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in about 30% of cases treated by minimally invasive fetal sur-
gery. The maximum diameter of the instrument explains
iPPROM rate, gestational age at birth and fetal survival. Great 
variations in the reporting of iPPROM make data analysis dif-
ficult. 
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 Background 

 Minimally invasive fetal surgery nowadays is per-
formed for a selected number of fetal conditions. The 
procedures are mostly carried out under ultrasound 
guidance and can be divided into two categories. First, 
the relatively well-established ‘needle techniques’ as for 
instance intrauterine blood sampling and transfusion in 
the case of fetal anemia or fetal shunting for lower uri-
nary tract obstructions (LUTO) and pleural effusions, 
in which a sharp needle of various diameters is intro-
duced into the uterine cavity under ultrasound guid-
ance. Secondly, the fetoscopic procedures that are of-
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 Abstract 

  Objective:  Iatrogenic preterm prelabor rupture of mem-
branes (iPPROM;  ! 37 weeks of gestation) is a major compli-
cation of fetal surgery. Little information is available about 
risk factors and incidence.  Methods:  We systematically re-
viewed reported iPPROM rates, gestational age at delivery 
and fetal survival after representative minimally invasive an-
tenatal procedures.  Results:  A total of 1,146, 36 and 194 cas-
es with mean iPPROM rates of 27, 31 and 26% were included 
for placental laser in twin-twin transfusion syndrome, shunt-
ing in lower urinary tract obstruction and interventions for 
twin-reversed arterial perfusion, respectively. In the statisti-
cal analysis, the maximum diameter of the instrument pre-
dicted iPPROM rate and was significantly related to gesta-
tional age at birth as well as fetal survival. Information on 
duration of the respective procedures was scarce and did not 
allow for meaningful analysis.  Conclusions:  iPPROM occurs 
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fered in an increasing number of centers worldwide. 
Here, ultrasound guidance is combined with a direct 
fetoscopic view to perform the intervention. The most 
common indication for fetoscopic surgery is the laser 
ablation of placental anastomoses in twin-twin trans-
fusion syndrome (TTTS). Placental laser surgery was 
proven to be superior to amnioreduction in a random-
ized trial  [1]  and, hence, is the present standard of care. 
Another relatively prevalent fetoscopic procedure is en-
doluminal tracheal occlusion for congenital diaphrag-
matic hernia, although the latter is still being inves-
tigated in a randomized trial (www.totaltrial.org). In 
monochorionic pregnancies complicated by twin-re-
versed arterial perfusion (TRAP) sequence, different 
antenatal intervention strategies have been demonstrat-
ed to be effective including ultrasound-guided radiofre-
quency ablation (RFA), bipolar cord occlusion as well as 
fetoscopic laser surgery  [2–6] .

  Although iatrogenic preterm prelabor rupture of 
membranes (iPPROM) seems to be less frequent than in 
open fetal surgery  [7] , it remains the most important 
complication of minimally invasive fetal procedures. Po-
tential sequelae of PPROM include oligohydramnios-re-
lated pulmonary hypoplasia, chorioamnionitis and pre-
term delivery resulting in a considerable morbidity and 
mortality of affected infants. Regarding the incidence of 
iPPROM, reported numbers vary significantly amongst 
authors, even when the same technique is applied to com-
parable pathologies  [8, 9] . Little is known about underly-
ing pathomechanisms and potential influencing factors 
of iPPROM. Parameters that have been suggested to im-
pact iPPROM rates are the diameter of the surgical in-
strument and the number of entries to the uterine cavity 
amongst others  [10, 11] . However, no certainty about 
these potential risk factors exists.

  As the rate of iPPROM and subsequent prematurity 
largely determine the success of any invasive fetal inter-
vention, it is important to obtain more information on 
incidence and pathophysiology of iPPROM. For this rea-
son, we undertook a systematic review of the literature on 
different fetal interventions and report on iPPROM rates 
in relation to the characteristics of the respective publica-
tions.

