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Abstract

Introduction This study describes a pediatric strategy to repair complex ventral hernias secondary to giant omphaloceles,
avoiding the use of mesh and component separation. The protocol combines prehabilitation with botulinum toxin (BT),
selective preoperative progressive pneumoperitoneum (PPP) and midline closure by the reinforced tension line (RTL) tech-
nique, with the aim of evaluating its safety, feasibility and medium-term results.

Methods A retrospective, descriptive and multicenter case series was conducted in 10 patients under 18 years of age with
ventral hernia secondary to giant omphalocele. All patients received BT; PPP was indicated in patients whose Tanaka index
was >25%. Surgical closure was performed using the RTL technique, without prosthetic material. Clinical characteristics,
dimensions of the defect, use of prehabilitation, complications, hospital stay, follow-up and recurrence were analyzed.
Results Ten patients were included, all of whom were female, with a median age of 3.7 years and a median weight of 12.7
kg. The median defect area was 60 cm?. Four patients required progressive pneumoperitoneum. Primary fascial closure was
achieved in 100% of cases, without mesh or separation of components. There were no intraoperative complications. The
median hospital stay was 6.5 days, and the median follow-up was 19.8 months. No recurrences were documented.
Conclusions The combined protocol seems safe and technically viable in this initial series. It allowed primary fascial closure
without mesh, without separation of components and without recurrences during follow-up. However, these results should
be interpreted as preliminary evidence because of the retrospective design, small sample size and absence of a control group.

Keywords Complex ventral hernia - Giant omphalocele - Botulinum toxin * Progressive pneumoperitoneum -
Reinforced tension line - Case series - Pediatric surgery
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Introduction

Giant omphaloceles (defects greater than 5 cm or with
liver involvement in the sac) occur in approximately | in
4,000—6,000 live births and are associated with high peri-
natal mortality and frequent comorbidities [1]. Regardless
of the initial treatment strategy used, a relevant propor-
tion of patients will develop secondary ventral hernias.
According to data from a multinational survey of pedi-
atric surgeons with experience in giant omphalocele, the
rates of residual hernia vary significantly according to the
approach: primary closure is associated with a rate of 58%,
staged closure is associated with a rate of 18%, and delayed
nonoperative management is associated with a rate of 9%
[2]. These findings have been replicated and confirmed in
a subsequent systematic review [3]. These hernias repre-
sent a major surgical challenge, conditioned by the loss of
domain, dense adhesions, distortion of the wall and scarcity
of viable autologous tissue [1, 4].

In adult surgery, prehabilitation of the wall with botuli-
num toxin (BT) [5-8] and preoperative progressive pneu-
moperitoneum (PPP) [9] have allowed primary closure to be
achieved without meshes in complex defects, with the com-
bined approach showing superior results compared to either
technique alone [10, 11]. In pediatrics, however, this com-
bination has been reported in only three case reports with
favorable results [12—14], without systematic evidence to
guide management.

The use of mesh in children, which is standard in
adults, leads to secondary hernia rates greater than 50%
after its removal [3], prompting many groups to avoid
it in this population [4]. This requires the exploration of
closure techniques without the use of prosthetic materi-
als. The reinforced tension line (RTL) technique outper-
forms primary closure [15] and the small bites technique
in incisional hernia reduction [16], and in a network meta-
analysis of 3,540 patients, it showed the best overall per-
formance, with a number needed to treat (NNT) of 3 [17].
However, its use as a hernia treatment is limited to a single
favorable report [18].

Based on these considerations, a combined prehabili-
tation protocol with BT and, when indicated by loss of
domain, PPP was designed and implemented across the
participating institutions, followed by midline closure with
RTL. The objective of the present study is to describe our
initial experience with this protocol in a series of 10 pedi-
atric patients with complex ventral hernias secondary to
giant omphaloceles and to evaluate its safety, feasibility
and medium-term results.

@ Springer

Materials and methods
Type of study

An observational, retrospective and descriptive study of a
multicenter case series was conducted (pediatric surgery
service of the Hospital Infantil de Mexico Federico Gomez,
IMSS-Bienestar Hospital Pediatrico Moctezuma in Mexico
City and the Regional Hospital of High Specialty of Bajio-
IMSS Bienestar). The report was written following the rec-
ommendations of the PROCESS, Preferred Reporting Of
CasE Series in Surgery [19]. The protocol was approved by
the Research Ethics Committee and the Research Commit-
tee of the Hospital Regional de Alta Especialidad del Bajio—
IMSS Bienestar, with registration numbers CEI-011-2026
and CI/HRAEB/009/2026, respectively.

