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Abstract
Purpose Repair of large incisional hernias includes the implantation of a synthetic mesh, but this may lead to pain, stiffness, 
infection and enterocutaneous fistulae. Autologous full-thickness skin graft as on-lay reinforcement has been tested in eight 
high-risk patients in a proof-of-concept study, with satisfactory results. In this multicenter randomized study, the use of skin 
graft was compared to synthetic mesh in giant ventral hernia repair.
Methods Non-smoking patients with a ventral hernia > 10 cm wide were randomized to repair using an on-lay autologous 
full-thickness skin graft or a synthetic mesh. The primary endpoint was surgical site complications during the first 3 months. 
A secondary endpoint was patient comfort. Fifty-three patients were included. Clinical evaluation was performed at a 3-month 
follow-up appointment.
Results There were fewer patients in the skin graft group reporting discomfort: 3 (13%) vs. 12 (43%) (p = 0.016). Skin graft 
patients had less pain and a better general improvement. No difference was seen regarding seroma; 13 (54%) vs. 13 (46%), 
or subcutaneous wound infection; 5 (20%) vs. 7 (25%). One recurrence appeared in each group. Three patients in the skin 
graft group and two in the synthetic mesh group were admitted to the intensive care unit.
Conclusion No difference was seen for the primary endpoint short-term surgical complication. Full-thickness skin graft 
appears to be a reliable material for ventral hernia repair producing no more complications than when using synthetic mesh. 
Patients repaired with a skin graft have less subjective abdominal wall symptoms.

Keywords Incisional hernia · Ventral hernia · Full-thickness skin · Abdominal wall reconstruction · Hernia complication · 
Infection

Introduction

The risk for developing an incisional hernia following elec-
tive abdominal surgery is approximately 10% [1]. This risk 
increases up to 33% following acute abdominal surgery [2]. 
Individuals who smoke, or suffer from obesity or diabetes 
have an even higher risk for developing a hernia following 
abdominal surgery [3, 4]. Those who develop a giant ventral 

hernia often experience a lower quality of life not only due 
to the hernia’s appearance, but also because of pain, dis-
comfort, hygiene difficulties and inability to perform daily 
activities [5]. The most serious complication is incarcera-
tion of abdominal contents with impaired blood supply and 
subsequent intestinal necrosis.

The current standard method used for the repair of a 
large incisional hernia involves implantation of a synthetic 
mesh to reinforce the abdominal wall [6]. However, giant 
hernias cannot be successfully repaired using standard 
methods due to their complexity [6], and they often follow 
previous unsuccessful repair. There is no common defini-
tion of giant hernia. In this study, as in several others, a 
giant ventral hernia was defined as one greater than 10 cm 
wide. The use of mesh in standard hernia repair reduces 
the risk for recurrence to approximately 10%, but for giant 
hernias the recurrence rate ranges between 10 and 30% [7]. 
Synthetic mesh may also result in chronic pain, infection 

 * K. Strigård 
 karin.strigard@umu.se

1 Department of Clinical Science, Intervention 
and Technology (CLINTEC), H9, Karolinska Institutet, 
171 64 Stockholm, Sweden

2 Department of Molecular Medicine and Surgery, Karolinska 
Institutet, 171 64 Stockholm, Sweden

3 Department of Surgical and Perioperative Sciences, Umeå 
University, 907 85 Umeå, Sweden

http://orcid.org/0000-0001-5838-9133
http://crossmark.crossref.org/dialog/?doi=10.1007/s10029-017-1712-x&domain=pdf


