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Abstract
Background  Internal hernia following laparoscopic colorectal surgery is often under-reported. The aim of this review was 
to evaluate the occurrence rate of internal hernia following laparoscopic colorectal surgery, and to describe clinical pres-
entation and management strategies.
Methods  A comprehensive literature review was conducted including MEDLINE/Pubmed, EMBASE, SCOPUS, clinical-
trials.gov, and the Cochrane Database of Systematic Reviews through April 2018. The review was conducted according to 
MOOSE guidelines. Quality was appraised with the Methodological Index for Non-Randomized Studies (MINORS) tool. 
Meta-analysis was performed using a random effects model. Studies reporting data on internal hernia after laparoscopic 
colorectal surgery were included.
Results  Ten observational studies with a total of 8453 patients were included. All included articles were non-comparative 
prospective or retrospective cohort studies with an average MINORS score of 8.3 (range 6–11). Summary estimate of propor-
tion of patients developing internal hernia after laparoscopic colorectal resection was 0.5% (95% CI 0.3–0.8%). Heterogeneity 
was moderate (I2 46%, p = 0.03) and study size (> 1000 vs. <1000 patients) was found to have a significant contribution to 
heterogeneity (p = 0.002). Thirty patients (90.9%) required surgery, with 5 non-fatal and 3 fatal postoperative complica-
tions. Quality of some studies was limited; some patients were followed up for less than 1 year; primary surgical procedures 
included different laparoscopic approaches.
Conclusions  Occurrence rate of internal hernia after laparoscopic colorectal resection is around 5 per 1000 patients. Small-
sized studies are likely to overestimate the occurrence of internal hernia. Need for reoperation is high with a substantial risk 
of mortality.
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Internal hernia is the protrusion of viscera, usually small 
bowel, through a congenital or acquired mesenteric 
defect within the peritoneal cavity, found during surgical 

reoperation [1]. Overall, its incidence is less than 1%, caus-
ing 5–8% of all small bowel obstructions [2]. Over the past 
two decades, this incidence has been increasing because of 
growing number of gastric by-pass surgery performed for 
bariatric treatment. In these patients, internal hernias rep-
resent nearly half of the cases of small bowel obstruction 
[3, 4]. This situation has heightened awareness and allowed 
better understanding of these hernias following other surgi-
cal procedures [1].

Internal hernia is an infrequent complication following 
laparoscopic colorectal resection but the real incidence is 
difficult to ascertain [5]. Large clinical trials (such as CLA-
SICC, COST, and COLOR) did not report any specific data 
on this complication, thus the only sources of information 
from literature include a limited number of surgical series, 
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mostly retrospective, and few case reports [6–8]. The lapa-
roscopic approach for colorectal surgery, either for benign or 
malignant disease, has gained widespread acceptance due to 
its undisputed advantages (reduced postoperative pain, better 
and faster recovery, etc) along with comparable oncological 
results for cancer patients [9–11]. It is noteworthy that some 
advantages of laparoscopic approach (i.e., early mobilization 
and reduced adhesions) can contribute to explain the occur-
rence of internal hernia in colorectal surgery.

This systematic review aimed to provide a quantitative 
and qualitative summary of occurrence of internal hernia 
following laparoscopic colorectal resections, also reporting 
clinical presentation and management strategy.

Materials and methods

Study design

This is a systematic review of observational studies inves-
tigating the occurrence of internal hernia during follow-up 
after laparoscopic colorectal resection. The Meta-analysis 
Of Observational Studies in Epidemiology (MOOSE) guide-
lines were used in this review [12].

Search strategy

To identify relevant studies, we systematically searched 
MEDLINE/Pubmed, EMBASE, SCOPUS, clinicaltrials.gov, 
and the Cochrane Database of Systematic Review between 
January 1995 and May 2018. Two researchers (GP and MP) 
independently reviewed search results and screened titles/
abstracts. A third researcher (FC) resolved any inconsist-
ency. We obtained the full texts of all potentially eligible 
studies. In PubMed, the following search strategy was used: 
‘internal hernia’ AND (‘laparoscopic surgery’ OR ‘colo-
rectal surgery’ OR ‘laparoscopic colectomy’). This search 
strategy was adapted to suit the other electronic sources. 
Only clinical studies in English were considered. Case 
reports were excluded. Data from meeting abstracts were 
not included, as details were not enough to allow for data 
extraction. The reference lists of included articles were 
hand-searched to identify additional studies of interest.

Criteria for considering studies for this review

Observational studies investigating internal hernia after 
laparoscopic colorectal resection were considered eligible 
for this review. Only the most recent and complete data were 
included when duplicate publications reporting on similar 
patients were found. Studies not including humans were 
excluded.

Data collection extraction

Two researchers (GP and OP) independently extracted key 
data from the included studies. A third researcher (FC) 
checked the extracted data. For each study, we extracted rel-
evant data (occurrence and timing of internal hernia, need 
for surgery, type of surgery, morbidity, and mortality) and 
the following data: title, first author, journal, year of publi-
cation, study design, disease, sample size, primary surgical 
intervention, and length of follow-up. When queries arose, 
or additional data were required, we contacted study authors.

Quality assessment

Two researchers (GP, FC) completed the quality appraisal 
with the Methodological Index for Non-Randomized Stud-
ies (MINORS) tool [13]. The MINORS tool includes eight 
items for non-comparative studies and four additional items 
for comparative studies. Items are scored as 0 (not reported), 
1 (reported but inadequate), and 2 (reported and adequate), 
with a total score of 16 for non-comparative studies and 
24 for comparative studies. Our systematic review included 
only observational non-comparative studies, thus the 8-item 
section was used. A third researcher (MP) resolved any 
inconsistency.

Data synthesis and statistical analysis

Statistical analysis was performed using ‘metafor’ package 
for R 3.3 (R Foundation for Statistical Computing, Vienna, 
Austria) [14, 15]. Meta-analysis was performed using a ran-
dom effects model. Heterogeneity was assessed using the 
I2 value and meta-regression was used to explore potential 
sources of heterogeneity [16]. The risk of publication bias 
was assessed with funnel plot and trim-and-fill method as 
proposed by Duval and Tweedie [17]. According to litera-
ture, this method was not used to provide adjusted estimates 
by performing a meta-analysis including the filled studies, 
but it was only used to suggest possible missing studies. A 
p-value less than 0.05 was considered statistically significant 
[18].

IRB approval and informed consent were not needed for 
this study.

Results

Search results

Overall, the searches yielded 475 non-duplicated articles; 
463 articles were excluded based on title and/or abstract 
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(which were not appropriate for the topic of this review, such 
as surgical approach not minimally invasive, internal hernia 
after bariatric or gastric surgery, inguinal hernia), while 12 
articles were retrieved for full text review. Three case reports 
and one study on radiologic imaging were excluded. Two 
additional studies were found via hand search. Ultimately, 
10 observational studies were included in the qualitative and 
quantitative synthesis (Fig. 1) [2, 19–27].

Study and patient characteristics

Ten observational studies (2 prospective and 8 retrospective) 
including 8453 patients met the inclusion criteria. Character-
istics of included studies are reported in Table 1. Individual 
study size ranged from 118 to 4069 (median 473). The pri-
mary surgical procedure was either right or left colectomy or 
rectal resection or a combination of colonic and rectal proce-
dures in 6 studies, while the information was not reported in 
4 studies. Four studies included both malignant and benign 
patients, 3 studies only malignant (4753 patients with 14 
reported internal hernias, 0.29%), and the nature of the dis-
ease was not clear in 3 studies. In addition, no data were 
available on surgeon’s or center’s experience in laparoscopic 
colorectal surgery (Table 1). Closure of mesenteric defect 

was routinely not performed at primary surgical interven-
tion in most studies. Follow-up ranged from 0.1 to 10 years.

Quality assessment

The MINORS scores for the methodological quality 
appraisal of included articles are shown in Table 2 [13]. The 
item about unbiased assessment of study endpoint studies 
(blind evaluation of objective endpoints) was not applicable 
in our studies. All included articles were non-comparative 
prospective or retrospective cohort studies with an average 
MINORS score of 8.3 (range 6–11).

Patients developing internal hernia 
during follow‑up

Overall, 33 out of 8453 patients (0.39%) developed internal 
hernia during the follow-up period. Occurrence, timing, and 
management of internal hernia are reported in Table 3. Indi-
vidual study proportion ranged from 0.2 to 1.1%, with a time 
interval between primary surgical intervention and occur-
rence of internal hernia ranging from 8 h to 7 years. Data on 
closure/not closure of the mesenteric defect were available 
in 6938 patients: 6157 did not have closure of the mesenteric 

Fig. 1   Meta-analysis Of Observational Studies in Epidemiology (MOOSE) flow chart
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defect at first operation (22 had internal hernia, 0.35%) while 
781 had closure of the mesenteric defect (none had internal 
hernia). Thirty patients (90.9%) required surgery, includ-
ing reduction of internal hernia with or without closure of 
the meso defect (17 patients), small bowel resection (nine 
patients), or other surgical procedures (three patients; not 
reported in one patient). After surgery for internal her-
nia, postoperative complications occurred in 11 out of 31 
patients (35.5%), while the information was not reported in 
two patients. These complications included mostly postop-
erative ileus or wound infections, but also severe complica-
tions such as renal failure, pulmonary edema, or multi-organ 
failure, leading to death in three patients (Table 3).

Synthesis of research findings

Summary estimate of proportion of patients developing 
internal hernia after laparoscopic colorectal resection was 
0.005 (95% CI 0.003 to 0.008) (Fig. 2). Heterogeneity was 
moderate (I2 46%, p = 0.03) and study size (> 1000 vs. 
<1000 patients) was found to have a significant contribution 
to heterogeneity (p = 0.002). Summary estimates of propor-
tion of patients developing internal hernia were 0.003 (95% 
CI 0.002 to 0.004; I2 0%, p = 0.11) in studies including more 
than 1000 patients and 0.008 (95% CI 0.005 to 0.012%; I2 

0%, p = 0.62) in studies including less than 1000 patients. 
The trim-and-fill method by Duval and Tweedie (Fig. 3) sug-
gested two missing studies (with sample sizes of 510 and 
1079 patients, and proportions of internal hernia of 0.02 and 
0.04, respectively) in the right area of the plot. According to 
literature, results from trim-and-fill method were not used 
to adjust estimates.

Discussion

Several complications following laparoscopic colorectal 
surgery have been extensively reported, such as intestinal 
obstruction, anastomotic leak, abdominal and pelvic abscess, 
bleeding, stenosis, wound infection, or dehiscence. Small 
bowel obstruction (SBO) is probably the most commonly 
reported cause of morbidity following this type of surgery, 
ranging between 1 and 3% [27–29]. The most common 
causes of SBO include adhesions (explaining over 50% of 
the cases) and incarcerated hernia at trocar site. Internal 
hernia is a well-known complication of other laparoscopic 
procedures such as Roux-en-Y gastric by-pass, colecystec-
tomy, Nissen fundoplication, although it is considered a rare 
occurrence [3, 30]. In laparoscopic colorectal resection, 

Table 1   Study description

LLC laparoscopic left colectomy, LARR​ laparoscopic anterior resection of the rectum, LAR laparoscopic anterior resection, LRC laparoscopic 
right colectomy, n.r. not reported
a The original study included 4589 patients; 4069 patients underwent laparoscopic approach and were included in this systematic review
b The original study included 203 patients; 154 patients underwent laparoscopic surgery and were included in this systematic review
c Primary surgical intervention included segmental resection, anterior resection, proctocolectomy, subtotal colectomy, protectomy, Hartmann’s 
reversal, Hartmann’s, and other procedures

Study Country, year Design Disease (benign 
and/or malignant)

Patients, no. Primary surgical 
procedure

Closure of mes-
enteric defect at 
surgery

Range of 
follow-up 
(years)

Svraka et al. [19] Denmark, 2017 Retrospective Both 1093 Unclear No 1–7
Angelini et al. [20] Italy, 2017 Retrospective Both 1079 LLC and LARR​ 298 No

781 yes
1.5–11

Lee et al. [21] Korea, 2017 Retrospective Malignant 4069a Unclear No 0.3–9
Ansari et al. [22] Australia, 2013 Retrospective Unclear 297 LAR n.r. 0.5–6.5
O’Riordan et al. 

[23]
Ireland, 2013 Retrospective Malignant 154b Unclear n.r. 0.1–1.8

Saklani et al. [24] United Kingdom, 
2012

Retrospective Unclear 167 Unclear No 0.1–10

Cabot et al. [25] United States, 
2010

Retrospective Malignant 530 LRC No n.r.

Rotholtz et al. [26] Argentina, 2009 Retrospective Both 510 c n.r. 1.2–8.5
Sereno Trabaldo 

et al. [2]
France, 2009 Retrospective Unclear 436 LLC In some patients 2.3–8.8

Lacy et al. [27] Spain, 1997 Prospective Both 118 Laparoscopic 
assisted colecto-
mies

n.r. 0.3–3.5
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internal hernia is an infrequent complication, but the real 
incidence is difficult to ascertain [5].

This study used a systematic literature search and meta-
analysis to provide an estimate of the occurrence of internal 
hernia after laparoscopic colorectal resection. Our meta-
analysis estimated a proportion less than 1% of patients 
developing internal hernia after laparoscopic colorectal 
resection. This estimate could be considered as a lower 
bound for the real proportion because of the limited quality 
of included studies, which was penalized by (i) the retro-
spective nature of all studies but one, (ii) the absence of a 
prospective calculation of study size (which is rarely under-
taken in observational and/or retrospective studies), and (iii) 
the limited duration of follow-up period (since internal her-
nia has been found to occur even at several years after sur-
gery). Study size was found to have a significant contribution 
to heterogeneity, resulting in smaller proportion of internal 
hernia when pooling large studies and greater proportion of 
internal hernia when pooling small studies. Such finding was 
due to the small proportion being estimated, because studies 
including less than 1000 patients were likely to overestimate 
the occurrence of internal hernia. Funnel plot and trim-and-
fill method suggested two possible missing studies with high 
proportion of internal hernia in moderate to large sample 
sizes [17]. According to literature, this method was not used 

to provide adjusted estimates by performing a meta-analysis 
including the filled studies, but it was only used to suggest 
possible missing studies [18]. While this method usually 
suggests publication bias in meta-analyses of clinical trials, 
it has a different meaning in meta-analyses of proportion 
studies [31]. In our study, the results from the trim-and-
fill method indicated the absence of moderate/large studies 
reporting high proportion of internal hernia, thus suggesting 
the tendency to overestimation in small studies.

Several mechanisms have been proposed to explain the 
development of internal hernia after laparoscopic colorec-
tal resection. Minimally invasive surgery minimizes postop-
erative adhesions, thus reducing the chance for mechanical 
obstructions from adhesive bands, but also increases the risk 
of SBO by promoting free movement of ileal loops in the 
abdominal cavity—even below the mesentery—if the defect 
created with colonic resection is not closed [10]. Further, 
laparoscopy, with reduced postoperative pain, compared to 
open procedures, especially with recent widespread diffusion 
of Enhanced Recovery After Surgery (ERAS) principles, 
promotes early mobilization. This prevents the adherence of 
the neo-descending colon to the Gerota’s fascia [32].

It is noteworthy that many reported cases occurred after 
left-sided resections. The defect that is created after colo-
rectal resections allows for an easy passage of the small 

Table 2   Quality assessment of included studies using MINORS tool [13] (for non-comparative studies)

Items are scored as 0 (not reported), 1 (reported but inadequate), and 2 (reported and adequate), with a total score of 16 for non-comparative 
studies
NA not applicable

Study Clearly 
stated 
aim

Inclusion of 
consecutive 
patients

Prospective 
data collec-
tion

Endpoints 
appropriate to 
study aim

Unbiased 
assessment 
of study 
endpoint

Follow-
up period 
appropriate 
to study aim

< 5% lost 
to follow-
up

Prospective 
calculation of 
study size

Total score

Svraka et al. 
[19]

2 2 1 0 NA 2 2 0 9/14

Angelini 
et al. [20]

1 2 1 2 NA 2 2 0 10/14

Lee et al. [21] 2 2 1 2 NA 1 2 0 10/14
Ansari et al. 

[22]
1 2 1 0 NA 1 2 0 7/14

O’Riordan 
et al. [23]

1 2 1 0 NA 1 2 0 7/14

Saklani et al. 
[24]

0 2 1 0 NA 1 2 0 6/14

Cabot et al. 
[25]

0 2 1 2 NA 0 2 0 7/14

Rotholtz et al. 
[26]

1 2 1 0 NA 2 2 0 8/14

Sereno Tra-
baldo et al. 
[2]

2 2 1 2 NA 2 2 0 11/14

Lacy et al. 
[27]

1 2 2 0 NA 1 2 0 8/14



1071Surgical Endoscopy (2019) 33:1066–1074	

1 3

Ta
bl

e 
3  

O
cc

ur
re

nc
e,

 ti
m

in
g,

 a
nd

 m
an

ag
em

en
t o

f i
nt

er
na

l h
er

ni
a 

fo
llo

w
in

g 
la

pa
ro

sc
op

ic
 c

ol
or

ec
ta

l r
es

ec
tio

n

SB
 sm

al
l b

ow
el

, S
BO

 sm
al

l b
ow

el
 o

bs
tru

ct
io

n,
 IH

 in
te

rn
al

 h
er

ni
a

a  O
nl

y 
op

er
at

ed
 p

at
ie

nt
s w

er
e 

co
ns

id
er

ed
 fo

r m
or

bi
di

ty
 a

nd
 m

or
ta

lit
y 

ra
te

s c
al

cu
la

tio
n

St
ud

y
Pa

tie
nt

s w
ith

 
in

te
rn

al
 h

er
ni

a,
 

no
. (

%
)

Ti
m

in
g 

of
 c

om
pl

ic
at

io
n 

fro
m

 p
rim

ar
y 

su
rg

ic
al

 
in

te
rv

en
tio

n

Pa
tie

nt
s r

eq
ui

rin
g 

re
op

er
at

io
n,

 n
o.

 
(%

)

Ty
pe

 o
f s

ur
ge

ry
La

pa
ro

sc
op

ic
 a

pp
ro

ac
h

M
or

bi
di

ty
, n

o.
 (%

)a
M

or
ta

lit
y,

 n
o.

 (%
)a

Sv
ra

ka
 e

t a
l. 

[1
9]

6 
(0

.5
5)

3,
 5

, 6
, 7

 d
ay

s;
 5

,7
 y

ea
rs

6/
6 

(1
00

)
Re

du
ct

io
n 

of
 IH

 a
nd

 
cl

os
ur

e 
m

es
o 

de
fe

ct
 (4

 
pt

s)
; R

H
 a

nd
 c

lo
su

re
 

m
es

o 
de

fe
ct

 (2
 p

ts
, w

ith
 

sto
m

a 
in

 1
)

N
o

1/
6 

(1
6.

7)
1/

6 
(1

6.
7)

A
ng

el
in

i e
t a

l. 
[2

0]
1 

(0
.0

9)
3 

da
ys

1/
1 

(1
00

)
Re

du
ct

io
n 

of
 IH

 a
nd

 c
lo

-
su

re
 m

es
o 

de
fe

ct
, s

m
al

l 
bo

w
el

 d
ec

om
pr

es
si

on
 

vi
a 

en
te

ro
to

m
y

Ye
s (

+
 sm

al
l l

ap
ar

ot
om

y 
fo

r e
nt

er
ot

om
y 

w
ith

 
sm

al
l b

ow
el

 d
ec

om
pr

es
-

si
on

)

0
0

Le
e 

et
 a

l. 
[2

1]
9 

(0
.2

)
5,

 1
3,

 2
0 

da
ys

; 3
, 4

, 5
, 7

, 
19

, 2
7 

m
on

th
s

6/
9 

(6
6.

7)
SB

 se
gm

en
ta

l r
es

ec
tio

n 
(3

 
pt

s, 
+

H
ar

tm
an

n 
in

 1
 o

f 
th

es
e)

; r
ed

uc
tio

n 
of

 IH
 

(3
 p

ts
)

N
o

6/
6 

(1
00

)
0

A
ns

ar
i e

t a
l. 

[2
2]

3 
(1

)
17

, 9
7,

 1
15

 d
ay

s
3/

3 
(1

00
)

Re
du

ct
io

n 
of

 IH
Ye

s (
2 

pa
tie

nt
s)

1/
3 

(3
3.

3)
0

O
’R

io
rd

an
 e

t a
l. 

[2
3]

1 
(0

.6
5)

1 
da

y
1/

1 
(1

00
)

Re
du

ct
io

n 
of

 IH
Ye

s
0

0
Sa

kl
an

i e
t a

l. 
[2

4]
2 

(1
.2

)
2 

da
ys

; 2
 m

on
th

s
2/

2 
(1

00
)

SB
 se

gm
en

ta
l r

es
ec

tio
n 

(1
 p

t);
 re

du
ct

io
n 

of
 IH

 
(1

 p
t)

N
o

0
0

C
ab

ot
 e

t a
l. 

[2
5]

4 
(0

.7
5)

10
, 1

0,
 1

0 
da

ys
; 8

 m
on

th
s

4/
4 

(1
00

)
SB

 se
gm

en
ta

l r
es

ec
tio

n
U

nc
le

ar
1/

4 
(2

5)
1/

4 
(2

5)
Ro

th
ol

tz
 e

t a
l. 

[2
6]

1 
(0

.2
)

n.
r.

1/
1 

(1
00

)
Re

du
ct

io
n 

of
 IH

Ye
s

n.
r.

n.
r.

Se
re

no
 T

ra
ba

ld
o 

et
 a

l. 
[2

]
5 

(1
.1

)
8,

 8
, 1

8,
 2

4 
h;

 5
 d

ay
s

5/
5 

(1
00

)
Re

du
ct

io
n 

of
 IH

+
 c

lo
su

re
 

of
 m

es
o 

de
fe

ct
 w

ith
 

su
tu

re
 (3

 p
ts

); 
SB

 se
g-

m
en

ta
l r

es
ec

tio
n 

w
ith

 
ile

os
to

m
y 

(1
 p

t);
 re

du
c-

tio
n 

of
 IH

+
 H

ar
tm

an
n 

(1
 p

t)

n.
r.

2/
5 

(4
0)

1/
5 

(2
0)

La
cy

 e
t a

l. 
[2

7]
1 

(0
.8

)
1 

m
on

th
1/

1 
(1

00
)

n.
r.

n.
r.

n.
r.

0



1072	 Surgical Endoscopy (2019) 33:1066–1074

1 3

bowel. In fact, the small bowel mesentery, which is normally 
anchored to the posterior abdominal wall from posterior to 
anterior and from left to right, has a natural tendency to lie 
in the left iliac fossa and therefore can slide below the left 
mesocolon [2]. On the other hand, the process for internal 
hernias following right hemicolectomy is not completely 
clear. Furthermore, the Treitz ligament could also play a 
role, as a ‘pivotal’ point for the proximal jejunum to pass 

below the neo mesenteric defect [2]. The mobilization of the 
splenic flexure can contribute to preventing internal hernia, 
but also to developing severe complications. If mobilization 
is incomplete (as often reported for non-malignant resec-
tion, such as sigmoidectomy for diverticular disease), the 
descending or transverse colon is pulled towards the pel-
vis and the meso has a greater tension compared to cases 
with full mobilization of the splenic flexure and therefore 
the chances for a passage of ileum below the defect are 
reduced. However, if the small bowel somehow passes below 
the mesentery, the risk of it remaining trapped is high with 
consequent intestinal ischemia and life-threatening compli-
cations if not recognized [2]. It is interesting to note that 
nearly all the patients with symptomatic internal hernia after 
laparoscopic colorectal resection, included in this systematic 
review, had been operated on for cancer. Trabaldo et al. sug-
gested that the defect created—and left open—can be larger 
for oncological cases where the dissection goes to the root of 
the mesentery, compared to resection for benign disease [2].

The evaluation of the role of some additional aspects (i.e., 
type of surgery, malignant or benign aetiology, surgeon’s or 
center’s experience in laparoscopic colorectal surgery) on 
the development of internal hernia could have been interest-
ing, but unfortunately the available data did not allow any 
meaningful subgroup analysis.

Currently, the mesenteric defect created during lapa-
roscopic colorectal surgery is either left open or closed, 
according to surgeon’s preference and laparoscopic skills, 
while there is no strong evidence to support routine closure. 
Several techniques have been described to seal the defect 

Fig. 2   Pooled proportion of patients developing internal hernia after 
laparoscopic colorectal resection

Fig. 3   Funnel plots of log odds vs. standard error (left) or sample size (right); the circles represent the study which were included in the meta-
analysis; the triangles represent two missing studies as estimated by trim-and-fill method (Duval and Tweedie)
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and prevent the risk of internal hernia, with running suture 
(preferably non-reabsorbable), clips, or fibrin glue being the 
most common [2, 5, 20]. However, there are several issues 
regarding the laparoscopic closure of the mesenteric defect. 
It is a time-consuming and technically challenging step of 
the procedure (usually coming after several hours of opera-
tion) and increases the risk of damaging the retroperitoneal 
structures (including the left ureter) and the marginal arcade 
with suture or clips [33]. Jeopardizing the vascularization 
of the anastomosis exposes the patient to the risk of ‘iatro-
genic’ ischemia following the defect closure. Some authors 
suggest a simple repositioning of the small bowel to the right 
of the mesocolon for left colorectal resection (vice versa 
for right colonic resections) [33]. This can be performed 
at the end of the procedure, after dividing the ligament of 
Treitz at the duodeno-jejunal passage, with or without omen-
tal interposition medial to the mobilized colon [33]. The 
defect should be either closed completely with suture, clips, 
or fibrin glue (to overcome the technical difficulties of this 
step of the operation) or left wide open to avoid entrapment 
of ileal loops, in case of passage [5]. Some authors suggested 
a ‘selective’ closure of the meso in thin patients, in which 
a slim mesentery can readily pass beneath the mesenteric 
defect [34]. Thin patients may also provide a more favorable 
anatomical situation compared to patients with excessive 
body weight and allow for an easier suture of the defect.

It is noteworthy that internal hernia may occur during 
a large time span, ranging from few hours to several years 
after surgery [2, 19]. Data from the literature suggest that 
high alert is mandatory on the first postoperative year, but 
patients remain at risk also during the following years [5]. 
Timely recognition and prompt treatment are important in 
these patients because 90% require surgery with 10% post-
operative mortality. An internal hernia can be asymptomatic 
or present with a cohort of aspecific symptoms, including 
mild discomfort, vague to diffuse abdominal pain, nau-
sea, and vomiting [1, 2]. It is not easy for the clinicians to 
immediately recognize the possibility of internal hernia, but 
persistent abnormal colicky pain after colorectal resection 
should prompt further investigations, including abdominal 
X-ray or CT scan. Although several typical CT findings 
have been described (including ‘U’- or ‘C’-shaped small 
bowel loops postero-lateral to the left neo-descending colon 
after left-sided resections), their absence does not warrant 
the exclusion of internal hernia [1, 2]. In addition, other 
radiological findings may be non-specific for internal hernia 
(such as twisting and/or stretching of mesenteric vessels) 
but still call for attention and prompt immediate therapeu-
tic decision. Bowel ischemia is the most severe complica-
tion of internal hernia, with a mortality rate up to 20% [2]. 
Internal hernia after left-sided colonic resections usually 
involves the first jejunal loops, which means that most ileal 
loops are empty, thus allowing a laparoscopic approach in 

the treatment of the complication which maintains the ben-
efits of the original laparoscopic surgery. This represents an 
‘unicum’ when compared to all other small bowel obstruc-
tions usually involving distal jejunal loops and reducing the 
working space for laparoscopic repair [35]. When the diag-
nosis is delayed, severe complications may occur, including 
perforation and/or ischemia, which limit the likelihood of a 
laparoscopic approach and increase the risk of mortality as 
in every small bowel obstruction [22, 36].

The findings of our study should be interpreted within its 
limitations. First, the topic of interest allowed the inclusion 
of only observational studies, which can be prone to dif-
ferent types of bias, thus such limitations should be taken 
into account when reading the results. Second, the quality 
of most studies in this systematic review was limited: the 
estimated proportion of internal hernia could be considered 
as a lower bound for the real proportion. Third, some studies 
included patients who were followed up for less than 1 year, 
while internal hernia may occur beyond such time point [19, 
21]. Fourth, primary surgical procedures in the whole series 
included different laparoscopic approaches and was unclear 
in some studies. Fifth, only clinical studies in English were 
considered, thus potential studies in other languages were 
not included.

Conclusions

The rate of internal hernia after laparoscopic colorectal 
resection is around 5 per 1000 patients. Small-sized studies 
are likely to overestimate this complication. Need for reop-
eration is high with a significant risk of mortality. Internal 
hernia may occur during a large time span, thus high alert 
is mandatory on the early postoperative period, but patients 
remain at risk also at long term.

Acknowledgements  The authors wish to thank the corresponding 
authors of two studies included in this systematic review who kindly 
provided additional information upon request.

Compliance with ethical standards 

Disclosures  Drs. Giuseppe Portale, George Octavian Popescu, Matteo 
Parotto, and Francesco Cavallin have no conflict of interests or financial 
ties to disclose.

References

	 1.	 Martin LC, Merkle EM, Thompson WM (2006) Review of inter-
nal hernias: radiographic and clinical findings. AJR Am J Roent-
genol 186:703–717

	 2.	 Sereno Trabaldo S, Anvari M, Leroy J, Marescaux J (2009) Prev-
alence of internal hernias after laparoscopic colonic surgery. J 
Gastrointest Surg 13:1107–1110



1074	 Surgical Endoscopy (2019) 33:1066–1074

1 3

	 3.	 Steele KE, Prokopowicz GP, Magnuson T, Lidor A, Schweitzer 
M (2008) Laparoscopic antecolic Roux-en-Y gastric bypass with 
closure of internal defects leads to fewer internal hernias than the 
retrocolic approach. Surg Endosc 22:2056–2061

	 4.	 Comeau E, Gagner M, Inabnet WB, Herron DM, Quinn TM, 
Pomp A (2005) Symptomatic internal hernias after laparoscopic 
bariatric surgery. Surg Endosc 19:34–39

	 5.	 Toh JW, Lim R, Keshava A, Rickard MJ (2016) The risk of inter-
nal hernia or volvulus after laparoscopic colorectal surgery: a 
systematic review. Colorectal Dis 18:1133–1141

	 6.	 Guillou PJ, Quirke P, Thorpe H, Walker J, Jayne DG, Smith AM, 
Heath RM, Brown JM, MRC CLASICC trial group (2005) Short-
term endpoints of conventional versus laparoscopic-assisted sur-
gery in patients with colorectal cancer (MRC CLASICC trial): 
multicentre, randomised controlled trial. Lancet 365:1718–1726

	 7.	 Fleshman J, Sargent DJ, Green E, Anvari M, Stryker SJ, Beart RW, 
Hellinger M, Flanagan R, Peters W, Nelson H, Clinical Outcome 
of Surgery Therapy Study Group (2007) Laparoscopic colectomy 
for cancer is not inferior to open surgery based on 5-year data 
from the COST Study Group trial. Ann Surg 246:655–662

	 8.	 Hazebroek EJ, COLOR Study Group (2002) COLOR: a rand-
omized clinical trial comparing laparoscopic and open resection 
for colon cancer. Surg Endosc 16:949–953

	 9.	 Green BL, Marshall HC, Collinson F, Quirke P, Guillou P, Jayne 
DG, Brown JM (2013) Long-term follow-up of the Medical 
Research Council CLASICC Trial of conventional versus lapa-
roscopically assisted resection in colorectal cancer. Br J Surg 
100:75–82

	10.	 Reza MM, Blasco JA, Andradas E, Cantero R, Mayol J (2006) 
Systematic review of laparoscopic versus open surgery for colo-
rectal cancer. Brit J Surg 93:921–928

	11.	 Van de Velde CJ, Boelens PG, Borras JM, Coebergh JW, Cer-
vantes A, Blomqvist L, Beets-Tan RG, van de Broek CB, Brown 
G, Van Cutsem E, Espin E, Haustermans K, Glimelius B, Iversen 
LH, van Krieken JH, Marijnen CA, Henning G, Gore-Booth J, 
Meldolesi E, Mroczkowski P, Nagtegaal I, Naredi P, Ortiz H, 
Pahlman L, Quirke P, Rodel C, Roth C, Rutten H, Schmoll HJ, 
Smith JJ, Tanis PJ, Taylor C, Wibe A, Wiggers T, Gambacorta 
MA, Aristei C, Valentini V (2014) EURECCA colorectal: multi-
disciplinary management. In: European consensus conference on 
colon and rectum. Eur J Cancer 50:1.e1–1.e34

	12.	 Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Ren-
nie D, Moher D, Becker BJ, Sipe TA, Thacker SB (2000) Meta-
analysis of observational studies in epidemiology: a proposal for 
reporting. Meta-analysis Of Observational Studies in Epidemiol-
ogy (MOOSE) group. JAMA 283:2008–2012

	13.	 Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chip-
poni J (2003) Methodological index for non-randomized studies 
(minors): development and validation of a new instrument. ANZ 
J Surg 73:712–716

	14.	 Viechtbauer W (2010) Conducting meta-analyses in R with the 
metafor package. J Stat Softw 36:1–48

	15.	 R Core Team (2016) R: a language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna

	16.	 Higgins JP, Thompson SG (2002) Quantifying heterogeneity in a 
meta-analysis. Stat Med 21:1539–1558

	17.	 Duval SJ, Tweedie RL (2000) