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Abstract

Background: To compare maternal and perinatal outcomes of cesarean deliveries performed during the first-stage versus second-stage
of labor in primiparous women, and to provide evidence to optimize the timing of intrapartum conversion and improve perioperative
management. Methods: This retrospective study included 285 primiparous women who underwent intrapartum cesarean delivery fol-
lowing a failed trial of labor at Lingnan Hospital, the Third Affiliated Hospital of Sun Yat-sen University, between January 2022 and
December 2023. Patients were classified according to the stage of labor at the time of cesarean delivery into a first-stage cesarean group
(n = 253) and a second-stage cesarean group (n = 32). Maternal perioperative indicators and neonatal outcomes were compared between
the two groups. Results: Compared with the first-stage group, the second-stage group showed a significantly greater postoperative in-
crease in white blood cell count (p < 0.05) and higher rates of postpartum fever and hypoproteinemia (p < 0.05). Neonates delivered by
second-stage cesarean had significantly lower 1-minute Apgar scores (p < 0.05) and a higher rate of neonatal intensive care unit (NICU)
admission (p < 0.05). Conclusions: Second-stage cesarean delivery among primiparous women is associated with greater risks com-
pared with first-stage cesarean delivery, including increased postoperative inflammatory response, higher rates of hypoproteinemia, and
poorer neonatal disposition. Optimized intrapartum monitoring, accurate assessment of the timing of cesarean delivery, and improved
perioperative management may contribute to better maternal and neonatal outcomes and enhanced delivery safety.

Keywords: primiparous women; intrapartum cesarean delivery; first stage of labor; second stage of labor; maternal and perinatal out-
comes

1. Introduction
As perinatal medicine developed, and the cesarean de-

livery became more and more popular, cesarean delivery
became one of the most popular ways of giving birth. The
safety and appropriate use of cesarean delivery remain key
issues in obstetric practice [1]. Some women change their
minds to do a trial of labor and then convert to a cesarean de-
livery due to labor arrest, fetal distress, or any other compli-
cations in clinical practice [2,3]. Primiparous women are at
increased risk of failed labor, which is associated with pro-
longed labor period and less favorable cervical conditions,
thereby increasing the likelihood of intrapartum cesarean
delivery [3,4].

Intrapartum cesarean delivery may be classified into
first-and second-stage procedures according to the stage
of labor at the time of conversion. Cervical dilation ar-
rest, insufficient uterine contractions, or distorted fetal heart
rate patterns commonly cause the first-stage conversions.
Second-stage cesarean deliveries occur after complete cer-
vical dilation when fetal head descent fails [2,5]. Previous
studies have shown that cesarean delivery at this stage is
technically more challenging. It is commonly closely cor-
related with deep involvement of the fetal head, extreme
distension of the lower part of the uterus, and edema of the
soft birth canal. Such anatomical alterations predispose in-

traoperative hemorrhage, growth of uterine incisions, and
damage to other neighboring structures [6]. Secondly, the
second stage of fetal compression in the birth canal can lead
to a decrease in the neonatal Apgar scores and neonatal in-
tensive care unit (NICU) admission.

Although some researchers have observed differences
in the risks associated with cesarean birth at different stages
of labor, there is still limited evidence, and systematic com-
parative studies aimed mainly at primiparous women are
scarce. According to several reports, it has been indicated
that complications arise much more often when there is
a delivery through a cesarean delivery during the second
stage than when they are made at the initial stage of labor
[6]. Nonetheless, other researchers have suggested that ma-
ternal and neonatal differences between the two phases can
be significantly reduced when abnormal labor progression
is recognized earlier and converted to a cesarean delivery
in time [2]. Hence, elucidating the maternal and perina-
tal outcomes of cesarean birth at various stages of labor is
of significant clinical relevance for proper risk assessment,
optimal timing of conversion, and enhanced maternal and
neonatal health.

