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Abstract
Background: Fetal myelomeningocele (fMMC) repair is a 
therapeutic option in selected cases. This study aimed to 
identify risk factors for preterm birth (PTB) following open 
fMMC repair. Methods: Sixty-seven women underwent 
fMMC repair and delivered a baby between 2010 and 2018 
at our center. Demographic, surgical, and pregnancy compli-
cations, including potential risk factors for PTB such as pre-
term premature rupture of membranes (PPROM), chorioam-
niotic membrane separation (CMS), and placental abruption 
were evaluated. Results: Maternal body mass index, mater-
nal age, parity, previous uterine surgery, gestational age at 
fetal surgery, total surgery duration, surgical subcutaneous 
hematoma, oligohydramnios, and amniotic fluid leakage 
were not identified as risk factors for PTB. CMS (p = 0.028, 92 
vs. 52%) and PPROM (p = 0.001, 95 vs. 52%) were highly as-
sociated with PTB. Placental abruption was found more of-
ten in women after fMMC repair than in a general obstetrical 
population (12 vs. 1%) and ended in premature birth in all 

cases (p = 0.024, 100 vs. 60%). However, the majority of wom-
en delivered at a gestational age > 35 weeks. Conclusions: In 
our study cohort, risk factors for PTB were PPROM, CMS, and 
placental abruption, whereas surgery duration did not influ-
ence outcome. We conclude that the surgery technique 
should aim to minimize CMS and amniotic fluid leakage.

© 2019 S. Karger AG, Basel

Introduction

Spina bifida, namely myelomeningocele (MMC) as its 
most common form, remains an important and relatively 
frequent congenital defect compatible with life despite 
the possible prevention of about 70% of cases by precon-
ceptional folic acid supplementation [1, 2]. Infants with 
MMC suffer from significant morbidity (with a mortality 
of 1% per year) which can partly be attributed to an as-
sociated Chiari type II malformation. The latter compris-
es hindbrain herniation, abnormalities in the brain stem 

Presented as oral presentation at the 37th Annual Meeting of the In-
ternational Fetal Medicine and Surgery Society in Bali (Indonesia) on 
August 7–12, 2018.

D
ow

nl
oa

de
d 

by
: 

U
ni

ve
rs

itä
t Z

ür
ic

h,
  E

-M
ed

ie
n 

   
   

   
   

   
   

   
   

 
13

0.
60

.5
8.

2 
- 

4/
16

/2
02

1 
11

:0
1:

20
 A

M



Kahr et al.Fetal Diagn Ther 2020;47:15–2316
DOI: 10.1159/000500048

and venous sinuses, and a small posterior fossa resulting 
in hydrocephalus. As a consequence, placement of ven-
triculoperitoneal shunts is needed in a high percentage of 
patients (> 80%). Patients are confronted with various de-
grees of lower extremity paralysis and neuropathic blad-
der dysfunction [2, 3].

The assumption of a 2-hit pathogenesis of MMC, first-
ly the failure of neural tube formation and secondly the 
consecutive destruction of the exposed neural tissue 
within the in utero environment, led to the development 
of fetal MMC (fMMC) repair [4]. Superiority of fMMC 
repair was demonstrated by the Management of Myelo-
meningocele Study (MOMS) comparing the outcomes of 
fMMC repair with standard postnatal MMC repair in a 
randomized controlled trial [3].

However, in MOMS, fetal surgery was associated with 
higher rates of obstetrical complications, such as oligohy-
dramnios, preterm premature rupture of membranes 
(PPROM), chorioamniotic membrane separation (CMS), 
and consequently preterm birth (PTB) [3, 5]. PTB itself 
poses the neonate at a higher risk for admission to the 
neonatal intensive care unit, respiratory morbidities, nec-
rotizing enterocolitis, and neurological morbidities [6]. 
The underlying study aims to identify risk factors for PTB 
in the first 67 cases of open fMMC repair at the Zurich 
Center for Fetal Diagnosis and Therapy.