326 Hernia (2018) 22:325–332

1 3

and enterocutaneous fistula formation. Impairment of 
abdominal wall function with decreased muscle strength 
and flexibility [8] is another common consequence of 
giant ventral hernia. Full-thickness skin graft as an on-lay 
prosthesis has been evaluated in a prospective feasibility 
study in a limited cohort [9] of complex high-risk cases, 
with favorable results and no obvious side-effects. These 
patients were unsuitable for application of foreign material 
due to immune-depression and/or diseases with altered 
immune-response, such as Crohn’s disease. One patient 
from this study has been re-operated for reasons other than 
hernia several years later, and at that time a sample from 
the previously transplanted skin mesh was taken for histol-
ogy. Examination revealed fibrous tissue only with no skin 
adnexes. After a median follow-up of 33 months, no fur-
ther active follow-up has been made. No long-term com-
plications have come to the attention of the authors. One 
patient died a few years after surgery due to heart disease. 
An alternative experimental method for the reconstruction 
of complex abdominal wall defects is the initial coverage 
of exposed intestines with a skin graft and subsequent clo-
sure of the fascia by invagination of the tube [10]. Over 
the last century, skin grafts have occasionally been used 
in reinforcement of the abdominal wall [11]. Early stud-
ies from the 1940s have reported the use of full-thickness 
skin graft for inguinal hernia [12]. The shoelace method 
was first described in the 1950s [13] and is still used at 
some centers. The use of a full-thickness skin graft with 
multiple 5–10 mm scalpel incisions in mesh formation, as 
an on-lay implant for reinforcement, not just to cover the 
open defect, has not previously been described in humans.

Giant ventral hernia is a complex condition and wound 
complications may be expected to occur after 40–50% of 
repair procedures [14]. It is not known if this high fre-
quency is caused by habitual factors, complexity of the 
procedure, or a consequence of the synthetic material 
implanted. Biologic material is used in some centers, but 
the cost of this material is very high, easily exceeding 
10,000 Euros for each patient. The use of autologous skin 
grafting may be an economical way to avoid complications 
related to synthetic material.

In this multicenter prospective randomized study, an 
autologous full-thickness skin graft was used as an on-lay 
prosthesis and compared with conventional abdominal wall 
reinforcement with synthetic mesh in giant ventral hernia 
repair. The primary endpoint was surgical site complica-
tion, i.e., bleeding, infection, seroma and sinuses, during 
the first three postoperative months. A secondary endpoint 
was patient comfort. Our hypothesis was that the use of an 
autologous full-thickness skin graft in giant ventral hernia 
repair carries a lower risk for surgical complications than 
synthetic mesh.

Methods

Study design

The study was designed as a randomized controlled multi-
center study carried out at two university departments serv-
ing as tertiary referral centers for advanced reconstructive 
surgery of the abdominal wall. Follow-up was performed 
by a senior surgeon not involved in the study and blinded to 
the surgical procedure used. Inclusion criteria were: hernia 
measuring at least 10 cm across (clinically or measured on 
a CT scan); 18 years of age or older; and non-smoking for at 
least 3 months prior to surgery. Smokers were excluded due 
to the negative side-effects seen for wound and anastomotic 
healing [15, 16]. In some cases, patient-related factors, such 
as obesity made hernia size difficult to assess by clinical 
measurement. All patients underwent a CT scan. Patients 
not eligible for the study or not wishing to be included were 
operated with synthetic mesh as is routine practice. There 
were only a few patients who opted not to participate in the 
study due to unwillingness to adhere to the follow-up pro-
tocol. Inclusion began December 2009 and ended August 
2013. Patients were randomized to either repair with a syn-
thetic mesh in the best possible position or repair with a 
full-thickness skin graft in an on-lay position. When using 
synthetic mesh, the sub-lay repair technique was used 
whenever possible, while on-lay repair was used when the 
retro-muscular space was densely obliterated from previous 
surgery or along with stoma reversal where the mesh was 
situated as far from the intestine as possible.

An experienced research nurse administered the rand-
omization process. Initially, 50 envelopes, each containing 
a paper printed with either “skin” or “mesh” (25 of each) 
were prepared. On the day prior to surgery, the research 
nurse randomly selected and opened one of the unmarked 
envelopes revealing the randomized surgical method to be 
allocated to the patient in question, and thereafter informed 
the surgical team. When obtaining written informed consent, 
all participants agreed to forgo knowledge of which surgical 
method was to be used in their repair until completion of 
the study. All patients had had a previous midline incision.