  Data Sources 

 Our objective was to study iPPROM after minimally invasive 
fetal surgery in humans. As not all different procedures could be 
studied, we selected relevant established interventions with a 
broad spectrum in the diameter of uterine access: fetoscopic sur-

gery for TTTS, percutaneous bladder shunting for LUTO and dif-
ferent antenatal interventions for TRAP. We reviewed all pub-
lished studies and case reports in peer-reviewed journals until 
April, 2010. Relevant literature was identified using the electron-
ic bibliographic databases PubMed and ISI web of science. In ad-
dition, a manual search was performed from the reference lists of 
all identified articles. The keywords used in the electronic search 
for fetoscopic surgery for TTTS were  PROM, amniotic leak ,  amni-
orrhexis  and  membrane rupture  in combination with  twin-trans-
fusion syndrome  and  f(o)etoscopy  or  f(o)etoscopic surgery.  For 
LUTO we applied the search terms  LUTO, lower urinary tract ob-
struction, bladder, megacystis, urethral valve, hydronephrosis  in 
combination with  f(o)etal shunt  and  PROM, amniotic leak ,  amni-
orrhexis  and  membrane rupture.  Keywords for TRAP-related in-
terventions were  TRAP, twin-reversed perfusion, acardiac  as well 
as  pump twin  in combination with  f(o)etal surgery, f(o)etal inter-
vention, f(o)etal procedure, RFA, radiofrequency ablation, cord oc-
clusion, laser  and  PROM, amniotic leak ,  amniorrhexis  and  mem-
brane rupture. 

  Language of eligible articles was restricted to English. Cases 
reported only as abstracts, single case reports or double publica-
tions were not included. We subsequently excluded all papers that 
had used plugs or amniopatch to seal the membrane defect. Fur-
ther, we excluded papers, if during the same pregnancy prior to 
the studied intervention a second intrauterine procedure other 
than a mere needle procedure had been performed. Cases in 
which no fetal procedure was done were also excluded. Further-
more, we accepted articles for inclusion only if they minimally 
contained the following information: gestational age at interven-
tion, delivery and iPPROM; diameter of the instrument used; 
number of accesses to the uterine cavity made, and number or 
percentage with iPPROM of all cases reported.

  The primary outcome studied was iPPROM rate. Secondary 
outcomes were gestational age at birth and fetal survival.

  The identified studies were independently reviewed by two of 
the authors (R.D. and V.B.). Disagreements regarding inclusion of 
a specific article were resolved by consensus. Only one criterium 
for exclusion is specified per article.

  Differences between the Protocol and the Review 
 Because of the small number of papers (4 articles on 16 cases 

meeting inclusion criteria) detected for LUTO after a literature 
search with the specified combinations of 3 keywords, we omitted 
 PROM, amniotic leak ,  amniorrhexis  and  membrane rupture  in a 
second search.

  We initially attempted to include only papers that would spec-
ify a gestational age at iPPROM. However, this was the case in only 
 � 50% of detected articles, which we considered an important 
finding. Therefore, we did not exclude these papers.

  Statistical Analyses 
 One-way analysis of variance (ANOVA) of categorical vari-

ables and bivariate as well as a stepwise multivariate regression 
analysis of continuous variables were performed on the pooled 
data of the 3 interventions studied. iPPROM rate was only consid-
ered if it was reported until 37 weeks for all cases. Median and 
mean values specified in the articles were not distinguished, nor 
was the follow-up time for survival rates. Repeated shunt inter-
ventions for LUTO were included in the calculation of the gesta-
tional age at therapy. Analyses were carried out using statistical 
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analysis software (JMP 8; SAS, Cary, N.C., USA). p values  ! 0.05 
were considered statistically significant. Data are presented as 
mean or median with range or standard deviation as provided by 
the original publications.

  This systematic review was accomplished according to the 
guidelines of the Cochrane Handbook for Systematic Reviews of 
Interventions (version 5.0.2, last update September, 2009; www.
cochrane-handbook.org).

  Results 

 Placental Laser Ablation for TTTS 
 Applying our search criteria for TTTS resulted in 64 

detected articles, 36 of which were retrieved from refer-
ences. Nineteen publications were excluded in the first 
(V.B.), another 33 (V.B. and R.D.) during the second 
screening. Reasons for exclusion were: insufficient infor-
mation (18), review (10), membrane sealing (8), double 
report (7), single case report (3), unrelated topic (3), ani-
mal study (1), language (1) and editorial (1). This left 12 
publications on 1,146 cases for inclusion in our review 
( table 1 a). Six of these publications report on 6–33 cases, 
5 articles are on larger case series (n = 72–152) and 1 com-
prises a big series of 438 cases. We identified 2 random-
ized controlled trials  [1, 12] , both of which were excluded 
in favor of more recent publications on enlarged case se-
ries of the same research groups  [13, 14] .

