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Abstract

Introduction

A potential complication of term prelabor rupture of membranes (term PROM) is chorioam-

nionitis with an increased burden on neonatal outcomes of chronic lung disease and cere-

bral palsy. The purpose of the study was to analyze the efficacy of a standing clinical

protocol designed to identify women with term PROM at low risk for chorioamnionitis, who

may benefit from expectant management, and those at a higher risk for chorioamnionitis,

who may benefit from early induction.

Material and methods

This retrospective study enrolled all consecutive singleton pregnant women with term

PROM. Subjects included women with at least one of the following factors: white blood cell

count� 15×100/μL, C-reactive protein� 1.5 mg/dL, or positive vaginal swab for beta-hemo-

lytic streptococcus. These women comprised the high risk (HR) group and underwent imme-

diate induction of labor by the administration of intravaginal dinoprostone. Women with none

of the above factors and those with a low risk for chorioamnionitis waited for up to 24 hours

for spontaneous onset of labor and comprised the low-risk (LR) group.

Results

Of the 884 consecutive patients recruited, 65 fulfilled the criteria for HR chorioamnionitis

and underwent immediate induction, while 819 were admitted for expectant management.

Chorioamnionitis and Cesarean section rates were not significantly different between the

HR and LR groups. However, the prevalence of maternal fever (7.7% vs. 2.9%; p = 0.04)

and meconium-stained amniotic fluid was significantly higher in the HR group than in LR
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group (6.1% vs. 2.2%; p = 0.04). This study found an overall incidence of 4.2% for chorioam-

nionitis, 10.9% for Cesarean section, 0.5% for umbilical artery blood pH < 7.10, and 1.9%

for admission to the neonatal intensive care unit. Furthermore, no confirmed cases of neo-

natal sepsis were encountered.

Conclusions

A clinical protocol designed to manage, by immediate induction, only those women with

term PROM who presented with High Risk factors for infection/inflammation achieved simi-

lar maternal and perinatal outcomes between such women and women without any risks

who received expectant management. This reduced the need for universal induction of term

PROM patients, thereby reducing the incidence of maternal and fetal complications without

increasing the rate of Cesarean sections.

Introduction

Term prelabor rupture of membranes (term PROM) is defined as the rupture of fetal mem-

branes before the onset of labor at a gestational age > 37 weeks [1]. The global incidence of

term PROM is approximately 8% [1]. Spontaneous onset of labor follows PROM within 12

hours in 79% of the patients and within 24 hours in 95% of the patients [2].

Rare, immediate risks associated with term PROM include cord prolapse or compression

and/or placental abruption [3–6]. A relatively more frequent and potential complication is

chorioamnionitis with an increased burden on neonatal outcome(s) including sepsis, the respi-

ratory distress syndrome, and brain injury [7–11].

In term pregnancy, the incidence of chorioamniositis varies from 6 to 10% and occurs in

40% of prolonged PROM that persists for more than 24 hours [7]. Other risk factors described

are prolonged labor, multiple vaginal exams, nulliparity, Afro-American ethnicity, internal

monitoring of labor, meconium-stained amniotic fluid, alcohol or drug abuse, smoking,

immune-compromised states, epidural anesthesia, vaginal colonization with group B strepto-

coccus, bacterial vaginosis, sexually transmissible genital infections and vaginal colonization

with ureaplasma [5].

The passage of infectious organisms to the chorio-amnioniotic membranes or umbilical

cord of the placenta is the first step in the pathogenesis of chorioamnionitis.

The infectious agents can arrive by retrograde or ascending infection from the lower genital

tract from vagina and cervix, or via hematogenous transmission. A combination of proinflam-

matory and inhibitory cytokines and chemokines are released in the maternal and fetal com-

partments as response to the infection. The inflammatory response and the production of

prostaglandin may cause clinical chorioamnionitis with ripening of the cervix, membrane

injury, and labor at term or premature birth. The fetus presents a direct risk of infection, or of

inflammatory dysfunction mainly of the central nervous system and lungs which may result in

short and long-term neurologic deficits and respiratory distress [5].

A planned early induction of labor after term PROM may prevent such complication(s) at

the cost of an increased risk of delivery by Cesarean section (CS) [4, 9].

