufficient cer-
vical ripening (CAS < 6). This is consistent with
a previous report that cervical ripening is a key
factor affecting the success of labor induction,
with patients having a Bishop score < 6 show-
ing a significantly lower success rate of labor
induction, an increased rate of cesarean sec-
tion, and prolonged duration of labor [33].
These results suggest that, although oxytocin
is generally effective in inducing labor, its role
in improving cervical ripening is still limited
for LPO patients with insufficient cervical ripen-
ing, and it is necessary to formulate individual-
ized labor induction strategies in combination
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with cervical ripening assessment in clinical
practice.

This study further identified through multivari-
ate analysis that serum ferritin < 30 pg/L and
FAR > 0.85 were independent risk factors for
inadequate cervical ripening. Iron has been
linked to the function of the uterine muscle. For
example, iron deficiency may lead to reduced
uterine contractility [34]. As a reflection of the
body’s iron reserve status, serum ferritin has
been closely associated with uterine atony
[26]. It may interfere with cervical remodeling
and the coordination of contractions by affect-
ing the energy metabolism and oxygenation
capacity of uterine smooth muscle cells, which
is consistent with the lower CAS scores
observed in the low-ferritin group in this study.
In addition, FAR is an important indicator for
assessing fetal growth and development.
Pasquo et al. [35] suggested that an elevated
FAR may indicate abnormal fetal develop-
ment or metabolism, increasing the complexity
of labor and cervical ripening. Another study
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found that fetal growth restriction was closely
related to inadequate cervical ripening, sug-
gesting that abnormal fetal development may
affect the cervical maturation process, possi-
bly mediated by placental insufficiency [36].
The association between elevated FAR and
inadequate cervical ripening observed in this
study may indicate that abnormal fetal deve-
lopment impedes fetal descent and cervical
mechanical dilation, providing a new perspec-
tive for interpreting variability in oxytocin effi-
cacy under different fetal development con-
ditions. Future research may further explore
the molecular mechanisms of iron metabolism
pathways and cervical connective tissue remo-
deling, as well as the comprehensive effect of
fetal morphologic indicators and maternal pel-
vic adaptability on the labor induction process.

Our findings emphasize the need for compre-
hensive prenatal assessment, including mater-
nal iron status and fetal biometry, to identify
high-risk patients who may have poor respons-
es to labor induction. These results are consis-
tent with previous literature, highlighting the
importance of individualized labor induction
strategies [37, 38]. For patients with low serum
ferritin, iron supplementation may improve
uterine responsiveness; for cases with abnor-
mal fetal biometry, enhanced fetal monitoring
and preparation for surgical delivery should be
implemented.

This study also has some limitations. First, its
retrospective design may have introduced
information bias, with some confounding fac-
tors (such as the nutritional status and lifestyle
of the parturient) not being fully controlled.
Second, the relatively limited sample size may
have affected the generalizability and statisti-
cal power of the results, especially for some
subgroup analyses (such as the small number
of cases with neonatal Apgar < 9). In addition,
this study only focused on short-term neonatal
outcomes and lacks long-term follow-up data.
Future studies should prioritize larger-scale
prospective cohorts to further verify the effica-
cy and safety of oxytocin in the LPO population
and explore other potential factors that may
affect the effectiveness of labor induction and
cervical ripening (such as inflammatory mark-
ers, cervical elastography indicators). Moreover,
constructing predictive models combining mul-
ticenter data will help to more accurately iden-
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tify high-risk populations for labor induction
failure in the prenatal period, thereby enabling
earlier intervention and more individualized
management.

Conclusion

Oxytocin is generally effective for labor induc-
tion in LPO patients. However, to achieve opti-
mal treatment outcome, individualized assess-
ment and treatment are essential, particularly
with regard to serum ferritin and FAR. Incor-
porating these indicators allows for a compre-
hensive understanding of maternal-fetal condi-
tions and substantiates the development of an
individualized plan to foster the success and
safety of labor induction.
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