Materials and Methods

Patient Population and Study Design
Sixty-seven pregnant women with a fetus diagnosed with 

MMC at a gestational age (GA) of 22 3/7 to 26 1/7 weeks received 
fMMC repair between 2010 and 2018 at the Zurich Center for Fe-
tal Diagnosis and Therapy. Eligibility was mainly determined by 
the MOMS enrollment criteria [3]. Pregnant women were admit-
ted to the prenatal ward before fetal surgery in order to complete 
fetal lung maturation and neuroprotection in fetuses ≥24 weeks 
GA prior to fMMC repair. Patients received 2 intramuscular in-
jections of 16 mg dexamethasone within an interval of 24 h for 
fetal lung maturation, and neuroprotection was achieved by intra-
venous application of 25 mL magnesium sulfate per hour over  
24 h. During the admission examination, cervical length was rou-
tinely measured via transvaginal ultrasound. Tocolytics were ini-
tiated on the day of fMMC repair and tapered off after surgery, 
adapted to the women’s clinic as described previously by Ochsen-
bein-Kölble et al. [7]. After fMMC repair, all women were moni-
tored in an intensive care unit (ICU) for 2 days to assure adequate 
monitoring and were then transferred to our prenatal ward. On 
the ICU, ultrasound examinations (amniotic fluid index, fetal um-
bilical and middle cerebral artery Doppler, exclusion of CMS, and 
postsurgical membrane hematoma) were performed 2–3 times/
day and thereafter once weekly. Further, a fetal MRI was per-
formed 2–4 weeks after the operation to confirm the ultrasound 

findings. Once the women were stable and did not require any 
intravenous medication, they were discharged into the ambula-
tory setting, usually 2–4 weeks after surgery. Regarding the an-
ticipated risk for preterm labor and postsurgical complications 
such as CMS, oligohydramnios (defined as an amniotic fluid in-
dex < 5 cm), and membrane hematomas, follow-up was scheduled 
once per week during pregnancy for close surveillance of the 
women in the ambulatory setting (including ultrasound examina-
tion and CTG) . In case of tocolysis (palpable contractions con-
firmed by CTG), PPROM, CMS, or other health-related reasons, 
women were monitored on our prenatal ward until delivery to 
ensure optimal management of the high-risk pregnancy. On-ward 
routine monitoring included 2 CTGs per day as well as 1 ultra-
sound examination per week. The latter comprised monitoring of 
the following fetal and maternal parameters: fetal growth, fetal 
position, head circumference, ventricular size, development/re-
versal of hindbrain herniation, cerebellum size, fetal movements, 
fetal kidneys, amniotic fluid index, uterine scar thickness, uterine 
leakage, hematoma/seroma, and CMS. In uncomplicated cases, 
delivery was planned via elective cesarean section at 37 weeks GA. 
Preterm cesarean section was performed in cases of premature 
labor, signs of chorioamnionitis, placental abruption, or other in-
dications requiring immediate delivery of the fetus; no rescue cor-
ticosteroids were given.

Statistical Analysis
We evaluated risk factors for the outcomes of PTB, PPROM, 

and CMS. In line with clinical knowledge and previous studies [3, 
5], we included the following demographic and obstetric risk fac-
tors: maternal age, race/ethnicity, BMI, parity, previous uterine 
surgeries, cervical length before fMMC repair, GA at surgery, du-
ration of surgery, preeclampsia/gestational hypertension, oligohy-
dramnios, MRI-confirmed amniotic fluid leakage, hematoma, pla-
cental abruption, vaginal bleeding, uterine rupture, CMS, and 
PPROM.

Demographic and clinical variables were analyzed using stan-
dard statistical tests: nominal variables were compared by χ2 test, 
and serial variables were tested for normal distribution using the 
Kolmogorov-Smirnov test followed by the independent t test or 
Mann-Whitney U test, as appropriate. Stratification was conduct-
ed based on 2 PTB categories (GA < 37 and ≤34 weeks). Odds ratios 
(OR) and 95% confidence intervals were calculated. Data are pre-
sented as medians (interquartile ranges) or n (%). A p value < 0.05 
was accepted as significant. Statistical analyses and data processing 
were conducted with SPSS (version 24; IBM, USA).

Results

Demographics and baseline characteristics of the study 
cohort are shown in Table 1. Table 2 reveals pregnancy 
complications and outcomes.