The purpose of the present study was to assess whether routine low-cost hematological

parameters of infection and inflammation and early induction of only positive cases at
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hematological triage may benefit both, high-risk women (who are to be induced promptly)

and low-risk women (who are admitted for expectant management).

Material and methods

This retrospective study we have considered all consecutive women with singleton pregnancy

who were referred to the authors’ obstetrics unit at the Fondazione IRCCS Ca’ Granda Ospe-
dale Maggiore Policlinico, Mangiagalli Maternity Centre for term PROM. Suspected term

PROM at referral and objective examination was confirmed by a positive test for placental

alpha microglobulin-1 protein in the vaginal fluid. In our country in the presence of PROM,

hospitalization is always required [10].

All consecutive patients with a fetus in the cephalic presentation and an onset of term

PROM <4 hour before referral to the hospital were included in this study. Women with pre-

existing diabetes, gestational diabetes, hypertensive disorders of pregnancy, autoimmune dis-

orders or cholestasis, history of uterine surgery, maternal fever�38˚C, non-reactive fetal heart

rate monitoring or persistent fetal tachycardia, uncertain dating of pregnancy, multiple preg-

nancies, breech presentation, abnormal placenta insertion, planned CS, and known fetal mal-

formations were excluded from the study.

At the time of admission, all patients underwent venous blood sampling for white blood

cell (WBC) and C-reactive protein (CRP) assessment. Patients presenting with at least one of

the following factors—WBC count�15×100/μL, CRP�1.5 mg/dL, and/or positive vaginal

swab for beta-hemolytic streptococcus in the previous 4 weeks—were allocated to the high-

risk (HR) group and underwent immediate induction of labor by intravaginal dinoprostone.

In fact, according to exiling national guidelines all women undergo a screening swab which

must be performed within 4 weeks before giving birth [10].

Women presenting with none of the above factors were allocated to the low-risk (LR)

group and monitored for up to 24 hours for spontaneous onset of labor; after 24 hours,

patients in this group were induced by intravaginal prostaglandins. Antibiotic prophylaxis was

administered at the time of diagnosis of PROM in HR group and after 12 hours from rupture

of membranes tin the LR groups, respectively (in accordance with the local protocol) [11].

Intravenous prophylaxis was the same for both groups: 2 g of ampicillin, followed by 1 g every

4 hours until delivery [11, 12].

The primary outcome of the study was the incidence of maternal chorioamnionitis, defined

as the presentation of maternal fever (�38˚C) and at least two of the following: maternal leu-

kocytosis (�15×100/μL in absence of corticosteroids, fetal persistent mild tachycardia (>160

beats/min) or purulent fluid from the cervical os (cloudy or yellowish thick discharge con-

firmed visually on speculum exam to be coming from the cervical canal) [8].

Secondary outcomes were the CS rate, umbilical arterial blood pH< 7.10, Apgar score < 7

at 5 min, and neonatal outcomes including short-term postnatal resuscitation maneuvers on

admission, late admission to the neonatal intensive care unit, sepsis, assisted ventilation, and

antibiotic therapy. Sepsis was confirmed by the presence of clinical signs and symptoms sug-

gestive of infection and a positive blood culture for bacteria [11, 12]. Sepsis was defined as

“suspected” when the patient presented with clinical signs or symptoms suggestive of infection,

but a negative blood culture for bacteria, but the requirement for intravenous antibiotic ther-

apy for at least 5 days in accordance with the clinician’s judgment [13–15].

In particular, in the presence of clinical signs suggestive of early neontal sepsis (sepsis

which occurs in the first 72 hours of life) diagnostic tests are performed (blood count, CRP,

blood culture and possibly liquorculture) and empiric antibiotic therapy with ampicillin and
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gentamicin is undertaken, with the addition of a third generation cephalosporin in case of pos-

sible involvement of the central nervous system [13–16].

This retrospective study (PROM) was approved by the Institutional Review Board of Fon-

dazione IRCCS Ca’ Granda, Ospedale Maggiore Policlinico, Milan, Italy (September 17, 2020,

PROM0115032021). Each patient provided informed written consent for the use of anon-

ymized clinical records for non-pharmacological research purposes at admission.

