J Korean Med Sci. 2026 Jun 1;41(21):e159

https://doi.org/10.3346/jkms.2026.41.e159

eISSN 1598-6357-pISSN 1011-8934

JKMS

Original Article
Pediatrics

‘ ‘.') Check for updates ‘

Received: May 27, 2025
Accepted: Sep 1, 2025
Published online: Apr 10, 2026

Address for Correspondence:

Jeong In Yang, MD, PhD

Department of Obstetrics and Gynecology,
Ajou University School of Medicine, 164 World
cup-ro, Yongtong-gu, Suwon 16499, Republic
of Korea.

Email: yangji@ajou.ac.kr

Young Nam Kim, MD, PhD

Department of Obstetrics and Gynecology,
Busan Paik Hospital, College of Medicine, Inje
University, 75 Bokji-ro, Busanjin-gu, Busan
47392, Republic of Korea.

Email: ob.youngnam@gmail.com

© 2026 The Korean Academy of Medical
Sciences.

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

ORCID iDs

Hayan Kwon
https://orcid.org/0000-0002-5195-7270
Ja-Young Kwon
https://orcid.org/0000-0003-3009-6325
Sukho Kang
https://orcid.org/0000-0001-5188-0579
Hyun Sun Ko
https://orcid.org/0000-0001-6310-6206
Han-Sung Kwon
https://orcid.org/0000-0002-4449-0481

https://jkms.org

Obstetric and Neonatal Outcomes
Following Immediate Delivery Versus
Expectant Management in Preghant
Women With Preterm Premature
Rupture of Membranes During the
Late Preterm Period in Korea

Hayan Kwon @©,' Ja-Young Kwon @,' Sukho Kang (,? Hyun Sun Ko ©,*

Han-Sung Kwon (,* Kyung Joon Oh (®,° Soo-young Oh @,° Mi-Young Lee ,’

Soo Ran Choi (»,% You Jung Han @,? Ah-Ram Sul ), Youjin Jung @, Jimin Kim @,
Ji Jeong Park (), Jayoun Lee (3, Young Nam Kim @,™ and Jeong In Yang (™

'Department of Obstetrics and Gynecology, Institute of Women’s Life Medical Science, Yonsei University
College of Medicine, Seoul, Korea

’Department of Obstetrics and Gynecology, Ilsan CHA General Hospital, Goyang, Korea

*Department of Obstetrics and Gynecology, Seoul St. Mary’s Hospital, College of Medicine, The Catholic
University of Korea, Seoul, Korea

“Department of Obstetrics and Gynecology, Konkuk University Medical Center, Konkuk University School of
Medicine, Seoul, Korea

*Department of Obstetrics and Gynecology, Seoul National University Bundang Hospital, Seoul National
University College of Medicine, Seongnam, Korea

SDepartment of Obstetrics and Gynecology, Samsung Medical Center, Sungkyunkwan University School of
Medicine, Seoul, Korea

"Department of Obstetrics and Gynecology, Asan Medical Center, University of Ulsan College of Medicine,
Seoul, Korea

8Department of Obstetrics and Gynecology, Inha University Hospital, Inha University College of Medicine,
Incheon, Korea

“Department of Obstetrics and Gynecology, CHA Gangnam Medical Center, CHA University, Seoul, Korea

*National Evidence-Based Healthcare Collaborating Agency, Seoul, Korea

"Department of Obstetrics and Gynecology, Busan Paik Hospital, College of Medicine, Inje University,
Busan, Korea

“Department of Obstetrics and Gynecology, Ajou University School of Medicine, Suwon, Korea

ABSTRACT

Background: This study aimed to evaluate maternal and neonatal outcomes following
immediate delivery or expectant management of preterm premature rupture of membranes
(PPROM) during the late preterm period at 34*°-36"° weeks of gestation.

Methods: We conducted a retrospective study of singleton pregnancies with PPROM during
the late preterm period using medical records from 12 tertiary medical centers in the
republic of Korea between January 2007 and December 2016. Demographic characteristics
and outcome measures were also recorded. The primary outcomes were maternal sepsis,
neonatal sepsis, and neonatal death for neonatal outcomes.

Results: Among 1,072 women with late PPROM, 782 (72.9%) underwent immediate delivery
and 290 (27.1%) received expectant management. The incidence of clinical neonatal sepsis
was significantly lower in the immediate delivery group than in the expectant management
group (3.8% vs. 15.8%, P < 0.001). There were no significant differences in culture-proven
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neonatal sepsis (P =0.211), neonatal death (P= 0.390), or maternal sepsis (P = 0.542)
between groups. Although antenatal corticosteroids were more frequently administered in
the expectant management group, the need for mechanical ventilation was not significantly
higher (P= 0.414). However, the need for surfactant administration was lower (P = 0.010).
Expectant management was associated with a lower rate of primary cesarean section (P =
0.002) but a higher incidence of antepartum fever and elevated C-reactive protein levels (P=
0.048 and P < 0.001, respectively).