Risk factors for preterm delivery < 37 weeks (n = 43; 
64.2%) and ≤34 weeks (n = 12; 17.9%) are shown in  
Tables 3 and 4, respectively. Maternal BMI, maternal age, 
parity, previous uterine surgery, GA at intrauterine sur-
gery, surgical subcutaneous hematoma, oligohydramni-
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os, and amniotic fluid leakage were not identified as risk 
factors for PTB. Surgery duration did not pose any risk to 
PTB within our study cohort.

In women experiencing PTB < 37 weeks as well as in 
the subcohort of women with a PTB ≤34 weeks, we found 
an association with PPROM (p = 0.001, OR 16.6 [2.0–
134.1], and p = 0.011, OR 5.0 [1.3–18.7], respectively) and 
placental abruption (p = 0.024, OR 1.2 [1.1–1.4], and p = 
0.029, OR 6.4 [1.3–30.8], respectively). PTB < 37 weeks 
was also associated with CMS (p = 0.028, OR 7.9 [1.0–
65.6]).

Further, we analyzed risk factors for PPROM ≤34 
weeks and found a significant association with CMS (p = 
0.001, OR 8.2 [2.0–33.6]; Table 5). CMS itself occurred 
less often in nullipara (p = 0.018, OR 0.1 [0.01–0.834]; 
Table 6) but was associated with a lower GA at the time 
of fMMC repair (p = 0.040, 24.7 [24.4–25.3], vs. 25.2 
[24.4–25.6] weeks GA; Table 6).

In total, 19 women (28.4%) exhibited PPROM. Nine 
(47%) of them delivered on the same day while 7 women 
(90%) delivered within 5 days after PPROM. The longest 
time from PPROM to delivery was 7 days (n = 1; 5%). The 
median duration from the diagnosis of PPROM until de-
livery was 0.1 [0–1.7] days.

Twelve women (17.9%) had CMS, and  7 (58.3%) of 
them had PPROM in the following course of pregnancy. 
The median duration from CMS diagnosis until PPROM 
was 25.7 [22.7–28.6] days. The sequence of gravidae go-
ing into PPROM is visualized in Figure 1. 

Discussion

We found PPROM, CMS, and placental abruption to 
be the main risk factors for PTB in our cohort. Further, 
this study depicts the characteristics of our 67 initial 
fMMC cases, as well as major pregnancy outcomes and 
complications. 

Preterm Birth
PTB still represents a major complication of fetal sur-

gery. Looking at the MOMS outcome parameters, our 
data are at least comparable, since 54% of women reached 
a GA of 35 weeks (in our cohort 64.2%) and 21% reached 
a GA ≥37 weeks (in our cohort 34.3%) in MOMS [3]. In 
the post-MOMS period in the Children’s Hospital of 
Philadelphia (CHOP), 27% of women reached a delivery 
at term [8].

The Fetal Center at Vanderbilt reported a mean GA of 
34.4 ± 3.1 weeks when comparing the MOMS cohort to 
their post-MOMS cohort [9]. A clinical center in Poland 
recently published data on their fMMC repair outcomes: 

Table 1. Demographic and clinical variables (n = 67)

Maternal age, years 31 [26–35]
Fetal gender, n of females (%) 37 (55.2%)
GA at surgery, weeks 25.0 [24.4–25.4]
Race/ethnicity, n (%)

White 63 (94%)
African American 2 (3%)
Hispanic 1 (1.5%)
Other 1 (1.5%)

Maternal BMI 25.8 [23.1–29.7]
Current smokers, n (%) 1 (1.5%)
Primipara, n (%) 29 (43.3%)
Previous uterine surgeries, n (%) 8 (11.9%)
Cervical length before fMMC repair, mm 40.0 [31.8–43.3]
Anterior placenta, n (%) 33 (49.3%)
Fetal lesion ≤L3, n (%) 52 (77.6%)
Fetal clubfoot, n (%) 10 (14.9%)

n (%) or medians [interquartile ranges]. fMMC, fetal 
myelomeningocele.

