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a b s t r a c t

Objective: The purpose of this study is to investigate the factors associated with successful amniopatch
treatment in patients with iatrogenic preterm premature rupture of membranes (iPPROM) or sponta-
neous PPROM (sPPROM) before 23 weeks' gestation.
Materials and methods: This cohort study included 28 women who received amniopatch treatment due
to iPPROM or sPPROM at 15e23 weeks' gestation. Patients' clinical characteristics before performing the
amniopatch, factors associated with the procedure, pregnancy and neonatal outcomes were compared
between the iPPROM and sPPROM groups, and also between the successful and failed groups.
Results: The amniopatch was successful in 6 of 28 patients (21.4%) with a success rate of 36.4% (4/11) and
11.8% (2/17) in the iPPROM group and sPPROM group (P ¼ 0.174), respectively. The success group had a
longer PPROM-to-delivery interval, fewer cases of clinical chorioamnionitis, larger birth weight, and
lower neonatal intensive care unit admission rate than the failed group. The success rate of amniopatch
procedure was proportional to maximal vertical pocket prior to procedure, which showed statistically
significant association (adjusted odds ratio: 3.62, 95% confidence interval: 1.16e11.31, P ¼ 0.027).
Conclusion: The amniopatch treatment success rate was higher in the iPPROM group than the sPPROM
group, but was not statistically significant. The neonatal outcome was more favorable when the
amniopatch was successful. However, the only predictive factor associated with successful amniopatch
was a larger amniotic fluid volume before the procedure.
© 2017 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Rupture of fetal membranes before or at the limit of fetal
viability, also known as ‘pre-viable’ preterm premature rupture of
membranes (PPROM), complicates about 1e4 in every thousand
pregnancies [1,2]. PPROM at this early stage of pregnancy occurs
either iatrogenically (iPPROM) or spontaneously (sPPROM). Pre-
viable iPPROM may occur after chorionic villus sampling, amnio-
centesis or fetal therapy procedures, including shunt therapy,
fetoscopy, and radiofrequency ablation [3,4]. The etiology of pre-
viable sPPROM is more complicated and multifactorial, although
intrauterine infection is known to be themost common identifiable
cause [2]. Regardless of the type or etiology, the prognosis of pre-
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viable PPROM is not promising [5e8]. Even with the recent ad-
vances in obstetric and neonatal care, the survival rate of neonates
born at less than 22e24 weeks of gestation ranges only 40e60% at
best [9,10], while survival is virtually impossible when the baby is
unavoidably born before 20e22 weeks.

The obstetric management options for pre-viable PPROM
include termination of pregnancy, expectant management and
aggressive intervention with antibiotics, cerclage, or tocolysis
[2,9,11]. In cases with severe oligohydramnios, transabdominal
amnioinfusion may be beneficial for preventing pulmonary hypo-
plasia and prolonging the latency period [12,13]. However, none of
these treatments can possibly seal the defect completely. Many
experimental and clinical studies have been conducted in order to
seal the defected membranes, including evaluation of the amnio-
patch technique [14e23]. The amniopatch technique was first
introduced by Quintero et al. [24] in 1996. It consisted of infusing a
platelet concentrate and cryoprecipitate into the amniotic cavity
y Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:drmaxmix.choi@samsung.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tjog.2017.08.005&domain=pdf
www.sciencedirect.com/science/journal/10284559
http://www.tjog-online.com
http://dx.doi.org/10.1016/j.tjog.2017.08.005
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.tjog.2017.08.005
http://dx.doi.org/10.1016/j.tjog.2017.08.005


J.-H. Sung et al. / Taiwanese Journal of Obstetrics & Gynecology 56 (2017) 599e605600
which may form a plug and seal the defected site, as a result of
platelet activation and fibrin formation [24]. The success rate of the
amniopatch treatment varies from 10 to 60% depending on the
cause of PPROM, with a higher success rate recorded in patients
with iPPROM compared to those with sPPROM [3,18,25]. However,
the efficacy of amniopatch treatment in patients with iPPROM and
sPPROM has only been directly compared in small sample size
studies.