Statistical analysis

Data was analysed using the Statistical Package for Social Science (SPSS, version 23.0, IL,

USA). Categorical variables are expressed as absolute frequencies (number of women per

group) and percentages, whereas continuous variables are expressed as means and standard

deviations (SD). Differences in the means and proportions between the LR and HR groups

were evaluated using the Student’s t test and the chi-squared test, respectively. The primary

outcome was the composite rate of adverse chorioamnionitis. The 95%CI of the proportion

was calculated using a binomial distribution model. The sample size (about 800 women) was

calculated expecting a 5% rate of chorioamnionitis [17] and aiming at providing an estimation

of this rate with a precision of ± 1.5% (i.e., with an overall 95%CI of the observed proportion

of about 3%). This level of precision was arbitrarily decided by the authors.

Results

From January 1, 2018 to June 30, 2019, a total of 928 consecutive pregnant women diagnosed

with PROM were retrospectively analyzed for this study. Of these, 44 were excluded because

they did not fulfill the inclusion criteria: pre-existing pregnancy complications (n = 35), multi-

ple pregnancies (n = 5), fetal malformations (n = 2), and breech presentations (n = 2).

In 884 subjects, out of 928, who met the inclusion criteria, 65 (7%) were in the HR group

with 819 (93%) subjects remaining in the LR group. The baseline characteristics of the patients

allocated to the HR and LR groups, are reported in Table 1. Of the 65 patients in the HR

group, 30 (46.2%) had only a positive vaginal swab for beta-hemolytic streptococcus, 18

(27.7%) CRP�1.5 mg/dL, 11 (16.9%) had only WBC count�15×100/μL, 3 (4.6%) presented

elevated WBC and CPR, in 2 (3.1%) cases positive vaginal swab was associated with elevate

WBC and in 1 (1.5%) with elevated CPR.

Labor began spontaneously within 24 hours in 631 (77.0%) women in the LR group. The

incidence of chorioamnionitis (3.9% vs 7.6%; p = 0.14) and CS (10.6% vs 12.3%; p = 0.80) did

not differ significantly between the LR and HR groups. Among the 30 women induced only

due to positive swabs for beta-hemolytic streptococcus (in the HR group), we observed two

cases (6.7%) of chorioamnionitis. The prevalence of maternal fever (p< 0.04) and meconium-

stained amniotic fluid (p< 0.05) were significantly higher in the HR group respectively 7.7%

and 6.1% than in the LR group, 2.9% and 2.2%. The LR group exhibited a significantly shorter

PROM-to-delivery time (expressed in hours) as compared to the HR group (p< 0.02). No

other significant differences in the maternal outcome during labor and postpartum were

observed between the two groups (Table 1).

The maternal and neonatal outcomes are presented in Table 2. No clinical index of mater-

nal or neonatal outcome was significantly different between the two groups. No case had an

Apgar score< 7 in this study.

The overall outcomes of the entire cohort are summarized in Table 3: we detected in our

population a prevalence of chorioamnionitis of 4.2%, with a CS rate of 10.9%.

Among the primary outcomes observed in this cohort, the major maternal or neonatal

complications did not have a significant prevalence in the expectant management group. We
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observed one case of postpartum hysterectomy for severe postpartum hemorrhage and four

(0.5%) cases of respiratory acidosis at birth. Regarding neonatal outcomes, seven (0.9%) new-

borns required resuscitation maneuvers immediately after birth. Furthermore, sepsis was sus-

pected in 13 (1.5%) cases; however, it was ruled out eventually by blood culture analysis.

Antibiotic therapy was adopted in only 21 cases (2.4%) (Table 3).

Discussion

Our study demonstrated how identifying a high-risk population for infections using hemato-

logical triage in addition to vagino-rectal beta-hemolytic streptococcus screening can reduce

complications such as chorioamnionitis incidence and adverse perinatal outcomes without

increasing the number of CS.