Table 2. Pregnancy complications and outcomes (n = 67)

Hematoma 4 (6%)
Subcutaneous seroma 20 (29.9%)
Pulmonary edema 2 (3%)
Preeclampsia/gestational hypertension 2 (3%)
Oligohydramnios 8 (11.9%)
MRI-confirmed amniotic fluid leakage 4 (6.0%)
CMS 12 (17.9%)

GA at CMS, weeks 27.5 [25.9–29.7]
Placental abruption 8 (11.9%)
Vaginal bleeding 7 (10.4%)
Gestational diabetes 18 (26.9%)
PPROM 19 (28.4%)

GA at PPROM, weeks 33.7 [31.6–35.1]
Uterine rupture 1 (1.5%)
Pulmonary embolism 1 (1.5%)
Perinatal death 1 (1.5%)
Preterm labor 31 (46.3%)
GA at birth, weeks 36.3 [34.7–37.0]
GA at birth, n of women

<30 0/7 weeks 1 (1.5%)
30 0/7 to 34 6/7 weeks 23 (34.3%)
35 0/7 to 36 6/7 weeks 20 (29.9%)

≥37 0/7 weeks 23 (34.3%)
Birth weight, g 2,710 [2,400–2,910]
5-min Apgar score 9 [8–9]
Umbilical artery pH 7.3 [7.3–7.4]

n (%) or medians [interquartile ranges]. CMS, chorioamniotic 
membrane separation; PPROM, preterm premature rupture of 
membranes.

D
ow

nl
oa

de
d 

by
: 

U
ni

ve
rs

itä
t Z

ür
ic

h,
  E

-M
ed

ie
n 

   
   

   
   

   
   

   
   

 
13

0.
60

.5
8.

2 
- 

4/
16

/2
02

1 
11

:0
1:

20
 A

M



Kahr et al.Fetal Diagn Ther 2020;47:15–2318
DOI: 10.1159/000500048

Table 3. Preterm birth <37 weeks stratified by risk factor

Delivery p value Odds ratio 
[95% CI]<37 weeks GA

(n = 43)
≥37 weeks GA
(n = 24)

Maternal age, years 31 [27–35] 31 [25–36] 0.551
Race/ethnicity 0.728

White 40 (93.0%) 23 (95.8%)
African American 1 (2.3%) 1 (4.2%)
Hispanic 1 (2.3%) –
Other 1 (2.3%) –

Body mass index 25.5 [23.1–27.8] 26.1 [23.0–31.4] 0.480
Cervical length before fMMC repair, mm 40.0 [31.0–44.0] 40.0 [34.3–42.8] 0.941
Parity 0.077

Primipara 15 (34.9%) 14 (58.3%)
Multipara 28 (65.1%) 10 (41.7%)

Previous uterine surgery 0.496
Yes 6 (14%) 2 (8.3%)
No 37 (86%) 22 (91.7%)

Anterior placenta 0.267
Yes (posterior hysterotomy) 19 (44.2%) 14 (58.3%)
No (anterior hysterotomy) 22 (55.8%) 10 (41.7%)

Gestational age at surgery, weeks 24.9 [24.6–25.4] 25.2 [24.3–25.6] 0.573
Duration of surgery, min

Total 136 [123–162] 137 [121–159] 0.937
Uterine 92 [75–100] 88 [77–91] 0.256

Preeclampsia/gestational hypertension 0.283
Yes 2 (4.7%) –
No 41 (95.3%) 24 (100%)

Oligohydramnios 0.916
Yes 5 (11.6%) 3 (12.5%)
No 38 (88.4%) 21 (87.5%)

MRI-confirmed amniotic fluid leakage 0.123
Yes 4 (9.3%) –
No 39 (90.7%) 24 (100%)

Subcutaneous hematoma 0.614
Yes 2 (4.7%) 2 (8.3%)
No 41 (95.3%) 22 (91.7%)

Placental abruption 0.024 1.2 [1.1–1.4]
Yes 8 (18.6%) –
No 35 (81.4%) 24 (100%)

Vaginal bleeding 0.713
Yes 5 (11.6%) 2 (8.3%)
No 38 (88.4%) 22 (91.7%)

Uterine rupture 0.452
Yes 1 (2.3%) –
No 42 (97.7%) 24 (100%)

