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a total of 358 patients found no difference in seroma out-
come. Others: one randomised study of 42 patients under-
going either suction drainage or “quilting” sutures found no 
difference in seroma formation.
Conclusions There is currently insufficient quality evi-
dence to recommend any of the investigated methods, some 
of which incur significant additional cost.
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Introduction

Incisional hernia is a common and sometimes inevitable 
complication following midline laparotomy and is reported 
to occur in up to 20% of patients 1 year post-operatively [1]. 
Hernias can also occur following other abdominal surgery 
including Pfannenstiel incisions for caesarian section and 
other gynaecological surgery, appendicectomy, cholecys-
tectomy as well as those related to laparoscopic port sites. 
Repairs using mesh lead to a lower rate of recurrence, but 
wound complications, including haematoma and seroma, are 
common [2, 3]. A seroma has been described as, “a collec-
tion of serous fluid in a body cavity, organ or tissue, which 
occurs following surgery or trauma,” but a formal widely 
accepted definition is lacking. Rates of seroma formation 
vary depending on whether radiological or clinical meth-
ods of assessment are used and the length of the follow-up 
[4–6]. Seroma formation is most common following surgery 
that involves extensive tissue dissection resulting in a “dead 
space” (e.g. abdominoplasty, mastectomy), as well as fol-
lowing surgery that disrupts lymphatics (e.g. axillary and 
groin lymph node dissections) [7, 8]. There may be other 
differences in the aetiology of seroma formation between 
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these different procedures, but there is a paucity of evidence 
to confirm or refute this.

There is a variable individual inflammatory response 
to different implanted prostheses that may contribute to a 
patient’s risk of developing seroma following incisional her-
nia repair and this may also relate to the positioning of the 
material in the abdominal wall [9]. A retrospective study 
of patients undergoing incisional hernia repair found that 
the only pre-operative factor associated with an increased 
risk of seroma was a higher number of previous abdominal 
incisions [10]. Symptomatic seromas are common in open 
and laparoscopic incisional hernia repairs and are present in 
8–12.5% of patients having undergone open repair at clinical 
assessment 8 weeks post-operatively [10, 11]. A system-
atic review of laparoscopic repair identified a seroma rate 
of 5.4% [12] when diagnosed on clinical criteria, but it has 
been suggested that some degree of seroma formation may 
be inevitable as the rate approaches 100% when diagnosed 
on radiological criteria alone. [13, 14].

It has been demonstrated that seroma volume decreases 
over time when routinely measured after abdominoplasty 
and many resolve with conservative management alone 
[8]. However, some patients develop a chronic seroma, and 
repeated aspiration to relieve symptoms may contribute to 
the risk of infection [10]. These patients with symptomatic 
seroma require investigations and treatment using consid-
erable health-care resources. Consequently, many surgeons 
will perform an intra-operative technical step (e.g. quilting 
sutures) or adjunct procedure (e.g. drain placement) during 
the incisional hernia repair with the specific aim of reducing 
the likelihood of seroma development. These technical steps, 
which are non-essential to the hernia repair itself, differ from 
additional procedures (e.g. panniculectomy) in that they 
serve no other intended purpose than seroma prevention. 
It is uncertain to what extent these various adjuncts reduce 
seroma formation and which option may be most effective. 
Therefore, the aim of this review was to evaluate the various 
intra-operative adjuncts used to reduce seroma formation in 
open incisional hernia repair.

Methods

The review was registered prospectively at the PROSPERO 
International Register of Prospective Reviews with the 
study ID CRD42017058106 [15]. An electronic search of 
PubMed and Embase (1947–29th January 2017) was per-
formed independently by LHM and SP. The search terms 
used were “incisional hernia”, “abdominal wall hernia”, 
“ventral hernia”, “mesh” “seroma”, “talc”, “negative 
pressure wound therapy”, “fibrin sealant”, “quilting” and 
“abdominal drain”. Bibliographic references were searched 

to identify relevant studies that were not found by electronic 
search.

All citations identified by our search strategy were 
reviewed independently by LHM and SP, by sequential 
review of title, abstract and then full text to establish inclu-
sion or exclusion as per the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses guidance (PRISMA) 
[16].

Inclusion criteria

Studies included for analysis were retrospective or prospec-
tive comparative human studies in peer-reviewed journals 
describing at least one intervention designed to decrease the 
rate of seroma formation following open incisional hernia 
repair, with post-operative seroma formation as a measured 
outcome.

