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Gastroschisis is a congenital defect of the abdominal wall that needs immediate surgical correction. An alternative
option is primary direct closure after skin undermining and sheath expansion using electrocautery, without the use
of a temporary container (silo).

Aim - to assess the feasibility and short-term results of primary direct closure of gastroschisis after skin under-
mining and sheath expansion with electrocautery in newborns.

Materials and methods. A retrospective analysis of 21 newborns with gastroschisis who had primary direct
closure performed from January to December 2024. The study followed STROBE guidelines for observational stu-
dies. The outcomes measured were the rate of primary closure, the duration of nasogastric (NG) tube, feeding
milestones, and complications.

Results. Twenty-one patients were included, with a mean birth weight of 2.77 kg. Primary closure was suc-
cessful in 18 patients (85.7%). Three (14.3%) patients were deemed to be unsuccessful. No patient required
mechanical ventilation. Mean NG tube duration was 3.9 days. Six (28.6%) patients were able to tolerate full
enteral feeding at a mean of 4.8 days after surgery. Five (23.8%) patients had complications; there was one (4.8%)
fatal outcome. The unsuccessful Closure group (66.7%) had more complications compared to the successful
group (16.7%).

Conclusion. Primary direct closure of gastroschisis following undermining of the skin and sheath expansion
with electrocautery is a viable technique in selected patients with an 85.7% success rate. The technique provides
hemostasis and accurate tissue separation. Failure of primary closure was seen in 14.3% on daily follow-up docu-
mentation.

The study was conducted in accordance with the principles of the Declaration of Helsinki. Informed consent was
obtained from the parents or guardians of the children for the conduct of the study.

The author declares that there is no conflict of interest.
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MepBuHHE NpAMe 3aKpUTTA AedeKTy NpU racTpoLLM3nC NiCNA BigLwapyBaHHA WKiPWU Ta PO3LLIMPEHHA
anoHeBPOTUYHOTIO KiNbLA MeTOA0M eNeKTPOKOoarynsALjii: peTpocneKTUBHa cepia BunagKis (21 nauieHT)

A.Ya. Hussein

Bint Al-Huda Teaching Hospital, Nasiriyah, Iraq

lacTpoLmM3mnC — Le BPOAKeHa BaZa PO3BUTKY YEPEBHOI CTiHKK, WO noTpebye HeranHoi XipypriyHoi KopekLuii. ANbTepHaTUBHUM METOAO0M
€ NepBUHHE NpAMe 3akpuTTA gedeKTy Nicna BiflapyBaHHA WKipKU Ta PO3WMPEHHA aNOHEBPOTUYHOrO KiNbuA 33 4ONOMOrO0
eNeKTpoKoarynsLji, 6e3 BUKOPUCTAHHA TUMUYACOBOTO KOHTEHEpA (cuno).

Merta — OLiHWTK AOLNbHICTb Ta KOPOTKOCTPOKOBI PE3YNLTATU NEPBUHHOIO NPAMOTO 3aKPUTTA raCTPOLUM3UCY NIiCAA BiALLAPYBaHHA LWKipW Ta
PO3LWMPEHHA aNMOHEBPOTUYHOTO KibLiA METOL0M e1EeKTPOKOArynaL,ii y HOBOHapOAKEHHX.

Marepianu T1a metogm. MpoBeseHO PETPOCNEKTUBHUIA aHaNi3 AaHKX 21 HOBOHAPOAKEHOTO 3 raCTPOLLM3UCOM, AKUM Y NEPIOZ i3 CiYHA no
rpyzeHb 2024 poky byn10 BUKOHAHO NepBUHHE Npsame 3akpuTTa gedeKTy. LocnigKeHHA NpoBoana0Ca BiAnosiAHO 40 pekomeHaalii STROBE
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Ansa obcepBaLiiHMX gocniax)eHb. OLiHIOBaAM TaKi NOKa3sHUKM: YacToTa NEPBUHHOIO 3aKPUTTS, TPUBANICTb BUKOPUCTaHHA Ha30racTpasbHOro
30HAQ, €TaNW HANArOAKEHHSA XapyyBaHHA Ta YCKNASHEHHSA.