Although several studies have examined outcomes
of second-stage cesarean delivery, data specific to prim-
iparous women remain limited, particularly within Chi-
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nese populations. Regional differences in obstetric prac-
tices and thresholds for intrapartum conversion further un-
derscore the need for locally relevant research. Against
this background, the present study focused on first-time
mothers and compared maternal and perinatal outcomes be-
tween first-and second-stage cesarean deliveries. Primary
neonatal outcomes included birth weight, Apgar scores, and
NICU admission rates. Maternal outcomes included oper-
ative time, postpartum blood loss, and perioperative com-
plications. By comprehensively analyzing these parame-
ters, this study aimed to elucidate the relationship between
the timing of intrapartum cesarean delivery and maternal–
neonatal outcomes, thereby providing evidence to support
improved intrapartum monitoring, more accurate determi-
nation of conversion timing, and optimized perioperative
management in clinical practice.

2. Methods
2.1 Study Population

This retrospective controlled study included 285 prim-
iparous women who delivered at Lingnan Hospital, the
Third Affiliated Hospital of Sun Yat-sen University, be-
tween January 2022 and December 2023 and underwent ce-
sarean delivery following a failed trial of labor. All par-
ticipants had singleton pregnancies in cephalic presenta-
tion, were at term gestation (≥37 weeks), admitted with
the intention of vaginal delivery, and ultimately required
cesarean delivery due to labor abnormalities or fetal indi-
cations. Based on the timing of intrapartum conversion,
participants were classified into two groups: the first-stage
conversion group (n = 253) and the second-stage conver-
sion group (n = 32).

2.2 Inclusion and Exclusion Criteria
Participants were required to meet all of the following

criteria: primiparous women with singleton, cephalic, full-
term pregnancies (gestational age ≥37 weeks) who were
admitted with the intention of vaginal delivery and under-
went continuous intrapartum monitoring, but subsequently
required cesarean delivery due to cervical dilation arrest,
uterine inertia, prolonged labor, arrest of fetal head descent,
or fetal distress. In addition, complete labor, surgical, and
maternal–neonatal outcome records had to be available for
all cases. Exclusion criteria included multiple gestation;
abnormal fetal presentation (e.g., breech or transverse lie);
placenta previa, placental abruption, uterinemalformations,
or placenta accreta; a history of cesarean delivery or uterine
surgery (e.g., myomectomy); and severe medical comor-
bidities such as heart disease, severe gestational hyperten-
sion, poorly controlled diabetes mellitus, or hepatic/renal
dysfunction. Also excluded were cases in which emergency
cesarean delivery was performed immediately due to crit-
ical maternal or fetal conditions without a clearly defined
stage of labor or with incomplete clinical data, as well as
cesarean deliveries performed before the onset of labor.

2.3 Grouping and Data Sources
Data for all cases were obtained from the electronic

medical record system and delivery registry of the Third
Affiliated Hospital of Sun Yat-sen University. The timing
of conversion to cesarean delivery for each participant was
determined by attending obstetricians or senior physicians.
All surgical procedures followed a standardized technique,
involving a transverse abdominal incision and a transverse
incision in the lower uterine segment. Labor management
and surgical interventions adhered to current clinical guide-
lines and were performed by physicians with attending-
level or higher professional qualifications.

2.4 Observation Indicators
This study primarily assessed and compared the gen-

eral characteristics, maternal perioperative parameters, and
neonatal outcomes of the two groups. General characteris-
tics included gestational age, history of induction or abor-
tion, maternal age, educational level, occupation, marital
status, and the presence of gestational diabetes mellitus or
hypertensive disorders of pregnancy. Maternal perioper-
ative parameters included operative duration, intraopera-
tive blood loss, 24-hour postpartum blood loss, postoper-
ative changes in hemoglobin and white blood cell counts,
and the occurrence of postpartum complications, including
fever, urinary retention, and hypoproteinemia. Neonatal
outcomes included birth weight, Apgar scores at 1, 5, and
10 minutes, and the rate of NICU admission.

2.5 Statistical Analysis
Intergroup comparisons were conducted using the

independent-samples t-test. Continuous variables that do
not conform to a normal distribution are presented as me-
dian (interquartile range [IQR], Q1–Q3) and were com-
pared using the Wilcoxon rank-sum test (Mann-Whitney U
test). Categorical variables are expressed as counts (per-
centages) and were analyzed using the Pearson chi-square
test; Fisher’s exact test was applied when the expected fre-
quency in any cell was less than 5. All statistical tests were
two-tailed, and a p-value < 0.05 was considered statistically
significant. All statistical analyses were performed using R
software (version 4.5.0; R Foundation for Statistical Com-
puting, Vienna, Austria).