Exclusion criteria

Search results were carefully analysed to exclude duplicate 
studies or a second study using the same data set. Stud-
ies on laparoscopic methods of repair, primary abdominal 
wall hernias, inguinoscrotal hernias, abdominoplasty alone 
without hernia repair, prophylactic mesh placement follow-
ing primary surgery and hernias from a myocutaneous flap 
donor site were excluded, as were studies in children less 
than 18 years old and those not available in the English lan-
guage. Laparoscopic repairs were not included, as the repair 
technique is very different: it is rare for large skin flaps to be 
raised, the midline defect is often not closed and the mesh 
is effectively used to bridge the defect. Case reports, case 
series without a comparison group and studies with less than 
five patients in each group were also excluded. Conference 
abstracts were screened, but excluded if there was no associ-
ated peer-reviewed publication.

Outcome measures

The primary outcome measure was seroma formation. Sec-
ondary outcome measures were recurrence, pain and quality 
of life.

Definitions

Seroma formation

Clinical or radiological assessment indicating the presence 
of fluid in the subcutaneous space. There is no standard defi-
nition for clinical assessment, so seroma requiring interven-
tion was the most commonly used method.



275Hernia (2018) 22:273–283 

1 3

Recurrence

Clinical or radiological evidence of a recurrent hernia 
detected during the follow-up period.

Negative pressure wound therapy (NPWT)

Application of a vacuum suction dressing over a closed 
wound, secured with an adhesive dressing.

Medical talc

Medical talc is a mineral composed of hydrated magnesium 
silicate and has an established use as a sclerosing agent to 
achieve pleurodesis in recurrent pleural effusions and there 
is much evidence for its overall safety in humans [17]. There 
are some data on its use to prevent seroma in abdominal wall 
hernia and axillary dissection [18]. It can be spread over tis-
sues in an aerosolised or slurry form.

Fibrin sealant

These are used as a non-traumatic method of fixation. They 
comprise a mix of human fibrinogen with aprotinin (an anti-
fibrinolytic agent) and thrombin reconstituted with calcium 
chloride, and their mechanism of action is via the later stages 
of the coagulation cascade [19]. They are available in differ-
ent thrombin concentrations, and application for this purpose 
is via a droplet or spray applicator.

Surgical drains

At suction drain secured in the subcutaneous space post-
operatively. Size and number of drains used and the criteria 
for their removal are variable.

Quilting sutures

Up to 40 interrupted absorbable sutures placed between 
the undermined flap and the anterior rectus sheath with the 
intention of closing the dead space in this plane.

Quality assessment and data extraction

Observational studies were assessed using the MINORS 
criteria [20] and the single randomised trial was assessed 
using the Cochrane Collaboration’s risk of bias tool at study 
level [21].

Statistical analysis

RevMan 5.3 (Review Manager Version 5.3 Copenhagen: 
The Nordic Cochrane Centre, The Cochrane Collaboration, 

2014) was used for meta-analysis of the NPWT subgroup. 
Results of the meta-analysis were assessed using odds ratios 
(OR) with 95% confidence intervals (CI) within a Man-
tel–Haenszel random effects model. The variability in study 
outcome was assessed by calculating statistical heterogene-
ity using χ2 and inconsistency  (I2) statistics.  I2 values ≥ 50% 
represented considerable heterogeneity and p ≤ 0.05 was 
considered to be statistically significant.

Numerous operative strategies have been proposed that 
aim to reduce the risk of seroma. An initial search identified 
articles describing NPWT for closed incisions, fibrin sealant, 
medical talc, quilting sutures and suction drainage.

Results

The database searches identified 1443 citations. After 
removing duplicates and screening titles, 41 abstracts were 
included for review and after application of inclusion/exclu-
sion criteria to these 12 full text articles were assessed and 9 
were included for final analysis [5, 6, 22–28]. The PRISMA 
statement of search results is shown (Fig. 1).

Eight were retrospective cohort studies: four on NPWT 
with a total of 358 patients, two on fibrin sealant with a 
total of 310 patients and two on medical talc with a total 
of 317 patients. There was one randomised controlled trial 
on surgical drains versus quilting sutures with a total of 42 
patients. A summary of the patient demographics and study 
design differences is shown in Tables 1, 2, 3 and 4. The 
studies varied in repair technique and assessment method, 
including the post-operative time point at which seroma was 
assessed for and measured, and in some cases the volume of 
the fluid was used to define the presence of a seroma. None 
of the included studies contained any data for post-operative 
pain or quality-of-life assessment, and four included recur-
rence data.