Pesynbrati. [locnigeHHs oxonuao 21 naujieHTa; cepeaHs mMaca Tina nif Yac HapoAKeHHs cTaHoBWUAa 2,77 Kr. [lepBUHHE 3aKpuTTA 6Yy/10
ycniwHum y 18 naujienTis (85,7%). Y 3 (14,3%) nauieHTia cnpoba 3aKpuTTA BUABMAACA HEBAANOK. HOAEH NaLLieHT He NoTpebyBaB WTYYHOI
BeHTUAALT nereHb. CepeiHa TPUBANICTb BUKOPUCTaHHA Ha30racTpabHOro 30HAa cTaHoBMAa 3,9 gobu. LWicTb (28,6%) nauieHTis 3mornu
NepeinTM Ha NoBHe eHTepasbHE XapuyBaHHA B cepeaHbomy Yepes 4,8 aobu nicns onepadii. ¥ 5 (23,8%) NaLieHTiB BUHUKAW YCKNAAHEHHS;
B oAHOMY (4,8%) BMNaAKy HacTaB JeTaNbHMWiA KiHelb. Y rpyni 3 HeBAa MM 3aKPUTTAM AedeKTy YacTKa ycKaaaHeHb byna Buuoto (66,7%)
NOPIBHAHO 3 rpyNoto ycnilwHoro 3akpuTTa (16,7%).

BUCHOBOK. MepBUHHE NpAMe 3aKpUTTA AedeKTy NPy racTpOLLIM3MCI NICASA BiALIAPYBaHHA WKipK Ta PO3LUMPEHHS KpaiB AepeKTy 3a Z0NOMOrot
€/1eKTPOKOoarynsaLii € NPUMHATHUM METOAOM A5 OKPEMMX NALLIEHTIB; YaCTOTa YCNiLWHMX Pe3y/bTaTiB CTaHOBUTL 85,7%. Lis meToamKa
3abe3neyye remocTas i TOMHE pO34isieHHA TKaHWH. HeBaady npu cnpobi nepBMHHOTO 3aKpuTTA byno 3adikcosaHo y 14,3% Bunaakis 3a
pe3ynbTaTaMm LWOAEHHOTO MOHITOPUHTY.

[JocnigxKeHHs NpoBOAMNOCA BiAMNOBIAHO L0 NPUHLMNIB [eNbCiHCbKOI AeKnapaLii. OTpumaHo iHpopmoBaHy 3roay 6aTbKis abo onikyHiB gjiTei
Ha NPOBeAEHHA AOCNIAKEHHS.

ABTOP 3asB/sAE NPO BiACYTHICTb KOHDAIKTY iHTEpECIB.

Kntoyosi cnoea: ractpolum3nc, NepBuMHHe 3aKpPUTTA, €NEKTPOKOArynaLif, pPo3WMpeHHs KpaiB gedekTy, cepia KNiHIYHUX BUNAAKIB, Xipypria
HOBOHAPOMXEHWX.

Introduction fluid and must be modified surgically soon after birth [4].

Gastroschisis is a birth defect in which the intestines
(and sometimes other organs) come down through the
abdomen (full-thickness defect) to the right side of the
body, typically near the umbilical cord. They are not en-
capsulated and are irritated and swollen due to amniotic

Table 1

STROBE checklist

STROBE item Location in manuscript
Title and Abstract Title and Abstract
Background/rationale | Introduction

Objectives Aim of the Study

Study design Materials and Methods — Study
Design

Setting Materials and Methods — Study
Design

Participants Inclusion and Exclusion Criteria

Variables Data Collection and Definitions

Data sources/mea- Data Collection

surement

Bias Study Limitations

Study size Patient Characteristics

Quantitative variables | Data Analysis
Statistical methods Data Analysis

Participants Results

Descriptive data Patient Characteristics and Table 1

Outcome data Results

Main results Results — Primary Closure Out-
come

Other analyses Results — Complications

Key results Discussion

Limitations Study Limitations

Interpretation Discussion

Generalizability Discussion

Funding Declarations

Gastroschisis has been rising in prevalence globally, and
is estimated to occur in 1in 2,000 — 1 in 5,000 live births [3].
Factors that increase risk are smoking during pregnancy,
low socioeconomic status, and early motherhood [2].

