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Abstract
Introduction This is the cumulative technical report on the operative procedures and limitations of fetoscopic bag insertion, 
intestinal bag placement, and bag fixation to the fetus in a series of pilot studies in an ovine model for prenatal treatment of 
gastroschisis.
Material and methods In 24 German blackhead sheep, a surgically created gastroschisis was managed by fetoscopic place-
ment of the extruded intestines into a bag. The bag was then fastened onto the fetal abdominal wall. Different materials (sterile 
gloves, latex condoms, laparosopic retrieval bags) and different fixation techniques (laparoscopic staplers, interrupted and 
continuous sutures) have been examined. The fetuses were retrieved and evaluated at the end of gestation.
Results Uterine bag insertion was successful in 15 of 24 (62.5%) and intestinal bag placement in 10 of 15 available fetuses 
(66.6%). The main factor limiting fetoscopic procedures was chorioamniotic separation (CAS). Sterilized condoms provided 
the most appropriate type of bags and the V-Loc™ running suture, the most expedient type of fixation, which was achieved in 
9 of the 10 fetuses (complete = 2, partially = 7) by using a three port access (5 mm and 2 × 3 mm). All bags were encountered 
completely or partially dislocated from the fetus at the end of gestation.
Conclusions Fetoscopic intestinal bag placement and fixation in gastroschisis technically demanding. None of the evaluated 
techniques led to permanent anchorage of the bag to the fetus. The development of specially designed instruments, bags and 
fixation methods is required to optimize this approach.
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The hallmark of gastroschisis is intestinal damage due to the 
prenatally injured intestine and its consecutive long term 
morbidity and mortality [1, 2].

Prenatal primary repair or covering of gastroschisis by 
open fetal surgery led to a reduction of inflammatory peel 
formation, intestinal damage, as well as an improvement 
in Cajal pacemaker cell density in several animal models 
[3–16]. Fetoscopic primary repair has been unsuccessful in 
two reports, but the results of fetoscopic covering by intes-
tinal bag placement were comparable to the open approach, 
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although all bags dislocated during the course of gestation 
[3, 4, 6]. With similar results after fetoscopic spina bifida 
repair, where the adhesive failed to permanently seal the 
covering patch until birth, the optimal fetoscopic fixation 
technique withstanding the tension exhibited by the growing 
fetus has yet to be defined [17].

Therefore, we report our cumulative results on techni-
cal aspects and considerations of fetoscopic bag placement 
and fixation for gastroschisis in 24 fetuses. Of those, several 
animals were included in previous reports: First, fetoscopic 
creation and evaluation of a gastroschisis (n = 8). Second, 19 
animals have been reported on a fetoscopic visual grading 
score, the extent of the defect and its pathological impli-
cation for embryogenesis and third, 21 animals have been 
reported regarding the effect of fetoscopic bag placement on 
peel formation, intestinal damage, and levels of interstitial 
cells of Cajal [3, 4, 18].

Methods

All experiments were approved by the Hamburg state 
administration for animal research (81/09 FETAL-GS and 
75/10 FETAL-GS II) and conducted in accordance with the 
institutional animal care and use committee. The anesthetic 
and surgical procedures have been published elsewhere 
[3, 4, 18]. Fetoscopic bag placement and bag fixation was 
performed at a median gestational day 96 (Range 42) and 
median 19 (minimum six and maximum 43) days after crea-
tion of the gastroschisis. The procedure was divided into 
three steps, namely bag insertion, bag placement and bag 
fixation.

The types of bags examined were laparoscopic retrieval 
bags (Endopouch, Ethicon, Germany), sterile surgical 
latex gloves (SSG, Peha Taft, Hartmann, Germany), ster-
ile examination copolymer gloves (SEG, Sentina, Lohmann 
& Rauscher, Austria), and sterilized condoms (Fromms, 
MAPA, Germany). The bags were chosen according to the 
estimated size of the eviscerated intestine during fetoscopic 
evaluation of the gastroschisis. As reported earlier, any type 
of self-expanding gastroschisis bag with a spring, as used in 
postnatal management of gastroschisis, was not applicable 
because of the small size of the abdominal defect and the 
compression of vessels of fetal circulation by the spring [4].

Fixation methods used were monofilament sutures (con-
tinuous or single knots, Prolene®, Ethicon, Germany), a 
running barbed suture (V-Loc™, Covidien, Germany), and 
endoscopic tackers (Helix Protack Titan 5 mm, Autosuture, 
Germany; PDS EasyTac®, PermaFix, Germany). Differ-
ent bags and fixation techniques have been examined in the 
same fetus, allowing for a smaller number of animals (3Rs: 
Replacement, Reduction and Refinement) [19].