  Laser surgery for TTTS was carried out via 1–2 ports 
with a mean maximal diameter of 3.3 (2.2–4) mm. Mean 
gestational age was 21 (15–28) and 31 (18–41) weeks at 
therapy and delivery, respectively. iPPROM occurred in 
an average of 27% (11–50%) of cases, however, was not 
specified until 37 weeks in 5/12 publications (42%). In-
stead iPPROM was then given for a limited number of 
weeks or a subset of fetuses: iPPROM within 2–3 weeks 
after the intervention (3 articles), until 36 weeks (1), in vi-
able infants (1) and iPPROM associated with oligohy-
dramnios (1). Similar information was found for the
gestational age at iPPROM: 3 articles did not report a
gestational age and 6 gave relative information. In the
remaining 3 articles, iPPROM occurred at an average ges-
tational age of 28 (24–29) weeks. Survival rates ranged 
from 48 to 100% (mean 66%) with the largest case series 
not providing information  [13] .

  Shunting for LUTO 
 Our combined search for LUTO retrieved 107 articles, 

of which 29 were found in the references of detected pa-
pers. Their number was reduced to 55 by initial screening 
(V.B.) and to 6 by a second evaluation (V.B. and R.D.). 

Articles were excluded for: single case report (34), insuf-
ficient information (14), animal study (14), unrelated top-
ic (13), review (12), language (11), double report (1), trial 
protocol (1), editorial (1) and membrane sealing (1). In 
total, the included publications report on 36 cases ( ta-
ble 1 b). They consist of one larger (n = 18) and 5 smaller 
case series (n = 2–6) with the article on 18 cases only re-
porting on liveborn infants  [15] . No results from random-
ized or controlled trials were identified.

  Surgery was carried out with a single-access technique 
and on average a maximum diameter of 2.3 (1.7–2.7) mm. 
Mean gestational age at therapy was 21 (15–30) weeks.
iPPROM occurred in an average of 31% (0–50%) of cases 
at a mean gestational age of 31 (27–35) weeks. One article 
did not specify the precise gestational age at iPPROM and 
was excluded from this calculation. Infants were born at 
a mean gestational age of 33 (21–40) weeks with a mean 
neonatal survival rate of 91% in the 18 liveborn cases and 
69% (17–100%) in the remaining fetuses.

  Prenatal Interventions for TRAP 
 The combined search of the literature yielded 55 pub-

lications for TRAP, of which 31 were found via reference 
search. After initial screening of the abstracts by one re-
viewer (V.B.), 18 papers could be excluded. After critical 
appraisal of their full text independently by two of the 
authors (V.B. and R.D.) another 23 were excluded. Rea-
sons for exclusion were: single case report (15), review (8), 
unrelated topic (7), double report (6), insufficient infor-
mation (2), language (2) and animal study (1). The 14 ar-
ticles ( table 1 c) left for further analysis consisted of 8 stud-
ies reporting on 2–5 cases, 2 papers on 8–11 cases and 3 
larger series with 29, 51 and 60 cases, respectively. In total, 
data on 194 cases was obtained. No randomized or con-
trolled trials were identified.

  The modes of prenatal therapeutic interventions de-
scribed were bipolar (5 studies) and monopolar (2) co-
agulation, cord compression (1) and ligation [(2) with or 
without dissection, laser of cord (3) or placenta (2), inter-
stitial laser surgery (2), RFA (1) as well as alcohol sclerosis 
(1). One or 2 ports were used with a mean maximum di-
ameter of 2.6 (0.8–5) mm. Gestational age at the interven-
tion was on average 22 (13–32) weeks and iPPROM oc-
curred in 0–100% (mean 26%) of cases. One article could 
not be included in this calculation as iPPROM rate was 
only specified for a 2-week interval after the interven-
tion  [16] . A precise gestational age for the time-point of
iPPROM could be identified in 7 publications (mean 24, 
range 13–31 weeks), the remaining ones provided relative 
information. Infants were born at a mean gestational age 
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of 35 (14–42) weeks, which resulted in an average sur-
vival rate of 73% (33–100). Numbers were too small to 
draw conclusions about differences in outcome of the list-
ed procedures.