This study was approved by the Regional Board of Ethics 
(D.nr. 2009/227-31/3) at the Karolinska Institutet, March 
11, 2009. The study was registered at ClinicalTrials.gov (ID 
NCT01413412) August, 9, 2011. The ethical standards fol-
lowed the principles of the Declaration of Helsinki.

Preoperative procedures

All patients were individually fitted with an elastic gir-
dle from Nordic Care©. This girdle has a wide velcro 
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attachment surface for comfort and support. The elastic 
girdle was worn 24 h a day for 3 months prior to surgery. 
All patients underwent CT scanning of the abdominal 
wall. The following were registered: gender; age at time 
of surgery; weight; body mass index (BMI); blood pres-
sure and pulse. Patients underwent a clinical examination 
to ascertain the palpable dimensions of their hernia. At 
the same time the quality of skin was assessed for poten-
tial skin transplant. Size of the hernia was measured with 
tape with the patient in the supine position. Most patients 
underwent pulmonary function tests and many of them 
cardiac evaluation with perfusion analysis. On the morn-
ing of surgery, all patients were given trimethoprim–sul-
phonamide 800 mg and metronidazole 1200 mg orally. 
Patients randomized to a full-thickness skin graft also 
received clindamycin 300 mg orally. Prior to intubation, 
all patients received an epidural catheter for per- and post-
operative analgesia.

Intraoperative procedures

All procedures were performed by one of two surgeons expe-
rienced in hernia and colorectal surgery as the main surgeon. 
These two surgeons had similar experience of both conven-
tional and full-thickness skin graft methods. In most cases 
where a full-thickness skin graft was used, a plastic surgeon 
experienced in hernia surgery also participated. Following 
induction and intubation, the patients were examined with a 
tape measure to obtain clinical measurements of the hernia 
in the relaxed state. Peak airway pressure was noted prior to 
the start of surgery, as well as before and after reconstruc-
tion of the abdominal wall, and this was used as a proxy for 
tension during closure of the hernia. The skin wound was 
sealed in three layers with absorbable monofilament sutures. 
Placement of the synthetic mesh was at the discretion of 
the main surgeon, taking anatomical circumstances and any 
previously implanted mesh into consideration.

Reconstruction with a full‑thickness skin graft

An elliptical patch was marked out on the skin overlying 
the hernia defect and encompassing the previous abdomi-
nal incisional scar (Fig. 1). Once the autologous skin patch 
had been excised, all subcutaneous fat was removed and the 
full-thickness skin graft fenestrated meshwise with 5–10 mm 
incisions using a scalpel. The goal was to obtain a patch 
overlapping the defect by 5 cm in every direction. In some 
cases only 3 cm overlap was achieved. If the midline of the 
proposed graft had poor skin quality, a paramedial graft 
was formed using skin up to the midline. When a stoma 
was concurrently closed at the time of hernia repair, skin 
bordering the stoma area was used. In no case was there 
difficulty in skin closure after excision of the graft. Pending 

implantation, the full-thickness skin graft was rolled up in 
surgical gauze soaked in a solution of equal parts physiologi-
cal saline and hydrogen peroxide.

The hernia defect was then closed using slowly absorb-
able 0.0 monofilament suture (PDS). The continuous closure 
suture was knotted after every sixth stitch (8). In the event 
of undue tension in the abdominal wall, releasing incisions 
were performed according to Chevrel [17]. The full-thick-
ness skin graft was then stretched over the sutured defect 
so as to obtain a 5 cm overlap around the defect margin 
(Fig. 2). The graft was sutured to the underlying abdomi-
nal fascial wall under tension using individual stitches of 
absorbable 4.0 monofilament suture. The space beneath was 
flushed with hydrogen peroxide using a venous cannula. Two 

Fig. 1  Giant ventral hernia with the defect marked (outer line) as well 
as the proposed skin graft (inner line)

Fig. 2  The full-thickness skin graft in place as an on-lay prosthesis
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exudrains were inserted, since this was used in the proof-of-
concept study [9].