Conclusion: In women with late PPROM, expectant management does not increase the risk
of severe maternal or neonatal morbidity or mortality compared to immediate delivery.
Therefore, with close surveillance for complications, such as chorioamnionitis and fetal
compromise, particularly clinical neonatal sepsis, expectant management can be a judicious
treatment option in clinical practice.

Keywords: Preterm; Premature Rupture of Fetal Membranes; Late Preterm Period;
Immediate Delivery; Expectant Management

INTRODUCTION

Preterm premature rupture of membranes (PPROM) is defined as rupture of amniotic
membranes before labor onset at < 37 weeks of gestation. PPROM occurs in 2-3% of
pregnancies and accounts for one-third of preterm births.1,2 PPROM increases obstetric
complications such as preterm delivery, intra-amniotic infection, placental abruption, and
cord prolapse. Neonates face elevated risks of sepsis, pulmonary hypoplasia, respiratory
distress syndrome (RDS), bronchopulmonary dysplasia (BPD), necrotizing enterocolitis (NEC),
intraventricular hemorrhage (IVH), retinopathy of prematurity (ROP), and neonatal death.3-5

A prolonged latent period in women with PPROM can lower prematurity-related—neonatal
morbidity and reduce the economic burden of neonatal intensive care unit (NICU) care,

and several studies have reported favorable outcomes with expectant management of late
PPROM.6-8 While earlier guidelines recommended immediate delivery at 32-34 weeks, recent
revisions (e.g., Greentop Guideline, American College of Obstetricians and Gynecologists
Practice Bulletin) allow either immediate delivery or expectant management in late PPROM.34

Expectant management of PPROM requires stable maternal—fetal status and continuous
monitoring, such as serial assessment for infection and fetal heart rate (FHR) surveillance,
to detect infection or fetal compromise, with concomitant hospital charges. Furthermore,
identifying the optimal time point is challenging due to variable infection and fetal
compromise manifestations.

Therefore, conflicting evidence exists regarding immediate delivery and expectant
management in cases of late PPROM. 69 Strategies for monitoring and optimal timing remain
controversial because reducing neonatal prematurity and avoiding complications including
intra-amniotic infection during the latent period should be considered.?’9

Hence, we aimed to evaluate maternal and neonatal outcomes of immediate delivery vs.
expectant management of PPROM at 34"°-36*° weeks of gestation in Korea to determine the
optimal monitoring and timing of delivery and provide clinicians with evidence to guide
counseling and decision-making in late PPROM.
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METHODS

Study design

We conducted a retrospective study of singleton pregnancies complicated by late

PPROM using medical records from 12 tertiary medical centers in Korea from January 2007
to December 2016. The late preterm period was defined as 34"°-36"° weeks of gestation.

All participating hospitals were referral centers, with NICUs providing comprehensive

care for preterm infants. At least one obstetric specialist reviewed and confirmed medical
records. Women with singleton pregnancies and clinically diagnosed ruptured membranes
at 34'°-36'° weeks of gestation were included. Women with multiple pregnancies, active
labor at admission leading to delivery within 24 hours, suspected clinical chorioamnionitis,
placenta previa, placental abruption, preeclampsia, or other contraindications to pregnancy
continuation were excluded (Fig. 1).

Pregnancy management

Diagnosis of PPROM was based on maternal history (timing of amniotic fluid leakage), sterile
speculum examination confirming amniotic fluid drainage from the cervical os with nitrazine
paper color change, or biochemical testing if unceratin.10 Eligible women were divided into
two groups: immediate delivery or expectant management. Immediate delivery was defined
as induction or cesarean within 24 hours of membrane rupture. Expectant management was
defined as observation with monitoring for maternal and fetal complications, continued until
37 weeks or until indications for delivery arose, such as a non-reassuring FHR, onset of labor,
or suspected intrauterine infection. Medical records were reviewed to confirm use of antenatal
corticosteroids and antibiotics during the latent period. The decision between immediate
delivery and expectant management was based on clinical discretion, considering guidelines
and individual maternal—fetal factors, such as fetal lung maturity, antenatal corticosteroid
administration, and gestational age at PPROM. All women were hospitalized until delivery,
with labor progression and fetal well-being monitored by continuous cardiotocography and
ultrasound. Delivery during the latent period was indicated for labor onset or progression,
suspected clinical chorioamnionitis, or signs of fetal compromise.