Although the success rate of amniopatch in patients with
iPPROM is higher than in those with sPPROM, the procedure is
assumed to fail in more than 4 out of 10 patients with iPPROM. On
the other hand, a few cases with complete sealing of the defected
membranes in sPPROM, resulting in prolongation of the pregnancy
to the term have been reported [19,26,27]. Therefore, we hypoth-
esized that a subset of the populationmay benefit from amniopatch
treatment when their membranes rupture either iatrogenically or
spontaneously. In this study, we aimed to compare the efficacy of
amniopatch in patients with iPPROM and sPPROM before 23 weeks'
gestation, and investigate the factors associated with the success of
amniopatch treatment.

Materials and methods

This is a cohort study of women diagnosed with PPROM at
15e23 weeks of gestation between September 2007 and March
2014 at Samsung Medical Center, a tertiary-care referral hospital in
Seoul, Korea. This study was approved by the Institutional Review
Board for Clinical Research at Samsung Medical Center (IRB No.
2011-10-045).

The diagnosis of ruptured membranes was made by the pres-
ence of gross leakage and pooling of amniotic fluid in the vagina
with positive nitrazine test or placental alpha microglobulin-1 test
result, and/or dye test by amniocentesis. Gestational age was
calculated based on crown-rump length measurement made dur-
ing the first trimester. Patients were placed for at least 2 days of bed
rest, in trial with expectation of spontaneous sealing of the mem-
branes. During this waiting period, prophylactic antibiotic treat-
ment, with intravenous cefazolin (1 g every 6 h) and oral
clarithromycin (500 mg every 12 h) administration, and the daily
amniotic fluid volume measurement was performed. If the amni-
otic fluid leakage persisted and the amniotic fluid volume contin-
uously decreased, we counseled the patient about the potential
benefits and risks of pregnancy continuation, and offered the
following options: 1) active treatment with an effort to seal the
ruptured membranes using the amniopatch technique; 2) expec-
tant management with prophylactic antibiotics, antenatal cortico-
steroids and/or tocolytics; or 3) termination of pregnancy. The
amniopatch procedure was not offered as a treatment option to
patients with regular uterine contractions or vaginal bleeding,
major fetal congenital anomalies, or signs or symptoms of clinical
chorioamnionitis.

We obtained written informed consent from each patient who
chosen the amniopatch treatment. The amniopatch protocol used
at our institute is described in detail in a previous report [19].
Briefly, blood products were prepared using the autotransfusion
protocol, and an ultrasound-guided amnioinfusion of the platelet
concentrate followed by cryoprecipitate was performed using a
20e22 gauge amniocentesis needle. Over the following days, bed
rest, prophylactic antibiotic therapy, and daily ultrasound moni-
toring for amniotic fluid volume were continued. Tocolytics and
antenatal corticosteroid were administered when indicated at the
discretion of the physician. Primary outcome was achievement of
successful amniopatch, determinant by no further additional am-
niotic fluid leakage and maintenance/increase of amniotic fluid
volume after the treatment. Failure of amniopatch treatment was
defined as continuous amniotic fluid leakage after the procedure
and/or persistent oligohydramnios.

Clinical characteristics of patients before performing an
amniopatch included age, parity, gestational age at PPROM, twin
pregnancy, and incompetent cervix. Factors associated with the
procedures included gestational age at amniopatch, PPROM-to-
amniopatch interval, maternal serum white blood cell (WBC)
count and C-reactive protein (CRP) level, amounts of blood prod-
ucts infused, maximal vertical pocket (MVP) before and after the
procedure. MVP was used in place of amniotic fluid index as a
predictor variable because the 4 quadrant assessment was not
feasible in twin pregnancies or severe oligohydramnios.