Reconstruction with synthetic mesh

Whenever possible, the retromuscular space was used 
according to Rives–Stoppa [18]. A lightweight polypropyl-
ene mesh was placed overlapping the hernia defect margin 
by at least 5 cm in every direction. No sutures were used to 
secure the mesh as it was considered to be immobilized by 
the abdominal pressure exerted on the space by the rectus 
muscles. The hernia defect was closed with 2-0 absorbable 
monofilament suture. The fascial defect was then closed with 
non-absorbable 0.0 monofilament suture. To gain a closure 
without tension, releasing incisions in the external fascia 
according to Chevrel were used [19].

In cases where the retromuscular space was obliterated 
or otherwise too risky or difficult to safely access without 
undue risk for complication, the rectus fascia was closed 
with non-absorbable 0.0 monofilament suture. The repair 
was then reinforced as an “on-lay” according to Chevrel 
using heavyweight polypropylene mesh trimmed to size and 
placed on the rectus muscle aponeurosis [19]. Even in these 
cases, releasing incisions in the external fascia were used. 
The mesh was fixed in place with absorbable 2-0 monofila-
ment suture in double rows 1–2 cm from the midline closure.

Excess skin was removed to achieve an exact closure. No 
drains were used according to present routine in the hospitals 
participating.

Postoperative management

The specially fitted elastic abdominal girdle was reapplied 
prior to extubation and worn 24 h a day for 6 weeks, fol-
lowed by another 6 weeks during the day only. Mobiliza-
tion was encouraged the day after surgery. Patients in the 
skin group were treated postoperatively with oral clinda-
mycin 300 mg, 3 times a day for 10 days, and both groups 
were given 5000 IE low molecular weight heparin (LMWH) 
subcutaneously for 7 days. Nurses on the ward were not 
informed as to why some patients had drains or why only 
some received postoperative antibiotics. The reason for the 
incongruence between the various surgical alternatives was 
a result of our initial experience using full-thickness skin 
grafts [9].

All patients were scheduled for follow-up with a clinical 
evaluation 3 months after surgery. The surgeons who exam-
ined the patients were blinded to the surgical technique used. 
Patients were examined regarding their vital signs, weight, 
abdominal wall integrity, appearance of the surgical result 
(wound healing, excess of skin, symmetry of the abdominal 
wall and if there was any sign of recurrence), and for the 
presence of discomfort or pain. The presence of seroma, 

fistula, infection, other surgical complications as well as dis-
comfort in the abdominal wall, were answered by a “yes” 
or “no”. If “yes”, a comment was mandatory. Patients were 
also asked about their subjective experience of improvement 
using a VAS scale graded from 0 to 10 where 10 was the best 
possible outcome. A VAS scale was also used to evaluate the 
experience of pain from the abdominal wall where 0 was no 
pain and 10 maximal pain. In cases of recurrence, the hernia 
dimensions were noted.

Outcome

The primary outcome was surgical site complication dur-
ing the first 3 months, including early recurrence, seroma, 
subcutaneous fistulae, infection and bleeding. A secondary 
outcome was patient comfort.

Statistical analysis

The intended sample size was based on the assumption that 
surgical site complications would be less in the group oper-
ated without synthetic material. The complication rate was 
estimated at 50% in the synthetic mesh group and 20% in 
the full-thickness skin graft group at the 3-month follow-up 
visit. Fifty patients were required for 80% power and 95% 
significance.

The trial was registered at ClinicalTrials.gov (ID 
NCT01413412).

Statistics were analyzed using  Statistica® version 12 
(Statsoft, Tulsa, USA). Non-parametric statistics were gen-
erally used. The hernia area was calculated as π × hernia 
length/2 × hernia width/2. Differences in proportions were 
calculated using the Chi-square test. Subjective improve-
ment, measured by a VAS scale, was calculated by the 
Mann–Whitney U test.

Results

One patient was withdrawn after randomization due to 
increasing comorbidity making her unfit for anesthesia. She 
was compensated for by 3 new randomized patients, leav-
ing 52 patients for evaluation. Ten more envelopes were 
prepared after the first 50 randomizations to allow for the 
patient that was withdrawn. All three new patients were by 
chance randomized to the synthetic mesh group. There was 
thus, a slight imbalance with 24 patients in the full-thickness 
skin graft group and 28 in the synthetic mesh group. Inclu-
sions and exclusions are shown in the CONSORT diagram 
in Fig. 3.