Chorioamniotic membrane separation 0.028 7.9 [1.0–65.6]
Yes 11 (25.6%) –
No 32 (74.4%) 24 (100%)

Preterm premature rupture of membranes 0.001 16.6 [2.0–134.1]
Yes 18 (41.9%) 1 (4.2%)
No 25 (58.1%) 24 (95.8%)

n (%) or medians [interquartile ranges]. CI, confidence interval; fMMC, fetal myelomeningocele.
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Table 4. Preterm birth ≤34 weeks stratified by risk factor

Delivery p value Odds ratio
[95% CI]≤34 weeks GA

(n = 12)
>34 weeks GA
(n = 55)

Maternal age, years 33 [29–35] 31 [26–35] 0.441
Race/ethnicity 0.095

White 10 (83.3%) 53 (96.4%)
African American 1 (8.3%) 1 (1.8%)
Hispanic 1 (8.3%) –
Other – 1 (1.8%)

Body mass index 25.4 [21.9–28.3] 25.8 [23.1–30.0] 0.545
Cervical length before fMMC repair, mm 41.5 [31.3–47.3] 40.0 [33.3–34.0] 0.405
Parity 0.901

Primipara 5 (41.7%) 24 (43.6%)
Multipara 7 (58.3%) 31 (56.4%)

Previous uterine surgery 0.671
Yes 1 (8.3%) 7 (12.7%)
No 11 (91.7%) 48 (87.3%)

Anterior placenta 0.562
Yes (posterior hysterotomy) 5 (41.7%) 28 (50.9%)
No (anterior hysterotomy) 7 (58.3%) 27 (49.1%)

Gestational age at surgery, weeks 25.2 [24.2–25.3] 25.0 [24.4–25.6] 0.623
Duration of surgery, min

Total 136 [124–152] 137 [122–163] 0.653
Uterine 93 [71–98] 88 [77–99] 0.531

Preeclampsia/gestational hypertension 0.230
Yes 1 (8.3%) 1 (1.8%)
No 11 (91.7%) 54 (98.2%)

Oligohydramnios 0.577
Yes 2 (16.7%) 6 (10.9%)
No 10 (83.3%) 49 (89.1%)

MRI-confirmed amniotic fluid leakage 0.703
Yes 1 (8.3%) 3 (5.5%)
No 11 (91.7%) 52 (94.5%)

Subcutaneous hematoma 0.335
Yes – 4 (7.3%)
No 12 (100%) 51 (92.7%)

Placental abruption 0.029 6.4 [1.3–30.8]
Yes 4 (33.3%) 4 (7.3%)
No 8 (66.7%) 51 (92.7%)

Vaginal bleeding 0.763
Yes 1 (8.3%) 6 (10.9%)
No 11 (91.7%) 49 (89.1%)

Uterine rupture 0.638
Yes – 1 (1.8%)
No 12 (100%) 54 (98.2%)

Chorioamniotic membrane separation 0.205
Yes 4 (32.3%) 8 (14.5%)
No 8 (66.7%) 47 (85.5%)

Preterm premature rupture of membranes 0.011 5.0 [1.3–18.7]
Yes 7 (58.3%) 12 (21.8%)
No 5 (41.7%) 43 (78.2%)

n (%) or medians [interquartile ranges]. CI, confidence interval; fMMC, fetal myelomeningocele.
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18.3% of their cases reached a GA of 37 weeks (vs. 35.8% 
in our study population) [10].

Overall, we report a median GA of 36.3 [34.7–37.0] 
weeks at delivery. The majority of our women (64 %) de-
livered after 35 completed gestational weeks, and 34% 
reached a GA ≥37 weeks. Further, Zamora et al. [11] 
showed a mean GA at delivery of 35.5 ± 1.8 weeks follow-
ing open fetal surgery, which is similar to the median GA 
at delivery of 36.3 weeks in our study. 

Preterm Premature Rupture of Membranes
Research has shown that PPROM is a major risk factor 

for preterm delivery, in particular following fetal surgery. 
Apart from MOMs, there are only limited data available 
on PPROM rates following fetal surgery, particularly after 
fMMC repair. 