Selection criteria

The inclusion criteria were patients under 18 years of age
with a documented history of giant omphalocele and a
diagnosis of secondary ventral hernia who were treated
with a combined prehabilitation protocol (BT and/or PPP)
and underwent surgical closure with the RTL technique.
The exclusion criterion was patients whose clinical records
were incomplete, preventing the recovery of the variables
of interest. No patient was excluded from the series for
this reason.

Prehabilitation protocol and surgical closure

1. Botulinum toxin (BT)

BT infiltration was performed in the outpatient procedure
room under continuous monitoring with an anesthesia
machine and sedation. After asepsis and antisepsis of the
abdominal wall, the vial was reconstituted (100 IU in 10 mL
of 0.9% isotonic saline solution, resulting in a concentra-
tion of 10 IU/mL). Under ultrasound guidance, 100 IU was
infiltrated per side at five puncture sites (2 mL per site, 20
IU per point), located between the costal margin and the
iliac crest, in the corridor between the anterior axillary line
and the midaxillary line: two points in the external oblique
muscle, two in the internal oblique, and one in the trans-
versus abdominis. The total dose per event was 200 IU of
onabotulinumtoxinA (Botox®) or incobotulinumtoxinA
(Xeomin®), or 500 IU of abobotulinumtoxinA (Dysport®™)
(250 IU per side), which is equivalent to 13—16 IU/kg of
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External Oblique
(20 UI'/2 mL) x2

Internal Oblique
(20 UI/2 mL) x2

Transversus Abdominis
(20 UI/2 mL) x1

' lliac crest r/—'>

N

Ultrasound Guidance: Visualization of muscle layers.

« Total Bilateral Infiltration: 100 Ul per side (Onabot/Incobot) or

250 Ul (Abobot).
* Resulting Concentration: 10 U/mL (100 UI/10 mL Saline).

Costal
margin

« Distribution (5 sites per side, 2 mL each):
- External Oblique: 2 punctures (40 Ul)
- Internal Oblique: 2 punctures (40 Ul)
- Transversus Abdominis: 1 puncture (20 Ul)
» Total per event: 200 Ul (Botox/Xeomin) / 500 Ul (Dysport)

Fig. 1 Methodology for ultrasound-guided botulinum toxin infiltration in the abdominal wall

onabotulinumtoxinA in most patients, with a conversion
ratio of 3:1. The protocol was scheduled with an interval
of four weeks between infiltration and definitive surgery

(Fig. 1).
2. Preoperative progressive pneumoperitoneum (PPP)

PPP was indicated in patients with a Tanaka index equal
to or greater than 25%, a criterion that was met in four
patients (indices of 32%, 70%, 85% and 100%). The proce-
dure was performed in the operating room under local anes-
thesia and sedation. Through minilaparotomy, an Arrow 7
French catheter was placed in the peritoneal cavity, which
was kept in situ until the day of definitive surgery. From
the first day, daily air insufflation was performed at a fixed
dosage of 20 mL/kg/day, without a preestablished maxi-
mum volume. The protocol was maintained until the date
of definitive surgery, for a maximum of 10 days; the cath-
eter was removed with the same surgical procedure. The
total cumulative insufflated volume in the four patients was
1,200, 1,330, 1,800 and 2,600 mL, in agreement with the
Tanaka index of each patient.

3. Reinforced tension line (RTL)
Abdominal wall closure was performed in all patients using

the RTL technique. Under general anesthesia, a midline
incision was made with perilesional dissection of the hernia

sac. Once the hernia content was reduced and the adhesions
were released, fascial closure was performed in two stages.
First, two longitudinal and parallel suture lines were placed,
one on each aponeurotic edge, using a PDS Plus II suture
number 0 CT-1 taperpoint needle (1/2 circle and 36 mm).
Each line began at one end of the wound, with the needle
entering and exiting at 1 cm intervals, remaining 0.5-0.8 cm
from the edge of the aponeurosis. Upon reaching the oppo-
site end, the process was repeated on the contralateral edge.
The ends of both sutures were knotted at the angles of the
wound, thus leaving two lines of longitudinal reinforcement
on the aponeurotic edges. Subsequently, definitive closure of
the aponeurosis was achieved via continuous suture, ensur-
ing that each stitch included and anchored the two longitudi-
nal reinforcing strands. A 1/8” Drenovac supra-aponeurotic
drain was placed in all patients, which was maintained for a
period of 4 to 5 days (Fig. 2).

