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Seroma following transabdominal preperitoneal patch plasty (TAPP):
incidence, risk factors, and preventive measures
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Abstract

Background The reported range of seroma formation in the literature after TEP repair is between 0.5 and 12.2% and for
TAPP between 3.0 and 8.0%. Significant clinical factors associated with seroma formation include old age, a large hernia
defect, an extension of the hernia sac into the scrotum, as well as the presence of a residual indirect sac. Seroma formation
is a frequent complication of laparoendoscopic mesh repair of moderate to large-size direct (medial) inguinal hernia defects.
This present analysis of data from the Herniamed Hernia Registry now explores the influencing factors for seroma formation
in male patients after TAPP repair of primary unilateral inguinal hernia.

Methods In total, 20,004 male patients with TAPP repair of primary unilateral inguinal hernia were included in uni- and
multivariable analysis.

Results Univariable analysis revealed the highly significant impact of the fixation technique on the seroma rate (non-fixation
0.7% vs. tacks 2.1% vs. glue 3.9%; p <0.001). Multivariable analysis showed that glue compared to tacks (OR 2.077 [1.650;
2.613]; p<0.001) and non-fixation (OR 5.448 [4.056; 7.317]; p<0.001) led to an increased seroma rate. A large hernia
defect (IIT vs. I: OR 2.868 [1.815; 4.531]; p<0.001; IT vs. I: OR 2.157 [1.410; 3.300]; p <0.001) presented a significantly
higher risk of seroma formation. Likewise, medial compared to lateral inguinal hernias had a higher seroma rate (OR 1.272
[1.020; 1.585]; p=0.032).

Conclusions Mesh fixation with tacks or glue, a larger hernia defect, and medial defect localization present a higher risk for
seroma development in TAPP inguinal hernia repair.

Keywords Inguinal hernia - TAPP - Seroma - Complications - Mesh fixation
According to the Guidelines of the International Endoher-

nia Society (IEHS) and the European Association of Endo-
scopic Surgery (EAES) [1-3], seroma formation is a fre-
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quent occurrence after laparoendoscopic groin hernia repair
but lacks clinical relevance or significance in most cases. It
is advised to explain the possibility of seroma formation to
the patient before surgery to prevent anxiety [3]. The main
problem with postoperative seroma is the perception by
patients and their general practitioners that they represent a
persistence or recurrence of the hernia [4]. There are reports
of seroma being mistaken for recurrences following laparo-
scopic hernia repair, with the correct diagnosis being made
only after groin exploration [4].

The reported range of seroma formation in literature
reviews after TEP repair is between 0.5 and 12.2% [5] and
for TAPP between 3.0 and 8.0% [4]. In a meta-analysis of
randomized controlled trials, a significantly higher incidence
of seromas was found after laparoendoscopic inguinal hernia
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repair, with 1590 patients, versus Lichtenstein repair, with
1620 patients (12.2 vs. 8.9%; p=0.003) [6]. If no measures
are taken for prevention of seroma after TEP or TAPP repair
for direct inguinal hernia, the incidence reported is 4-5%
[7]. In large registry studies of primary unilateral inguinal
hernia repair in men with the laparoendoscopic technique,
the incidence of seroma has been reported as 0.5% for TEP
and 3% for TAPP [8, 9]. Significant clinical factors associ-
ated with seroma formation include old age, a large hernia
defect, an extension of the hernia sac into the scrotum, and
the presence of a residual distal indirect sac [10, 11]. Seroma
formation is a frequent complication of laparoendoscopic
mesh repair of moderate to large size direct medial inguinal
hernia defects [5].

While certain studies had identified significantly less
seroma formation on using extra lightweight meshes [12],
a meta-analysis did not note any difference in the impact
of lightweight vs heavyweight meshes on the seroma rate
after laparoendoscopic inguinal hernia repair [13]. Like-
wise, while in one observational study comparison of mesh
fixation versus non-fixation for endoscopic inguinal hernia
repair revealed a lower seroma rate for non-fixation [14],
this was not demonstrated by a corresponding meta-analysis
[15]. Besides, comparison of mesh fixation with tacks versus
glue did not show any significant difference in the seroma
rate [16—18]. In two observational studies, preperitoneal
drainage was found to have a positive effect on the seroma
incidence [19, 20].