There are a number of surgical procedures available to
help treat this anomaly. The most common method used
is to encase the organs in a silo and compress them into
the abdominal cavity [4]. However, the placement of a silo
is sometimes performed by a number of procedures,
along ventilation period, and a long hospital stay [10].

Primary direct closure has been recommended as an
alternative in some patients because it involves a
single-stage closure, earlier enteral feeding, and a short-
er hospital stay [12].

Rationale for electrocautery in sheath expansion

Why electrocautery? Compared to sharp dissection,
electrocautery offers:

 hemostasis: reduced intraoperative bleeding;

o precision: controlled tissue division;

« efficiency: shorter operative time.

The technique of combined transverse and longitu-
dinal sheath expansion exceeding 5 cm using electro-
cautery has not been previously described in detail for
gastroschisis closure. This study describes our experi-
ence with this technique.

The aim of this study was to assess the feasibility and
early results of primary direct closure of gastroschisis
after skin undermining and subsequent electrocautery
to expand the sheaths both transversely and longitudi-
nally in neonates.

The focus of the study was the successful primary clo-
sure rate, duration of nasogastric (NG) tube use, feeding
milestones, mechanical ventilation use, and postopera-
tive complications.
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Step 1 Step 2
Sheath Expansion

Skin Undermining

Circumferential skin undermining Longitudinal and transverse sheath expansion

Fig. 1. Schematic diagram of the surgical technique

Materials and methods of the study

Study design. It was a retrospective case series of neo-
nates who were diagnosed as having gastroschisis and
who underwent primary direct closure at Bint Al-Huda
Hospital from January 2024 to December 2024. The
study was reported in accordance with the Strengthen-
ing the Reporting of Observational Studies in Epidemio-
logy (STROBE) guidelines for observational studies. The
completed STROBE checklist for the present retrospec-
tive observational study is provided in Table 1 [11].

Inclusion and exclusion criteria. All newborns diag-
nosed with gastroschisis who underwent primary direct
closure during the study period were included in the
study. Patients were excluded if their medical records
were incomplete or did not contain sufficient informa-
tion to assess the study outcomes. Birth weight, gesta-
tional age, and abdominal wall defect size were not con-
sistently documented in all medical records and
therefore could not be used as mandatory inclusion cri-
teria or systematically analyzed.

Surgical technique (detailed) (Figure 1)

Step 1: Skin undermining

o A circumferential incision was made around the
defect margin.

o Skin was undermined from the underlying sheath
for 1-2 cm in all directions.

Step 2: Sheath expansion using electrocautery

« The anterior rectus sheath was opened using elec-
trocautery (cutting mode, low power).

A midline longitudinal incision was made first.

« Transverse relaxing incisions were added at the
superior and inferior aspects.

« Total sheath opening dimension exceeded approx-
imately 5 cm.

Step 3: Organ reduction

« Abdominal organs were gently reduced into the
peritoneal cavity.

o No forceful reduction was attempted.

Step 4: Primary skin closure

« Skin was closed primarily without fascial closure.

« Interrupted or continuous sutures were used.

Step 3
Organ Reduction

o=

Gentle reduction of abdominal contents

Step 4
Primary Closure

Step 5
Final Assessment

Primary skin closure withoul fascial closure Clinical assessment of abdominal tension

Step 5: Prevention of abdominal compartment syn-
drome

« Intra-abdominal pressure was assessed clinically by
palpating bladder tension.

« If tension was excessive, the abdomen was left open
(no case required this).

Postoperative care

« NG tube left open or on continuous suction.

» Mechanical ventilation with supplemental oxygen
as needed.

o Triple antibiotic therapy (Ampicillin + Gentamicin
+ Metronidazole).

o Daily dressing change and wound care.

o Gradual initiation of feeding after return of bowel
function.