Basic patient characteristics and BMI were similar in the 
two groups (Table 1). There was one patient with stoma in 
each group and stoma reversal was performed in two cases 
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in the skin graft group and one case in the mesh group. The 
transverse diameter and area of the hernia are also shown 
in Table 1. The area was slightly larger in the full-thickness 
skin graft group. At evaluation, only on-lay (8 patients) and 
sub-lay (20 patients) mesh placements were used in this 
study.

Preoperative CT scans did not reveal any unknown con-
comitant intra-abdominal disease.

At surgery a lightweight mesh was used in sub-lay posi-
tion in 20 cases. When the on-lay procedure was performed, 
a heavyweight mesh was used (8 cases). The median dura-
tion of surgery was 186 min (range 130–262) for on-lay 
reconstruction, 178 min (range 108–324) for sub-lay and 
224 min (range 128–414) for full-thickness skin graft.

The drains in the full-thickness skin graft group were 
removed after 2–5 days. No patient went home with a drain. 
Drains were removed when the fluid loss was less than 50 ml 
each day or at the latest Day 5 postoperatively.

To the question “Do you experience any discomfort at 
the surgical site?”, 3 patients answered “yes” in the full-
thickness skin graft group and 12 “yes” in the mesh group 
(p = 0.016). Patients in the skin graft group reported less 
pain compared to the mesh group 3 (13%) vs. 12 (43%). 
Patients operated with full-thickness skin grafts rated a 
higher degree of subjective improvement in their abdominal 
wall function compared to those operated with a synthetic 
mesh (median 8 respective 7; p = 0.038). There was one 
hernia recurrence in each group. No difference was seen 
for surgical site complications overall (skin graft 16/24 vs. 
mesh 17/28). Two patients in the mesh group were reoper-
ated due to bleeding. No patient in the full-thickness skin 
graft group was reoperated. There was no difference seen 
regarding the occurrence of clinical seroma: 13 (54%) in 
the skin group and 13 (46%) in the mesh group (p = 0.58). 
Superficial sinuses, defined as small non-healed wounds 
with non-infected secretion, were equally common in the 
two treatment groups (p = 0.46). There was no difference in 
subcutaneous wound infection with 5 (20%) patients in the 
skin graft group and 7 (25%) in the mesh group (p = 0.72) 
(Table 2). All but one infection were superficial or limited to 
the subcutaneous tissue. The patient with a deeper infection 
had received a full-thickness skin graft. It was not necessary 
to remove the skin graft, but the overlying skin wound was 
reconstructed using a cutaneous flap. One of the patients 
in the mesh repair group had a subcutaneous infection that 
required surgical revision under general anesthesia. All the 
patients classified as suffering from infection were treated 
with clindamycin. Random samples for bacterial culture 

Fig. 3  CONSORT diagram of the study

Table 1  Basic data

Data mean (SD). For gender, the actual number of males and females 
are shown. The width of the hernia is in cm and area in  cm2

Full-thickness skin Mesh p

BMI 31.8 (5.2) 31.4 (6.2) 0.75
Age 62.9 (9.3) 62.3 (9.1) 0.81
Gender (male/female) 12/12 15/13 0.80
Width of hernia 14 (4.8) 13.7 (6.5) 0.70
Area of hernia 181.4 (100.1) 153.2 (89.6) 0.39
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were taken from the skin graft at surgery. In one case there 
was sparse growth of normal skin flora, otherwise there was 
no growth in any of the other samples.

The difference in airway pressure with muscle relaxation 
before and after surgical reconstruction of the abdominal 
wall ranged between − 3 and + 9  cmH2O with a median 
of + 3  cmH2O. The two highest differences of + 9 and + 7 
 cmH2O were seen in the full-thickness skin transplant group. 
The initial airway pressure ranged between + 11 and + 27 
 cmH2O.