This present analysis of data from the Herniamed Hernia
Registry now explores the influencing factors for seroma
formation after TAPP repair. Preventative measures will then
be discussed.

Materials and methods

As of October 10, 2016, 577 participating hospitals and
office-based surgeons mainly from Germany, Austria, and
Switzerland have entered prospective data into the multi-
center internet-based Herniamed Hernia Registry on their
patients who had undergone routine hernia surgery and
signed an informed consent agreeing to participate [21].
As part of the information provided to patients regarding
participation in the Herniamed Quality Assurance Study
and signing the informed consent declaration, all patients
are informed that the treating hospital or medical practice
would like to be informed about any problems occurring
after the operation and that the patient has the opportunity
to attend clinical examination. All postoperative complica-
tions occurring up to 30 days after surgery are recorded.
This present study analyzed the prospective data collected
for all male patients who had been operated on with a
TAPP technique for repair of a primary unilateral inguinal

hernia in the period September 1, 2009, up to and includ-
ing September 1, 2015. At 1-year follow-up, the general
practitioners and patients were asked once again for any
postoperative complication. If complications are reported
by the general practitioner or patient, patients can be
requested to attend clinical and/or radiological examina-
tions. A recent publication has provided impressive evi-
dence of the role of patient-reported outcomes [22]. Only
those patients for whom 1-year follow-up results were
available were included in the analysis. Other inclusion
criteria were as follows: age > 16 years and only medial/
lateral/combined types of inguinal hernia based on the
EHS classification [23]. In total, 20,004 patients were
included in uni- and multivariable analysis (Fig. 1) for
investigation of influencing factors for the development
of a seroma after TAPP inguinal hernia repair. During the
observation period, the 20,004 TAPP procedures were per-
formed in 8799 patients (44.0%) without mesh fixation, in
6387 patients (31.9%) using tacks for fixation, and in 4818
patients with glue fixation (24.1%).

The most commonly used meshes (>2%) are given in
Table 1. These were mainly large-pore lightweight meshes.
The most commonly used (>2%) tacks and glues are listed
in Tables 2 and 3, respectively.

All analyses were performed with the software SAS
9.4 (SAS institute Inc. Cary, NC, USA) and intentionally
calculated to a full significance level of 5%, i.e., they were
not corrected in respect of multiple tests, and each p value
0.05 represents a significant result. To first discern the
differences between the groups in unadjusted analyses.
Fisher’s exact test was used for categorical outcome vari-
ables, and the robust 7 test (Satterthwaite) for continuous
variables. For mesh size (cm?), a logarithmic transforma-
tion was applied and re-transformed mean and range of
dispersion are given.

To identify influence factors in multivariable analysis
of seroma, a binary logistic regression model was used.
Potential influence factors were: ASA score (I/IVIII/IV),
age (years), BMI (kg/mz), mesh size (cm?), defect size
(I/IV/IIT), risk factors (yes/no), preoperative pain (yes/no/
unknown), EHS classification (lateral/medial/combined),
drainage (yes/no), and mesh fixation (non-fixation/tacks/
glue). Estimates for odds ratio (OR) and the correspond-
ing 95% confidence interval based on the Wald test were
given. For influence variables with more than two catego-
ries, pairwise odds ratios were given. For age (years), the
10-year OR estimate, for BMI (kg/m?) the five-point OR
estimate, and for mesh size (cm?) the 10-point OR estimate
were given. Results are presented in tabular form, sorted
by descending impact.
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Processing data export of October 10, 2016, at
16:24 pm. Primary inguinal hernia operations
in TAPP-technique with entry-state-key
Jcomplete" (n=76096)