Negative wound pressure therapy (NPWT)

Four studies reported seroma outcomes in NPWT compared 
to conventional dressings. Three studies used the KCI VAC 
system for 5 days [23], 7 days [24] or for 48 h after the 
wicks were dry [28]. One study used a Prevena dressing at 
125 mmHg for 7 days [26]. Pooling results demonstrated a 
6.4% rate of seroma in patients receiving NPWT compared 
to 11.3% of controls with an odds ratio of 0.63. This was not 
statistically significant on meta-analysis (Fig. 2) (OR 0.63 
[95% CI 0.28–1.4]; p = 0.36; I2 = 0%; p = 0.69).

Medical talc

Two studies reported seroma outcomes using medical talc 
in the subcutaneous space compared to standard procedure. 
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Klima et al. [25] found a 2.7% rate of seroma in the talc 
group and 20.8% in the control group, whereas Para-
meswaran et al. [27] found a 76% rate of seroma formation 
in the talc group and 9.5% in the control group.

Fibrin sealant

Two studies reported seroma outcomes using fibrin sealant 
in the subcutaneous space compared to standard procedure, 
although one of the studies [22] also applied NPWT to both 
groups. One study used  TISSEEL™ in droplet form, 500 IU 

thrombin/ml per 5 cm2 defect area [22], and the other study 
used  ARTISS™, 4 IU thrombin/ml per 20 cm2 defect area 
[6]. The study by Azoury et al. [22] found that the rate of 
seroma was 11% in the fibrin sealant group and 4.9% in 
controls, whereas Kohler et al. [6] found a rate of 3.3% in 
the sealant group and 23% in controls.

Drains vs quilting sutures

There was one randomised controlled trial on surgical drains 
versus quilting sutures. The rates of seroma formation were 

Fig. 1  PRISMA statement of search results
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high in both groups in this study at three different time points 
on ultrasound criteria, varying from 19% early (4–6 days 
post-operative) to 52% late (29–31 days post-operative) in 
the drain group to 29% early and 43% late in the quilting 
sutures group [5].

Study quality

The eight retrospective studies were assessed according to 
the MINORS criteria. Only one study scored 16 (high qual-
ity) on the MINORS criteria (median 13.5, range 8–16) [24]. 
The one randomised controlled trial was assessed according 
to the Cochrane risk of bias tool [5]. The main source of 
bias identified was the lack of outcome blinding; however, 
it was a small study with no power calculation performed to 
estimate the numbers needed to achieve a reliable result [5].

There was frequent variation in patient baseline charac-
teristics between intervention and control groups within the 
studies, including BMI, smoking status, defect size and pro-
portion of clean contaminated wounds.

Discussion

The aim of this study was to review the evidence on intra-
operative adjuncts designed to prevent seroma following 
open incisional hernia repair. The only studies identified 
were low-quality retrospective studies and the lack of avail-
ability of higher-quality evidence limits our review. The 
intervention about which there was data in the largest num-
ber of patients was NPWT and this was the only subgroup on 
which it was possible to perform a meta-analysis that dem-
onstrated no statistically significant difference in outcome. 
Studies on medical talc and fibrin sealant reached divergent 
findings that are likely to reflect variability in operative tech-
nique as much as any true effect of the adjunct per se. It is 
not possible to recommend the use of any of the investigated 
adjuncts based on current evidence.

There were no standard reporting criteria or classifica-
tion systems used when describing seroma outcome in any 
of the studies. Patient-related outcome and quality-of-life 
data are absent in these studies which contain clinician-
centred data with little use of validated classification sys-
tems such as Clavien–Dindo [29]. Seroma-specific classi-
fication systems have been derived [14] and recommended 
for use [30], but they are based on expert opinion and their 
validity and correlation to other outcome scores such as 
patient-reported outcome measures and quality of life have 
not been established. Control groups were frequently his-
torical, which introduces confounders including operative 
volumes and experience, patient selection and reporting 
bias. Patient-reported outcome measures and quality-of-
life tools have not been widely used or reported within the Ta
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field and consequently no studies have reported a compre-
hensive cost analysis of the different interventions com-
pared to control.