Women were assessed for eligibility (N = 2,429)

Exclusion (n =1,357):

- Had multiple pregnancies (n = 239)

- Experienced active labor and were consequently delivered
within 24 hr after rupture of membrane (n =1,099)

- Showed clinical chorioamnionitis, non-reassuring fetal
heart rate pattern (n = 145)

- Had placental previa, placental abruption, preeclampsia
or other contraindications (n = 86)

| Women were included (n =1,072) |

|
v '

Immediate delivery Expectant management
(n=782) (n=290)

Fig. 1. Study population.
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Maternal, obstetrics and neonatal outcomes

Clinical data, including maternal demographics and obstetric and neonatal outcomes, were
obtained from electronic medical records. Maternal demographics, obstetric outcomes, and
the incidence of complications such as maternal sepsis, endometritis, postpartum hemorrhage,
and wound infection were collected. Neonatal outcomes included admission to the NICU,
Apgar score, surfactant administration, and neonatal complications during hospital stay. Labor
progression was defined as cervical change during regular labor. Clinical chorioamnionitis

was defined as the presence of = 2 of the following symptoms: maternal pyrexia, leukocytosis,
uterine tenderness, maternal or fetal tachycardia, and malodorous vaginal discharge.11
Suspected fetal compromise was defined as non-reassuring FHR or abnormal Doppler findings,
such as absent or reversed end-diastolic flow in the umbilical artery.

The primary outcomes were rate of maternal sepsis as a maternal outcome and incidence of
either clinical or culture-proven neonatal sepsis and neonatal death as neonatal outcomes.
Maternal sepsis was defined as presence of clinical infectious signs such as fever > 38°C,
heart rate > 90 beats per minute (bpm), breathing rate > 20 bpm, oliguria, and probable or
confirmed infection by blood culture.12 Clinical neonatal sepsis was defined as presence

of infection signs such as abnormal C-reactive protein (CRP), temperature instability,
diminished spontaneous activity, less vigorous sucking, apnea, bradycardia, respiratory
distress, vomiting, diarrhea, abdominal distention, jitteriness, seizures, and jaundice.13
Culture-proven neonatal sepsis was defined as a positive culture of known pathogen from
blood or cerebrospinal fluid and presence of 2 1 clinical signs of infection such as respiratory
distress, apnea, lethargy, abnormal level of consciousness, circulatory compromise including
hypotension, poor perfusion, need for inotropic support, volume expansion, temperature
instability (< 36°C or > 38°C), or a combination thereof.1415 Antibiotic therapy was continued
for 7-10 days in these neonates.

Secondary neonatal outcomes included other neonatal morbidities such as mechanical
ventilation, RDS, BPD, surfactant administration, grade 3—4 IVH, periventricular
leukomalacia (PVL), convulsions, NEC, ROP, admission to the NICU, and duration of

stay in the NICU. Mechanical ventilation included Synchronized Intermittent Mandatory
Ventilation, Continuous Mandatory Ventilation, and High-Frequency Ventilation, all
involving endotracheal intubation. RDS was defined as respiratory distress confirmed by
chest radiography and need for ventilator support during clinical examination. NEC was
diagnosed based on clinical symptoms, including poor oral feeding, blood in stool, frequent
vomiting of bile-colored fluid, abdominal distention, and radiographic findings.16 ROP was
diagnosed and graded according to the International Classification of Retinopathy of
Prematurity revisited.17

Secondary maternal outcomes were antepartum and postpartum complications. Antepartum
complications included antepartum fever, CRP elevation, antepartum hemorrhage, cord
prolapse, and intrauterine fetal death. Postpartum complications included primary cesarean
section, endometritis, postpartum hemorrhage, wound infection, deep vein thrombosis, and
chorioamnionitis. A primary cesarean section was defined as total percentage of cesarean
deliveries for women without a history of previous cesarean delivery.18 Chorioamnionitis
was an exclusion criterion at trial entry, but maternal outcomes included cases with positive
amniotic fluid culture or inflammatory changes on placental examination in both groups
after delivery.

https://doi.org/10.3346/jkms.2026.41.e159 4/13
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Statistical analysis

Continuous variables were expressed as means and standard deviations, while categorical
variables were expressed as numbers and percentages. Shapiro-Wilk and Kolmogorov-
Smirnov tests were used to assess normal distribution of data. To evaluate differences

in outcomes according to management, continuous variables were analyzed using the
two-sample t-test or Wilcoxon rank-sum test. Categorical variables were compared using

the x* test or Fisher’s exact test. The association between delivery timing in women with
PPROM and neonatal outcomes was evaluated by calculating adjusted odds ratios (ORs)
using logistic regression analysis. The reference group was the immediate delivery group, and
OR was adjusted for maternal age and gestational age at the time of PPROM diagnosis. All
statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
Statistical significance was set at P < 0.05.

Ethics statement

Institutional Review Board (IRB) of each hospital approved the protocol of this study
(approval No. Donguk University Ilsan Hospital 2017-01-054; Busan Paik Hospital, College
of Medicine, Inje University 17-0071; Konkuk University Medical Center, Konkuk University
School of Medicine,

KUH1040063; Seoul National University Bundang Hospital B-1705/396-103; CHA Bundang
Medical Center, CHA University, 2017-04-019-008; Samsung Medical Center, Sungkyunkwan
University School of Medicine 2017-04-071; Seoul St. Mary’s Hospital, College of Medicine,
The Catholic University of Korea, KC17RCDI0245; Asan Medical Center, University of Ulsan
College of Medicine, 2017-0538; Yonsei University Health System, Severance Hospital:
4-2017-0252; Ajou University School of Medicine, AJIRB-MED-MDB-17-113; CHA Gangnam
Medical Center, CHA University, CGH-IRB-2017-20, and Inha University Hospital, Inha
University College of Medicine, 2017-04-018). Informed consent was waived because of the
retrospective nature of the study.