Y

Exclusion of fernale patients {r=9196)

v

Primary inguinal hernia operations in TAPP-
technigue in men (n=66900)

A4

Primary unilateral inguinal hernia operations in
TAPP-technique in men (n=46682)

Exclusion of hilateral operations (n=20218)

A4

\4
Primary unilateral inguinal hernia operations in
TAPP-technique in men = 16 years (n=46589)

Exclusion of patients below 16 years (n=93)

v
Elective primary unilateral inguinal hernia

operations in TAPP-technigue in men
= 16 years n=45947)

Exclusion of emergency operations (n=642)

Exclusion of skrotal and fermoral EHS-classification
{r=1978)

A\ 4
Elective primary unilateral inguinal hernia
operations in TAPP-technigque in men with
medial or lateral EHS-classification. (n=43969)

A

Exclusion of patients with mesh fixation using
sutures or a combination of fixation technigques
(r=3744)

Elective primary unilateral inguinal hernia
operations in men with non-, tacker- or glue-
fixation (n=40200)

Exclusion of operations after September 01, 2015

Elective primary unilateral inguinal hernia
operations in TAPP-technigue in men with
operation date hefore Sep. 1, 2015 (n=28748)

v

v

Exclusion of patients with no 1-year-follow-up
(r=8744)

fixation (n=20004)

Fully documented elective primary unilateral inguinal hernia repair in men with TAPP hefore Sep. 1, 2015 with
minimum age of 16 years and 1-year-follow-up, lateral or medial EHS-classification and tacker-, glue- or non-

Fig. 1 Flowchart of patient inclusion

Results

Univariable analysis

Univariable analysis of the relationship between the fixa-
tion technique (non-fixation/tacks/glue) and the patient

and operative characteristics revealed highly significant
differences (Tables 4, 5). For example, the proportion of

@ Springer

patients with tacks or glue fixation for large hernia defects
(EHS III > 3 cm) was significantly greater than that with
non-fixation (Table 5). Likewise, the proportion of medial
EHS classifications was higher in the tacks and glue mesh
fixation group than in the no mesh fixation group. Drain
placement was more common in cases of no mesh fixation
(Table 5). With regard to mesh fixation (non-fixation/
tacks/glue), highly significant differences were seen in
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Table 1 Proportion of meshes Type of mesh Type of fixation Total

most commonly used (>2%)

Non-fixation Tacks Glues
N % N % N % N %

Prolene 12 0.1 447 7.0 6 0.1 465 2.3
Ultrapro 1139 12.9 1770 27.7 2112 43.8 5021 25.1
Parietene standard 297 34 240 3.8 10 0.2 547 2.7
Parietex ProGrip 1017 11.6 11 0.2 8 0.2 1036 52
Parietene ProGrip 1332 15.1 29 0.5 1 0.0 1362 6.8
Parietene light 468 53 414 6.5 70 1.5 952 4.8
DynaMesh-ENDOLAP 219 2.5 366 5.7 409 8.5 994 5.0
TiMesh extralight 260 3.0 85 1.3 383 7.9 728 3.6
TiMesh light 646 7.3 569 8.9 222 4.6 1437 7.2
3DMax light 1007 114 398 6.2 146 3.0 1551 7.8
Optilene 129 1.5 226 35 208 4.3 563 2.8
Optilene LP 326 3.7 651 10.2 733 15.2 1710 8.5
TiO2Mesh 460 52 86 1.3 115 24 661 33
Other meshes 1487 16.9 1095 17.1 395 8.2 2977 14.9
Total 8799 100.0 6387 100.0 4818 100.0 20,004 100.0

Table 2 Proportion of tacks

Type of tacks N %
most commonly used (>2%)

ProTack 348 54
Endo universal 531 8.3
AbsorbaTack 2845  44.5
PermaSorb 318 5.0
EMS stapler 1299  20.3
SorbaFix 568 8.9
SecureStrap 328 5.1
Others 150 2.3
Total 6387 100.0

Table 3 Proportion of glue most

T f gl N %
commonly used (>2%) pe ol gue .

