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Abstract
Background: Preterm premature rupture of amniotic membranes (PPROM) is responsible for about 30%
of premature births, being associated with great neonatal morbidity and mortality. The use of antibiotics
in expectant management seems to increase the latency period between PPROM and birth, as well as
improving maternal and neonatal outcomes. However, short and long term bene�ts, and the ideal
antibiotics regimen remains controversial.

Objective: This study seeks to demonstrate that the use of antibiotics, with azithromycin as macrolide of
choice, in expectant management reduces the birth rate in the �rst 48 hours after PPROM, increasing the
latency period between PPROM and birth.

Methods: Observational, retrospective cohort study in pregnant women with PPROM treated
conservatively at the Hospital de Clínicas de Porto Alegre (HCPA), from January 2012 to December 2019.
For the group that used antibiotics, the scheme was Azithromycin and Ampicillin for 48 hours, followed
by Amoxicillin for 5 days, completing 7 days of treatment. Qualitative data was analyzed by Fisher exact
test, and time to event analysis using Kaplan Meier estimator were used to evaluate latency to birth and
Cox regression to estimate Hazard Rate.

Results: 145 participants, of which 107 did not use antibiotics (group 1) and 38 used antibiotics (group
2). The 48-hour birth rate was signi�cantly lower in the antibiotics group (33.6% in group 1 vs. 16% in
group 2, p=0.04). The birth rate on patients presenting outcomes before 15 days presented a signi�cant
reduction (HR 0.6 [95% ICI 0.39 - 0.92]), as well median time to birth as seen in Kaplan Meier estimator by
log-rank test.

Conclusion: The use of this antibiotics regimen, with azithromicyn as macrolide of choice, reduced the
birth rate in the �rst 48 hours, with potential clinical bene�ts due to the increase in the pharmacological
window for corticosteroid action, among others, and increased median time to birth in �rst 15 days
between PPROM and birth.

1. Introduction
Premature rupture of membranes (PROM) is when spontaneous rupture of fetal membranes occurs
before labor. Preterm PROM (PPROM) is when this event happens before 37 weeks of gestation [1].
PPROM is an important cause of prematurity that occurs in 3% of all deliveries, and is associated with
1/3 of all premature births [2, 3]. On the other hand, prematurity is associated with 35% of neonatal
deaths, being an important public health marker [4]. Lower gestational age and small birth weight are
factors that are greatly associated with increased child mortality rate [5].

Management of patients with PPROM is still controversial, and there is no clear evidence on the ideal
gestational age for termination of pregnancy. Nevertheless, expectant management between gestational
ages (GAs) from 23-24 weeks to 33 weeks + 6 days is currently recommended. Between GAs of 34 to 36
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weeks + 6 days, ACOG [1] considers possible both immediate interruption and expectant management,
but there is no consensus regarding this conduct among the main guidelines around the world.
Immediate interruption is indicated for GAs above 37 weeks, when there are signs of maternal and/or
fetal infection, or non-reassuring fetal status. The interruption is performed, in most cases, with induction
of labor - if there is no contraindication to vaginal delivery [6].

The etiology of PPROM is multifactorial and often idiopathic. Infection can be associated both as a
cause and as a consequence; therefore, in cases of expectant management, the use of antibiotics is
widely investigated. The routine use of antibiotics seems to decrease maternal and fetal morbidity, in
addition to increasing the latency period between rupture of membranes and childbirth [7]. The ideal
combination of types of antibiotics and dosage is not yet well established and needs further studies to be
elucidated [8]. The regimen recommended by ACOG is of erythromycin combined with ampicillin and
amoxicillin [1]. However, other antibiotics regimens have been studied, showing similar outcomes [9–13].

The primary objective of this study is to evaluate the effectiveness of using Azithromycin and Ampicillin,
followed by Amoxicillin, in reducing the birth rate in the �rst 48 hours after PPROM and increasing the
latency time between PPROM and childbirth. Secondary objectives include evidence of a reduction in
rates of chorioamnionitis, endometritis, perinatal morbimortality, among others.

