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Abstract

Purpose There is a risk of developing a trocar site hernia

(TSH) after laparoscopic surgery, but data is sparse and

based mostly on retrospective studies with a short and

poorly defined follow-up period. Surgical approaches and

patient-related co-morbidity have also been suggested as

risk factors for development of TSH. The aim of the present

review was to perform a qualitative systematic analysis to

estimate the incidence of TSH and to discuss the surgical

and patient-related risk factors for development of TSH.

Methods The literature search was until 19 May 2010.

Studies with TSH, defined as either operation for TSH or a

hernia found during clinical follow-up, were included. We

included randomised controlled trials, prospective non-

controlled studies including [200 patients, and retrospec-

tive studies including [200 patients. The review was

completed according to the PRISMA guidelines.

Results We included 19 studies in adults and 3 studies in

paediatric patients (\18 years), and a total of 30,568 adults

and 1,098 children were analysed. The overall incidence of

TSH was 0–5.2%. TSH occurred most often (96%) in

trocar sites of a minimum of 10 mm, located mostly in the

umbilicus region (82%). Data supported a higher incidence

of TSH when the trocar site fascia was not sutured, and in

pre-school children undergoing a laparoscopic procedure.

Conclusions Current data suggests a relatively low inci-

dence of TSH but that all trocar incisions of a minimum of

10 mm should be closed. In pre-school children undergo-

ing laparoscopic surgery, all port sites should be closed.

Keywords Trocar site hernia � Port site hernia �
Laparoscopy � Ventral hernia � Incisional

Introduction

Compared with open abdominal surgery, the laparoscopic

approach has gained widespread acceptance because of the

perceived better postoperative outcomes in terms of less

pain, faster recovery, and lower risk of incisional hernias [1,

2]. However, the risk of incisional hernia following lapa-

roscopic surgery—trocar site hernia (TSH)—has been

known since 1967 [3]. Nevertheless, data is sparse and based

mostly on retrospective studies with a short and poorly

defined follow-up [4–6]. Surgical approaches and patient-

related co-morbidity have also been suggested as risk factors

for development of TSH [5, 7], and controversies exist

regarding both prevention and repair of TSH [6, 8].

The aim of this qualitative systematic review was to

estimate the incidence of TSH, as well as to describe surgi-

cal- and patient-related risk factors for development of TSH.

Methods

We searched the literature from 1960 to 19 May 2010. Data-

bases used were Pubmed and Embase, using ‘‘trocar site’’ or

‘‘port site’’ and ‘‘hernia’’ as search strings limited by ‘‘English’’

and ‘‘human’’. In addition, manual searches in reference lists

were performed. We defined adults as patients[18 years.
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Studies were included only if TSH was clearly defined as

either a clinical manifestation that made the patient contact

the healthcare system or was found during follow-up. TSH

was included if discovered at a clinical examination,

ultrasound, computed tomography (CT)-scan or if the

patient underwent surgery for TSH after a specific laparo-

scopic procedure. We included only randomised controlled

trials (RCTs), prospective non-controlled studies including

[200 patients, and retrospective studies including [200

patients. Duplicates, reviews and studies not concerning

TSH and special new technologies in laparoscopic surgery

(e.g. robotic and single port laparoscopy) were excluded.

The study was completed using the Preferred Report-

ing Items for Systematic reviews and Meta-Analyses

(PRISMA) guidelines [9].

Results

We identified 346 studies, including two studies from ref-

erence lists [10, 11] and 105 duplicates. In total, 219 studies

were excluded. A total of 19 studies in adult patients and

three studies in paediatric patients were included (Fig. 1).

Thus, we included data from 30,568 adults and 1,098

children in the present analysis. This included three RCTs in

adults (TSH were secondary end-points) [12–14], six pro-

spective trials in adults [15–20], nine retrospective reports

in adults [7, 10, 11, 21–26], and three retrospective studies

in paediatric patients [27–29]. Results from studies in adult

patients are outlined in Table 1.

Overall, the studies varied with respect to design, sur-

gical procedures and follow-up (Table 1). The mean fol-

low-up was described in seven studies and ranged from 1 to

31 months [7, 13, 15, 23–25]. One study [17] comparing

two different trocars, presented a median follow-up for each

group, which was 27 months and 54 months, respectively.

Two studies [14, 22] had a median follow-up period of 13

and 16 months, respectively. Taylor et al. [30] registered

retrospectively the incidence of TSH at admission within

3 years after primary surgery. In ten studies the follow-up

periods were not mentioned [10–12, 18–21, 26–28].