Variables analyzed

The following variables were analyzed: demographic vari-
ables (age and weight at the time of surgery), hernia defect
variables (dimensions of the fascial defect by computed
tomography and the Tanaka index, calculated in the nine
patients with available CT imaging), prehabilitation pro-
tocol variables (number of BT infiltration events, the total
dose administered per event (IU/kg), use of PPP, days
of insufflation and total accumulated volume), primary
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Fig. 2 Abdominal wall closure using the reinforced tension line (RTL) technique

outcome variables (rate of hernia recurrence, defined as
clinical recurrence or recurrence on imaging of the defect
at postoperative follow-up, and the presence of major post-
operative complications) and secondary outcome variables
(days of postoperative hospitalization and complications
associated with the prehabilitation protocol).

Statistical analysis

The statistical analysis was descriptive. Continuous variables
were expressed as medians and ranges, given the nonpara-
metric distribution expected in small samples. Addition-
ally, the mean and standard deviation were reported when
clinically relevant. Categorical variables were expressed as
absolute frequencies and percentages. Statistical inference

Table 1 Baseline patient characteristics

tests were not performed given the sample size. The analysis
was performed in the R environment version 4.4.0 (R Foun-
dation for Statistical Computing) using RStudio.

Results

Ten pediatric patients, all of whom had a diagnosis of ven-
tral hernia secondary to a giant omphalocele, were included.
At the time of surgery, the median age of the patients was
3.7 years (range 2.0-17.0), and the median weight was
12.7 kg (range 8.5-45.0). The baseline characteristics of
each patient are detailed in Table 1.

Preoperative tomographic evaluation was performed
in 9 of the 10 patients; in the remaining case, it was not

Pt. Age (years) Weight (kg) CT defect size (cm) Area (cm?) Tanaka index PPP
1 7.0 15.0 9.5%x9.8 93.1 85% Yes
2 5.8 16.0 7.0%x9.5 66.5 NC No
3 3.4 12.5 7.0x8.0 56.0 NC No
4 3.0 13.0 5.4x43 232 32% Yes
5 2.8 10.2 NAt NA NC No
6 2.0 8.5 9.8%x9.5 93.1 100% Yes
7 2.0 9.5 49%x54 26.5 70% Yes
8 8.8 26.5 6.0x10.0 60.0 NC No
9 4.0 12.9 6.0x10.0 60.0 NC No
10 17.0 45.0 7.0%8.0 56.0 NC No
Median 3.7 12.7 60.0

Range 2.0-17.0 8.5-45.0 23.2-93.1

NC not calculated (CT available, but the Tanaka index was not documented). N4 not available. {Clinically evident defect without loss of

domain; CT was not performed

@ Springer
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considered necessary since the defect was clinically evident
without signs of loss of domain. The median area of the fas-
cial defect was 60.0 cm? (range 23.2-93.1). In two patients,
protrusion of the left hepatic lobe was documented through
the defect.

Prehabilitation protocol

All patients received at least one BT infiltration event
(Table 2). The median dose was 14.4 IU/kg, which is equiv-
alent to that of onabotulinumtoxinA (range 3.7-23.5). Five
patients required more than one infiltration event: three
received two events, and two received three events; in all
cases, these events were due to administrative delay in sur-
gical scheduling and not due to clinical criteria of insuffi-
cient response.

The Tanaka index was calculated in the nine patients
with available CT imaging. Four patients (40%) had an
index equal to or greater than 25% (32%, 70%, 85% and
100%) and were indicated for PPP (Table 3); the remaining

Table 2 Botulinum toxin protocol

Pt. Formulation Total U/session Equiv- No. of
alent  ses-
U/kg* sions

1 Botox®/Xeomin® 200 133 3

2 Xeomin® 200 125 2

3 Botox® 200 160 2

4 Botox® 200 15.4 1

5 Botox®/Xeomin® 200 196 2

6 Botox® 200 235 3

7 Botox® 200 21.1 1

8 Botox® 200 7.5 1

9 Dysport® 500 (=167 equiv.) 12.9 1

10 Dysport® 500 (=167 equiv.) 3.7 1

Median — — 14.4 1.5

Range — — 3.7- 13

23.5

*U/kg values are expressed as onabotulinumtoxinA equivalents. For
Dysport®, a 3:1 conversion ratio was applied

