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Summary
Background Ventral hernias pose a substantial chal-
lenge for surgeons. Even though minimally invasive
surgery and hernia repair have evolved rapidly, there
is no standardised method that has been widely ac-
cepted as standard of practice. Hybrid ventral her-
nia repair (HVR) is an alternative surgical approach,
which has not been adopted widely to date. It com-
bines laparoscopic mesh insertion with closure of the
hernia defect. The aim of this retrospective cohort
study is to evaluate short- and long-term outcomes in
patients undergoing HVR.
Methods Between October 2012 and June 2016,
56 HVRs were performed at St Mary’s Hospital, Im-
perial College London. The medical records of these
patients were reviewed retrospectively for demo-
graphics, comorbidities, previous surgeries, operative
technique, complications and recurrences over a 3-
year follow-up.
Results HVRs were performed by four surgeons. Mean
age was 48 years with a mean body mass index (BMI)
of 32.8kg/m2. 71.4% had incisional hernias and 28.6%
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had primary hernias. The number of hernia defects
ranged from 1 to 4, with average defect size 42.9cm2

(range 8–200cm2). Adhesiolysis was performed in
66.1% of patients. Recurrence occurred in 2 patients
(3.6%), 16.1% of patients developed postoperative
seroma, 0.3% had respiratory complications, 0.3%
had paralytic ileus and 0.2% had urinary retention.
Only 2 patients required epidural postoperatively,
both had a defect size of 150.0cm2. There were no
reoperations within 90 days. Mean length of hospi-
tal stay was 2 days (1–10 days). Over the follow-up
period, 2 patients (3.6%) developed chronic pain.
Conclusion The hybrid technique is safe and feasi-
ble, and has important benefits including low rates
of seroma formation, chronic pain and hernia recur-
rence. Future investigations may include randomised
controlled trials to evaluate the benefits of VHR, with
careful assessment of patient-reported outcome mea-
sures including quality of life and postoperative pain.

Keywords Hybrid · Ventral hernia · Laparoscopy ·
Incisional · Primary · Pain · Recurrence

Introduction

Ventral hernias, whether primary or incisional or
recurrent, are common, and often require surgical re-
pair. Incisional hernias occur in approximately 2–20%
of abdominal incisions, with postoperative wound
infection being a significant risk factor [1]. Approx-
imately 20 million hernias are repaired every year
around the world and over 100,000 in the UK, which
carries a significant financial burden and morbidity
cost [2–4].

The traditional approach to repair of abdominal
wall hernias has been open, with laparoscopic repair
first introduced by LeBlanc in 1993 [5]. However, there
is an on-going debate regarding the optimal manage-
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ment of ventral hernias, whether primary or recurrent.
Currently, the surgical techniques employed for re-
pair of primary and recurrent hernia are similar. Gold
standard repair aims at reinforcing the hernial defect,
with mesh placement posterior to the fascia. Appli-
cation of the principles of Pascal’s law is crucial to
the biomechanics of mesh placement and hernia re-
pair. Anatomical closure will cause the intra-abdomi-
nal pressure to be transmitted equally in all directions,
which focuses the pressure on hernia edges. In the
case of onlay mesh repair, the intra-abdominal pres-
sure forces will act to push the mesh outwards. On
the other hand, with intraperitoneal mesh the intra-
abdominal pressure forces compress the mesh against
the anterior abdominal wall, thus acting in favour of
the repair [6].

Most laparoscopic ventral hernia repairs use the
technique of placing an intraperitoneal onlay mesh.
This leads to bridging of the hernia defect following
reduction of the hernia contents, but leaves the her-
nia sac in situ. Laparoscopic repair is thought to have
the benefit of reducing postoperative pain and wound
infection, and to be associated with shorter hospital
stay in comparison to open hernia repair. However,
this is not supported by the RCT by Eker et al. [7]
showing no significant difference in recurrence rate
or postoperative pain and a higher complication rate
for the laparoscopic technique. Similarly, Liang et al.
[8] showed that although the laparoscopic technique
reduced the risk of wound complications, there was
no significant effect on seroma and recurrence.