  Combined Statistical Analyses 
 A combined bivariate analysis of the included studies 

on TRAP, LUTO and TTTS with a total of 1,376 cases 
( table 2 ) was carried out identifying the maximum diam-
eter of the instrument as a predictor of iPPROM rate

Table 1. Systematic review of PPROM in fetal surgery

a Study characteristics for placental laser in TTTS

Reference n Ø, mm GA (Tx) iPPROM, % GA (iPPROM) GA (birth) Survival, %

De Lia, 1995 [32] 26 3.9 21 (18–24) 53 (≤36 weeks) not known 27 (19–37) 53 (c)
Deprest, 1998 [38] 6 4 21 (19–22) 50 29 (24–34) 31 (24–36) 67 (c)
Habli, 2009 [14] 152 3.3 2183 26 26 3185 78 (f)
Middeldorp, 2007 [34] 10 3.3 27 (26–28)* 0 (<2 weeks) – 31 (28–37)* 100 (n)
Middeldorp, 2007 [39] 100 3.3 20 (16–26)* 13 (<2 weeks) not known 33 (18–40)* 70 (n)
Peiro, 2009 [40] 148 3 21 (15–25) 12 not known 35 86 (p)
Quintero, 2001 [41] 72 3 (1–2) 21 (17–26) 6 (≤3 weeks) not known 32 (19–41) 48
Ruano, 2009 [33] 19 2.2 22 (19–26) 11 29 (26–32) 33 (26–38) 53
Said, 2008 [42] 10 2.8 20 (18–24)* 30 2 ! <22 weeks, 1 ! 29 weeks 30 (22–37)* 65 (c)
Sepulveda, 2007 [43] 33 3.8 21 (17–25)* 15 (viable) not known 32 (23–38) 52 (p)
Ville, 1998 [37] 132 3.3 21 (15–27)* 10 (oligo) not known 32 (18–40) 55 (c)
Winer, 2008 [13] 438 3.3 21 (15–26) 30 14% ≤3 weeks post Tx 3086 not known

b Study characteristics for shunting in LUTO

Reference n Ø, mm GA (Tx) iPPROM, % GA (iPPROM) GA (birth) Survival, %

Biard, 2005 [15] 18 2.5 22 (15–29) 6 (liveborns) 1! 4 days post Tx 35 (29–40) 91 (n)
Evans, 1991 [35] 3 2.1 17 (15–19) 0 – 35 (32–37) 100 (c)
Glick, 1985 [36] 6 2.7 23 (18–30) 17 30 27 (21–32) 17 (c)
Manning, 1983 [44] 2 1.7 17 (17–17) 50 27 33 (31–35) 50 (c)
Robichaux, 1991 [45] 2 2.7 20 (18–21) 50 30 32 (31–32) 100 (p)
Szaflik, 1998 [46] 5 2.1 22 (18–25) 40 35 (34–35) 36 (33–38) 80 (n)

c Study characteristics for prenatal interventions in TRAP

Reference n Tx Ø, mm GA (Tx) iPPROM, % GA (iPPROM) GA (birth) Survival, %

Deprest, 2000 [47] 5 Bi 3 20 (18–23) 60 not known 37 (36–39) 80 (c)
Gallot, 2003 [48] 3 CC, Bi 5 (1–2) 23 (22–24) 33 1! >3 weeks post 

Tx
36 (30–39) 100

He, 2010 [16] 4 Bi 3.9 23 (22–25) 0 (≤2 weeks) not known 39 (38–40) 50 (c)
Nicolini, 2001 [49] 2 Bi 3.3 26 (24–27) 0 – 37 50
Hecher, 2006 [3] 60 Laser cord/plac, Bi 3 (1–2) 19 (15–25)* 18 18% <34 weeks

(62 days post Tx*)
38 (24–42)* 80 (n)