There were three patients in the full-thickness skin graft 
group and two in the synthetic mesh group who were admit-
ted to the intensive care unit (ICU). Of the patients in the 
full-thickness skin group one required ICU care for aspira-
tion (22 days in the ICU), one suffered a myocardial infarc-
tion (28 days in the ICU), and one was due to respiratory 
failure (9 days in the ICU). In the mesh group, there were 
two with respiratory failure (3 and 8 days in the ICU).

There was one recurrence in each group.

Discussion

The primary endpoint of this study, surgical complication, 
did not differ between repair with full-thickness skin graft 
and repair with synthetic mesh. Accordingly, the hypothesis 
that autologous material would be favorable regarding tissue 
remodeling and repair with fewer infections was therefore 
not statistically supported, even if there were numerically 
somewhat fewer wound infections in the full-thickness 
skin transplant group. Patients allocated to the mesh group 
experienced more discomfort and pain at the 3-month 

follow-up visit and rated a lower degree of improvement 
in their abdominal wall function, as rated on a VAS scale. 
This experience of discomfort was defined as a feeling from 
the abdominal wall and was not related to any surgical site 
complication. Reasons for this could be better integration of 
autologous material or less pronounced inflammation. When 
there is an uneventful postoperative course after synthetic 
mesh implantation to reinforce the abdominal wall, ingrowth 
of tissue into the mesh involves remodeling of connective 
tissue structures. Consequently, this can lead to a rather rigid 
plate that does not follow abdominal wall flexion. Most of 
the mesh implants were placed in a sub-lay position in the 
preperitoneal space, but these patients still had symptoms 
of discomfort. Reinforcement using both on-lay and sub-lay 
techniques may be a weakness of the study design, but we 
chose to do this in order to offer patients the best possible 
repair in both arms. An alternative would have been to place 
all implants in the on-lay position. In a previous study, how-
ever, abdominal muscle strength was independent of whether 
the mesh was placed in the on-lay, sub-lay or IPOM posi-
tions [19], but seroma was more common with on-lay repair.

As in other studies [20], seroma occurred frequently with 
no difference between the groups. In this study, we actively 
looked for seromas and registered also events that did not 
need any intervention, which was the majority. The use of 
drains did not seem to prevent or promote seroma formation. 
Full-thickness skin graft patients all received two exudrains 
during surgery, whereas patients allocated to the mesh arm 
did not receive a drain. No conclusions can be drawn from 
this difference since there were too few patients in each 
group and no randomization was made for this treatment 
step. Since a few patients had concurrent stoma closure, 
some surgeons today would argue that biologic prosthetic 
material should have been chosen [21]. This study does not 
support that opinion because the frequency of surgical com-
plications did not differ between the two groups. One could 
argue that commercial biologic material is sterile, whereas 
the patient’s own skin is not. However, random cultured sam-
ples from implanted skin grafts taken immediately before 
implantation showed no bacterial growth or very low titers 
of skin bacteria. There were no intra-abdominal infections 
observed in this study. However, one subcutaneous infection 
necessitated surgical revision. Since both synthetic mesh and 
autologous skin graft performed equally, the high cost of 
biologic implants is clearly not justified.

After 3 months, there was one recurrence in each group, 
which is to be expected in a cohort of patients undergoing 
repair for giant ventral hernia [7]. One recurrence involved 
a patient who later admitted to smoking both pre- and post-
operatively, but denied this when being assessed prior to 
surgery. While patients were examined for the presence of 
recurrence, it was not a primary endpoint in this 3-month 
short-term follow-up. The recurrence rate would probably 

Table 2  Outcome at 3-month follow-up

The number of surgical site complications at 3-month follow-up in 
the full-thickness skin graft versus the synthetic mesh group. p values 
are calculated by the χ2 test with exception for “Subjective improve-
ment” which shows the median and p value calculated by the Mann–
Whitney U test

Outcome Full-thickness 
skin graft, 
n = 24

Synthetic 
mesh, 
n = 28

p

Discomfort at surgical site 
(yes/no)

3 12 0.016

Subjective improvement 
(median)

8 7 0.038

Pain at surgical site 3 12 0.016
Hernia recurrence 1 1 0.91
Surgical site complications 16 17 0.66
Seroma 13 13 0.58
Superficial sinuses 2 1 0.46
Subcutaneous wound infection 5 7 0.72
Reoperation due to bleeding 0 2 –
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be low in both surgical arms, since there was only one recur-
rence in the proof-of-concept study [9]. A study with recur-
rence as the main end point would need to be extremely 
large. Impaired tissue remodeling and repair is well docu-
mented among smokers [3, 22] and was thus an exclusion 
criterion in this study.