Our review was limited to studies with an intra-operative 
adjunct and was not designed to examine whether there may 
be an effect from different surgical meshes or the layer of 
placement within the abdominal wall. A review and meta-
analysis [31] of biologic and synthetic mesh in inguinal her-
nia repair found a significantly increased risk of seroma in 
the biologic group. This finding is likely applicable to inci-
sional hernia repair, but has not been demonstrated as there 
are only data on a small number of patients [32]. Mesh type 
may therefore have a significant effect on seroma outcome, 
but investigating this was beyond the scope of our study.

A further limitation of our review is the restriction of 
operative technique to open repairs only. We excluded 
laparoscopic repair, as the technique used is entirely differ-
ent from that used in open incisional hernia repair and the 
results from our review could not be meaningfully applied to 
laparoscopic repair. Other studies were excluded as seroma 
was not included as a separate outcome and obfuscated by 
reporting of “surgical site occurrences” [33, 34].

Subcutaneous suction drains are commonly used dur-
ing open incisional hernia repair to allow fluid, including 
haematoma and seroma to drain in the early post-operative 
period. It has been associated with a decreased rate of ser-
oma formation in retrospective case series [10]. There has 
been a Cochrane review of the use of surgical drains fol-
lowing open incisional hernia repair, which identified no 
randomised controlled trials comparing wound drainage to 
no wound drainage [35]. Drain fluid volume in the early 
post-operative period following mesh repair is significantly 
increased in patients who subsequently develop seroma. It is 
therefore possible that the prolonged use of drains may help 
prevent later seroma formation. Patients with a mesh who 
developed a seroma had both a lower drain fluid lactate and 
a lower drain fluid pH value than those who do not develop 
seroma [36]. They also expressed different amounts of some 
cytokines in the drain fluid, which may have acted to delay 
wound healing. The seroma fluid contained high levels of 
a procollagen and fibronectin compared to the drain fluid, 
but low levels of lactate, which is normally high in healing 
tissues [37].

The use of quilting sutures to reduce the rate of seroma 
formation has been demonstrated in abdominoplasty [8, 37] 
and mastectomy [38]. The underlying principle of quilting 
sutures is that reduction of dead space reduces the incidence 
of seroma and the volume of those seromas that do occur. 
Their main disadvantage is the increased operation time 
required, which may be reduced with a modified technique, 
but otherwise can add up to 50 min [37]. The study com-
paring surgical drains to quilting sutures did not find any 
significant difference in seroma between the two groups. The Ta
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numbers were small and this study was very likely under-
powered to detect a significant difference [5].

Extrapolations from other fields of surgery have high-
lighted other intra-operative adjuncts that may be suitable 
for further study of seroma prevention in incisional hernia 
surgery. Triamcinolone acetonide is a topical corticosteroid 
that is licensed for use in humans for intra-articular injec-
tion and as a dermal cream. Its use for seroma reduction has 
been studied in an animal mastectomy model where it was 
found to perform better than fibrin glue [39]. There has also 
been a study of its use in established seroma at the latis-
simus dorsi flap donor sites to reduce the need for repeated 
aspiration, but it has not been used to prevent seroma [40]. 
Topical methylprednisolone has also been used following 
human mastectomy with mixed results [41], as has erythro-
mycin in a small case series of refractory seroma in plastic 
surgery [42]. A comparative series in abdominoplasty found 
that using sutures or clips instead of diathermy to seal the 
abdominal wall perforators lead to a decreased rate of ser-
oma formation [43]. This has also been studied previously 
in mastectomy patients, but has not been repeated in surgery 
involving mesh.

There are some post-operative adjuncts that have also 
been investigated. Abdominal binders are in frequent use 
in some parts of the world, including at least occasional use 
by more than 90% of French abdominal surgeons according 
to a recent survey [44]. Their historic use has been aimed at 
reducing post-operative pain and preventing abdominal wall 
dehiscence, and it has been theorised that they may be able 
to reduce post-operative seroma. However, there is at best 
only weak evidence for their use for these indications [10].

Conclusion

High-quality studies were lacking in all the interventions 
identified and there was considerable variability across stud-
ies in the outcome definitions used. We cannot recommend 

any method for use based on the current available evidence. 
Consistent reporting of seroma outcome using a standard 
classification system is essential for future studies.
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