3. Results
3.1 Comparison of General Characteristics Between the
Two Groups

No significant differences were observed between the
two groups with respect to gestational age, number of previ-
ous inductions or abortions, maternal age, educational level,
occupation, marital status, or pregnancy-related complica-
tions (p > 0.05), as shown in Table 1. Specifically, the me-
dian gestational week was 39.86 (39.14–40.43) weeks in
the first-stage group and 39.57 (38.96–40.57) weeks in the
second-stage group (Z = 0.899, p = 0.368). The median ma-
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Table 1. Comparison of general data between the two groups of parturients.
Variable First stage group (N = 253)

M [Q1, Q3]/n (%)
Second stage group (N = 32)

M [Q1, Q3]/n (%)
χ2/Z p

Gestational week, weeks 39.86 [39.14, 40.43] 39.57 [38.96, 40.57] 0.899 0.368
Previous induced abortion, n (%) 55 (21.74%) 6 (18.75%) 0.026 0.873
Maternal age, years 29.00 [28.00, 32.00] 31.00 [28.00, 32.00] –1.376 0.166
Education level, n (%) / 0.350
High school or below 22 (8.70%) 4 (12.50%)
College 73 (28.85%) 13 (40.62%)
Bachelor 115 (45.45%) 12 (37.50%)
Master or above 43 (17.00%) 3 (9.38%)

Employed, n (%) 229 (90.51%) 28 (87.50%) / 0.535
Married, n (%) 245 (96.84%) 32 (100.00%) / 0.604
Gestational diabetes, n (%) 26 (10.28%) 5 (15.62%) / 0.366
Gestational hypertension, n (%) 15 (5.93%) 4 (12.50%) / 0.247
N, number; M, median.

ternal age was 29.00 (28.00–32.00) years and 31.00 (28.00–
32.00) years, respectively (Z = −1.376, p = 0.166). Previ-
ous induced abortion was reported in 21.74% and 18.75%
of participants, respectively (χ2 = 0.026, p = 0.873). No sig-
nificant differences were found in educational attainment (p
= 0.350), employment status (p = 0.535), marital status (p
= 0.604), gestational diabetes mellitus (p = 0.366), or ges-
tational hypertension (p = 0.247). These findings indicate
that the two groups were comparable in baseline character-
istics.

3.2 Comparison of Maternal Perioperative Indicators and
Postpartum Complications Between the Two Groups

As presented in Table 2, there were no significant dif-
ferences between the two groups in operative duration, in-
traoperative blood loss, 24-hour postpartum blood loss, or
postoperative hemoglobin decline (p > 0.05). However,
the second-stage conversion group demonstrated a signif-
icantly greater increase in postoperative white blood cell
count compared with the first-stage group (Z = −2.624, p
= 0.009). Regarding postpartum complications, the inci-
dence of postpartum fever was significantly higher in the
second-stage conversion group than in the first-stage group
(χ2 = 6.888, p = 0.009). No significant difference was ob-
served in the occurrence of postpartum urinary retention (p
> 0.05). In addition, the incidence of postpartum hypopro-
teinemia was significantly higher in the second-stage con-
version group (χ2 = 3.166, p = 0.075). These results sug-
gest that cesarean delivery during the second stage of labor
is associated with a more pronounced postoperative inflam-
matory response and an increased risk of complications, in-
cluding infection and hypoproteinemia.

3.3 Comparison of Neonatal Outcomes Between the Two
Groups

As shown in Table 3, there was no significant differ-
ence in neonatal birth weight between the two groups (p >

0.05), suggesting similar distributions of fetal weight. The
second-stage conversion group had a significantly lower 1-
minute Apgar score than the first-stage group (Z = 1.946,
p < 0.001). In contrast, no significant differences were
observed in the 5-minute or 10-minute Apgar scores (p >
0.05). Additionally, the rate of neonatal transfer to the
NICU was significantly higher in the second-stage conver-
sion group than in the first-stage group (χ2 = 4.558, p =
0.033). These findings suggest that neonates delivered via
cesarean delivery during the second stage of labor exhibit
poorer short-term postnatal adaptation and an increased risk
of early asphyxia and NICU admission.