Ville, 1994 [50] 4 Laser cord 2.7 23 (17–28) 25 29 34 (29–39) 100 (c)
O’Donughue, 2008 [51] 10 Laser abd 1.5 17 (13–21) 10 13 30 (14–39) 60 (n)
Weisz, 2004 [52] 2 Laser abd 1 22 (21–23) 0 – 35 (32–37) 100 (c)
Quintero, 2006 [2] 51 CL 8 cut, laser cord/plac 3.5 2283 12 not known 30 (23–40) 65 (n)
Holmes, 2001 [8] 11 Mono 1 21 (16–24) 0 – 38 (32–42) 87 (p)
Sepulveda, 2003 [9] 2 Mono 1 23 (16–29) 50 31 31 33
Lee, 2007 [4] 29 RFA 1.2 18–24 17 not known 35 (24–40) 86
Deprest, 1998 [53] 3 CL 5 (2) 22 (21–24) 100 25 (21–29) 29 (26–30) 67 (c)
Sepulveda, 2004 [5] 8 EtOH 0.8 25 (20–32) 13 22 34 (23–38) 63 (n)

 n reflects the number of cases that were included from the respective publication. Data is given as mean or median (*) with range or standard devia-
tion, as known. iPPROM data is depicted until 37 weeks or for the interval/subgroup specified. If multiple ports were used, this is indicated in parenthe-
ses next to the diameter. Letters in parentheses next to survival rates represent follow-up time, if provided. Ø = Diameter; GA = gestational age; Tx = 
therapy; iPPROM = iatrogenic premature prelabor rupture of membranes; f = fetal; p = perinatal; n = neonatal; c = childhood; Bi = bipolar; Mono = mo-
nopolar; RFA = radiofrequency ablation; CC = cord compression; CL = cord ligation; plac = placenta; abd = abdomen; EtOH = alcohol sclerosis.
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(R 2  = 0.23, p = 0.014) ( fig. 1 ). The diagnosis TTTS and the 
treatment ‘placental laser’ were associated with a signifi-
cantly lower gestational age at birth (R 2  = 0.20, p = 0.03) 
compared to TRAP and its alternative (including 2 papers 
with placental laser among other interventions  [2, 3] ) 
treatment options. Gestational age at delivery was found 
to predict survival (R 2  = 0.19, p = 0.015).

  In the combined stepwise multivariate analysis,
iPPROM rate (R 2  = 0.29) was explained by the maximum 
number of ports (p = 0.21) as well as the maximum diam-
eter of the instrument (p = 0.05) used. The latter signifi-
cantly influenced gestational age at birth (R 2  = 0.16, p = 

0.018). Survival (R 2  = 0.68) was explained by gestational 
age at birth (p = 0.0044), gestational age at iPPROM (p = 
0.18) and the maximum diameter of the instrument (p = 
0.016).

  Discussion 

 We conducted a systematic review on iPPROM rate, 
gestational age at birth and fetal survival after minimally 
invasive surgery. In order to obtain representative infor-
mation on currently performed prenatal interventions, 
we chose to study 3 entities that would cover different ac-
cess modalities and surgical techniques: placental laser 
ablation for TTTS, antenatal treatment for TRAP and 
percutaneous bladder shunting for LUTO. Our findings 
indicate that iPPROM is a frequent complication of min-
imally invasive fetal procedures and that the risk for 
membrane rupture can be predicted by the maximum 
diameter of the instrument used for the respective prena-
tal intervention. The maximum diameter is further sig-
nificantly related to fetal survival as well as the gestation-
al age at birth, which is the most important predictor of 
survival in our analysis. We further document consider-
able heterogeneity in the reporting of iPPROM data espe-
cially for TTTS cases.

  For many years, spontaneous PPROM has been inves-
tigated and multiple risk factors have been identified. Ma-
jor etiologic factors contributing to the pathogenesis are 
subclinical intrauterine infections and obstetrical char-
acteristics of the current as well as previous pregnancies. 
Recent studies further attribute genetic, nutritional, be-
havioral and environmental factors an important role in 
this setting  [17, 18] . iPPROM, however, is characterized 
by a different underlying pathophysiology: here, the med-
ical instrument creates the hole in the membranes, which 
subsequently fails to close  [19] . Surgical characteristics 

Table 2.  Outcome parameters and predictors in TTTS, LUTO and TRAP

Diagnosis n Ø, mm iPPROM, % GA (birth) Survival, %

TTTS 1,146 3.3 (2.2–4), max. 2! 27 (11–53) 31 (18–41) 66 (48–100)
LUTO 36 2.3 (1.7–2.7) 31 (0–50) 33 (21–40) 73 (17–100)
TRAP 194 2.6 (0.8–5), max. 2! 26 (0–100) 35 (14–42) 73 (33–100)