Bridging of the hernial defect commonly leaves an
unsightly swelling at the hernia site, referred to as tis-
sue eventration, which is retained preperitoneal fat or
hernia sac that extends beyond the boundaries of the
anterior abdominal wall fascia. By re-approximating
the fascia, the dead space that contained the hernia
sac is reduced. Minimising dead space potentially de-
creases the likelihood of seroma formation. With the
fascial gap closed, there is minimal space for mesh or
tissue to protrude beyond the anterior fascial plane,
which decreases the likelihood of eventration. Even-
tration can be associated with decreased patient sat-
isfaction following hernia repair, as it can lead to pain
and perceived recurrence by patient [9, 10].

At our institution, surgeons have been preforming
a hybrid repair combining both an open and a laparo-
scopic approach. This allows i) exposure of the hernia
defect and complete reduction, ii) excision of the sac
and iii) closure of the abdominal wall and intraperi-
toneal mesh reinforcement. We hypothesize that we
can achieve the benefits of defect closure with large
intraperitoneal mesh while decreasing seroma forma-
tion andmaintaining low rates of recurrence and post-
operative pain.

Methods

This study was a retrospective cohort study of patients
who underwent HVR at a single institution between
October 2012 and June 2016. IRB approval and writ-
ten consent were not required as all data are fully
anonymised.

Information was collected on baseline character-
istics such as age, gender, body mass index, Amer-
ican Society of Anaesthesiologists classification, and
the number and size of hernia defects. The operative
details included were operative technique, operative
time, extent of adhesions, and perioperative compli-
cations and their management. Data on the length of
in-hospital stay as well as 30-day morbidity and mor-
tality were collected retrospectively.

Only elective operations were included in the study.
Primary outcome parameters were recurrence after
a median follow-up of 4 years. Secondary outcomes
were chronic pain requiring treatment, intraopera-
tive visceral injury, seroma/haematoma formation, re-
operation, readmission, infection, prolonged wound
healing and general complications.

All patients underwent a clinical follow-up at
3–6 months to assess for recurrence and long-term
complications.

Surgical technique

The surgical approach was standardised for all in-
cluded patients. All patients were operated on in the
supine position under general endotracheal anaesthe-
sia and received preoperative antibiotics 30 minutes
prior to incision. The abdominal cavity was entered
laparoscopically using an optical entry technique 12-
mm port, which was inserted in the left upper quad-
rant at Palmer’s point. Two further laparoscopic ports
were inserted under vision (5-mm ports); the position
of these two ports depended on the location of the
hernia (Fig. 1).

First, all hernia defects were identified laparoscop-
ically, with adhesiolysis carried out in some cases.
Thereafter, the hernia sac content was reduced into
the abdominal cavity and the sac content was freed
of adhesions. Upon reduction of all hernial contents
into the abdominal cavity, pneumoperitoneum was
reduced to 4mmHg to allow careful and accurate mea-
surement of defect size.

Subsequently, the open approach whereby an inci-
sion is made over the hernia defect, utilising the pre-
vious scar. The incision made is large enough to allow
adequate dissection of the hernia sac and exposure of
the fascial borders. The sac is then excised and hernia
edges are cleared. Extracorporeal transfacial closure
of the hernia defect was performed using either loop
PDS or interrupted Ethibond (Fig. 1).

This was then followed by a return to laparoscopy,
where the closure was re-assessed. At that time, the
mesh was appropriately sized and prepared for inser-
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Fig. 1 a Red Trocar is
placed at Palmar’s point
(optical entry site to ab-
dominal cavity). Common-
est working laparoscopic
trocar positions, blue. Vari-
ation of this is indicated in
green. Red Trocar is at Pal-
mar’s point (optical entry to
abdominal cavity). Trocars
placed laterally, away from
the hernia defect. b Laparo-
scopic adhesionolysis and
defect identification with an
open component of sac ex-
cision and closure

Fig. 2 Clearing the abdominal wall for mesh placement. a Taking down the falciform ligament, b defect sizing (needle indicated
with arrow), c mesh placed with crowing configuration tacks

tion with 2/0 Prolene to allow the mesh to be lifted up
with a parachute technique to ensure that the collagen
side is against the abdominal cavity.