In the randomised and prospective studies [12, 14–19],

TSH was defined as a clinical palpable fascia defect in a

previous trocar site found during follow-up. In two studies,

TSH was found by either CT-scan or sonography [20, 22].

In 12 retrospective studies, TSH was found by clinical

examination or following TSH repair, and in all cases the

TSH were repaired [7, 10, 21, 23–30].

Trocar site hernia incidence in adults

The incidence of TSH in adults in the published studies

was between 0 and 5.2% (Table 1), with an overall

incidence of 0.5% when summarising data from the dif-

ferent studies. In total, 160 TSH were reported: 56 TSH

occurred within 30 days (between 2 and 25 days) after the

first laparoscopic procedure, 57 TSH were reported

between 30 days and 2 years after laparoscopy, and in 47

patients the timing for reoperation was not provided.

Except for one patient all patients had only a single TSH,

meaning the incidence of hernia per trocar is 3–5 times

lower, depending on the number of trocars used in the

specific laparoscopic procedure. The incidence of acute

operation for TSH was not reported in the available studies.

Surgical related risk factors for developing trocar site

hernia in adults

Entry techniques

One randomised trial (n = 244) comparing blunt trocars

with cutting trocars in abdominal surgery (not defined)

found no TSH during a 6–18 months follow-up period [12].

On the other hand, Leibl et al. [17] found that cutting

trocars (n = 600) were associated with a significantly

higher TSH rate than blunt trocars (n = 600) (1.8% vs

0.2%, P \ 0.01). However, the cutting trocar group had

twice as long a follow-up period compared with the blunt

trocar group (median 54 months vs 27 months). A pro-

spective non-randomised study [18] (n = 403) comparing

trocar entry using either Veress needle and a cutting trocar

Port site hernia                     173 
Trocar site hernia                 171 
From references        2 

In total   346 

Excluded: 
Duplicates   105 

Excluded: 
Case reports       71  
Retrospective studies n < 200   57  

(range 7-187 patients; median 69) 
Prospective studies n < 200    12  

(range 27-178 patients; median 46) 
Reviews     16 
Technical reports    24 
No trocar hernia analysis      29 
Robotic surgery      4 
Single port laparoscopy      4 
Letters        2 

912latotnI

RCT                  3 Prospective        6 Retrospective  13 

Fig. 1 Flowchart of study selection [9]. RCT Randomised controlled

trial
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or open entry by Hasson technique, showed six TSH in the

Veress needle group (3.0%) and no TSH in the open entry

group (P = 0.01). One of the six TSH was in a patient who

did not have the fascia closed, whereas all fascias in the

group with open entry were closed using absorbable suture.

In the group using Veress needle, the fascia at the umbilical

port site was sutured when the defect was widened to

remove specimens. The follow-up period ranged between 3

and 51 months.

Closure of the fascia

Adding together the data from Table 1, the incidence of

TSH after suturing the fascia (regardless of the suture

material) may be 0.6% (42 of 8,719), compared to 1.5%

(53 of 3,585) when not suturing the fascia [4, 7, 10, 12, 16,

21]. Slow absorbable sutures were used to close the trocar

site in three studies, with an incidence of TSH of up to

2.2% [13, 14, 23]. When using fast absorbable sutures, the

TSH incidence was up to 2.8% [7, 16]. No study directly

compared slow absorbable and non-absorbable with fast

absorbable sutures to reduce the incidence of TSH.

Trocar size

In the included studies (Table 1) the size of trocar was

described in 13 studies (129 TSH) [7, 10, 11, 13, 14, 16, 18,

19, 21, 22, 24–26]. Only five of 129 (4%) TSH were from

5 mm trocars, whereas 118 (96%) originated from

10–12 mm trocars.

Trocar location

Summarising from the included studies (Table 1), a total of

82% of TSH were located at the umbilical port site, and

18% at other locations. The high frequency of TSH at the

umbilical port site is supported by case reports from the

early 1990s [31, 32] and is congruent with a survey from

the American Association of Gynecologic Laparoscopists

[33].