2. Materials And Methods
Observational, retrospective cohort study in pregnant women with PPROM treated expectantly at Hospital
de Clínicas de Porto Alegre (HCPA), Rio Grande do Sul - Brazil, from January 2012 to December 2019.
Possible participants were identi�ed with PPROM, with gestational ages between 23 weeks and 33 weeks
and 6 days, through the review of medical records. Women who were already using antibiotics at the time
of PPROM and/or had used any antibiotics in the last 7 days were excluded. Fetuses weighing less than
the 10th percentile at admission and/or with malformations were excluded since they were potential
confounding factors in the analysis of neonatal data. Pregnant women with cervical cerclage, uterine
malformations and/or multiple pregnancies were also excluded.

Participants were divided into two groups: Group 1 did not receive any antibiotics and Group 2 received
antibiotics. The regimen used in group 2 was oral Azithromycin 1 gram (g) single dose with intravenous
Ampicillin 2 g as the loading dose and 1 g every 6 hours for 48 hours as the maintenance dose, followed
by Amoxicillin 500 mg every 8 hours for 5 days - completing 7 days of treatment. Latency time was
de�ned as the time between PPROM and birth.

The diagnosis of amniorrhexis was made by specular examination, and gestational age was calculated
using the earliest ultrasound performed. Participants were followed according to hospital protocol. Group
B streptococcus (GBS) was investigated with vaginal and rectal swab, except for those already
considered colonized, with urinary infection by GBS in this pregnancy or with a previous child who had
GBS infection. Fetal wellbeing was assessed with fetal biophysical pro�le and serial cardiotocography.
Ultrasound and tests such as blood count and urine analysis were also serially performed to assess fetal
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growth and to investigate infection, respectively. Data were collected for all participants in the period
between January 2012 and December 2019.

The expected difference in birth rate in the �rst 48 hours after PPROM was of 32% between the groups, as
described by Grable et al. We calculated that enrollment of 108 participants (27 in the �rst group and 81
in the second group) would provide a power of 90% to detect this difference, with an alpha of 0.05. A
great variability of this rate is found in the literature and is altered with the type of primary analyses that
were made; however, we considered that this sample size was the minimum necessary to �nd a
statistically signi�cant difference considering a large effect size.

Analyses were performed using R Statistical Software (version 4.0.0, R Core Team. R: A language and
environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria) and
RStudio (version 1.1.4 RStudio Team. RStudio: Integrated Development for R. RStudio, Inc., Boston, MA).
Numerical variables were evaluated for normality by histograms and by the Shapiro-Wilk test, and,
presenting assimetry in these distributions, Mann-Whitney test was used. To dichotomous outcomes, Chi
Square or Fisher exact test were used, and we also estimated Relative Risk and 95% con�dence intervals,
using 5000 bootstrap simulations, as suggested by Mwangi et al. for unbalanced groups [14]. Time to
event analysis was made using Kaplan Meier estimator, with comparison among groups made by log-
rank test.

Cox Proportional Hazards regression was used to to control for confounders, estimating models as
proposed by Colosimo [15], checking proportional hazards assumption by visual inspection of
Schoenfeld residuals and testing for trends towards time. In order to adjust for best �t model we used
likelihood ratio test, Akaike and Bayesian Information Criteria (AIC and BIC). Differences were considered
as statistically signi�cant when the p-value was less than 0.05.

3. Results
From January 2012 through December 2019, 433 potential participants were identi�ed. Among these, 226
were excluded for not having criteria for PPROM or having gestational age less than 23 weeks or more
than 34 weeks. The remaining 207 women had a diagnosis of PPROM and expectant management was
indicated, but 62 had potential confusion factors for the outcomes and were excluded (Figure 1). A total
of 145 pregnant women were included: 107 did not receive antibiotics (group 1) and 38 received
antibiotics (group 2). Baseline characteristics of each group with information obtained on hospital
admission (Table 1), showing similarity between the groups.
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Table 1
Obstetric and demographic data of the women included in the study.