Table 3 Progressive preoperative pneumoperitoneum (n=4)

Pt. Tanaka index Insufflation days Cumulative
(%) volume

(mL)

1 85 6 1800

4 32 10 1200

6 100 8 2600

7 70 7 1330

Median 77.5 7.5 1565

Range 32-100 6-10 1200-2600

PPP was indicated for a Tanaka index>25%. Daily insufflation was
continued until limited by patient tolerance (abdominal pain). Cumu-
lative volume represents the total volume administered throughout
the protocol

five patients had an index below 10%. The median number
of days of insufflation was 7.5 days (range 6—10), and the
median cumulative volume was 1,565 mL (range 1,200—
2,600). In all patients, the catheter was removed during the
final surgical procedure, without complications associated
with the insufflation procedure.

Surgical closure

All patients underwent abdominal wall closure with the RTL
technique. No patient required the use of prosthetic material
(0/10, 0%). In three patients, umbilicoplasty was performed
as a concomitant procedure.

Postoperative evolution and follow-up

No intraoperative complications were recorded for any
patient. The median duration of hospitalization was 6.5
days (range 4-27). The case with the longest stay corre-
sponded to a patient who presented with pneumonia due
to respiratory syncytial virus during the immediate post-
operative period, an intercurrent complication unrelated
to the surgical technique (Clavien—Dindo I1a); excluding
this case, the median hospitalization was 6.0 days (range
4-17).

The median follow-up was 19.8 months (range 16.4—
47.7), and the cumulative follow-up was 242.2 months.
Hernia recurrence was not documented in any patient dur-
ing the follow-up period (0/10, 0%). Figure 3 shows a rep-
resentative case with a Tanaka index of 100%, including
the preoperative appearance, the immediate postoperative
result, and the 6-month follow-up.

Discussion

The present study reports the largest multicenter series to
date of the combined protocol of prehabilitation with BT,
selective PPP and closure with the RTL technique in pediat-
ric patients with ventral hernias secondary to a giant ompha-
locele. The only direct antecedents in the literature are three
case reports (12—14), which underscore the scarcity of evi-
dence in this specific scenario and the relevance of the pres-
ent series.

Prehabilitation with BT and pneumoperitoneum

The physiological basis of BT as a prehabilitation strategy
lies in its ability to produce temporary chemical paralysis
of the lateral abdominal musculature, facilitating fascial
medialization and reducing midline tension. A meta-anal-
ysis of 23 studies with 995 patients revealed that bilateral
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Preoperative: Large Ventral Hernia
(100% Tanaka Defect)

| Immediate Postoperative: Anterior View

Fig. 3 Surgical progression of a complex Tanaka defect
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injection of BT resulted in significant elongation of the lat-
eral abdominal wall (3.2 cm per side; 6.3 cm total), with a
reduction in the transverse width of the hernia defect and
a significant increase in the fascial closure rate (RR 1.08;
95% CI 1.02-1.16; p = 0.02) (7). In our series, the rate of
primary fascial closure was 100%, without the need for
prior separation of components or transversus abdominis
release (TAR) in any case, which is consistent with the data
of that meta-analysis and with a retrospective cohort study
that demonstrated that BT prehabilitation significantly
reduced the need for component separation techniques in
giant hernias, from 84% to 46% compared with patients
without prehabilitation (p < 0.001) [20].

This point is clinically relevant. Both anterior com-
ponent separation (CAS) and TAR are associated with
nonnegligible rates of wound complications. A recent
meta-analysis of 2,293 patients revealed that compared
with TAR, CAS is associated with twice the incidence of
wound complications (OR 2.58, p = 0.004), and even TAR
(the current preferred technique in adults) has surgical site
infection rates ranging from 14 to 19% in contemporary
series [21, 22]. In the pediatric population, these complica-
tions have an additional dimension: the sectioning of mus-
cle planes in a growing child compromises the functional
development of the abdominal wall in the long term. In the
most complete functional follow-up available for children
who underwent CAS for giant omphaloceles, Van Eijck et
al. documented diastasis recti in 7 of 8 patients and dif-
ficulty in active control of the abdominal musculature at a
mean follow-up of 4.5 years, although without clinically
significant functional repercussions [23]. Our protocol
completely avoids this dissection by achieving closure by
chemical prehabilitation and suture reinforcement, fully
preserving the muscle architecture.