PPROM occurred in 46% of women in the MOMs 
 cohort  (vs. 8% in women with postnatal MMC repair). 
PPROM rates in post-MOM fMMC repair at large fetal 
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Table 5. Preterm premature rupture of membranes (PPROM) ≤34 weeks stratified by risk factor

PPROM 
(n = 12)

No PPROM 
≤34 weeks
(n = 55)

p value Odds ratio
[95% CI]

Maternal age, years 32 [28–35] 31 [26–35] 0.658
Body mass index 26.4 [22.1–28.3] 25.5 [23.1–30.0] 0.980
Cervical length before fMMC repair, mm 40.0 [31.0–48.0] 40.0 [32.0–43.0] 0.523
Parity 0.207

Primipara 3 (25%) 26 (47.3%)
Multipara 9 (75%) 29 (52.7%)

Previous uterine surgery 0.671
Yes 1 (8.3%) 7 (12.7%)
No 11 (91.7%) 48 (87.3%)

Anterior placenta 0.954
Yes (posterior hysterotomy) 6 (50%) 27 (49.1%)
No (anterior hysterotomy) 6 (50%) 28 (50.9%)

Gestational age at surgery, weeks 24.7 [24.6–25.3] 25.1 [24.4–25.6] 0.394
Duration of surgery, min

Total 135 [125–155] 136 [122–163] 0.844
Uterine 89 [71–98] 90 [77–99] 0.702

Oligohydramnios before PPROM 0.124
Yes 3 (25%) 5 (9.1%)
No 9 (75%) 50 (90.9%)

Chorioamniotic membrane separation before PPROM 0.001 8 .2 [2.0–33.6]
Yes 6 (50%) 6 (10.9%)
No 6 (50%) 49 (89.1%)

n (%) or medians [interquartile ranges]. CI, confidence interval; fMMC, fetal myelomeningocele.

Table 6. Chorioamniotic membrane separation (CMS) ≤34 weeks stratified by risk factor

CMS 
(n = 11)

No CMS 
≤34 weeks
(n = 56)

p value Odds ratio
[95% CI]

Maternal age, years 34 [28–35] 31 [26–34] 0.575
Body mass index 27.0 [23.6–30.8] 25.7 [23.0–29.0] 0.441
Cervical length before fMMC repair, mm 43.0 [40.0–48.0] 39.0 [31.0–43.0] 0.034
Parity 0.018 0.1 [0.01–0.834]

Primipara 1 (9.1%) 28 (50%)
Multipara 10 (90.9%) 28 (50%)

Previous uterine surgery 0.335
Yes – 8 (14.3%)
No 11 (100%) 48 (85.7%)

Anterior placenta 0.783
Yes (posterior hysterotomy) 5 (45.5%) 28 (50%)
No (anterior hysterotomy) 6 (54.5%) 28 (50%)

Gestational age at surgery, weeks 24.7 [24.4–25.3] 25.2 [24.4–25.6] 0.040
Duration of surgery, min

Total 140 [130–163] 135 [122–160] 0.703
Uterine 95 [75–105] 88 [77–95] 0.175

n (%) or medians [interquartile ranges]. CI, confidence interval; fMMC, fetal myelomeningocele.
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surgery centers remain high (52.2% [24/46], 28.0% 
[25/89], and 30.7% [27/88]) [3, 5, 8, 10] and are compa-
rable to our PPROM prevalence (28.4% [19/67]). In our 
cohort, 28.4% of gravidae exhibited PPROM. If PPROM 
occurred, 90% of our women delivered within 5 days after 
PPROM. 

In 2013, Perrini et al. [12] showed that contractions are 
likely to increase the risk of PPROM.

Tocolysis after PPROM has not yet been proven to im-
prove neonatal or obstetric outcome [13], but in the case 
of PPROM following fMMC repair, tocolysis might be 
beneficial or at least not harmful if there is no evidence 
for chorioamnionitis. 

Chorioamniotic Membrane Separation
Eighteen percent of our gravidae exhibited CMS (vs. 