The overall prevalence of chorioamnionitis in this retrospective cohort of women with term

PROM was 4.2%, with a CS rate of 10.9%. As expected, we found higher incidences of both

maternal fever during labor and meconium-stained fluid among women in the HR group pre-

senting with positive inflammatory indices and/or vagino-rectal positive swabs for beta-

Table 1. Maternal and obstetric characteristics of 819 women with negative inflammatory indices and negative vaginal swab for beta-hemolytic streptococcus (LR-

group) and 65 with positive inflammatory indices and/or positive vaginal swab for beta-hemolytic streptococcus (HR-group). (Data are reported as number of cases

and percentage in brackets, or mean and standard deviation, where appropriate).

Inflammatory indices p-value

Negative Expectant management Positive early induction

(n = 819) (n = 65)

Maternal demographic

Maternal Age (year) 33.4 (5.0) 33.1 (5.3) p = 0.93

Multiparous women 223 (27.2) 16 (24.6) p = 0.65

South European Caucasian ancestry 715 (87.3) 59 (90.7) p = 0.42

Induction and labour

Bishop score (�) 3.3 (0.9) 3.3 (0.9) p = 0.87

Induced labour 188 (22.9) 65 (100) N.A.

Analgesia 591 (72.2) 53(81.5) p = 0.10

Maternal fever during labour 24 (2.9) 5 (7.7) p = 0.04

Fetal tachycardia 17 (2.1) 2 (3.2) p = 0.59

Meconium-stained amniotic fluid 18 (2.2) 4 (6.1) p = 0.05

Chorioamnionitis 32 (3.9) 5 (7.6) p = 0.14

Interval from PROM to delivery (hours) 23.1 (16.0) 28.5 (11.6) p = 0.02

Mode of delivery p = 0.80

Vaginal delivery 650 (79.3) 52 (80.0)

Operative vaginal delivery 81 (9.8) 5 (7.6)

Caesarean Section 88 (10.6) 8 (12.3)

Indications for operative delivery p = 0.05

Maternal Fever 1 (0.1) 1 (1.5)

Failed induction 6 (0.7) 2 (3.0)

Fetal distress (��) 64 (7.8) 7 (10.7)

Failure to progress 1st stage 17 (2.0) 0 (0.0)

Failure to progress 2nd stage 79 (9.6) 3 (4.6)

Placental abruptio 2 (0.2) 0(0.0)

� Calculated on 188 patients induced, after 24 hours, in the LR-group.

�� Defined as persistent 2nd or 3rd Group of fetal heart rate tracing according to ACOG classification [18].

https://doi.org/10.1371/journal.pone.0261906.t001
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Table 2. Maternal and neonatal outcome of 819 women with negative inflammatory indices (LR-group) and 65 with positive (HR-group) and/or positive vaginal

swab for beta-hemolytic streptococcus. (data are reported as number of cases and percentage in brackets, or mean and standard deviation, where appropriate).

Inflammatory indices p-value

Negative Expectant management Positive early induction

(n = 819) (n = 65)

Maternal outcome

Perineal tears 3rd– 4th degree 3 (0.4) 0 (0.0) p = 0.63

Blood transfusion 9 (1.1) 2 (3.0) p = 0.17

Hysterectomy 1 (0.1) 0 (0.0) p = 0.78

Days of maternal hospitalization 4.2 (2.0) 4.3 (1.5) p = 0.53

Neonatal outcome

Gestational age (weeks) 38.9 (1.3) 39.2 (1.2) p = 0.30

Birth weight (g) 3226 (381.0) 3319 (398.6) p = 0.67

Apgar score at 1 min <5 7 (0.9) 0 (0.0) p = 0.45

Umbilical artery pH<7.10 4 (0.5) 0 (0.0) p = 0.57

Primary Resuscitation in delivery room (�) 7 (0.9) 0 (0.0) p = 0.13

Admission to NICU 15 (1.8) 2 (3.0) p = 0.48

Back admission to NICU from rooming-in 17 (2.0) 3 (4.6) p = 0.19

Suspected sepsis 12 (1.5) 1 (1.5) p = 0.96

Proven Sepsis 0 (0.0) 0 (0.0) n.p.

Antibiotics therapy 18 (2.2) 3 (4.6) p = 0.22

Assisted ventilation (��) 9 (1.0) 0 (0.0) p = 0.58

� by facial mask

�� One case of mechanical ventilation and eight cases of non-invasive respiratory support.

https://doi.org/10.1371/journal.pone.0261906.t002

Table 3. Outcome and incidence of complication in our population (data are reported as number of cases and per-

centage in brackets).