The mesh was handled minimally extracorporeally
to reduce the risk of mesh infection. The mesh was se-
cured on the anterior abdominal wall using a double-
crown configuration technique with multiple 5-mm
titanium spiral tacks (Protack; Covidien, MA) or Se-
cureStrap (Ethicon Securestrap™) placement along it
borders every 2 to 3cm. Abdominal insufflation pres-
sure was reduced prior to mesh securing to abdom-
inal wall. At the end of the operation, trocars were
withdrawn under vision and pneumoperitoneum was
abolished (Fig. 2).

A video showing surgical technique steps is pro-
vided in the electronic supplementary material.

Results

Fifty-six patients underwent HVR with surgery per-
formed by four surgeons. The mean age was 48 years
with a mean BMI of 32.8kg/m2. 71.4% had incisional
hernias and 28.6% had primary hernias. The number
of hernia defects ranged from 1 to 4, with an average
defect size of 42.9cm2. Adhesiolysis was performed in
66.1% of patients. A serosal tear occurred in one case
which required intraoperative laparoscopic suturing
with no further complication (Table 1).

Two patients (3.6%) developed chronic pain post-
operatively and 2 patients developed recurrence over
a median 4-year follow-up period. Both recurrences
occurred in patients who had had Physiomeshes in-
serted (Table 2).

Postoperative complications: Clavien–Dindo grades
1: 19.7%, grade 2: 5.4%, grades 3, 4 and 5: none. 16.1%
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Table 1 Characteristics of patients undergoing repair of
ventral hybrid hernia

Total patient number 56, n (%)

Characteristic

Age, years 50.8 (range 34–75 years)

BMI, kg/m2 32.8 (range 21.2–49 kg/m2)

Hernia size, cm2 44.7 (range 8–200cm2)

ASA, (American Society of
Anesthesiologists physical
status)

ASA 1 12 (21.5%)

ASA 2 37 (66.1)

ASA 3 7 (12.5%)

ASA 4 –

Hernia type Primary hernia 16 (28.6%)

Incisional hernia 40 (71.4%)

Recurrent hernia 7 (12.5%)

Re-recurrences 5 (8.9%)

European Classification of
Incisional Hernias (M1
Subxyphoidal, M2 Epigastric,
M3 Umbilical, M4
Infraumbilical, M5 Suprapubic)

M1 0

M2 11 (27.5%)

M3 12 (30.0%)

M4 12 (30.0%)

M5 15 (37.5%)

Mesh type Physiomesh (Ethicon, UK) 24 (42.8%)

Parietex™ Composite (Medtronics, UK)
5 (8.9%)

Ultrapore (Medtonic, UK) 1 (1.8%)

Symbotex™ (Medtronic, UK) 12 (21.4%)

Adhesiolysis None 33 (59.0%)

Simple 15 (26.7%)

Complex 8 (14.2%)

Serosal tear 1 (1.8%)

Table 2 Table highlighting the primary outcome of recur-
rence and demographics of the cases with recurrence

Primary outcome No. of patients (%)

Recurrence 2 (3.5%)

Recurrence case description

Patient 1 Patient 2

BMI 22.4 36.5

Defect size 165 200

Mesh used Physio Physio

Previous
surgery

Open paraumbilical hernia
recurrence

Laparotomy and
Hartman’s

Table 3 Distribution of postoperative outcomes in pa-
tients undergoing repair of ventral hybrid hernia

Clavien–Dindo grading No. of patients (%)

Grade I

Wound seroma 9 (16.1%)

Surgical site infection 2 (3.6%)