PPP was indicated in the four patients with a Tanaka
index equal to or greater than 25%, corresponding to
patients with greater loss of domain. The combination
of BT and PPP as a sequential strategy has shown supe-
rior results to each technique separately in complex her-
nias with loss of domain in adults [9, 10]. In our series,
the insufflation dose was fixed at 20 mL/kg/day in all
cases, which is analogous to pediatric peritoneal dialysis
exchanges and is considered safe and reproducible with-
out the need for titration by symptomatology, as occurs
in adults [24]. The differences in the cumulative volume
between patients reflect the interaction between the body
weight of each patient and the number of days of insuffia-
tion completed, not adjustments in the intensity of the pro-
tocol. The Tanaka index guided the indication of PPP, not
the daily dose, although its usefulness as a selection cri-
terion in pediatrics deserves prospective evaluation given
the sample size of this series.

Closure with RTL and the absence of mesh

The decision to forgo using prosthetic material was deliber-
ate and well-founded. In the pediatric population, the use of
synthetic mesh implies its subsequent surgical removal in
most cases, with rates of secondary hernia greater than 50%
after its removal [2, 3]. RTL, evaluated until now mainly as
a technique for the prevention of incisional hernia in adults,
was demonstrated in a network meta-analysis that included
3,540 patients to be the modified closure technique with the
best overall performance, the only technique that simultane-
ously reduced incisional hernia and wall dehiscence, with an
NNT of 3 [17]. Its use as a treatment for established hernia
is limited to a single favorable report [18], and the present
series constitutes the first systematic evaluation of its appli-
cation in children with complex secondary hernias, with a
recurrence rate of 0% at a median follow-up of 19.8 months
(range 16.4-47.7; cumulative follow-up 242.2 months).

These results are comparable to those of van Eijck et al.
(2008), who reported a recurrence rate of 0% at a median fol-
low-up of 23.5 months (range 3—39 months) with a component
separation technique without prosthetic material in 10 pediat-
ric patients with hernia secondary to a giant omphalocele [25].
These findings compare favorably with those reported by
Beres et al. (2012), who documented a recurrence rate of 38%
at a median follow-up of 60 months (range 10-90 months) in
13 patients treated with porcine intestinal submucosa biologi-
cal mesh (Surgisis) for abdominal wall defects [26].

Protocol safety

No intraoperative complications were recorded for any
patient. The only major postoperative complication was
respiratory syncytial virus pneumonia in a patient with
greater clinical complexity (Tanaka index 100%), an inter-
current complication unrelated to the surgical technique
(Clavien—Dindo IIla). The median hospitalization dura-
tion for the overall cohort was 6.5 days, comparable to that
reported in reference pediatric series.

Limitations

This study has limitations inherent to its design. This is a
retrospective, multicenter case series, but without a con-
trol group, with a sample size of 10 patients and heteroge-
neous follow-up. The variability in the indication of PPP,
the number of BT infiltration events (conditioned in some
cases by administrative factors and not by clinical criteria)
and the absence of a standardized functional evaluation of
the abdominal wall in the long term are aspects that should
be studied in the future. The fixed per-site botulinum toxin
dosing regimen also resulted in considerable variability
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in per-kilogram exposure (median 14.4 IU/kg, range 3.7—
23.5); a weight-adjusted regimen could reduce this variabil-
ity and should be evaluated in future protocols. However,
given the rarity of this entity and the absence of previous
systematic series, these results constitute the most complete
evidence available to date and offer a basis for the design of
multicenter studies with greater statistical power.

Conclusions

The combined protocol of prehabilitation with BT, selec-
tive PPP and closure with the RTL technique proved to be a
safe and technically viable strategy for the repair of complex
ventral hernias secondary to giant omphaloceles in pediat-
ric patients. In this multicenter series of 10 patients, primary
fascial closure was achieved in 100% of patients without the
need for component separation or the use of prosthetic mate-
rial, with a recurrence rate of 0% at a median follow-up of
19.8 months and an acceptable surgical complication profile.
Given the limitations inherent to the retrospective design,
sample size and absence of a control group, the results should
be interpreted as preliminary evidence that justifies the design
of multicenter prospective studies with greater statistical
power and long-term standardized functional follow-up.
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