Procedure-specific incidence of trocar site hernias

in adults

Laparoscopic cholecystectomy

In three studies, the incidence of TSH after laparoscopic

cholecystectomy [11, 19, 21] was 0.2–5.2%. All studies

were retrospective and included 765–9,542 patients. In

only one study, that by Uslu et al. [19], were patients

routinely examined for TSH after 1 month, revealing that

40 of 765 patients (5.2%) had a TSH, which is the highest

reported incidence in this review. In a study from Romania

[11] 18 of 9,542 (0.2%) patients had a TSH; however, there

was no description of how the hernias were found. After

1,300 laparoscopic cholecystectomies in Pennsylvania,

only ten patients (0.8%) were referred with a TSH. The

studies did not describe how often the fascia was expanded

to remove the gallbladder. Due to study heterogeneity, the

data cannot be pooled.

Laparoscopic gastric bypass

Data from retrospective and prospective studies [16, 25,

26] comprised a total of 1,596 patients. The incidence of

TSH in these studies ranged between 0.2 and 1.3%.

Other procedures

Five other specific laparoscopic procedures (ventral hernia

repair, gastric banding, colectomy, fundoplication, and

laparoscopic inguinal hernia repair) [7, 13–15, 17, 20, 26,

30], and six studies concerning more general procedures

(general digestive, bariatric, gynaecologic and urologic

oncology) [10, 12, 18, 22–24] are described in Table 1.

Overall, the incidence of TSH was low, at levels ranging

from 0 to 3.9% with follow-up periods of 1–65 months.

Though some studies showed a high TSH incidence after

specific procedures, other authors have reported the oppo-

site [11, 12, 16, 17].

Patient-related risk factors

Gender and age

Female gender and high age may predispose to TSH after

laparoscopic cholecystectomy [19, 34]. However, large

prospective studies are needed to confirm these findings.

Children

In a study from Austria, all laparoscopic procedures in a

single paediatric surgical unit during a 4-year period were

analysed retrospectively [28]. Of the 293 patients included in

the study, 53 were pre-school children with a mean age of

1.7 years (7 days–4.5 years). Of the 53 pre-school children

(B5 years), 3 (5.3%) had omental prolapse through a lateral

port site without sutured fascias (trocar size 2–5 mm)

3–4 days after the primary laparoscopic operation (P =

0.006 compared with children [5 years). No long-term

follow-up data were given in the paper. In another large

retrospective study only 2 of 574 (0.3%) children (mean

6.7 years) had a TSH reported, both with an omental her-

niation through the umbilical port site [27]. The results from

this study are difficult to interpret because the data, based on

patient records, included large variations in laparoscopic
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procedures and patient co-morbidity. The follow-up was

defined as the time between the laparoscopic procedure and

the last clinical examination (range 1 week–45 months). No

details of the patients who had a TSH were described.

Rescorla et al. [29] showed the incidence of TSH after

227 laparoscopic splenectomies to be 0.4% (1/227) in

children with a mean age of 7.7 years. No further details

were given regarding the TSH.

Obesity

As shown in Table 1, two large retrospective and one

prospective study [16, 25, 26] (n = 459–849) found a

incidence of TSH after bariatric surgery ranging from 0.3

to 1.25% with a mean follow-up of 1.5 years.

Diabetes mellitus and smoking

The literature does not suggest a relation between diabetes

and incidence of TSH [4, 18, 21]. However, diabetes is

correlated to an increased risk of wound infection [35], and

wound infection in open surgery predisposes to the

development of incisional hernia [36].

Smoking is a significant risk factor for incisional hernia

after open abdominal surgery [37]. A retrospective study

including 320 laparoscopic fundoplications [7] showed that

four of the nine patients who developed TSH were smokers

([25 pack years), but smoking habits in patients not

developing TSH were not reported.

Special trocars and protective mesh plugs

Johnson et al. [16] found a low incidence of TSH after

using bladeless trocars (Versa StepTM). The trocars were

not used in the umbilical region where most TSH is seen.

Several authors advocate different devices to close the

fascia in order to prevent TSH [16, 17, 38, 39], but all these

studies were not randomised and had poor follow-up. A

prophylactic bio-absorbable mesh plug to trocar sites of a

minimum of 10 mm revealed no signs of recurrence or

other complications to the procedure, but data was based

on a case study of 17 patients with only 14 months follow

up [40]. Protective mesh may have a future, but more data

are needed before recommendations can be made.

Discussion

The present analysis suggests an overall incidence of a

trocar site hernia below 1% with a substantially higher

incidence when using trocars of C10 mm compared with

smaller trocars. However, most studies were retrospective

with poorly defined or short follow-up periods.