The technique used for closing the hernia in this study 
involved a degree of tension. Despite performing small 
releasing incisions (ad modum Chevrel) in the external fas-
cia, the abdominal wall was still closed with some tension. 
The relative increase in airway pressure, measured by the 
ventilator, was used as a proxy for tension when closing 
the abdominal wall. Despite tension, there were only four 
patients requiring ICU care because of compromised breath-
ing, one of which was caused by aspiration. The proportion 
of patients in this study needing postoperative ICU care after 
giant ventral hernia repair was low, and probably reflects our 
very close cooperation with the anesthetist. Care was taken 
to avoid excessive fluid administration, and active breathing 
exercises were initiated as soon as possible upon awakening. 
None of the cases required component separation, which 
may indicate that a degree of residual tension is not as harm-
ful as suggested in some recent publications [23, 24]. It is 
also important to note that component separation per se car-
ries with it a morbidity risk, not least poor wound healing.

The hypothesis that wound healing would be improved by 
the use of a full-thickness skin graft was not confirmed. Even 
so, severe complications and the need for intensive care due 
to respiratory complications were less frequent compared 
to other reports [7, 25, 26]. Our study hypothesis was thus 
rejected. Although the groups showed some differences in 
the panorama of complications, the expected decrease in 
wound healing disturbances was not shown, while the fre-
quency of seroma was even higher in the skin graft group 
compared to the mesh group. One possible explanation for 
this is that the magnitude of complications may be a conse-
quence of the surgical trauma rather than being associated 
with the nature of the material used. It is also known that 
the on-lay technique may be associated to more complica-
tions than the sub-lay and IPOM techniques when meshes 
are used. If the magnitude of surgery is the truth, efforts 
should be focused on optimizing perfusion and oxygenation 
and on the mechanisms of formation of seroma. In spite of 
this, autologous skin grafts still have potential advantages 
in terms of elasticity, fewer graft infections, and obvious 
economic superiority.

A limiting factor with the use of the full-thickness skin-
grafting technique is the availability of skin with good qual-
ity. In giant ventral hernia patients, there is usually enough 
excess skin as a result of the giant hernia itself to allow for 
excision of a sufficiently sized skin graft. In cases where 
the skin is damaged, or of poor quality, it is possible to har-
vest full-thickness skin grafts from the leg or upper arm. 

This has been done in some procedures not included in this 
study. The possibility of using skin grafts in other locations 
in hernia surgery is now the subject of research. Skin grafts 
have been used in animal models since the beginning of the 
twentieth century [27]. There are also experimental studies 
investigating skin grafts used with a shoelace technique [28]. 
In these studies, the hypothesis is that the surrounding tissue 
will infiltrate the tiny skin grafts. The procedure is conse-
quently performed with high tension for maximal ingrowth 
in contrast to this study where full-thickness skin grafts were 
conceptually used as ordinary reinforcement material.

In conclusion, autologous full-thickness skin grafts are 
reliable as material for strengthening the abdominal wall 
in ventral hernia repair, with similar outcomes and compli-
cations compared to using synthetic mesh. Patients oper-
ated with a skin graft also experience a more comfortable 
recovery following surgery. The use of autologous mate-
rial is cheaper than synthetic mesh, and much cheaper than 
commercial biologic materials. Furthermore, skin grafting is 
probably preferable from a histo-immunologic perspective, 
since it involves the implantation of the patient’s own tissue. 
The value of skin grafting as regards hernia recurrence in the 
long term has yet to be determined at long-term follow-up.
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