Data collection

Data were extracted from daily follow-up medical re-
cords and included:

o birth weight (kg);

o success of primary closure (as documented);

« days on mechanical ventilation;

« days with NG tube (calculated from daily records);

« postoperative day of feeding initiation;

« postoperative day of full enteral feeding;

« complications (as recorded).

Definitions. If there was no documentation of failure
in the daily follow-up records, closure was deemed suc-
cessful. Primary closure was considered a failure if the
patient had a record stating failure or death in the daily
follow-up chart or if the patient died. Full enteral feeding
was defined as the ability to receive full oral/enteral feed-
ing without parenteral nutrition.

Data analysis and statistical analysis. All the data were
analysed with the help of Microsoft Excel 16.0. The success
rate was calculated using the Wilson score method and pre-
sented as descriptive statistics: mean, standard deviation
(SD), range, and 95% confidence interval (CI). Categorical
variables were displayed as frequencies and percentages.

Ethical considerations. This is a retrospective chart
review and was considered to be ethical based on the
guidelines of Bint Al-Huda Hospital. The nature of the
study was retrospective, and informed consent was
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Table 2

Raw data extracted from daily follow-up records (n=21)
Patient Birth Wt (kg) NG days Feed start day Full feed Complication Primary closure

day success

1 2.7 4 0 0 None Yes
2 2.7 4 0 0 None Yes
3 2.6 4 0 0 None Yes
4 2.6 4 0 0 None Yes
5 2.6 4 4 5 None Yes
6 2.7 4 0 0 None Yes
7 2.6 4 0 0 None Yes
8 2.5 4 0 0 Yes Yes
9 3.0 3 0 0 None Yes
10 2.7 4 0 0 None Yes
11 3.2 3 0 0 None Yes
12 2.9 4 0 0 None Yes
13 2.8 4 0 0 Death No
14 2.9 4 5 5 None Yes
15 3.0 4 5 5 None Yes
16 2.8 5 0 0 None Yes
17 2.5 3 0 0 Yes No
18 2.8 4 5 5 None Yes
19 3.0 4 5 5 None Yes
20 2.7 3 0 0 Yes No
21 2.6 4 0 0 None Yes

Note: «0» indicates that the event (feeding start, full feed) did not occur during the documented follow-up period.

Table 3
Primary closure outcomes
Outcome Number of patients Percentage 95% Cl
Successful primary closure 18 85.7 63.7-96.0
Unsuccessful primary closure: 3 14.3 4.0-36.3
- postoperative death 1 4.8 -
- documented failure without death |2 9.5 -

waived. Patient confidentiality has been ensured by the
use of codes rather than names.

Results of the study

Patient characteristics (Table 2). A total of 21 new-
borns with gastroschisis underwent primary direct clo-
sure during the study period. Mean birth weight was
2.77 kg (range 2.5-3.2 kg, SD+0.21).

The data in Table 3 show that primary direct closure
was successfully achieved in most patients. The duration
of NG tube use was between 3 and 5 days, and feeding
milestones were different for individual patients. The
postoperative follow-up records indicated that there were
three patients who had unsuccessful primary closure.

The primary closure was successful in 18 (85.7%) of
21 patients (95% CI: 63.7-96.0%). Three (14.3%) pa-
tients were classified as having unsuccessful primary

closure. Among these three patients, one (4.8%) postop-
erative death was documented, and two (9.5%) had doc-
umented closure failure without death.

Postoperative course (Table 4). No patient had docu-
mented mechanical ventilation. The mean duration of
NG tube use was 3.9 days (SD+0.7; range 3-5 days). Six
(28.6%) patients achieved full enteral feeding. The mean
day of feeding initiation was 4.7 (SD%0.5), and the mean
day of full feeding was 4.8 (SD+0.4).

The distribution of days of NG tube use is presented
in Table 5. Most patients (16 (76.2%) of 21) had NG tube
use for 4 days, while 4 (19.0%) patients had tube use for
3 days and 1 (4.8%) patient had tube use for 5 days.
These data are consistent with the reported mean dura-
tion of 3.9 days (Figure 2).