D ata is presented as mean and range. GA (iPPROM) is not depicted because of the non-representative char-
acter of the detected numbers (see table 1a–c). Ø = Diameter; iPPROM = iatrogenic premature prelabor rupture 
of membranes; GA = gestational age.
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  Fig. 1.  Bivariate analysis of maximum diameter of the instrument 
and iPPROM rate. Bivariate analysis of pooled data of placental 
laser for TTTS, shunting for LUTO and prenatal interventions for 
TRAP indicates a significant correlation between the maximum 
diameter of the instrument and the respective iPPROM rate
(R 2  = 0.23, p = 0.014).   
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that are discussed to possibly influence the incidence of 
iPPROM are the number and the diameter of the ports, 
duration and difficulty of the procedure, operator experi-
ence, membrane friction due to instrument manipula-
tion, type of anesthesia, gestational age at intervention, 
number of interventions and placental location  [10, 11, 
20–22] . In our review, the maximum diameter of the in-
strument significantly predicted the iPPROM rate and 
was significantly linked to gestational age at birth and 
fetal survival. This makes sense, as survival is highly de-
pendent on the gestational age at birth, which again is 
strongly influenced by PPROM. Given the impact of ges-
tational age at delivery onto long-term neurologic im-
pairment, the later might be an interesting outcome for 
future studies to investigate in this context  [23] . However, 
Peterson et al.  [22] , who evaluated 310 consecutive cases 
of laser surgery for TTTS in 2 centers, found no relation 
between a larger access cannula and the incidence of
iPPROM. Diameters in this study ranged from 2.3 to 3.8 
mm, whereas in our review instruments of 0.8–5 mm 
were used. This in combination with a case number of 
 � 1,500 might have revealed correlations in our analysis 
that were not obvious in the previous study. However, 
even in our review with pooled data of more than 1,000 
cases for TTTS, statistical analyses of only this subgroup 
did not prove feasible. Therefore, we pooled the data of 
our 3 subgroups, an approach that might be criticized: 
substantial differences between the groups do not only 
exist regarding underlying diagnosis and surgical tech-
nique but also in terms of obstetrical characteristics such 
as singleton versus multiple pregnancies. The latter is 
most likely the cause for the earlier gestational age at de-
livery in TTTS compared to TRAP cases. We agree that 
the optimal scenario would be a systematic evaluation of 
a single fetal disorder and its subsequent treatment (alter-
natives). However, diagnosis and therapy were considered 
as variables in the regression analyses. That is why we are 
confident that statistical differences are not only due
to subgroup-related parameters. In contrast, the highly 
variable settings offered us the possibility to study certain 
impacts on a larger scale.

  The combination of data from the different subgroups 
was partly necessary due to a lack of consistency in re-
porting or in the way of reporting about iPPROM-rele-
vant information. Interestingly, this heterogeneity was 
most pronounced in the TTTS group: 28, 13 and 4% of 
identified papers had to be excluded solely for insufficient 
data in the TTTS, LUTO and TRAP group, respectively.

  iPPROM can be a temporary condition or last for the 
entire course of the remaining pregnancy. In case of sub-

sequent closure of the defect, this seems to be a process 
rather independent from histologic wound repair. Grata-
cos et al.  [10]  studied membrane samples after fetoscopic 
interventions. Irrespective of the time interval until birth, 
they detected no evidence of spontaneous membrane 
healing. Therefore, other closure mechanisms appear 
likely: first, amnion and chorion, the two membrane 
sheets, might slide over one another and, hence, decrease 
the functional defect size. Second, attachment of the 
membranes to the decidual layer might create functional 
integrity of the rupture site. This is in line with earlier 
publications, pointing out the connection of postsurgi-
cal chorion-amnion separation and an increased risk of
iPPROM  [24–26] . As a consequence, an oblique puncture 
technique was suggested with some success in vitro  [27] .

  In view of the frequency and severity of iPPROM, sev-
eral teams have attempted to develop strategies to seal 
membrane defects at the time of the fetal intervention or 
at the time of clinically overt fluid leakage  [28–31] . None 
of these strategies has, however, become a standard of care.

  Our review was performed according to current Co-
chrane guidelines: search as well as inclusion and exclu-
sion criteria were specified ahead and any change to the 
original protocol was noted. Two reviewers evaluated the 
detected articles independently of each other and dis-
agreements had to be resolved by consensus. Our pooled 
statistical analysis is well powered with the evaluation of 
almost 1,500 cases and 10 different treatment modalities.