Demographic data at admission Group 1

(No antibiotics)

Group 2

(With antibiotics)

n 107 38

Age, years 26.0 [21.0, 33.0] 25.0 [20.0, 33.8]

Level of schooling    

Complete primary school 20 (18.7) 7 (18.4)

Incomplete elementary school 40 (37.4) 11 (28.9)

Complete high school 26 (24.3) 11 (28.9)

Incomplete high school 9 (8.4) 4 (10.5)

Complete higher education 3 (2.8) 1 (2.6)

Incomplete higher education 9 (8.4) 4 (10.5)

Race    

White 71 (66.4) 26 (68.4)

Black 20 (18.7) 9 (23.7)

Mixed 16 (15.0) 3 (7.9)

Number of prenatal care visits 4.0 [3.0, 6.0] 5.0 [3.0, 6.0]

Parity    

Nulliparous 37 (34.6) 12 (31.6)

Gestational age at PPROM    

23 weeks to 27 weeks + 6 days 21 (19.6) 10 (26.3)

28 weeks to 30 weeks + 6 days 21 (19.6) 5 (13.1)

31 weeks to 33 weeks + 6 days 65 (60.7) 23 (60.5)

Maternal comorbidities    

Gestational diabetes 6 (4.3) 9 (15.8)

Chronic hypertension 4 (2.8) 1 (1.8)

Urinary tract infection during this pregnancy 26 (18.4) 14 (24.6)

Previous premature labor 18 (12.8) 3 (5.3)

Inhibition of premature labor during this pregnancy 9 (6.4) 1 (1.8)
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Demographic data at admission Group 1

(No antibiotics)

Group 2

(With antibiotics)

Previous PPROM 7 (5.0) 1 (1.8)

Smoking 23 (16.3) 5 (8.8)

Asthma 4 (2.8) 5 (8.8)

Psychiatric disorders 7 (5.0) 1 (1.8)

First Trimester Bleeding 6 (4.3) 0 (0)

Other maternal pathologies 31 (22.0) 17 (29.8)

3.1. Latency Period
The 48-hour birth rate was signi�cantly lower in the antibiotics group (n=36 [33.6%] in group 1, vs. 6 [16%]
in group 2, RR 0.46 [95%CI 0.15 - 0.90], p=0.04), as shown in Table 2. The 7-day birth rate was also lower
in the antibiotics group (n=68 [63.5%] in group 1 vs. 18 [47%] in group 2, RR 0.74 [95%CI 0.47 - 1.03],
p=0.09), though without statistical signi�cance.
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Table 2
Obstetrics outcomes and maternofetal complications.

  Group 1

(No antibiotics)

Group 2

(With antibiotics)

p-
value

RR 95% CI

n 107 38      

Outcomes          

Birth in the �rst 48 hours 36 (33.6) 6 (15.8) 0.04 0.46 0.15 -
0.90

Birth in the �rst 7 days 68 (63.6) 18 (47.4) 0.09 0.74 0.47
-1.03

1-minute APGAR < 7 32 (29.9) 8 (21.1) 0.39 0.70 0.28 -
1.28

5-minutes APGAR < 7 8 (7.5) 3 (7.9) 1.00 1.05 0.0 -
3.51

Birthweight. grams 1935 [1503.8,
2133.8]

1900 [1507.5,
2142.5]

0.82 - -

Arterial cord pH 7.31 [7.26, 7.35] 7.29 [7.25, 7.34] 0.62 - -

Arterial cord base excess -3 [-5.5, -1.8] -4.2 [-6.1, -2.2] 0.25 - -

ICU lenght of stay, days 20 [11.0, 43.0] 21 [14.0, 33.25] 0.82 - -

Neonatal complications          

Surfactant Use 24 (22.4) 10 (26.3) 0.65 1.17 0.56 -
2.17

Neonatal ICU Hospitalization 104 (97.2) 37 (97.4) 1.0 1.00 0.92-
1.05

Ventilatory Support 79 (73.8) 30 (78.9) 0.66 1.06 0.85 -
1.29

Necrotizing Enterocolitis 10 ( 9.3) 2 (5.3) 0.73 0.56 0.00 –
1.87

Presumed Neonatal Sepsis 82 (76.6) 27 (71.1) 0.52 0,93 0.72 -
1.15

Intracranial Hemorrhage 11 (10.3) 6 (15.8) 0.38 1.54 0.43 -
3.75

Neonatal Pneumonia 11 (10.3) 0 (0.0) 0.07 0.0 0.0 – 0.0

Neonatal Death 6 ( 5.6) 3 (7.9) 0.69 1.40 0.0 –
5.63

Meningitis 6 ( 5.6) 0 (0.0) 0.34 0.0 0.0 - 00
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  Group 1