At the end of gestation, the fetus was delivered, eutha-
nized, and inspected. The ewe was allowed to recover.

Results

The results are displayed in Table 1.

Bag insertion

Bag insertion was possible in 15/24 animals (62.5%). In 
eight cases, chorioamniotic membrane separation (CAS) 
made introduction of the bags impossible (33%) and an 
omental cyst led to cancelation of the fetoscopic procedure 
in one more.

The laparoscopic retrieval bag required a 10 mm port 
and insertion could be performed without additional 
instrumentation.

Applying gloves as bags, they were cut below the fingers 
and the corresponding end was tied with a 3/0 silk suture 
which was left with a length of 5 cm for better maneuverabil-
ity. Their introduction required a 6 mm port, which resulted 
in increased CAS compared to 3 mm ports during creation 
of the gastroschisis.

Sterilized condoms were prepared in the same manner, 
resulting in a 3 cm long bag with the elastic condom ring at 
the open and a 5 cm silk suture for maneuvering at the tied 
end. The condoms were initially introduced through a 6 mm 
port, resulting in additional instrumentation with an increase 
of operating time similar to gloves. During the course of the 
experiments, a Floseal endoscopic applicator (Baxter, UK) 
loaded with the prepared condom was used. The applica-
tor could be introduced through a 5 mm port resulting in 
easy and fast insertion of the bag into the amniotic cavity by 
simply pushing it inside with the device obturator. With this 
technique, bag insertion could be performed within a matter 
of seconds and improved the procedure as intra-amniotic 
instrumentation could be reduced.

Bag placement

Intestinal bag placement was successful in 10 of the 15 
fetuses after bag insertion (66.6%) and in 41.6% of all 24 
available fetuses, respectively. Bag placement was unsuc-
cessful with the laparoscopic retrieval bag, it was too big for 
instrumentation inside the uterus. Sterilized surgical gloves 
(SSG) could be easier manipulated by the elastic ring at their 
proximal end, resulting in bag placement in two of five cases 
(40%). The sterile examination glove (SEG) was maneu-
vered over the intestines in a similar fashion. Intestinal 
placement into the condoms was successful in seven of eight 
cases (88%): Their volume was similar to the eviscerated 
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intestines and the proximal ring of the condom provided 
stability in the amniotic environment (Fig. 1).

Bag fixation

Bag fixation was possible in 9 of the 10 fetuses (90%, 37.5% 
of all available fetuses) with complete bag fixation in two 

Table 1  Results of bag insertion, placement and fixation, bag and fixation materials

The fetal and maternal complications are described in the legend
ATAK AbsorbaTack™, Covidien, Neustadt, Germany, BLD bleeding from a placentome encumbering the fetoscopic procedure, CAS chorioam-
niotic separation encumbering fetoscopic bag insertion, CON sterilized, cut and tied condom, Fromms, MAPA, Zeven, Germany, CYST omental 
cyst encumbering the fetoscopic procedure, ET EasyTac, AMI, Feldkirch, Austria, fix1 chorioamniotic separation encumbering the fetoscopic 
procedure, IS interrupted sutures, Prolene 5-0 or 6-0, Ethicon, Johnson&Johnson, Norderstedt, Germany, LRB laparoscopic specimen retrieval 
bag, Endopouch, Ethicon, Johnson&Johnson, Norderstedt, Germany, MIH maternal incisional hernia with surgery for repair, p1 unable to 
maneuver glove over exteriorized intestine, abortion of the procedure, p2 unable to maneuver condom over exteriorized intestine, which had 
changed into a enlarged conglomerate with peel, p3 unable to maneuver laparoscopic specimen retrieval bag over exteriorized intestine, PF 
PermaFix, BARD/Davol, Warwick, USA, RS running suture, Prolene 5-0 or 6-0, Ethicon, Johnson&Johnson, Norderstedt, Germany, SEG sterile 
examination glove, Sentina CP, Lohmann & Rauscher, Neuwied, Germany, SSG sterilized surgical glove, Peha Taft, Hartmann, Heidenheim, 
Germany, VLOC V-Loc continuous suture™ Covidien, Neustadt, Germany
a Maternal demise on postoperative day 1 due to accidental intestinal perforation during fetoscopy
b Fetal abortion on postoperative day 15
c Fetal abortion on postoperative day 4
d Fetal abortion on postoperative day 13
e Fetal abortion on postoperative day 2
f Fetal demise postoperative after fetoscopy, extraction at cesarean section
g Fetal demise during fetoscopy
h Fetal demise postoperative after fetoscopy, extraction at incisional hernia repair
i Fetal abortion on postoperative day 15

No Bag insertion possible? Bag place-
ment pos-
sible?