  We certainly acknowledge that there are also limita-
tions to our approach. For example, the adaptation of our 
original protocol may be subject to criticism. Yet, a change 
of the strict rules defining a systematic review might very 
well prove reasonable during its conduction, something 
that is also taken into consideration in the Cochrane 
guidelines (www.cochrane-handbook.org). In addition, 
the limitation to English language papers may be a bar-
rier. However, as English is the lingua franca of science, 
we are confident that the most important publications on 
the defined topics were detected. Surprisingly, our overall 
search only yielded 2 randomized controlled trials  [1, 12] , 
both of which were excluded in favor of bigger and more 
recent publications of the respective teams  [13, 14] . This 
leaves our review with case series alone that – given pub-
lication bias and despite the exclusion of single case re-
ports – might present a more optimistic version of the 
clinical reality.

  Another drawback of our review is the missing correc-
tion for certain clinical data: several TTTS series com-
prised higher multiple pregnancies  [13, 14]  and some con-
tain cases with septostomy either intended or as an unde-
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sired side effect of fetal surgery  [2, 32] . Also the inclusion 
criteria for treatment were different depending on the 
center: some treated early, some only advanced stages: 
TTTS I patients e.g. would only have received laser abla-
tion in distinct centers  [14, 33] . Further, polyhydramnios 
was sometimes a requirement for TRAP therapy  [2, 9] . 
Moreover, gestational age at treatment varied consider-
ably: Middeldorp et al.  [34]  conducted a study on laser 
treatment for TTTS after 26 weeks, a gestational age that 
was not treated by fetal intervention in any of the other 
centers. In the case of LUTO, doctors first had to learn 
about the deleterious effect of oligohydramnios on lung 
development, before late shunting was abandoned, which 
leaves earlier trials with a worse outcome  [35, 36] . Fur-
ther, there is variation of the administration of antibiotics 
 [14, 37]  and the institutional protocol for a short cervix 
 [37] . All of these factors might clearly have influenced 
outcome in terms of PPROM, preterm birth and subse-
quent survival. However, information on these items is so 
scarce that a correction for them was not feasible. Data 
was sometimes also limited regarding the patient cohort 
reported on, for example Biard et al.  [15]  only describe 
liveborns. These numbers were marked accordingly and 
have to be appraised critically by the reader. Another po-
tential confounder is the follow-up time: some children 
were evaluated only in utero, others were followed until 
several years into their childhood  [14, 38] . Again, data 
presentation did not allow to correct for these highly dif-
ferent intervals. However, as this is the inherent nature of 
clinical reports like the ones we studied and given a high-
er likelihood for early rather than late adverse events in 
the setting of fetal pathology, we feel the overall impact 
on our conclusions is limited. The diameter of the instru-
ment was the strongest predictor of iPPROM among the 
parameters we analyzed. This result does not exclude 
other factors, not available for analysis (e.g. duration of 
the respective procedure), to have a strong influence.

  Any type of study in the field of fetal surgery is chal-
lenged by relatively small patient numbers. This in com-

bination with differences due to the respective center, di-
agnosis and procedure might explain, why some poten-
tial influencing factors of iPPROM are identified as 
relevant in one publication  [21]  and do not seem to play a 
role in other studies  [20] . Hence, beside multicenter trials, 
systematic reviews and meta-analyses are of great impor-
tance to obtain a big enough dataset for meaningful anal-
ysis. In order to be able to compare the data from different 
institutions, however, certain standards of data publica-
tion are required.

  We therefore suggest (1) to define what is considered 
as PPROM in the respective publication, (2) to specify the 
method by which the diagnosis of PPROM was made, (3) 
to give information on all cases with PPROM until 37 
weeks of pregnancy, (4) to provide a gestational age at 
PPROM, and (5) to also report subsequent closure of the 
defect. This way the entire risk of PPROM after fetal in-
terventions becomes apparent – in its life-threatening 
early as well as in its less severe late onset variant. A more 
complete dataset on iPPROM rate on the other hand will 
allow for in-depth investigation of risk factors, thus help-
ing to prevent iPPROM. Successful reduction of iPPROM 
numbers is a crucial step for further advancement of fetal 
surgery as long as no treatment exists for this major com-
plication.
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