Tissucol/tisseel 2050  42.5
Glubran 2 652 135
Evicel 1607 334
Liquiband FIX8 161 33
Others 348 7.2
Total 4818 100.0

the overall postoperative complication rate (non-fixation
1.8% vs. tacks 3.0% vs. glue 4.8%; p <0.001) (Table 6).
Seroma accounted for the greatest proportion of postop-
erative complications (non-fixation 0.7% vs. tacks 2.1%
vs. glue 3.9%); p <0.001).

Multivariable analysis

The results of multivariable analysis of the postoperative com-
plications associated with seroma are summarized in Table 7
(model fit: p <0.001). The fixation technique and hernia defect
size exerted a highly significant influence on seroma formation
(in each case p <0.001). Glue compared to tacks (OR 2.077
[1.650; 2.613]; p<0.001) and glue vs non-fixation (OR 5.448
[4.056; 7.317]; p<0.001) resulted in an increased seroma rate.
Similarly, tacks compared to non-fixation (OR 2.623 [1.925;
3.575]; p<0.001) were associated with a higher risk of seroma
formation. A large hernia defect (I vs. I: OR 2.868 [1.815;
4.531]; p<0.001; I vs. I: OR 2.157 [1.410; 3.300]; p<0.001)
presented a significantly higher risk of seroma formation. That
was also true for medial compared to lateral inguinal hernia
(medial vs. lateral: OR 1.272 [1.020; 1.585]; p=0.032), and
for medial compared to combined (medial vs. combined: OR
2.194 [1.388; 3.470]; p<0.001). Besides, a high ASA score
(ASA TII/IV vs. I: OR 1.645 [1.109; 2.442]; p=0.013) led
to an increased risk of seroma formation. The presence of
risk factors (yes vs. no: OR 0.703 [0.543; 0.910]; p=0.008)
reduced the risk of seroma development. Only a trend towards
a reduction in the risk of seroma formation was identified for
the use of a drain (OR 0.584 [0.319; 1.072]; p=0.083).

Discussion
This present analysis of data from the Herniamed Hernia

Registry reveals highly significant differences in the postop-
erative complication rate in relation to the fixation technique

@ Springer
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Table 4 Mean age, BMI, and

o R . Non-fixation Tacker Glue p
mesh size in male patients with
primary unilateral inguinal Age (years)
hernia repair in TAPP technique .
Median+STD 55.0+15.6 58.8+14.7 56.4+15.0 <.001
BMI
Mean+STD 259+33 26.0+3.4 25.8+34 <.001

Mesh size (cm?)

Mean (range of 146.3 (145.2; 147.5) 149.9 (148.7; 151.1) 151.1 (150.1; 152.2) <.001
dispersion)
Table 5 lf’aFienF and OPerative Non-fixation Tacks Glue P
characteristics in relation - @@
to mesh fixation, including n % n % n %
unadjusted tests for significant
differences ASA score
1 3043 34.58 1864 29.18 1946 40.39 <.001
1I 4737 53.84 3621 56.69 2461 51.08
v 1019 11.58 902 14.12 411 8.53
Defect size
I(<1.5cm) 1533 17.42 727 11.38 683 14.18 <.001
II (1.5-3 cm) 6072 69.01 3939 61.67 3200 66.42
I (>3 cm) 1194 13.57 1721 26.95 935 19.41
EHS classification
Combined 1128 12.82 633 9.91 394 8.18 <.001
Lateral 5483 62.31 3718 58.21 3142 65.21
Medial 2188 24.87 2036 31.88 1282 26.61
Drainage
Yes 736 8.36 346 542 148 3.07 <.001
No 8063 91.64 6041 94.58 4670 96.93
Risk factors®
Total
Yes 2248 25.55 1665 26.07 1233 25.59 0.747
No 6551 74.45 4722 73.93 3585 74.41