Outcome Population

n = 884

Maternal Outcome

Caesarean sections 96 (10.9)

Chorioamnionitis 37 (4.2)

Perineal tears 3rd– 4th degree 3 (0.3)

Vaginal haematoma 2 (0.2)

Post partum haemorrhage > 500 cc 230 (26.0)

Blood transfusion 11(1.2)

Placental retention 2 (0.2)

Hysterectomy 1 (0.1)

Neonatal Outcome

Neonatal resuscitation manoeuvres 7 (0.8)

Admission to NICU 17 (1.9)

Umbilical artery pH <7.10 4 (0.5)

Suspected sepsis 13 (1.5)

Sepsis 0 (0.0)

Mechanic ventilation 1 (0.1)

Antibiotics therapy 21 (2.4)

https://doi.org/10.1371/journal.pone.0261906.t003
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hemolytic streptococcus. However, it is noteworthy that the difference in the incidence of

chorioamnionitis between the subgroup with positive inflammatory indices (7.6%) and the

subgroup with negative inflammatory indices (3.9%) was not significantly different (p = 0.14).

The incidence of chorioamnionitis and adverse maternal and perinatal outcomes were sim-

ilar between the two groups. This was the result of: 1) permitting patients with term PROM

and with normal indices of infection to wait up to 24 hours for entering spontaneous labor as

their best possible management option and 2) inducing labor in only a minor subgroup of

term PROM patients with a biological risk of developing chorioamnionitis, either due to

hematological indices of infection or vaginal contamination with beta-hemolytic

streptococcus.

In 2017, a Cochrane review [17] reported a comparison between early induction of labor

and expectant management in women with term PROM. Methods of induction included

intravenous oxytocin, vaginal or oral prostaglandin E2, sublingual or vaginal misoprostol, cau-

lophyllum, and acupuncture. No clear differences between the groups were observed for post-

partum pyrexia, postpartum antibiotic administration, rate of CS for fetal distress, rate of

operative vaginal births, uterine rupture, epidural analgesia, postpartum hemorrhage, cord

prolapse, stillbirth, neonatal mortality, pneumonia, Apgar score< 7 at 5 min, use of mechani-

cal ventilation, and abnormalities in the neonatal cerebral ultrasound.

According to this systematic review, women who underwent early induction demonstrated

a significantly lower risk for maternal infection (chorioamnionitis and/or endometritis) than

those who underwent expectant management (5.4% vs. 11%). However, no significant differ-

ences in the rates of CS were observed between women undergoing induction and those

receiving expectant management; the incidence of CS was 12.6% in the induction group and

15% in the expectant management group. Neonatal sepsis occurred in 2.2% of the expectant

women with term PROM and in 1.2% of the women who received labor induction. Neonatal

sepsis was suspected in 4.1% of the expectant women with term PROM and in 3% of the

women in the induced group. The incidence of perinatal mortality was 0.2% in the expectant

group and 0.1% in the induced group. According to the authors of this systematic review, the

quality of the evidence in the 23 trials analyzed, which included 8,615 cases, was either “low”

or “very low”.

Contradictory results are found even among single, well-designed studies addressing the

balance between the reduction of the risk for chorioamnionitis and neonatal complications,

without a concomitant increase in the rate of CS in women with term PROM undergoing

immediate induction of labor as compared to those receiving expectant management [9, 17,

18–20].

In 1996, a seminal study investigating term PROM by Hannah et al. [9] analyzed 5,041

women with PROM. Patients were randomly assigned to four groups: two groups undergoing

immediate induction of labor (one with intravenous oxytocin and the other with vaginal pros-

taglandin E2 gel) and two control groups receiving expectant management for up to 4 days

after the onset of term PROM. Clinical chorioamnionitis was detected in 4% of the women

immediately induced with oxytocin and in 6.2% of the women induced with prostaglandins.