Pregnancy outcomes included termination of pregnancy (TOP),
fetal death, stillbirth, live birth, gestational age at delivery, delivery
beyond 34 weeks of gestation, delivery beyond 37 weeks of
gestation, PPROM-to-delivery interval, amniopatch-to-delivery in-
terval, and clinical and histological chorioamnionitis. TOP was done
when pregnant woman refused to maintain the pregnancy. Fetal
death was defined as no fetal heart beat in absent of labor while in
uterus. Whereas stillbirth included all death of fetus including,
death occurring with or immediately after birth. Clinical cho-
rioamnionitis was defined as maternal fever of 37.8 �C or more plus
one or more of the following signs: uterine tenderness, malodorous
vaginal discharge, maternal serum white blood cell count of more
than 15,000 cells/mm3, maternal tachycardia (>100 beats/min),
and fetal tachycardia (>160 beats/min). Histological chorioamnio-
nitis was defined as the presence of acute inflammatory change in
one or more placentas. Neonatal outcomes of live-born neonates
included sex, birth weight, need of admission to the neonatal
intensive care unit, and neonatal mortality. In twin pregnancies,
only the neonates with ruptured membranes were included in the
analysis.

The ManneWhitney U test was used to compare continuous
variables, and the Fisher's exact test was used to compare cate-
gorical variables. Conditional exact logistic regression was per-
formed to evaluate the effects of potential confounding variables on
the success of amniopatch procedure. The results were considered
statistically significant when P values were <0.05.

Results

During the 7-year study period, 117 patients were diagnosed
with PPROM at 15e23 weeks of gestation at Samsung Medical
Center, of whom 14 (12.0%) had iPPROM after genetic amniocen-
tesis and 103 (88.0%) had sPPROM. Fourteen patients were trans-
ferred to other hospitals before delivery and lost to follow up, 25
patients chose to terminate the pregnancy, and 50 patients were
conservatively managed without an amniopatch. The pregnancy
outcome such as FDIU, stillbirth and live birth of those who were
expectantly managed is shown in the Fig. 1. Finally, 28 patients who
selected the amniopatch treatment were included in the final
analysis. The median gestational age at PPROM diagnosis and
amniopatch procedure was 18.5 weeks (range, 16.3e23.0 weeks)
and 20.3 weeks (range, 17.0e23.7 weeks), respectively. A total of 34
amniopatch procedures were performed, including those repeated
in 6 patients. The amniopatch treatment was repeated in 6 patients,
due to first amniopatch treatment failure in 5 cases and re-rupture
despite successful first amniopatch treatment in one patient. The
second amniopatch treatment was performed as the patients
showed no evidence of chorioamnionitis or preterm labor, and
strongly wished to prolong the pregnancy. Among 5 patients with
failed first amniopatch treatment, 4 cases were spontaneous
PPROM and one casewas due to iatrogenic PPROM after performing
amniocentesis. In the other one re-ruptured patient, whose mem-
branes ruptured spontaneously before performing an emergency



Fig. 1. Study population flowchart. *, fetal death occurred 14 weeks after the amniopatch procedure (19 weeks of gestation).
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cerclage due to incompetent cervix, the first amniopatch treatment
was successful. However, the amniotic sac re-bulged into the
vaginal and eventually emergent cerclage was performed, where
the membrane ruptured again 4 days later. The interval between
the first and second amniopatch was 7e8 days in all 6 cases.

First, we compared the outcome of amniopatch treatment be-
tween the sPPROM (n ¼ 17) and iPPROM (n ¼ 11) group. The two
groups were similar with respect to clinical characteristics, but the
median gestational age at diagnosis of PPROM and amniopatch
procedure was higher in the sPPROM group than in the iPPROM
group (Table 1). The amniopatch procedure was successful in 6 of
28 patients (21.4%). The success rate in women with iPPROM was
higher than in those with sPPROM (36.4% [4/11] vs. 11.8% [2/17]),
but the difference was not statistically significant (P ¼ 0.174).

Among 28 patients, 3 patients were lost for follow up and 2
patients decided to terminate pregnancy after failing of amniopatch
treatment (Fig. 1). Pregnancy and neonatal outcomes were not
significantly different between the iPPROM group and the sPPROM
group, except for a higher rate of FDIU in the iPPROM group than
the sPPROM group (Table 2).