Grade II

Ileus 1 (1.8%)

Respiratory complications 2 (3.6%)

Grade III–V 0

Re-admission 1 (1.8%)

Mean length of hospital stay, days 2 (range 1–10 days)

Table 4 Table highlighting the postoperative analgesia
used after hybrid repair

Postoperative pain management No. of patients (%)

Epidural 3 (5.4)

Patient controlled Analgesia CA 10 (17.8)

Intravenous analgesia 3 (5.3)

Oral analgesia 41 (73.2)

patients developed postoperative seroma, 0.3% had
respiratory complications, 0.3% had paralytic ileus
and 0.2% had urinary retention. The readmission
rate was 1.8% and this was due to postoperative
haematoma at day 10. This was managed conserva-
tively and the patient discharged within 1 day. The two
cases of chronic pain had Protack used and one had
combination of Protack and secure strap (Table 3).
These patients did not demonstrate postoperative
complications and re-admission; however, both re-
quired postoperative intravenous patient-controlled
analgesia.

The mean length of hospital stay was 2 days
(1–10 days), with 51.7% of patients having a length
of stay of 1 day only. The patient who stayed for
10 days had a defect size of ≥150cm2 and developed
postoperative type II respiratory failure (Table 3). 94%
of patients were followed up by clinical assessment.

There was no mortality in our cohort. Table 4 high-
lights the postoperative analgesia used, showing that
the majority of patients were manged with oral anal-
gesia, facilitating early discharge. All patients had low-
dose spinal analgesia with diamorphine as standard of
care during surgery. Only 2 patients required epidural
postoperatively; these patients had larger defects size
of 165 and 150cm2.

Discussion

Primary fascial closure during HVR has been adopted
by a number of centres. Several techniques have been
used for closure of the hernial defect to restore ab-
dominal wall anatomy, including intracorporeal clo-
sure with robotic arms or extracorporeal closure using
either transfacial sutures or open closure. The main
concerns regarding the preferable surgical technique
are the recurrence rate and the associated complica-
tions rate. With the presented technique, we show
that the recurrence rate was 3.6%, which is compara-
ble to published in literature. Postoperative seroma
formation occurred in 16.1%; however, all were man-
aged conservatively. Chronic pain occurred in 3.6%
of patients, those patients which required long-term
input from pain clinic review.

Hernia recurrence is one of the main outcomes of
interest in hernia surgery, due to its consequences for
patient outcomes as well as the financial burden as-
sociated with it [11].

Hernia recurrence is multifactorial; however, her-
nia size was identified as a significant risk factor for
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predicting recurrence. In particular, recurrence was
more likely with defects wider than 10cm and the size
of the defect is an independent predictor for recur-
rence [7, 12]. In addition, high BMI (BMI >25kg/m2)
was also associated with recurrence: the recurrence
rate is 18% in patients with BMI >25 in comparison
to 5% in those with BMI <25. In patients with BMI
over 30kg/m2, the recurrence rate is particularly in-
creased [13, 14]. BMI >30kg/m2 is a known risk factor
for ventral hernias, which is majority of patients in
this study. The majority of patients with ventral her-
nias have a BMI >30kg/m2 in literature as in our study,
the recurrences occurred in cases where the diameter
was >10cm which is in agreement with published lit-
erature.

Studies have shown no significant difference be-
tween open and laparoscopic repair on recurrence
rates [7–15]. The majority of hernia recurrences oc-
curred in the first 2 years after both open and laparo-
scopic treatment. However, open repair appeared to
be associated with recurrences after the 2 years [16].

The differences in facial closure technique used
in different studies may have a role in variations in
the reported recurrence rates. Intracorporeal suture
closure of the defect reduced the recurrence rate
and complications post repair; however, this did not
reach statistical significance. Intracorporeal suturing
is technically challenging and prolonged the opera-
tive time significantly [17]. This is further supported
by Zeiken et al. [18], where no statistical significant
difference in recurrence between transcutaneous and
intracorporeal closures was observed; however, the
recurrence cases appeared to occur in the transcu-
taneous closure group and not in intraperitoneal
closure.