Bag fixation  possible? Fetal (f)  maternal (m) 
demise; complications

Bag type Primary fixation technique  
(abandoned secondary tech-
niques)

1 No (CAS) SSG
2 Yes No (p1) Ma SSG
3 No (CAS) SSG
4 Yes Yes Yes: partial SSG IS (ATAK)
5 Yes Yes No (fix1) Fb, MIH SEG IS (ATAK)
6 Yes No (p1) SSG
7 Yes Yes Yes: partial SSG IS (ET)
8 No (CAS) fc SSG
9 Yes Yes Yes: partial fd CON RS (PF)
10 No (CAS) CON
11 Yes Yes Yes: partial fe CON VLOC
12 Yes No (p2) ff CON
13 Yes No (p3) LRB
14 No (CAS) fg SSG
15 Yes Yes Yes: partial CON IS
16 Yes Yes Yes: partial CON RS
17 Yes No (BLD) fh, MIH SSG
18 Yes Yes Yes: partial CON IS
19 No (CAS) CON
20 Yes Yes Yes: complete CON VLOC
21 No (CAS) CON
22 No (CYST) CON
23 Yes Yes Yes: complete CON VLOC
24 No (CAS) fi CON
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(condoms) and partial fixation in seven fetuses (condoms 
and two sterile gloves). Complete fixation was achieved 
by using the V-Loc™ running suture applying a three port 
access (5 mm and 2 × 3 mm, Table 1). The running suture 
was faster and more convenient to perform, as knot tying was 
only required at the start and end of the suture, the V-Loc™ 
was placed in the same manner, due to its configuration knot 
tying was not necessary (Fig. 2).

Stapling was expected to be a time saving alternative, but 
the applied staplers could not reliably penetrate the bag or 
fix the bag to the fetal abdominal wall (Fig. 3).

Anchoring the bag to the abdomen of the fetus was tech-
nically challenging due to restrictions of operative space, the 

fluid filled uterus and CAS. Additionally, instrumentation 
and underwater knot tying were impeded on the contralateral 
side of the eviscerated intestine as the fetus is floating freely 
and can not be positioned and held in place without the use 
of additional ports.

Chorioamniotic separation (CAS) was obstructing the 
fetoscopic procedures in nearly all cases although mostly 
to a lesser extent. Membrane detachment occurred even by 
using a 24G needle but was more pronounced by increasing 
size of the introduced ports and impaired vision with the 
need to abandon the fetoscopic approach in extreme cases 
(Fig. 4A–C).

Fetal and bag evaluation

None of the examined techniques resulted in a reliable and 
continuous fixation of the bag as all were found partially or 
completely dislocated from the fetus at the end of gestation. 
The sutures could still be found attached to the bags and 
appeared to be torn or grown out of the fetal skin (Fig. 5).

Although being covered only temporarily, fetal bag place-
ment of the gastroschisis lead to improved bowel histology 
and interstitial cell (Cajal, ICC) levels in the experimental 
fetuses, as reported earlier by our group [3].

Discussion

We were able to demonstrate successful percutaneous feto-
scopic bag insertion, intestinal placement, and bag fixation 
in a fetal sheep model of gastroschisis by employing con-
doms through an applicator system for insertion and a con-
tinuous running stitch with a barbed suture.

Fig. 1  Fetoscopic bag placement. The reduced visibility in the amni-
otic fluid is demonstrated. A sterilized condom is used as a bag and 
maneuvered over the exteriorized intestine with 3  mm Maryland 
graspers. The end of the silk suture can be seen and the ring of the 
condom allows for maneuvering

Fig. 2  Fetoscopic view of bag fixation by interrupted non-absorbable 
monofilament sutures

Fig. 3  Fetoscopic view of bag fixation by laparoscopic tackers: The 
anchor did penetrate the condom but not the fetal abdominal wall
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The procedures were complicated by chorioamniotic sep-
aration (CAS) thus increasing the time for surgery, necessi-
tating repositioning of the ports and leading to complications 
or abandonment of the fetoscopic procedures. However, one 
may argue that, due to their loose attachments in sheep, the 
membranes may not pose such a great obstacle in human 
pregnancies [4, 6, 18]. Furthermore, the fetoscopic inter-
vention was performed on a previously operated uterus (for 
creation of the gastroschisis), thereby increasing the risk of 
complications by repetitive surgery.