Complications by outcome. Complications were docu-
mented in 3 (16.7%) of 18 patients with successful pri-
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mary closure and in 2 (66.7%) of 3 patients with unsuc-
cessful closure (Table 6). Thus, complications were more
frequently documented among patients classified as hav-
ing unsuccessful closure. Because of the small number
of patients in the unsuccessful Closure group, this find-
ing should be interpreted as a descriptive observation
rather than evidence of a statistical association.

Overall, complications were documented in 5 (23.8%)
of the 21 patients, while 16 (76.2%) patients had no do-
cumented complications. One (4.8%) postoperative
death was recorded, and four (19.0%) patients had other
complications whose specific types were not consistent-
ly documented in the available medical records (Table
7). Therefore, the reported complication data should be
interpreted with consideration of the incomplete docu-
mentation of specific complication types.

Study flow diagram. Figure 2 shows the study flow di-
agram of 21 patients with gastroschisis who underwent
primary direct closure after skin undermining and
sheath expansion using electrocautery. All 21 patients
attempted primary direct closure. Of these, 18 (85.7%)
patients had successful primary closure (95% CI: 63.7-
96.0%), while 3 (14.3%) patients were unsuccessful (95%
CI: 4.0-36.3%). Among the unsuccessful group, one
(4.8%) patient died postoperatively, and two (9.5%) pa-
tients had documented failure without death. Among
the successful group, three patients (16.7%) developed
complications.

Discussion

Summary of findings. None of the patients needed me-
chanical ventilation, and the mean duration of NG tube
placement was 3.9 days.

The definition of unsuccessful primary closure was
based on documentation in daily follow-up records and
may not fully reflect operative decision-making.

Comparison with published literature (Table 7)

Why is NG duration shorter in our series? Potential
explanations include:

1. No patient required mechanical ventilation, al-
lowing earlier extubation and feeding.

2. The sheath expansion technique (transverse +
longitudinal >5 cm) may reduce intra-abdominal pres-
sure.

3. Selection bias: our cohort may represent less se-
vere cases.

Why was mechanical ventilation zero? This may
reflect:

« Strict patient selection (only those expected to to-
lerate primary closure).

o The effectiveness of the sheath expansion technique
in preventing abdominal compartment syndrome.

Table 4
Postoperative outcomes (n=21)
Variable Result
Mechanical ventilation
Patients with documented ventilation 0 (0%)
NG tube duration
Mean days (SD) 3.9(%0.7)
Range (days) 3-5
Feeding milestones
Patients achieving full enteral feeding 6 (28.6%)
Mean day of feeding initiation (SD) 4.7 (£0.5)
Mean day of full feeding (SD) 4.8 (+0.4)
Table 5
Distribution of NG tube days
NG days Number of patients Percentage
3 4 19.0%
4 16 76.2%
5 1 4.8%
Table 6
Complications stratified by closure outcome
Outcome Number Patien.t S “fith Percentage
complications
Successful clo- |18 3 16.7
sure
Unsuccessful 3 2 66.7
closure
Table 7
Types of complications (n=21)
Complication g:t?; I::; of Percentage
No complications 16 76.2
Complications recorded: 5 23.8
- death 1 4.8
- other complications 4 19.0
(type unspecified in re-
cords)

Note: the specific type of complications (wound infection, dehis-
cence, hernia, etc.) was not consistently specified in the original
medical records.

o Variations in institutional practice (some centers
routinely extubate in the operating room).

Technical advantages of electrocautery sheath expan-
sion. Compared to sharp dissection, electrocautery offers:

« hemostasis: minimal bleeding during sheath opening;

o precision: controlled incision length and depth;

« efficiency: reduced operative time.