(No antibiotics)

Group 2

(With antibiotics)

p-
value

RR 95% CI

Cardiorrespiratory Arrest 2 ( 1.9) 2 (5.3) 0.28 2.82 0.0 – 0.0

Septic Shock 5 ( 4.7) 1 (2.6) 1.00 0.56 0.00 -
2.81

Other Complications 15 (14.0) 5 (13.2) 1 0.93 0.21 -
2.19

Maternal complications          

Clinical Chorioamnionitis 28 (26.2) 9 (23.7) 0.83 0.90 0.41-
1.66

Endometritis 6 (5.6) 0 (0.0) 1.0 0.0 0.0 – 0.0

Maternal Sepsis Sepsis 1 (0.9) 0 (0.0) 1 0.0 0.0 – 0.0

Aditional Hypotonia
Management

4 (3.7) 5 (13.3) 0,053 3,52 0.70 -
22.52

We also performed time-to-event analysis using Cox regression, �tting several multivariate models. Even
so, the best �t was univariate with antibiotics treatment. Also, in order to do not violate proportional
hazards assumption, we strati�ed our population in those with event before and after 15 days.

In population with event before 15 days, we have observed a signi�cant reduction events rate HR 0.6 [95%
ICI 0.39 - 0.92] when comparing antibiotics treatment group with non-treated group, as estimated by Cox
PH. Also, by Kaplan-Meier estimator (Fig. 2), we also detected higher median time in G2 (94 hours [95%CI
72-216]) in comparison with G1 (70 hours [95%CI 45-96]), as detected by log-rank test (chi square = 5.3, 1
d.f., p = 0.02) (Fig. 2a).

Even so, in strata of birth after 15 days, we did not observed a signi�cant difference both in Cox (HR 2.2
[95%IC 0.76 – 6.39], p=0.14) model and Kaplan Meier curve (546 hours [95%IC 450-564] in G1 e 534
hours [95%IC 432-Inf] no G2, Chi-square=0.4, 1 d.f., p=0.50, Log-rank test) (Fig. 2b). However, low number
of events could explain high amplitude of variances, limiting robustness of these estimates.

3.2. Obstetrics Outcomes And Maternofetal Complications
No signi�cant difference between groups was found for other outcomes described in Table 2, such as the
need for admission to a neonatal ICU and/or days of hospitalization, APGAR in 1 and 5 minutes, pH and
excess base in the newborn's blood gas analysis and birth weight. Caesarean indications were similar
between groups.
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We also described neonatal complications (Table 2), �nding no signi�cant difference was found between
the groups. Six (5.6%) newborns with meningitis were identi�ed in group 1, and none in the antibiotics
group. Neonatal pneumonia was present in 11 newborns in group 1 (10.28%, p=0.19) and in 1 in group 2
(2.56%, p=0.18). There was also no difference in the outcome of necrotizing enterocolitis (10 newborns
[9.35%] in group 1 vs. 2 [5.13%] in group 2, p=0.51). As for maternal complications, endometritis was
found in six postpartum women in group 1 and none in the antibiotics group, but without statistical
signi�cance (p=0.19). There was also no signi�cant difference between groups regarding maternal sepsis
or the need for management of uterine atony. Anatomopathological examination of 123 placentas was
performed, showing chorioamnionitis in 76 placentas, with no difference between groups.

4. Discussion
Our cohort study demonstrates an increased latency time between PPROM and birth in the group that
received antibiotics, reducing the 48-hour birth rate and increased median latency time in 15 days strata,
as well rate of events on this speci�ed period. Some studies show similar results, with increased latency
time with the use of antibiotics [16–19]. However, to our knowledge, this is the �rst study using the
antibiotics regimen of azithromycin and ampicillin, followed by amoxicillin, compared to not using
antibiotics.