The procedures were performed in the amniotic fluid. 
Working in this environment requires different techniques 
and handling on a freely floating fetus, that is associated 
with a different learning curve compared to conventional 
laparoscopic surgery [20]. Although fixation by sutures 
appears favorable, fetoscopic suturing for gastroschisis 
is technically interfered by the abovementioned reasons. 

Some authors suggested the use of PACI (partial amni-
otic gas  (CO2) insufflation) for amniodistension and better 
instrumentation of the fetus. Previously discounted based 
on some data in sheep, there is growing evidence that 
warmed, humidified carbon dioxide under low pressure 
does not have the earlier reported deleterious effects and 
may become the preferred method compared to amniofu-
sion [21, 22].

The age of the fetuses at intervention with a range 
from 78 to 120 gestational days may act as a confounder 
in this report, as the fetus and its intestine grows rapidly 
during this period. One part of the included studies was 
the evaluation of the effect of amniotic fluid exposure on 
intestinal damage, for which the time of intervention had 
to be between seven and 42 days [18]. Thus, the size of 
the eviscerated intestines and amniotic cavity could not be 
standardized for this study.

Fig. 4  A–C Fetoscopic view of chorioamniotic separation (CAS). 
Introduction of a 24G needle directly into the amniotic cavity results 
in detachment of the membranes (A), which is not as pronounced as 

in inserting a 3 mm port (B). Cutting 3 mm trocars did not perforate 
the membranes (C)
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Strengths

This is the first report of successful completely percutaneous 
fetoscopic bag insertion, placement, and fixation for gastro-
schisis and its technical aspects. The strengths of this study, 
compared to other ovine models of gastroschisis, is the 
amount of animals (24), the complete percutaneous access 
to the fetus and the different bags and techniques used for 
fixation, resulting in a broad experience with the distinctive 
techniques. Furthermore, this report on fetoscopic fixation 
techniques can be applied to other fetoscopic procedures, as 
covering spina bifida, as well.

Limitations

Although we were able to demonstrate successful feto-
scopic bag placement and fixation, our studies have several 
limitations:

First of all, permanent fixation of the bags onto the fetal 
abdomen was unsuccessful, all bags dislocated at least par-
tially from the fetus. It appears that the growing fetus and its 
intestines exhibit pressure onto the suture lines which result 
in their detachment from the fetus, while still being fixed to 
the bag. Alternative fixation techniques might be more effi-
cient. Biomimetic glues have been evaluated in fetoscopy to 
seal port defects and, therefore, prevent amniotic fluid leak-
age and iatrogenic preterm premature rupture of membranes, 

which affects 10–47% of patients after fetoscopic procedures 
[23]. Glues tested were a multiphase adhesive modeled after 
the sandcastle worm (Phragmatopoma californica) and mus-
sel derived bioadhesives [24, 25]. The results were promis-
ing for underwater (intra-amniotic) application and tensile 
strength. But a surgical adhesive (Bioglue®) used to fasten 
patches onto the fetus in fetoscopic spina bifida repair did 
not prevent them to become entirely detached at birth in 
85% of reported cases [17]. It, therefore, appears that the 
available glues will not withstand the tension of the growing 
fetus in relation to the stiff membrane of the patch and—in 
gastroschisis cases—the pressure exhibited onto the bag by 
the growing intestine. An alternative might be to induce the 
ingrowth of the cover into the fetal skin, therefore, increas-
ing the durability of fixation. This method was examined by 
Fontecha et al. in a sheep model of myelomeningocele: A 
silastic patch (SUMSA, Madrid, Spain) plus Marlex mesh 
(BARD, NJ, USA) was placed over the myelomeningocele 
and fixed with CoSeal bioadhesive (CoSeal Surgical Seal-
ant; Baxter Healthcare Corporation, Deerfield, IL) to the 
adjacent skin. Their results demonstrated a certain amount 
of dermal growth over the Marlex mesh [26, 27]. A probable 
ingrowth of adhesive mesh might also be induced by laser 
or electric coagulation of the fetal skin to the mesh or mem-
brane. A prototype of a fetoscopic instrument combining a 
self expandable bag with better instrumentation that can be 
easily manipulated and held onto the fetus until the process 
of fixation is finished is suggested in Fig. 6.

Another probable drawback of this report is the fetal mor-
tality of 33%. We attribute this to the experimental character 
of our pilot studies: different access-sites, ports, bags and 
fixation techniques were evaluated with operative times up to 
450 min. [10] But although being pilot studies, mortality in 
our series is comparable to similar studies of open or hybrid 
fetal surgery for gastroschisis [5, 6, 8, 10, 11].