The combined transverse and longitudinal approach
creates a tension-free closure without the need for fascial
repair, potentially reducing intra-abdominal pressure.
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20

Prevention of abdominal compartment syndrome. No
patient in this series developed clinically evident abdom-
inal compartment syndrome. This was achieved by:

1. Limiting sheath expansion to >5 cm.

2. Avoiding forced organ reduction.

3. Clinical assessment of bladder tension before clo-
sure.

Complications. The mortality rate of 4.8% is consistent
with published gastroschisis mortality rates (2-10%)

Number of Patients
=] o

(&1}

[8,9].
° Feeding milestones. Six (28.6%) patients achieved full
NG Tube Days enteral feeding during the documented follow-up peri-
Fig. 2. Bar chart showing distribution of NG tube daysamong ~ od, with a mean of 4.8 days postoperatively. In some pa-
21 patients tients, feeding initiation and full feeding were recorded

on the same postoperative day (day 5), which may reflect
rapid feeding advancement or documentation variation

f 21 patients with gastroschisis inherent to retrospective data collection.
. J The relatively low percentage of patients achieving full
l feeding may be due to limited duration of documented
( follow-up in medical records.
Primary direct closure attempted Study limitations. This study has several important

| limitations:

« Retrospective design. Data were collected from
existing records with potential for incomplete or incon-
sistent documentation.

« Single center. Results may not be generalizable to
other settings.
435_"3‘:;% « No control groups. Comparison with silo or other
techniques was not performed.
o Incomplete variables. Gestational age, defect size,

I | and sheath opening dimensions were not consistently

Successful Unsuccessful

18 (85.7%) 3 (14.3%)

95% CI:
63.7-96.0%

. documented.
Complications in Death Doclmented « Short follow-up. Long-term outcomes (incisional
successful group 1(4.8%) failure hernia, bowel obstruction) were not assessed.
3/18 (16.7%) ' 2 (9.5%) « Complication specification. Type of non-fatal com-
~ plications not specified in original records.
o Selection bias. Only patients who underwent pri-
Fig. 3. Study flow diagram mary closure were included.
Table 7
Comparison with published series
Study Technique N | Successrate :;’;2" NG Mortality | Notes
Present study Primary closure + electro- |21 [85.7% (95%Cl: |3.9 4.8% No ventilation
cautery sheath expansion 63.7-96.0)
S.N. Kunz et al. (2013) | Primary fascial closure 48 |85% 5-7 2-6% Comparable success
(4]
R.B. Hawkins et al. Silo 62 |90% 7-10 3-8% Longer NG duration
(2020) [3]
J.D. Fraser et al. Primary closure 35 [88% 6 2-5% Slightly higher success
(2020) [2]
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« Failure definition. The definition of unsuccessful
closure was based on documentation in daily follow-up
records and may not fully reflect operative deci-
sion-making.

o No hospital stay data. Duration of hospitalization
was not consistently recorded across all files.

Clinical implications and future directions. The clinical
implications and future directions are outlined below.
Clinical implications and future directions are detailed
below.

Primary direct closure with sheath expansion with
electrocautery seems to be a suitable approach in new-
borns with gastroschisis. Families should be preopera-
tively informed, however, of the 14.3% unsuccessful
closure (death) rate.

Future studies should:

1. Include a Control group (silo patients) for direct
comparison

2. Document hospital stay duration systematically

3. Inthe course of the operation, take some pictures
or draw some diagrams.

4. Monitor patients for long-term follow-up of inci-
sional hernia and bowel obstruction

5. Apply a prospective design using a standardized
data collection method.

Conclusion

Primary direct closure of gastroschisis after skin un-
dermining and transverse/longitudinal sheath expan-
sion using electrocautery is a feasible technique with an
85.7% success rate (95% CI: 63.7-96.0%) in this
single-center retrospective case series of 21 patients.
Three (14.3%) patients were considered unsuccessful
based on daily follow-up records: one died postopera-
tively, and two had documented failure. No patient re-
quired mechanical ventilation, and the mean NG tube
duration was 3.9 days.

Complications were more frequent in the unsuccess-
tul Closure group (66.7%) than in the successful group
(16.7%). The technique offers advantages, including he-
mostasis and precise tissue division.

Limitations include retrospective design, absence of
a Control group, incomplete documentation of certain
variables, and a definition of unsuccessful closure based
on daily records that may not fully reflect operative de-
cision-making.

Bigomocri npo aBTopa:

Prospective comparative studies with control groups,

long-term follow-up, and standardized data collection
are needed to determine the optimal surgical approach
for gastroschisis.

The author declares that there is no conflict of interest.
Level of Evidence: Level IV (Case Series).
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