To investigate whether any factors were associated with
amniopatch treatment success, we compared clinical characteris-
tics and factors associated with the procedure between the success
group (n ¼ 6) and failure group (n ¼ 22) (Table 3). The two groups
were similar with respect to patients' characteristics before per-
forming the amniopatch procedure. The median MVP before
amniopatch was significantly larger in the success group than the
failure group (1.8 cm [0.6e3.1 cm] vs. 0 cm [0e4.3 cm], P ¼ 0.008).
Although the median MVP measured immediately after the
amniopatch was similar in both groups, it became significantly
greater by 24 h' period in the success group compared to the failed
group, which was consistent after 7 days. Other factors including
gestational age at amniopatch, PPROM-to-amniopatch interval,
maternal serum WBC count and CRP level, and volume of blood
products infused were not significantly different between the
success and failure group. Multivariable analysis showed greater
MVP before amniopatch in the success group (adjusted odds ratio:
3.62, 95% confidence interval: 1.16e11.31, P¼ 0.027). Amniotic fluid
culture was performed in 6 patients, and only 1 patient in the
sPPROM group who failed in the amniopatch treatment, had a
positive culture for Ureaplasma urealyticum.

The live birth rate was 83.3% (5/6) and 31.8% (7/22) in the suc-
cess group and failure group, respectively (Table 4). One patient in
the success group had a stillbirth at 33 weeks of gestation due to
fetal death in utero, but the fetal death was unlikely to be associ-
ated with the amniopatch procedure because it occurred 14 weeks
after treatment (19 weeks of gestation). Of the 6 women in the
success group, 2 delivered their infants at term and the other 4 had



Table 1
Clinical characteristics of patients and outcome of amniopatch procedures; spontaneous versus iatrogenic preterm premature rupture of membranes.

Spontaneous (n ¼ 17) Iatrogenic (n ¼ 11) P value

Maternal age (year) 33 [26e44] 30 [26e40] 0.082
Multiparity 9 (52.9%) 5 (45.5%) 0.699
Twin 2 (11.8%) 1 (9.1%) 1.000
Cervical incompetence 6 (35.3%) 0 (0%) 0.055
GA at PPROM (week) 20.3 [16.7e23.0] 17.4 [16.3e19.4] 0.002
MVP before amniopatch (cm) 0 [0e4.3] 0.3 [0e3.1] 0.902
GA at amniopatch (week) 20.9 [18.4e23.7] 19.3 [17.0e21.7] 0.004
PPROM-to-amniopatch interval (day) 6 [2e35] 5 [2e25] 0.817
Maternal serum WBC count (/mL) 10,260 [5110e19,520] 7700 [3180e12,550] 0.073
Maternal serum CRP (mg/dL) 0.28 [0.03e2.71] 0.37 [0.05e1.08] 0.824
Volume of blood products
Platelet concentrate (mL) 30 [4e46] 30 [10e40] 0.458
Cryoprecipitate (mL) 30 [8e50] 30 [15e40] 0.746

MVP immediately after amniopatch (cm) 2.6 [0e5.0] 2.5 [0e4.7] 0.718
MVP 1 day after amniopatch (cm) 0.9 [0e6.4] 1.0 [0e4.8] 0.334
MVP 7 days after amniopatch (cm) 2.1 [0e3.3] 2.4 [0e4.9] 0.211
Result of amniopatch 0.174
Success 2 (11.8%) 4 (36.4%)
Failure 15 (88.2%) 7 (63.6%)

Data are expressed in median [range] or number (%).
PTD; preterm delivery, GA; gestational age, PPROM; preterm premature rupture of membranes, WBC; white blood cell, CRP; C-reactive protein, MVP;
maximal vertical pocket.

Table 2
Pregnancy outcome and neonatal outcome; spontaneous versus iatrogenic preterm premature rupture of membranes.