4. Discussion
This study compared the maternal and neonatal out-

comes between primiparous women who underwent ce-
sarean delivery during the first and second stages of labor.
The findings reported no significant differences in the base-
line maternal characteristics of the two groups, indicating
good comparability. Nevertheless, women in the second-
stage conversion group reported a greater increase in white
blood cell count after the operation and a much higher inci-
dence of postpartum fever and postoperative change in pro-
tein level than women in the first-stage group. Also, the
scores in the Apgar 1-minute assessment were lower in chil-
dren born in the second stage, and the rate of NICUhospital-
ization was significantly higher. These results indicate that
a cesarean delivery carried out in the second phase of child-
birth is related to a stronger maternal perioperative inflam-
mation and inappropriate short-term neonatal adjustment.
Because the first-and second-stage cesarean deliveries are
associated with distinct labor indicators, such as cervical di-
lation arrest and fetal head descent arrest, the stage of labor
and the underlying indication are intrinsically linked, col-
lectively shaping the clinical context in which maternal and
neonatal outcomes occur [7,8,9].
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Table 2. Comparison of maternal operative and postpartum outcomes.
Variable First stage group (N = 253)

M [Q1, Q3]/n (%)
Second stage group (N = 32)

M [Q1, Q3]/n (%)
χ2/Z p

Operative time, min 47.00 [40.00, 54.00] 48.50 [40.00, 55.50] –0.464 0.642
Intraoperative blood loss, mL 200.00 [200.00, 200.00] 200.00 [200.00, 200.00] 0.882 0.144
24-h postpartum blood loss, mL 335.00 [310.00, 380.00] 347.50 [313.75, 371.25] –0.500 0.617
Postpartum Hemoglobin (Hb) de-
crease, g/L

12.82 [7.00, 18.00] 12.82 [7.75, 18.25] –0.298 0.765

Postpartum white blood cell
(WBC) increase, ×109/L

5.31 [3.44, 6.92] 6.08 [5.31, 8.41] –2.624 0.009

Postpartum fever 100 (39.53%) 21 (65.62%) 6.888 0.009
Postpartum urinary retention 27 (10.67%) 4 (12.50%) / 0.763
Postpartum hypoproteinemia 68 (26.88%) 14 (43.75%) 3.166 0.075

Table 3. Comparison of neonatal outcomes between groups.
Variable First stage group (N = 253)

M [Q1, Q3]/n (%)
Second stage group (N = 32)

M [Q1, Q3]/n (%)
χ2/Z p

Neonatal weight, kg 3.25 [3.05, 3.50] 3.30 [2.80, 3.60] 0.007 0.995
1-min Apgar score 10.00 [10.00, 10.00] 10.00 [9.75, 10.00] 1.946 <0.001
5-min Apgar score 10.00 [10.00, 10.00] 10.00 [10.00, 10.00] –0.072 0.614
10-min Apgar score 10.00 [10.00, 10.00] 10.00 [10.00, 10.00] –0.036 0.722
Transfer to neonatal in-
tensive care unit (NICU)

37 (14.62%) 10 (31.25%) 4.558 0.033

Maternal risks during the second stage of labor are
greater than during the first stage, mainly because of the
anatomical and technical complexity. The fetal head usu-
ally is deeply immersed in the pelvis at the second stage,
with the lower uterine segment being over-distended with
high levels of soft tissue edema. They make surgical ex-
posure difficult and increase the chances of extending the
uterine incision, damaging tissues, and increasing the risk
of postoperative infection [6]. The second-stage group in
the study showed higher levels of postoperative leukocy-
tosis and fever, which can be explained by tissue injury
from prolonged labor, a higher risk of infection, and greater
physiological stress responses. Cervix and vaginal tissues
are put under persistent pressure by protracted labor, lead-
ing to local ischemia, hypoxia, and tissue damage, which
may promote the release of inflammatory mediators, trig-
gering a systemic inflammatory response and increasing
white blood cell counts [10]. Besides, long duration of la-
bor can also be coupled with a high frequency of vaginal
examination, premature rupture of the membrane, and con-
tamination of the amniotic fluid, which are known to act
as risk factors in the increased rate of ascending bacterial
infection and increase the exposure to postoperative fever
and inflammation [11,12]. Cesarean delivery is also a sig-
nificant physiological stressor; together with lengthy labor
or surgical complications, the stress response is enhanced
to the point of transient leukocytosis and increased body
temperature with no overt infection [13]. Hence, the higher
rate of postoperative leukocytosis and fever in the second-

stage cesarean delivery can be due to the combined effect
of tissue trauma, infection, and physiological stress.