4COPD, diabetes, aortic aneurysm, immunosuppression, corticoid medication, smoking, coagulopathy,
antiplatelet medication, anticoagulation therapy

for male patients with TAPP repair of primary unilateral
inguinal hernia. For example, the overall postoperative
complication rate for non-fixation was 1.8%, for tack fixa-
tion 3.0%, and for glue fixation 4.8% (p <0.001). Seroma
accounted for the greatest proportion of postoperative com-
plications. Here, too, a highly significant difference was
detected in relation to mesh fixation (non-fixation 0.7% vs.
tacks 2.1% vs. glue 3.9%; p<0.001). Multivariable analy-
sis confirmed the highly significant influence exerted by the
fixation technique on the seroma rate. Glue compared to
tacks and non-fixation resulted in a higher seroma rate. But
also tacks compared to non-fixation led to a higher seroma
rate. Accordingly, no mesh fixation clearly had the lowest
seroma rate. That could be one explanation for the lower
seroma rates after TEP than after TAPP [8], since as per
the guidelines [1, 2] mesh fixation is rarely used for TEP,
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whereas as evidenced by the present data this continues to
be used in 65% of cases for TAPP [24]. But the evidence-
based data demonstrate that even for TAPP mesh fixation
can be omitted for hernia defects up to 3 cm (EHS LI, IT and
ML, II) [1, 2]. Based on the registry data only a defect size
of more than 3 cm (EHS LIII, MIII), and here in particular
medial and combined defects, requires mesh fixation [24].
Accordingly, as for TEP, mesh fixation can be dispensed
with more often for TAPP, too. With a current proportion
that continues to be as high as 65% [24], the fixation rate can
still be markedly reduced for TAPP. Omission of fixation
might then positively impact the seroma rate after TAPP.
Naturally, smaller defects also present a lower risk of
seroma formation, as do lateral compared to medial ingui-
nal hernias. Lateral defects in line with the anatomy of the
groin have a curtain-like closure after excision of the hernia
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Table 6. Outcome Varial?les Non-fixation Tacks Glue P
in relation to mesh fixation,
including unadjusted tests for n % n % n %
significant differences
Postoperative complications
Total
Yes 159 1.81 192 3.01 231 4.79 <.001
No 8640 98.19 6195 96.99 4587 95.21
Bleeding
Yes 76 0.86 50 0.78 34 0.71 0.602
No 8723 99.14 6337 99.22 4784 99.29
Seroma
Yes 61 0.69 133 2.08 189 3.92 <.001
No 8738 99.31 6254 97.92 4629 96.08
Infection
Yes 6 0.07 7 0.11 2 0.04 0.407
No 8793 99.93 6380 99.89 4816 99.96
Bowel
Yes 9 0.10 1 0.02 1 0.02 0.041
No 8790 99.90 6386 99.98 4817 99.98
Wound healing disorders
Yes 7 0.08 5 0.08 8 0.17 0.250
No 8792 99.92 6382 99.92 4810 99.83
Ileus
Yes 8 0.09 2 0.03 3 0.06 0.362
No 8791 99.91 6385 99.97 4815 99.94
Table 7 Multivariable analysis of seroma formation following TAPP inguinal hernia repair
Parameter p Value Category p Value paired OR estimate 95%-CI
Fixation <.001 Glue vs. tacks <.001 2.077 1.650 2.613
Glue vs. non-fixation <.001 5.448 4.056 7.317
Tacks vs. non-fixation <.001 2.623 1.925 3.575
Defect size <.001 III (>3 cm) vs. II (1.5-3 cm) 0.018 1.330 1.050 1.684
OI (>3 cm) vs. I (<1.5 cm) <.001 2.868 1.815 4.531
II (1.5-3 cm) vs. [ (< 1.5 cm) <.001 2.157 1.410 3.300
EHS classification 0.002 Lateral vs. combined 0.016 1.725 1.108 2.686
Medial vs. lateral 0.032 1.272 1.020 1.585
Medial vs. combined <.001 2.194 1.388 3.470
Risk factors 0.008 Yes vs. no 0.703 0.543 0.910
ASA score 0.035 II/IV vs. 11 0.166 1.258 0.909 1.742
MI/IV vs. 1 0.013 1.645 1.109 2.442
IMvs. 1 0.040 1.308 1.013 1.689
BMI (5-point OR) 0.069 0.861 0.733 1.011
Drainage 0.083 Yes vs. no 0.584 0.319 1.072
Age (10-year OR) 0.262 1.047 0.966 1.136
Mesh size (10-point OR) 0.597 0.985 0.930 1.043