The main international guidelines recommend the combination of a beta-lactam antibiotic (penicillin,
ampicillin and/or amoxicillin) associated with a macrolide (erythromycin) [1, 20, 21]. Nevertheless, a
recent meta-analysis concluded that data in this subject are still insu�cient to determine the best
antibiotic regimen [22]. With the exception of amoxicillin + clavulanate, which increased the risk of
necrotizing enterocolitis, no antibiotic regimen was found to be superior to the other [8].

The combination that was administered in our study, using azithromycin as the macrolide of choice, has
been tested more recently and appears to be a good option, due to having a lower cost, easier
administration (single oral dose), easier access and availability in developing countries, and reduced side
effects when compared to erythromycin, with no difference in latency time between groups [10, 11, 13,
23]. Noteworthy, erythromycin is not available in uni�ed health system (SUS) funded hospitals.

In this context, a multicenter retrospective cohort compared different doses of azithromycin (single dose,
5 days or 7 days) versus erythromycin, showing no difference in latency time between the 4 groups. The
latency time was on average 5 days, while in our study the average time was higher, of 8 days [23].

Compared to a study conducted by Kenyon et al [17], we found similar 48-hour birth rates in the group
without antibiotics (35.6% vs. 33.6%, respectively); however, our study had a lower percentage of births in
the �rst 48 hours in the group with antibiotics (33.0% vs. 16.0%). The same trend was found when
comparing birth rates in 7 days, in the group without antibiotics (60.5% vs. 63.5%) and in the group with
antibiotics (57.7% vs. 47.0%) [17]. On time to event analysis, this antibiotic scheme has increased latency,
limited to 15 days strata, that could be explained to antibiotics phamarcokinetics [24] .
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A 2013 Cochrane review with 22 randomized clinical trials showed that the use of antibiotics in PPROM
reduced the rates of chorioamnionitis, abnormal brain ultrasound before hospital discharge, neonatal
infection, and surfactant and oxygen use in the newborn[8]. Among the many bene�ts of reducing the 48-
hour birth rate after PPROM, which was demonstrated in this study, is the increase of the therapeutic
window for administration of antenatal corticosteroids. Its use after PPROM is associated with a
reduction in neonatal mortality, respiratory dysfunction, intraventricular hemorrhage and necrotizing
enterocolitis [7, 25, 26].

Our study demonstrated lower rates of endometritis, pneumonia and neonatal meningitis in the group
that used antibiotics, though without statistical signi�cance. The fact that we did not �nd any difference
in such maternal and neonatal outcomes can be explained by our small sample size, which is a limitation
of the study. Due to the impossibility of conducting a prospective study with this design for ethical
reasons, we suggest further retrospective studies with a larger sample size enrolled, in order to better
evaluate maternal and neonatal outcomes. In addition, we also highlight the need to conduct randomized
clinical trials comparing different antibiotic regimens, considering that there is still a gap regarding the
ideal antibiotic regimen (drugs and doses) to be used in this group of patients. Even though,
observational studies with proper confounder control may be a source of causal inference, which
enhances validity of our results [27, 28].

5. Conclusion
In women with PPROM, the use of the antibiotics regimen consisting of oral Azithromycin 1 g single dose
and intravenous Ampicillin 2 g as the loading dose and 1 g every 6 hours for 48 hours as maintenance,
followed by Amoxicillin 500 mg every 8 hours for 5 days (total of 7 days of treatment), signi�cantly
reduced the 48-hour birth rate and time to birth in 15 days strata, compared to not using antibiotics.
Con�rming previous �ndings, it also increased the latency time between PPROM and birth, with an
important clinical bene�t by increasing the pharmacological action window for corticotherapy.
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Figure 1

Flowchart of patients selection.
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Figure 2

Kaplan Meier survival curves of latency period duration by antibiotic treatment. (a) up to 15 days after
PPROM and (b) after 15 days post PPROM. In the Kaplan Meier survival curves, G1 is represented in black
and G2 in grey, x-axis representing time in hours and y-axis probability of birth event. Log-Rank test,
p=0.01.