Another limitation is the small number of fetuses in each 
group, precluding statistical analysis for the determination of 
the best technique. But the animal model and the fetoscopic 
procedures had to be developed from scratch [4, 18]. No 
bags or instruments were available which were particularly 
designed for this procedure and had, therefore, to be used 
off-label and custom made. Different combinations of bags 
and fixation devices as well as ports and their placement, 
bag insertion, intrauterine manipulation, and sutures had to 
be evaluated. Thus, for each of these specific combinations, 
only small numbers of fetuses were available.

And, of course, the techniques utilized herein would 
in general not be applicable to the human fetus—multiple 
large trocars would carry unacceptable risks of membrane 
disruption, amniotic fluid leak, and premature delivery. 
Recently, Belfort developed a hybrid fetoscopic technique 
including chorioamniotic plication and PACI, which was 
able to significantly reduce the incident of chorioamniotic 

Fig. 5  Detached bag from the fetus at the end of gestation after place-
ment of the gastroschisis in a condom and partial fixation with inter-
rupted sutures
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separation [28, 29]. With this approach, a hybrid feto-
scopic intervention with acceptable morbidity might 
become applicable [28–30].

One further limitation is the current lack of prenatal 
diagnostic markers for complex gastroschisis and the yet 
unconfirmed hypothesis of the effect of prenatal therapy 
on the reduction of complex cases. Generally believed to 
be a “benign” congenital malformation, we were able to 
demonstrate that the subgroup of patients with complex 
gastroschisis (CGS) suffers from a mortality of up to 17% 
and a relevant long term morbidity [1]. Those complex 
cases might be the primary target for prenatal intervention, 
although the direct effect of prenatal coverage of gastro-
schisis on the incidence of complex gastroschisis has not 
been demonstrated yet. Whether the inflammatory peel of 
the intestines leads to necrosis, perforation or intestinal 
atresia (three of the four criterions for complex gastroschi-
sis) is unclear. Nevertheless, there is good evidence that 
the inflammatory changes of the intestine seen in gastro-
schisis are a result of prolonged amniotic fluid exposure, 
which we have also demonstrated in fetuses included in 
this report, and we and others have demonstrated that in 
utero covering of gastroschisis reduces the inflammatory 
damage and improves ICC levels [3, 12, 31]. From a patho-
physiological point of view, intestinal inflammatory dam-
age leading to necrosis and perforation appears consist-
ent. It, therefore, seems plausible, that prenatal coverage 
of gastroschisis will prevent at least the abovementioned 
fraction of cases with complex gastroschisis. Nonetheless, 
another argument for in utero surgery for fetal gastroschi-
sis is the demonstrated improvement of ICC levels, leading 
to the reduction of postnatal intestinal dysmotility which is 
often the main cause for prolonged postoperative hospital 
stay in affected newborns [12, 32, 33].

As mentioned above, prenatal identification of com-
plex cases is difficult. There is no current sonographic or 
blood marker available for the reliable prenatal identifica-
tion of complex cases, although it appears that measure-
ment of intra-abdominal bowel dilatation at 20–22 or at 
30–32 weeks’ gestation may be useful in the prediction of 
complex gastroschisis [34–40].

With the continuing progress in prenatal diagnostics, 
one may argue that prenatal identification of complex gas-
troschisis will be just a matter of time. Then, being able to 
offer a prenatal management will be the next logical step.

Nevertheless, in any case, our data are too preliminary 
to discuss any human application of fetoscopic bag place-
ment in patients with gastroschisis.

Conclusion

This report is the cumulative technical paper on the experi-
mental development of a probable technique for fetal sur-
gery for gastroschisis. We were able to demonstrate that 
fetoscopic bag placement and its fixation to the fetus is 
possible but technically challenging by restrictions of port 
placement, chorioamniotic separation, limited operative 
space and bag dislocation during the course of gestation. 
Best results were obtained with condoms as bags and a 
running V-Loc™ suture. The development of specially 
designed instruments, as proposed in this report, bags and 
fixation methods are required to optimize and minimalize 
this approach.
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Fig. 6  Drawing of a prototype 
instrument for fetoscopic bag 
placement and fixation. A 
reversed umbrella shaped bag 
is loaded on self-expandable 
wires and fitted into a 3 mm (or 
smaller) diameter tube. The tube 
can be brought into the amnitic 
cavity by puncture, the bag 
is pushed into the cavity and 
automatically expanded once 
leaving the tube. While still 
being fitted onto the tube. it can 
be easily maneuvered over the 
intestine and once fixed onto the 
fetus, for example by adhesive 
glue or laser activated coagula-
tion, it can be detached from 
the wire and the tube and wire 
extracted from the amniotic 
cavity
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