Transcutaneous extracorporeal closure of the de-
fect can also be used; however, there are limits to the
size of the defect that can be closed with this tech-
nique due to technical difficulties in closing defects
wider than 10cm, as this places high tension on the
abdominal wall. Shoe lacing is another type of tran-
scutaneous closure, which acts by redistributing ten-
sion at the site of the figure-of-eight stitches over the
large surface of the mesh. There were no recurrences
detected with this technique at 16 months follow-up,
with no seromas [19]. This is similar to Zeiken et al.
[18], who did not find a statistically significant differ-
ence in recurrence rates between closure (6.25%) and
non-closure groups (19.18%). This shows that the clo-
sure technique is crucial in affecting the outcomes of
interest.

One of the concerns after laparoscopic repair is
seroma formation, as the hernia sac is not routinely
excised. However, if the fascia is closed and the sac is
dissected and excised, we show that seroma formation
and its related complaints were reduced.

The only randomised multicentre study of laparo-
scopic hernia versus a hybrid approach reported
a seroma rate of 31% clinically and 45% based on

ultrasound examination [20]. The rate of seroma for-
mation was significantly higher in the laparoscopic
approach in comparison to the hybrid approach [20].
The technique used in the randomised study was
similar to that used in the present report. The rate
of seroma formation was reported at 12.6%, which
could be due to lower patient numbers and poten-
tially lower detection, as patients were not routinely
reviewed [20].

Rates of seroma formation reported in the litera-
ture range from 0 to 11.4% among patients undergoing
PFC during LVHR [19, 21–23]. On the other hand, few
reports found no effect of defect closure in reducing
postoperative wound morbidity and seroma forma-
tion, even when stratifying by hernia size, patient age,
gender, and BMI [24, 25]. Zeichen et al. [18] found
the opposite trend, with seroma forming in 11.4% of
patients undergoing a hybrid technique but in only
4.3% of those undergoing laparoscopic repair.

Despite the initial thought that primary closure of
the defect increases postoperative pain, chronic and
postoperative pain were not shown to be different to
standard laparoscopic repair. Not many studies have
reported postoperative and chronic pain as an out-
come. Chronic pain was comparable to that of la-
paroscopic repair [26, 27]. In addition, pain on the
first postoperative day was found to be greater than
with laparoscopy. However, no specific postoperative
analgesic protocol was defined in this study. In addi-
tion, the overall cosmetic effect and patient satisfac-
tion were greater with defect closure [21, 27].

Future randomised controlled trials are required
with standardisation of both operative approach and
postoperative management, to allow direct compar-
isons with careful assessment of patient-centred end-
points including quality of life and postoperative pain.
There are huge variations in facial closure technique,
which can explain differences in outcomes. Prospec-
tive randomized controlled trials assessing the closure
techniques used in hybrid repair should address the
following question: Is extracorporeal closure superior
to intracorporeal closure of fascial defect? In addition
to assessment of patient outcomes, cost effectiveness
must be taken into consideration due to the financial
implications of hernia repair and its complications for
health services.

This study has a number of limitations. First, it is
a retrospective study. This retrospective nature intro-
duces bias. Secondly, this study was based at a single
hospital site, and the patient cohortmay not represent
the general population. Third, data regarding post-
operative and chronic pain relied on the information
reported in clinical follow-up and re-attendances to
hospital, and not on validated questionnaires. Finally,
although all patients had postoperative clinical follow-
up, improved objective follow-up would strengthen
results in assessing the study outcomes.

In conclusion, this study demonstrates that hybrid
ventral hernia repair with sac excision and defect clo-
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sure is a technique that is associated with low recur-
rence rates in long follow-up data. Despite excising
the sac and closing the defect in an open technique,
overall morbidity and postoperative pain were low. We
believe that this approach is a safe and accepted tech-
nique with reproducibility amongst surgeons.
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