The present study also demonstrated a significantly
higher prevalence of hypoproteinemia in the second-stage
cesarean group. Its multifactorial pathogenesis is primar-
ily related to perioperative fluid management, tissue edema,
and metabolic stress. Rapid intraoperative crystalloid in-
fusion may cause plasma dilution, whereas prolonged la-
bor increases capillary permeability, promoting albumin
extravasation into the third space. Additionally, during
the acute-phase response, the liver prioritizes the synthe-
sis of positive acute-phase proteins over albumin, further
reducing plasma albumin levels. Factors such as prolonged
fasting, high energy expenditure, inadequate nutritional in-
take, and mild proteinuria may exacerbate hypoalbumine-
mia [14]. Hypoproteinemia associated with cesarean de-
liveries in the second stage is, therefore, most likely to be
a result of both the dual action of dilutional and extrava-
sation processes. Regarding neonatal outcomes, no differ-
ences in birth weight were observed, but Apgar 1-minute
scores were lower, and the NICU hospitalization rate was
much higher in the second-stage cesarean group. These re-
sults can be explained by the idea that in the long term, fe-
tal head compression and intrauterine hypoxia cause tem-
porary respiratory depression and a decreased ability of the
newborn babies to adapt to stress, which raises the risk of
asphyxia and NICU hospitalization [15]. Consistent with
previous literature by Asicioglu et al. [16], this study sug-
gests that cesarean birth is associatedwith poorer short-term
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neonatal outcomes than conversion in the first stage of la-
bor. All in all, the second-stage labor and delayed surgical
interventions are the main factors that negatively impact the
short-term neonatal prognosis.

The clinical implications of the obtained findings of
this study are significant. The use of enhanced intrapartum
monitoring and risk assessment is of special concern in the
case of the fetal head not descending immediately after the
complete attainment of the cervical dilation. Labor progres-
sion and fetal status should be carefully monitored to avoid
unnecessary second-stage cesarean delivery. Early identi-
fication and intervention are important because early man-
agement significantly reduces maternal and neonatal com-
plications. The surgical approaches must be streamlined to
deal with deeply involved fetal heads; reverse breech ex-
traction, or other alternative methods can be used to reduce
the extent of uterine incision and tissue damage. Moreover,
it is suggested that body temperature, white blood cell lev-
els, and plasma protein levels also be monitored postop-
eratively. Proper fluid management, early nutritional sup-
port, and rigorous infection control measures should be em-
ployed to mitigate complications and facilitate maternal re-
covery.

Limitations
This study did not set any goals for predicting specific

moments of cesarean delivery, as labor progression is com-
plex, and only an overview of the effects of the timing of
conversion on maternal inflammatory responses and new-
born adaptation was undertaken. However, several short-
comings ought to be admitted. The sample size, especially
for the second-stage group, was relatively small, resulting
in limited statistical power and a high risk of incomplete
adjustment for confounding variables, as no multivariate
regression analysis was used. This was a single-center ret-
rospective study with a relatively small sample. Also, only
short markers ofmaternal and neonatal outcomesweremea-
sured, with no data on long-term follow-up. More pre-
cise predictive models of cesarean conversion should be de-
veloped through future multicenter, large-scale prospective
studies using more specific parameters, such as cervical di-
lation rates, fetal heart rate variability, amniotic fluid prop-
erties, and anesthesia interventions, to better understand the
effects of surgical techniques and perioperative manage-
ment factors on maternal and neonatal outcomes.

5. Conclusions
To conclude, an operative birth at the second stage

of the labor process is associated with greater maternal
and newborn risks than first-stage conversion, which en-
tails greater postoperative inflammation rates, a higher rate
of hypoproteinemia, and inadequate short-term newborn
adaptation. Early intrapartum evaluation and optimal peri-
operative care are key factors in achieving better outcomes
and ensuring the safety of deliveries.
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