sac from the inguinal canal, whereas a medial hernia defect
will persist as evagination of the transversalis fascia once
repaired. It should therefore be reduced to prevent it from
being filled with serous fluid. Various techniques have been

proposed in the literature to that effect. Reddy [4] recom-
mends the inversion of the extended transversalis fascia and
fixation with tacks to the pubic bone. Technically, this is
only feasible through the use of permanent tacks. Besides,

@ Springer



2228

Surgical Endoscopy (2018) 32:2222-2231

the use of tacks can trigger chronic pain. Berney [5] recom-
mends using a Roder loop, where the inverted transversalis
fascia is ligated with the Roder loop such that the entrance
to the medial hernia sac is closed and the sac completely
reduced. Alternatively, the inverted transversalis fascia can
be fixed to Cooper’s ligament with a suture and the her-
nia sac completely reduced in the same manner [25]. Using
these techniques the problem of seroma formation can be
completely prevented for a large medial inguinal hernia in
both TEP and TAPP. Therefore this technique is urgently
recommended in the guidelines [1, 2].

The aforementioned findings also highlight the poten-
tial role of drain placement for prevention of seromas. To
date, only very few publications recommend the use of a
drain [19, 20]. The results of multivariable analysis demon-
strate a trend towards a protective role for a drain in reduc-
ing seroma formation after TAPP. But as arguments against
drains complications and pain induced by drains must be
mentioned. Since drains are used more commonly for TEP
[25], this might also explain the difference in the seroma rate
for TAPP vs. TEP.

There are reports in the literature that could explain the
higher seroma rates identified on using glues. An experi-
mental study with the cyanoacrylate-based tissue adhesives
Glubran and Ifabond demonstrated that synthetic glues trig-
gered evident seroma formation in the form of an inflamma-
tory reaction [26]. This was caused by the toxic property of
cyanoacrylate which, as far as possible, is reduced by means
of chemical changes [26]. Some studies have reported that
the fibrin glue Tisseel/Tissucol is associated with higher
rates of seroma formation than staple fixation although that
finding has been inconsistent [27]. It is likely that the avoid-
ance of drop formation and local accumulation by spraying
the fibrin sealant reduces the incidence of seroma formation
[27].

The present study has a number of limitations. The reg-
istry does not contain any data on how the peritoneum was
closed. Nor is any information given on whether the diagno-
sis “seroma” was based on physical examination or radiogra-
phy. The possibility of confusing seromas with early hernia
recurrences cannot be ruled out either.

In summary, it has been demonstrated that the seroma
rate in male patients with TAPP repair of primary unilateral
inguinal hernia is negatively influenced by mesh fixation
with tacks or glue. Non-mesh fixation was associated with
the lowest seroma rate. This can also explain the difference
in the seroma rate between TEP and TAPP to the disadvan-
tage of the latter technique since for TAPP mesh fixation
continues to be used in 65% of cases. But the evidence-based
data demonstrate that, as for TEP, mesh fixation should gen-
erally only be used, in TAPP too, for hernia defects of more
than 3 cm (EHS LIII, MIII), and in particular for medial her-
nias. Otherwise, seroma formation is commonly encountered

@ Springer

for large inguinal hernias, and especially for large medial
inguinal hernias. Therefore medial defects should either
be secured with a suture to Cooper’s ligament or reduced
with a Roeder loop. Furthermore, there appears to be a trend
towards a positive role for drain placement after TAPP in
reducing seroma formation.
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