26% in MOM and 23% in post-MOM women) [3, 5, 8]. 
In accordance with previous studies, women developing 
CMS received fMMC surgery at a lower GA (24.7 [24.4–
25.3] weeks GA vs. 25.2 [24.4–25.6] weeks GA; p = 0.04) 
[8, 14, 15]. Congruently, studies on CMS following feto-
scopic laser photocoagulation revealed a higher risk for 
CMS with earlier timing of surgery [16, 17]. It has been 
hypothesized that the pathogenesis lies in the weaker ad-
herence of the amniotic and chorionic membranes dur-
ing early gestation [17]. Johnson et al. [5] as well as Wil-
son et al. [14] reported an association between CMS and 
PPROM, which is in line with our data.

Accordingly, CMS was found to be a risk factor for 
PPROM leading to a lower GA at delivery in this study. 
Additionally, a lower GA at the time of surgery was shown 
to be a risk factor for CMS with PTB ≤34 weeks GA.

Placental Abruption
Another clinically logical finding of this study is an as-

sociation of placental abruption (12% in MOMs; 6 and 
2% in the CHOP post-MOM cohort) with PTB in the 
context of fMMC repair, holding true for both PTB cat-
egories (< 37 and ≤34 weeks GA) [3, 8].

PPROM was associated with placental abruption (p = 
0.022), but other common risk factors for placental ab-
ruption, such as patient age, duration of surgery, or pre-
eclampsia, were not associated. There was a tendency to-
wards a higher prevalence of placental abruption in pa-
tients with an anterior placenta (6 cases of anterior 
placenta vs. 2 cases of posterior placenta) but without 
reaching a level of significance. Anterior placentas might 
lead to more intraoperative manipulation and fetal posi-
tioning, which might pose an additional risk for placental 
abruption. 

Miscellaneous Risk Factors
Various clinical characteristics, such as maternal BMI, 

maternal age, parity, previous uterine surgery, GA at in-
trauterine surgery, and surgical subcutaneous hematoma, 
were not identified as risk factors for PTB, which is in line 
with a study by Johnson et al. [5].

In contrast to expectations and to the latter-mentioned 
study, oligohydramnios and amniotic fluid leakage were 
neither associated with PPROM nor with preterm deliv-
ery in our gravidae. Further, it is questionable whether 
surgery duration had a major impact on PTB following 
fMMC repair, as surgery duration did not pose any ad-
ditional risk for PTB within our study cohort as it had in 
a previous study [5]. This finding stands in contrast to 
those of Johnson et al. [5], who showed a correlation be-
tween longer surgery duration and PPROM and PTB < 34 
weeks GA. It has to be taken into account that prolonged 
surgery duration can also be a surrogate for intraopera-
tive complications which may lead to PPROM and PTB 
postoperatively. 

There are several limitations to this study. First, the 
number women (67) enrolled during the study period 
limits the power of statistical analyses. Contrariwise, our 
patient collective presents one of the largest cohorts treat-
ed with fMMC repair within Europe. Further, the toco-
lytic management was changed after the first 15 women 
from magnesium sulfate to atosiban due to the apparent 
superiority of the latter within our own study cohort [7]. 
Additionally, we see a strength in our concept of tight 
follow-up and return for delivery as well as for subse-
quent pregnancy counseling.

Conclusion

The knowledge of major risk factors for PTB within 
our cohort (PPROM, CMS, and placental abruption) en-
ables us to take early and direct clinical measures aiming 
at the prevention of PTB or at least at the prolongation of 
gestation after fMMC repair. Such measures can com-
prise minimal manipulation at the uterus during fMMC 
repair for prevention of CMS and PPROM or placental 
abruption, or the initiation of intravenous tocolytics for 
(I) the prevention of CMS and PPROM directly following 
fMMC repair in the presence of contractions and (II) af-
ter PPROM without signs of chorioamnionitis or CMS in 
case of premature contractions. Additionally, optimal 
surveillance after CMS diagnosis in terms of a prolonged 
hospital admission is a possible consequence. We con-
clude that frequent examinations aiming to identify risk 
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factors for PTB is appropriate. Future surgery techniques 
need to adress minimization of CMS to reduce the risk for 
PPROM and consequently preterm delivery of the fetus.
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