Furthermore, among the two control groups, the prevalence of chorioamnionitis was 8.8% in

one group and 7.8% in the other group. The rate of CS in the four groups ranged from 9.6% in

the prostaglandin-induced group to 10.9% in the expectant control group. Cord blood

pH< 7.10 was observed in 1.4–2.3% of the subjects. Antibiotics were administered to 12.5%,

7.5%, and 10.9% of the newborns in the expectant, oxytocin-induced, and prostaglandin-

induced groups. Ventilation after initial resuscitation was necessary in 0.6–1% of the total

newborns.
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da Graça Krupa et al. [19] evaluated the maternal and perinatal outcomes in patients with

term PROM undergoing immediate induction of labor with vaginal misoprostol or receiving

expectant management for 24 hours followed by induction. The rate of maternal infection was

not reported; however, the rate of CS was 30.7% in the expectant group and 20% in the miso-

prostol group. There were no differences between the two groups regarding fetal well-being,

complications during labor and delivery, and neonatal or postpartum maternal morbidity.

A similar study by Maqbool et al. [20] analyzed 560 cases of term PROM and compared

outcomes of immediate induction using misoprostol and expectant management: 33% and

61% of the women in the induction group and the expectant group delivered by CS, respec-

tively. The rate of chorioamnionitis was 5% in the induction group and 25% in the expectant

group. The high rate of CS observed in these latter cohorts probably reflects the clinical back-

ground of the centers where the studies were performed—Brazil and Pakistan.

In our study, we stratified the population of women with term PROM to identify those at a

higher risk of infection according to the hematological indices of infection/inflammation and/

or vagino-rectal swabs positive for beta-hemolytic streptococcus. This enabled us to reduce the

number of early inductions without a experiencing a significant increase in the incidence of

chorioamnionitis, CS, and/or neonatal complications.

Although there were no significant differences in the outcomes between the HR and LR

groups, we believe that an overall incidence of 4.2% for chorioamnionitis and a CS rate as low

as 10.9% may be considered a good outcome as compared to the previously reported data. In

fact, the incidences of chorioamnionitis, CS, and/or neonatal complication(s) in our study are

better as compared to in previous studies in which early induction at the time of membrane

rupture was performed routinely.

Furthermore, the choice of selective induction of labor, offered solely to higher-risk popula-

tions, may enable iatrogenic intervention, thereby empowering the physiology of labor even in

cases with term PROM. This important aspect is highlighted in our cohort by the shorter time-

to-delivery observed in pregnant women from the LR group, in whom labor started spontane-

ously in the vast majority of cases (76.7%) and lasted 5 hours lesser than in women from the

HR group who underwent early iatrogenic induction.

Strengths of the present study include the use of a protocol that was strictly applied by all

members of the staff as part of the real-world clinical practice of our unit, and as such, was not

biased by possible prospective trial-positive effects [21] or the enrollment of each consecutive

patient with PROM. According to the design of the study we did non randomized patients in

the HR group, this would require far larger number of cases, but we also doubted that a formal

information in case of positive signs of inflammation could meet a positive acceptance of an

expectant management from pregnant patients at term. Potential additional limitations of this

study include: its single-center design, which may have been biased by local attitudes and skills,

beta-hemolytic streptococcus swabs were performed per protocol two to four weeks prior to

delivery, however the prevalence of GBS positive cases was so small that If any case added in

the lag time between swab and delivery, such small number should not change the balance

between the two groups. Finally, the external validation is limited by the fact that the enrolled

patients were mainly of South European Caucasian ancestry. In addition, we missed an impor-

tant information since we did not measure maternal satisfaction with regard to the labor pro-

cess and delivery in the two groups.

Conclusions

Although term PROM is a frequent event in daily obstetrical practice, few well-designed stud-

ies are available that provide a scientific background on term PROM management. Moreover,
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most current guidelines are still based on the Term Prelabor Rupture of the Membranes

(Term PROM) study [9] published in 1996, or on the clinical consensus of experts [22]. The

criteria adopted as per the protocol in our center, i.e., to administer early induction only to

term PROM patients with hematological evidence of infection/inflammation and with swabs

positive for rectovaginal beta-hemolytic streptococcus, enabled us to achieve similar maternal

and perinatal results between the subgroup of 65 women at high-risk and the 816 women who

did not present with any risks and were managed using the expectant protocol for 24 hours.

Similar results were observed in terms of the CS rate, chorioamnionitis incidence, and perina-

tal outcomes.
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