Pregnancy outcome Spontaneous (n ¼ 17) Iatrogenic (n ¼ 11) P value

Lost to follow up 1 (5.9%) 2 (18.2%) 0.543
Termination of pregnancy 2 (11.8%) 0 (0%) 0.505
Fetal death 1 (5.9%) 4 (45.5%) 0.022
Stillbirth 4 (23.5%) 1 (9.1%) 0.619
Live birth 9 (52.9%) 3 (27.3%) 0.253
GA at delivery (week)a 23.5 [20e39] 22 [17e40] 0.781
Delivery at �34 weeka 2 (14.3%) 1 (11.1%) 1.000
Delivery at �37 weeka 1 (7.1%) 1 (11.1%) 1.000

PPROM-to-delivery interval (day)a 25.5 [4e152] 32 [2e158] 0.600
Amniopatch-to-delivery interval (day)a 11.5 [2e117] 12 [1e153] 0.877
Clinical chorioamnionitisa,b 7/14 (50.0%) 3/8 (37.5%) 0.675
Histologic chorioamnionitisa,b 10/14 (71.4%) 3/8 (37.5%) 0.187

Neonatal outcome of live-born neonates Spontaneous (n ¼ 9) Iatrogenic (n ¼ 3) P value

Gender (male) 6 (66.7%) 2 (66.7%) 1.000
Birth weight (Kg) 0.68 [0.54e3.08] 2.00 [0.93e3.22] 0.064
NICU admission 8 (88.9%) 1 (33.3%) 0.127
Neonatal mortality 3 (33.3%) 0 (0%) 0.509

Data are expressed in median [range] or number (%).
GA; gestational age, PPROM; preterm premature rupture of membranes, NICU; neonatal intensive care unit.

a Cases that are lost to follow up and cases who terminated the pregnancies are excluded from the analysis.
b Denominators are the numbers of cases with available placental pathology results.
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a preterm delivery (24, 27, 33, 33 weeks, respectively), while none
in the failure group delivered beyond 37 weeks of gestation. The
median ROM-to-delivery interval and amniopatch-to-delivery in-
terval was significantly longer in the success group than in the
failure group. Clinical chorioamnionitis occurred in 58.8% of failure
group, but none in the success group. Histological chorioamnionitis
was diagnosed in 70.6% of patients in the failure group, but only in 1
patient in the success group, who delivered at 24 weeks of gesta-
tion after a successful amniopatch performed at 20 weeks of
gestation. Neonatal outcomes were more favorable in the success
group than the failure group in terms of heavier median birth
weight and lower neonatal intensive care unit admission rate.

Discussion

In this study, we described the outcomes of amniopatch treat-
ment in women with iPPROM and sPPROM before 23 weeks'
gestation, and investigated the factors associated with a successful
amniopatch treatment. Our data showed that although the success
rate in the iPPROM group was higher than the sPPROM group, the
difference was not statistically significant. Pregnancy and neonatal
outcomes were more favorable when the amniopatch treatment
was successful, while a larger MVP before the procedure was the
only significant predictive factor associated with the success of the
amniopatch procedure.

Amniopatch treatment is not a novel technique. It was first
introduced in 1996 [24]. However, less than a hundred cases of
PPROM treated with amniopatch have been published worldwide
for last 20 years [3,19e23,25e32]. Although the size of the study
population is not large enough to draw a conclusion, the benefits
of amniopatch treatment in terms of prolongation of pregnancy
and improvement in perinatal survival in pregnancies with
PPROM, are considerably evident. Recently, Kozinsky et al. [18]
reviewed the available literature and reported an overall peri-
natal survival rate of 61.4% after amniopatch treatment in pregnant
women with PPROM at 16e25 weeks of gestation, which is higher



Table 3
Clinical characteristics of patients and factors associated with the procedures; success versus failure cases.