Almost half of the TSH occurred during the first month

after laparoscopy. This could be explained by the fact that

early onset hernias often present with symptoms from

entrapment of bowel or omentum [41], and late onset TSH

are often characterised by pain, nausea and discomfort [6]

that might not lead to surgery. Since the large retrospective

studies are based on the risk of TSH repair rather than

objective examination, the true incidence of TSH may be

higher than that reported in the literature. After laparotomy,

the incidence of incisional hernias continues to appear after

10 years follow-up [42]. No such data are available after

laparoscopy.

There were no valid data to support one entry technique

over another in order to prevent TSH. When focussing on

other trocar entry-related complications, a recent Cochrane

review [43] concluded that no laparoscopic entry technique

is at higher risk of inducing complications than others.

The literature has not systematically addressed the effect

of suturing the trocar site fascia or not [6] but the present

analysis supports suturing the fascia in trocar sites of

10 mm or above, especially in the umbilicus region [33].

Thus, it is recommended to use slowly- or non-absorbable

suture to close the fascia in trocar sites C10 mm.

TSH is located mainly at the umbilical port site. This

can be explained by the fact that most trocars used in the

umbilicus are large, which in itself predisposes to TSH

[10], or by non-recognised umbilical hernias before the

laparoscopic procedure [21]. Theoretically, widening of the

umbilical port in order to remove, for instance, a gall-

bladder also increases the incidence of TSH, but a retro-

spective study including 1,300 cholecystectomies found no

correlation on this aspect [21]. During the last decade, case

reports referring to TSH have concerned mostly lateral

trocar sites [44, 45], which might simply reflect the fact

that lateral port site hernias may also exhibit acute onset

and lead to emergency operations.

The incidence of TSH in pre-school children is higher

(5.3%) than the TSH incidence in juvenile patients, which

is in the same range as for adult patients [27–29]. Several

other studies and case reports from paediatric surgery have

also described herniation through 3–5 mm ports [46] sug-

gesting that trocar sites in young children should be sutured

irrespective of trocar size.

The present review revealed the low incidence of TSH

in patients undergoing bariatric laparoscopic surgery, with

an incidence comparable with patients undergoing other

laparoscopic procedures [16, 25, 26]. This is not in

accordance with results from incisional hernia surgery after

open gastric bypass [47], where morbidly obese patients

had a 20% risk of incisional hernias versus 4% in normal

weighted patients with ulcerative colitis after laparotomy

[47]. In obese patients, the incidence of TSH may be

underestimated since it can be difficult to diagnose a small
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hernia through a thick layer of subcutaneous tissue. Pri-

mary mesh reinforcement has been proposed to avoid TSH

after bariatric surgery [48], but at present this is not sup-

ported by the literature.

Although the current literature shows a low incidence of

TSH, we found no large-scale studies describing the pro-

portions of patients having elective TSH repairs and acute

surgery for incarcerated or strangulated bowel in a TSH.

Such data are essential in order to recommend elective

TSH repair to such patients.

Based on current evidence classification [49], we have

listed some recommendations to prevent TSH based on the

present literature search (Table 2). As shown, the evidence

is poor and more studies are needed to confirm these

suggestions. It may also be advisable to do a close preop-

erative examination to detect small umbilical hernias, and,

if found, these small fascia defects can be used as access

ports in laparoscopic surgery. Such a defect should be

treated as an umbilical hernia, with closure of the defect

either with non-absorbable suture or a mesh [50].

It would have been optimal to perform a meta-anal-

ysis. However, the included studies were very hetero-

genic, and TSH was not the principal end-point in the

RCTs. Furthermore, many studies provided no technical

information on the surgical procedure (i.e., trocar type

and size, suture type etc.). Therefore, the present study

was a qualitative systematic review rather than a meta-

analysis.

In conclusion, the current evidence regarding risk fac-

tors for TSH is weak. Present data support the view that the

larger the trocar, the higher the incidence of TSH, and that

TSH is located primarily in the umbilicus area, where most

large trocars are placed. The technology provides us with

smaller laparoscopes, and in many different surgical pro-

cedures a 10 mm (or larger) trocar can be exchanged for a

5 mm port to reduce the incidence of TSH. Despite the

poor evidence, the current review supports the use of as

small entry ports as possible, and suturing all defects of

minimum 10 mm with slow-absorbable or non-absorbable

suture material. In pre-school children undergoing laparo-

scopic surgery, all port sites, regardless of size, should

probably be sutured.
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