RESULTS

Demographic and obstetric outcomes in the study population
A total 0f2,429 eligible women were screened, and 1,072 were enrolled. Of these, 782 were
assigned to the immediate delivery group and 290 to the expectant management group (Fig. 1).

The mean maternal age was 33.4 + 4.7 years and 686 (64.0%) women were nulliparous. The
mean gestational age was 35.5 + 0.9 weeks of gestation at the time of PPROM and 35.6 +
0.8 at delivery. Tocolysis was administered to 9.2% (99/1,072) of the women, primarily for
PPROM at 34-35 weeks or for preterm labor < 34 weeks. Ritodrine was the most frequently
administered agent. Antibiotics were administered to 89.3% (957/1,072) of the women,
mainly for prophylaxis against intrauterine infection. Ampicillin, ampicillin/sulbactam,
and second-generation cephalosporins were used either individually or in combination
and maintained until delivery. Clinical or culture-proven neonatal sepsis occurred in 78
(7.3%) of the 1,072 neonates. Two neonatal deaths occurred in the immediate-delivery
group. An infant born at 36" weeks of gestation by emergency cesarean section developed
respiratory distress requiring mechanical ventilation and died on day 18 due to sudden
unexplained early neonatal death. Another infant, delivered vaginally at 34" weeks, died of
culture-proven neonatal sepsis on day 1 of life.
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Table 1. Demographic characteristics and obstetric outcomes of the study groups

Variables Immediate delivery (n = 782) Expectant management (n = 290) Pvalue
Maternal age, yr 33.8+4.6 32.5+4.7 <0.001
Gestational age at PPROM, wk 35.6+0.8 35.0+0.7 <0.001
34.0-34.6 177 (22.6) 158 (54.1)
35.0-35.6 280 (35.8) 91 (31.7)
36.0-36.6 325 (41.6) 41 (14.2)
Nulliparous 473 (60.5) 213 (73.4) <0.001
Diabetes 46 (5.9) 21 (7.2) 0.414
Chronic hypertension 5(0.6) 1(0.3) 1.000
Prior preterm delivery history 47 (6.0) 10 (3.5) 0.096
Previous CS 151 (19.3) 13 (4.5) <0.001
ART 64 (8.2) 20 (6.9) 0.618
Cervical or vaginal swab at diagnosis® 106 (13.6) 90 (31.0)
Any culture, positive 45/106 (42.5) 30/90 (33.3) 0.238
Group B streptococcus, positive 5/106 (4.7) 1/90 (1.1) 0.144
Antepartum corticosteroid 26 (3.3) 492 (14.5) <0.001
Antibiotics treatment 671 (85.8) 286 (98.6) <0.001
Use of tocolytics 29 (3.7) 70 (24.1) <0.001
Induction of labor® 446 (782) 165 (56.8) 0.963
AFI at diagnosis of PPROM 9.63 + 8.07 9.32+6.61 0.645
Obstetric outcomes
Gestational age at delivery, wk 35.7+0.8 35.4+0.7 <0.001
34.0-34.6 159 (20.3) 84 (29.0)
35.0-35.6 272 (34.8) 129 (44.5)
36.0-36.6 345 (44.1) 75 (25.8)
>37.0 6 (0.8) 2 (0.7)
Latent period®, day 0.5+ 0.9 2.8+2.9 <0.001
Mode of delivery <0.001
VD 385 (49.9) 299 (76.6)
cs 397 (50.8) 68(23.4)
Birthweight, g 2,592.6 + 347.5 2,490.1 + 318.3 <0.001

Data are represented as mean = standard deviation or number (%).
PPROM = preterm pre-labor rupture of membranes, CS = cesarean section, ART = assisted reproductive technology, AFI = amniotic fluid index, VD = vaginal delivery.

2Cervical or vaginal swabs were positive for Candida albicans, Ureaplasma urealyticum, Ureaplasma parvum, Mycoplasma hominis, Chlamydia tracomatis,
Gardnerella vaginalis, Escherichia coli, Leclercia adecarboxylata, and Group B streptococcus.

®Induction of labor was performed within 24 hours of membrane rupture in the immediate delivery group, and at 37 weeks of gestation or earlier if indications for
delivery arose in the expectant management group.

The latent period was defined as the period from diagnosis of membrane rupture to delivery.

Regarding the demographic and obstetric outcomes of the study groups (Table 1), the
expectant management group included a significantly higher proportion of women
diagnosed with PPROM at 34"°-34"¢ weeks (54.1% vs. 22.6%, P < 0.001). The rates of
antenatal corticosteroid (14.5% vs. 3.3%, P < 0.001), antibiotic (98.6% vs. 85.8%, P < 0.001),
and tocolytic agent administration (24.1% vs. 3.7%, P < 0.001) were significantly higher in the
expectant management group.

The immediate-delivery group showed a significantly higher incidence of cesarean delivery
(50.8% vs. 23.4%, P < 0.001). Neonates in the expectant management group had significantly
lower birth weights (P < 0.001). Other maternal demographic and obstetric outcomes were
similar between groups.

Primary maternal and neonatal outcomes

The incidences of overall and clinical neonatal sepsis were significantly higher in the
expectant management group (both P < 0.001); however, culture-proven neonatal sepsis
showed no significant differences between groups (P =0.211). Overall neonatal mortality
(P=10.390) and maternal sepsis did not differ significantly between groups (Table 2).

https://jkms.org https://doi.org/10.3346/jkms.2026.41.e159 6/13
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Table 2. Neonatal and maternal outcomes

Variables Immediate delivery (n = 782) Expectant management (n = 290) Pvalue
Primary outcomes
Maternal sepsis 1(0.13) 0(0.0) 0.542
Neonatal sepsis 32/771 (4.2) 46/284 (16.2) <0.001
Clinical 29/771 (3.8) 45/984 (15.8) <0.001
Culture-proven 5/771 (0.6) 4/284 (1.4) 0.211
Neonatal deaths 2/778 (0.3) 0/287 (0.0) 0.390

Secondary outcomes
Neonatal outcomes

Mechanical ventilation® 54/773 (7.0) 16/286 (5.6) 0.414
Respiratory distress syndrome 53/766 (6.9) 17/282 (6.0) 0.609
Bronchopulmonary dysplasia 1/770 (0.1) 0/282 (0.0) 0.164
Surfactant administration 47/767 (6.1) 8/278 (2.9) 0.010
Periventricular leukomalacia 37/769 (4.8) 17/281 (6.0) 1.000
Convulsion 9/769 (1.2) 2/282 (0.7) 0.303
Necrotizing enterocolitis 0/769 (0.0) 1/282 (0.4) 0.087
Retinopathy of prematurity 1/760 (0.1) 1/263 (0.4) <0.001
Apgar score < 7 at 1 min 107/781 (13.7) 34/288 (11.8) 0.417
Apgar score < 7 at 5 min 10/781 (1.3) 6/288 (2.1) 0.338
Admission to NICU 303/775 (39.1) 191/287 (66.6) <0.001
Mean length of NICU stay 8.41+7.5 9.07 + 6.3 0.052
Hypoglycaemia 43/768 (5.6) 15/279 (5.4) 0.111
Hyperbilirubinemia 318/768 (41.4) 184/283 (65.0) <0.001
Antibiotics given 246/769 (32.0) 229/285 (80.4) <0.001
Duration, days 5.12 +3.15 4.84 + 2.96 0.331
Maternal outcomes
Antepartum complications
Antepartum fever 28 (3.6) 18 (6.2) 0.059
Antepartum CRP elevation 70 (9.0) 62 (21.4) <0.001
Cord prolapse 1(0.1) 0 (0.0) 0.542
Postpartum complications
Primary cesarean section® 246 (31.5) 55 (19.0) <0.001
Postpartum fever 33 (4.2) 19 (6.6) 0.114
Postpartum endometritis 0(0.0) 1(0.3) 0.100
Postpartum hemorrhage 5(0.6) 1(0.3) 0.566
Wound infection 3(0.4) 0 (0.0) 0.291
DVT 0 (0.0) 1(0.3) 0.104
Chorioamnionitis® 27 (3.5) 12 (4.1) 0.595

Data are represented as mean = standard deviation or number (%).

NICU = neonatal intensive care unit, CRP = C-reactive protein, DVT = deep vein thrombosis.

2Mechanical ventilation included Synchronized Intermittent Mandatory Ventilation, Continuous Mandatory Ventilation, and High-Frequency Ventilation, all
involving endotracheal intubation.

®Primary cesarean section was defined as a cesarean delivery in women who had not undergone a previous cesarean section.

‘Chorioamnionitis was diagnosed by positive culture in the amniotic fluid or histological inflammatory changes in the gross/microscopic evaluation of the placenta.

Secondary neonatal outcomes

Neonates born in the immediate delivery group had a significant need for surfactants
compared to those delivered after expectant management (6.1% vs. 2.9%, P= 0.010). The
incidences of ROP, hyperbilirubinemia, NICU admission, and antibiotic administration were
significantly higher in neonates born in the expectant management group (all P < 0.001).
The duration of NICU stay was significantly longer in the expectant management group
(P=10.005). Other neonatal outcomes were not significantly different between the groups.
Grade 3-4 IVH did not occur in either group (Table 2).

Secondary maternal outcomes
Regarding secondary maternal outcomes, the proportion of primary cesarean sections was
significantly higher in the immediate delivery group than in the expectant management
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group (31.5% vs. 19.0%, P < 0.001). Women in the expectant management group had a higher
frequency of elevated CRP levels during the latent period (21.4% vs. 9.0%, P < 0.001). Other
antenatal and postpartum complications did not differ between the groups. Antepartum
hemorrhage or intrauterine fetal death did not occur in either group (Table 2).

Immediate vs. Expectant Management in Late PPROM

Associated risk of expectant management compared to immediate delivery
Compared with immediate delivery, expectant management was associated with a reduced
risk of surfactant administration in premature infants (OR, 0.27; 95% confidence interval
[CI], 0.12-0.61) and primary cesarean section (OR, 0.56; 95% CI, 0.39-0.81). However,
neonates born from mothers managed expectantly were associated with a higher risk

of clinical neonatal sepsis (OR, 3.02; 95% CI, 1.68—4.75), NICU admission (OR, 1.76;

95% CI, 1.26-2.46), hyperbilirubinemia (OR, 2.11; 95% CI, 1.55-2.88), and antibiotic
administration (OR, 6.40; 95% CI, 4.41-8.98). Women in the expectant management group
had a significantly increased risk of fever and CRP elevation during latent period (OR,
1.90; 95% CI, 1.01-3.66 and OR, 2.31; 95% CI, 1.53-3.48, respectively). However, there

was no significant increase in the risk of culture-proven neonatal sepsis in the expectant
management group (Table 3).

Subgroup analysis

Subgroup analysis was performed in women diagnosed with PPROM at 34'°-34"¢ weeks of
gestation. Of the 335 women, 52.8% (177/335) underwent immediate delivery after diagnosis
of PPROM and 47.2% (158/335) were managed expectantly. Women in the immediate delivery

Table 3. Adjusted odds ratio of outcomes in expectant management compared to those in the immediate delivery

group
Variables 0dd ratio (95% CI) P value
Neonatal outcomes
Neonatal sepsis 2.83 (1.68-4.75) <0.001
Clinical 3.02 (1.79-5.25) <0.001
Culture proven 1.54 (0.37-6.49) 0.557
Mechanical ventilation® 0.94 (0.82-1.08) 0.252
Respiratory distress syndrome 0.57 (0.31-1.05) 0.070
Surfactant administration 0.27 (0.12-0.61) 0.002
Periventricular leukomalacia 0.90 (0.46-1.75) 0.750
Convulsion 0.40 (0.08-2.01) 0.269
Retinopathy of prematurity 4.85 (0.25-94.70) 0.297
Low Apgar score® 1.00 (0.35-2.91) 0.998
Admission to NICU 1.76 (1.26-2.46) <0.001
Hypoglycemia 0.72 (0.37-1.42) 0.347
Hyperbilirubinemia 2.11 (1.55-2.88) <0.001
Antibiotics administration 6.40 (4.41-8.98) <0.001
Maternal outcomes
Primary cesarean section® 0.56 (0.39-0.81) 0.002
Antepartum fever 1.90 (1.01-3.66) 0.048
Antepartum CRP elevation 2.31(1.53-3.48) <0.001
Postpartum hemorrhage 0.37 (0.04-3.48) 0.385
Chorioamnionitis® 0.77 (0.36-1.66) 0.511

Odds ratios adjusted for maternal age, pre-pregnancy body mass index, gestational age at preterm premature
rupture of membranes, maternal antibiotic use, and oligohydramnios.

Cl = confidence interval, NICU = neonatal intensive care unit, CRP = C-reactive protein.

2Mechanical ventilation included Synchronized Intermittent Mandatory Ventilation, Continuous Mandatory
Ventilation, and High-Frequency Ventilation, all involving endotracheal intubation.

°Low Apgar score was defined as an Apgar score of < 7 at 5 minutes.

°Primary cesarean section was defined as a cesarean delivery in women who had not undergone a previous
cesarean section.

dChorioamnionitis was defined as a positive culture of the amniotic fluid or inflammatory changes in the
postpartum visual/microscopic evaluation of the placenta.
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Table 4. Outcomes and adjusted odds ratio of expectant management compared to the immediate delivery group in women diagnosed with preterm premature
rupture of membranes between 34 weeks and 34 weeks and 6 days of gestation

Immediate vs. Expectant Management in Late PPROM

Variables Immediate delivery Expectant management 0dds ratio Pvalue
(n=177) (n=158) (95% confidence interval)
Neonatal outcomes
Neonatal sepsis 15/174 (8.6) 29/156 (18.6) 1.91 (0.94-3.90) 0.074
Clinical 14/174 (8.0) 29/156 (18.6) 2.34 (1.10-4.99) 0.028

Culture proven 3/174 (1.7) 1/156 (0.6) 0.30(0.03-3.18) 0.317
Neonatal death 1/177 (0.3) 0/157 (0.0) 0.346
Mechanical ventilation® 29/175 (16.4) 8/156 (5.1) 0.33(0.14-0.76) 0.009
Respiratory distress syndrome 32/174 (18.4) 9/156 (5.8) 0.33(0.15-0.72) 0.006
Surfactant administration 28/174 (16.1) 4/152 (2.6) 0.15 (0.05-0.45) <0.001
Periventricular leukomalacia 20/173 (11.6) 14/155 (9.0) 0.91(0.41-2.01) 0.822
Convulsion 5/174 (2.9) 1/155 (0.6) 0.27 (0.03-2.46) 0.246
Low Apgar score® 5/177 (2.8) 4/158 (2.5) 1.00 (0.25-4.03) 0.998
Admission to NICU 137/175 (78.3) 119/157 (75.8) 0.71 (0.41-1.33) 0.312
Mean length of NICU stay, day 12.70+8.91 11.30+6.52 0.158
Hypoglycemia 18/174 (10.3) 10/154 (6.5) 0.70 (0.29-1.72) 0.441
Hyperbilirubinemia 96/174 (55.9) 109/156 (69.9) 2.08 (1.26-3.43) 0.004
Antibiotics administration 99/175 (56.6) 137/156 (87.8) 5.45(2.76-10.33) <0.001

Duration, day 5.66 + 3.29 4,86+ 2.68 0.041

Maternal outcomes
Antepartum complications

Antepartum fever 5(2.8) 8(5.1) 1.50 (0.47-4.72) 0.492

Antepartum CRP elevation 29 (12.4) 39 (24.7) 2.77 (1.47-5.20) 0.002
Postpartum complications

Maternal sepsis 0 (0.0) 0 (0.0) 1.000

Primary cesarean section® 58(32.8) 21 (13.3) 0.27 (0.15-0.51) <0.001
Postpartum endometritis 0(0.0) 1(0.6) 0.289
Postpartum hemorrhage 1(0.6) 1(0.6) 1.29 (0.07-22.94) 0.860
DVT 0 (0.0) 1(0.6) 0.289
Chorioamnionitis® 13(7.3) 6(3.8) 0.42 (0.14-1.25) 0.119

0dds ratios adjusted for maternal age, pre-pregnancy body mass index, maternal antibiotic use, and oligohydramnios.

NICU = neonatal intensive care unit, DVT = deep vein thrombosis, CRP = C-reactive protein.

2Mechanical ventilation included Synchronized Intermittent Mandatory Ventilation, Continuous Mandatory Ventilation, and High-Frequency Ventilation, all
involving endotracheal intubation.

®Low Apgar score was defined as an Apgar score of < 7 at 5 minutes.

Primary cesarean section was defined as a cesarean delivery in women who had not undergone a previous cesarean section.

dChorioamnionitis was defined as a positive culture of the amniotic fluid or inflammatory changes in the postpartum visual/microscopic evaluation of the placenta.

group showed earlier gestational age at delivery (34.55 + 0.34 vs. 34.95 + 0.46, P < 0.001).
Unlike in the entire cohort, expectant management for women who were diagnosed with
PPROM at 34*°-34"¢ weeks of gestation was significantly associated with decreased risk of
mechanical ventilation for premature neonates (OR, 0.33; 95% CI, 0.14-0.76) and neonatal
RDS (OR, 0.33; 95% CI, 0.15-0.72) (Table 4).

DISCUSSION

In this retrospective study, we evaluated neonatal and maternal outcomes following different
delivery timing strategies for the management of late PPROM. Neonates in the expectant
management group required less surfactant administration; however, they had a higher risk
of clinical neonatal sepsis and antibiotic administration. In women, expectant management
was associated with a lower risk of primary cesarean section. Nevertheless, they were at
higher risk of developing antepartum fever and elevated CRP levels. There were no significant
differences in maternal or neonatal sepsis between the groups.
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Neonatal sepsis is the major cause of mortality and long-term developmental complications
in preterm infants. Premature rupture of membranes (PROM) compromises the barrier
against ascending infections, and a prolonged latent period may increase the risk of neonatal
sepsis. In our study, the incidence of clinical neonatal sepsis was higher in the expectant
management group. This contributes to the increased number of NICU admissions and
antibiotic use in this group. However, the incidence of other infectious complications,
including severe IVH, PVL, NEC, and neonatal death, did not increase significantly in the
expectant management group.

Although several studies have attempted to clarify the benefits and risks of immediate

delivery versus expectant management of neonatal sepsis in women with PPROM, the optimal
management approach remains controversial. Consistent with our findings, Ocviyanti and
Wahono!9 and Drassinower et al.20 reported that a longer interval between membrane

rupture and delivery was associated with an increased risk of neonatal sepsis, even after
adjusting for gestational age. Conversely, other studies have demonstrated no association
between a prolonged latent period and risk of neonatal sepsis.21,22 Furthermore, randomized
controlled trials such as the PPROMT trial and PPROMEXIL studies suggest that expectant
management for women with PPROM has benefits without a significant increase in risk

of neonatal sepsis.%%23 These inconsistent findings stem from the inherent difficulty in
accurately assessing clinical neonatal sepsis. Diagnosing infections in neonates based solely
on clinical manifestations is unreliable because of their nonspecific nature and inaccuracy of
routine laboratory values.2425 A high index of suspicion is crucial for early diagnosis of clinical
neonatal sepsis, as diagnosis varies and depends on physician judgment. Clinical neonatal
sepsis might have been diagnosed more frequently in the expectant management group
because these neonates were suspected to have been exposed to infection for a longer duration
during the latent period. However, limited data suggest that culture-negative sepsis is not
associated with an increased risk of death. However, the effect of culture-negative sepsis on
neurodevelopmental outcomes is also unclear.5,24 Notably, there was no significant difference
in the incidence of culture-proven neonatal sepsis between the groups in our study.

Neonates in the expectant management group required less surfactant after controlling for
gestational age. This may be associated with the gestational age at delivery and antenatal
corticosteroid administration. In our study, although the gestational age at delivery was
higher in the immediate delivery group, 41.6% of women in the immediate delivery group
were diagnosed with PPROM and delivered after 36 weeks of gestation, while a high
proportion of women (54.1%) with expectant management were diagnosed with PPROM at
349-34*¢ weeks and delivered at 35'°-35'¢ weeks of gestation (44.5%). In the subgroup
analysis of women with PPROM at 34 weeks of gestation, expectant management was
associated with a reduced risk of surfactant administration as well as the need for mechanical
ventilation and neonatal RDS. Women were managed expectantly and received a complete
course of antenatal corticosteroids therapy with prolonged gestational age. This finding
aligns with those of previous studies showing that an earlier gestational age is associated
with more frequent neonatal respiratory complications than a longer latent period.21,25
Although antenatal corticosteroids are known to provide significant benefits during the late
preterm period, their specific implications in late PPROM have not been adequately studied.
The results of our study and other studies are rational because gestational age and antenatal
corticosteroid therapy at > 34 weeks of gestation can improve fetal lung maturation and
reduce neonatal respiratory complications.26,27
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Immediate delivery after PPROM resulted in a significantly higher primary cesarean
section rate than expected. This may be due to unfavorable cervix and concerns regarding
fetal distress with oligohydramnios during labor. Primary cesarean section is associated
with increased morbidity and mortality, including placenta accrete, cesarean section scar
pregnancy, and postpartum hemorrhage.18,28 Therefore, expectant management may help
reduce cesarean section—related maternal complications.

Expectant-managed women showed a higher incidence of non-reassuring FHR, elevated
CRP levels, and fever during the latent period. These findings may predict chorioamnionitis,
which is necessary for prompt delivery.2%,30 However, low sensitivity limits their clinical utility.3!

Regarding the optimal delivery timing in PPROM, several studies have suggested that expectant
management does not increase adverse perinatal risks compared with immediate delivery.

A Cochrane review found no significant difference in neonatal sepsis rates between immediate
delivery and expectant management for PPROM.9 Expectant management was associated with
less neonatal RDS and need for ventilation but increased chorioamnionitis. However, this
meta-analysis included a broad gestational age range (25-37 weeks), limiting its applicability

to late PPROM. Several multicenter randomized controlled trials focusing on the late

preterm period have supported expectant management with close monitoring and antibiotic
prophylaxis, even in Group B streptococcus-positive women.32 Based on these studies and ours,
expectant management could be considered with careful monitoring for late PPROM.

Our study has some limitations. The retrospective design has limitations related to data
accuracy and completeness of previously recorded information. Therefore, composite
neonatal morbidity data may not appropriately represent future childhood developmental
outcomes. However, this study had several strengths. To our knowledge, this is the first study
in Korea to evaluate the immediate versus expectant management of late PPROM across
multiple tertiary centers. As the participating centers were major referral hospitals, our
findings are likely to reflect national practices in Korea. Furthermore, a major strength of our
study is its exclusive focus on mothers with late PPROM, a population often underrepresented
or mixed with earlier gestations in previous randomized controlled trials and systematic
reviews.0,33,34 Notably, earlier studies frequently included cases of PROM before 34 weeks of
gestation or followed outdated guidelines regarding antenatal corticosteroid and antibiotic
use.33,35 In contrast, our study reflects contemporary clinical practice with high adherence to
current recommendations for both corticosteroid and antibiotic administration beyond 34
weeks of gestation. Despite growing recognition of the benefits of antenatal corticosteroids
in the late preterm period, their specific role in late PPROM has not been sufficiently studied.
By addressing this gap, our study provides clinically relevant and up-to-date evidence that
may guide obstetric decision making in similar populations.

In conclusion, we evaluated the benefits and risks of immediate delivery and expectant
management in women with late PPROM. Our findings suggest that careful expectant
management, including prophylactic antibiotics to reduce intra-amniotic infections and
antenatal corticosteroids to reduce neonatal morbidities, warrants consideration as a
judicious approach, thereby reducing respiratory morbidity attributable to prematurity
and enhancing overall perinatal safety and efficacy. Periodic assessment of infection, fetal
well-being, cord prolapse, and uterine contractions is essential. These findings provide a
foundation for future research to determine the optimal delivery timing in late PPROM,
considering both short- and long-term outcomes.
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