Success (n ¼ 6) Failure (n ¼ 22) P value

Maternal age (year) 31.5 [30e39] 32.5 [26e44] 0.723
Multiparity 3 (50.0%) 11 (50.0%) 1.000
Twin 1 (16.7%) 2 (9.1%) 0.530
Cervical incompetence 1 (16.7%) 5 (22.7%) 1.000
GA at PPROM (week) 17.4 [16.3e20.3] 18.6 [16.7e23.0] 0.078
Type of PPROM 0.174
Spontaneous 2 (33.3%) 15 (68.2%)
Iatrogenic 4 (66.7%) 7 (31.8%)

MVP before amniopatch (cm) 1.8 [0.6e3.1] 0 [0e4.3] 0.008
GA at amniopatch (week) 20.1 [17.2e22.3] 20.4 [17.0e23.7] 0.566
PPROM-to-amniopatch interval (day) 5.5 [1e35] 5.5 [1e25] 0.935
Maternal serum WBC count (/mL) 6950 [5110e10,902] 9610 [3180e19,520] 0.078
Maternal serum CRP (mg/dL) 0.16 [0.07e1.08] 0.30 [0.03e2.71] 0.712
Volume of blood products
Platelet concentrate (mL) 25 [4e40] 30 [7e46] 0.336
Cryoprecipitate (mL) 33 [20e40] 30 [8e50] 0.460

MVP immediately after amniopatch (cm) 2.9 [2.3e4.5] 2.2 [0e5.0] 0.303
MVP 1 day after amniopatch (cm) 2.5 [1.0e6.1] 0.9 [0e6.4] 0.031
MVP 7 days after amniopatch (cm) 4.2 [1.5e4.9] 0.8 [0e4.3] 0.002

Data are expressed in median [range] or number (%).
PTD; preterm delivery, GA; gestational age, PPROM; preterm premature rupture of membranes, WBC; white blood cell, CRP; C-reactive protein, MVP;
maximal vertical pocket.

Table 4
Pregnancy outcome and neonatal outcome; success versus failure cases.

Pregnancy outcome Success (n ¼ 6) Failure (n ¼ 22) P value

Lost to follow up 0 (0%) 3 (13.6%) 1.000
Termination of pregnancy 0 (0%) 2 (9.1%) 1.000
Fetal death 1 (16.7%) 5 (22.7%) 1.000
Stillbirth 0 (0%) 5 (22.7%) 0.553
Live birth 5 (83.3%) 7 (31.8%) 0.057
GA at delivery (week)a 33.0 [24e40] 21 [17e34] 0.001
Delivery at �34 weeka 2 (33.3%) 1 (5.9%) 0.155
Delivery at �37 weeka 2 (33.3%) 0 (0%) 0.059

PPROM-to-delivery interval (day)a 106 [31e158] 16 [2e77] <0.001
Amniopatch-to-delivery interval (day)a 87 [30e153] 8 [1e75] <0.001
Clinical chorioamnionitisa,b 0/5 (0%) 10/17 (58.8%) 0.040
Histologic chorioamnionitisa,b 1/5 (20.0%) 12/17 (70.6%) 0.116

Neonatal outcome of live-born neonates Success (n ¼ 5) Failure (n ¼ 7) P value

Gender (male) 4 (80.0%) 4 (57.1%) 0.576
Birth weight (Kg) 2.00 [0.74e3.22] 0.64 [0.54e1.67] 0.018
NICU admission 2 (40.0%) 7 (100%) 0.045
Neonatal mortality 1 (20.0%) 2 (28.6%) 1.000

Data are expressed in median [range] or number (%).
GA; gestational age, PPROM; preterm premature rupture of membranes, NICU; neonatal intensive care unit.

a Cases that are lost to follow up and cases who terminated the pregnancies are excluded from the analysis.
b Denominators are the numbers of cases with available placental pathology results.
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than the 29.3% found following expectant management. The
overall procedure-related complication rate was 28.2%, but the
risk of fatal neonatal complications was less than 1%, while pro-
cedure failure and amniotic fluid leakage relapsed occurred in
50.7% of women.

The amniopatch treatment is less likely to be effective in
sPPROM because the characteristics of membrane defects differ
from those of iPPROM: 1) membrane defects in sPPROM are usually
large, poorly delineated, and located unstably over or near the in-
ternal cervical os [3,25], 2) sPPROM is more frequently complicated
by intrauterine infection and/or inflammatory reaction, 3) the
membranes tend to seal spontaneously more frequently following
iPPROM [33]. The success rate of amniopatch treatment between
the iPPROM and sPPROM group was not statistically significant in
our study, but this may be due to inadequate power.

Only one study has directly compared the efficacy of amnio-
patch in patients with iPPROM and sPPROM, using an intrauterine
endoscopy technique for direct visualization of membrane defects
and infusion of platelets, fibrin glue, and powdered collagen slurry
at the site of the defect [25]. The procedure was successful in 3 out
of 4 patients of iPPROM after amniocentesis, but in none out of the
4 patients with sPPROM. Quintero et al. [3], reported a success rate
of 67.9% (19/28) in patients with iPPROM receiving the amniopatch
treatment, but they failed to seal the membrane defects in all 12
patients with sPPROM. However, a low success rate does not
necessarily mean that the treatment is of no benefit, because
complete sealing of the spontaneously ruptured membranes after
the amniopatch treatment did occur [26,27]. We previously re-
ported that the treatment success rate was only 14.3%, derived from
7 cases of sPPROM before 23 weeks' gestation [19]. Nevertheless,
the neonatal outcome of the treatment group was more favorable
compared to the conservative management group in terms of lower
incidence of respiratory distress syndrome and early neonatal
sepsis.
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In this study, we did not compare the outcome between the
amniopatch treatment group and the conservative management
group. Instead, we compared the outcome between the success
group and the failure group in order to precisely evaluate the fac-
tors associated with successful amniopatch treatment. Although
the amniopatch treatment was successful in only 21.4% of patients,
they had a more favorable outcome compared to the failure group.
The success group had a higher live birth rate, lower incidence of
clinical and histological chorioamnionitis, longer prolongation of
pregnancy, larger birth weight, and lower neonatal intensive care
unit admission rate. In 2 of the 6 success cases, the pregnancies
were prolonged to term after amniopatch treatment, with 1 patient
with iPPROM and the other one case with sPPROM delivering at 40
weeks and at 39 weeks of gestation, respectively. Excluding the
patients in our study, we found in a review of the available litera-
ture, 19 cases of sPPROM in which the amniopatch procedure was
performed [3,25e27]. The treatment was successful in only 2 pa-
tients, but none of them delivered at term.

The only predictive factor associated with a successful
amniopatch procedure in our study was a greater MVP before the
procedure. The success of amniopatch may also be influenced by
other factors, such as the size and location of the membrane de-
fects, and associated intrauterine infection. The size and location
of the membrane defects were not identifiable in our study
because we did not perform fetoscopy to visualize them directly.
However, the higher success rate in patients with a greater am-
niotic fluid volume before the procedure may suggest that the
patients in the success group had a smaller defect size than the
failure group. A significantly lower incidence of clinical and his-
tological chorioamnionitis in the success group compared to the
failure group may be indirectly suggesting that intrauterine
infection may be one of the factors associated with the success of
amniopatch treatment. However, whether the low incidence of
chorioamnionitis is a predictive factor or a result of successful
treatment is unclear. In our study, amniotic fluid culture before the
amniopatch procedure was performed only in 6 patients. How-
ever, in the majority of the remaining patients, amniotic fluid
culture was not possible due to the inadequate amniotic fluid
volume remaining in the uterine cavity. Although maternal serum
WBC count and CRP level were correlated with intrauterine
infection and outcomes of PPROM, they were not significantly
different between the groups.

Our study had several limitations. Firstly, because of its retro-
spective nature, this study is prone to information bias and selec-
tion bias. Specifically, patients who were offered amniopatch
treatment were selected at the discretion of the attending physi-
cian, and not by using specific criteria. Therefore, there is a chance
that the treatment might have been offered to patients who were
more likely to succeed with the treatment. Secondly, despite larger
sample size than that of previous studies, our study was still un-
derpowered to test our hypothesis.

In conclusion, although the success rate of amniopatch pro-
cedure was not high in our small number of patients, it could be
considered as an optional treatment for womenwith PPROM before
23 weeks' gestation who desire to continue with their pregnancy,
especially in women with iPPROM in whom the amniotic fluid
volume is adequate and shows no signs of intrauterine infection.
However, further research, especially randomized trials, is strongly
needed to justify our conclusion.
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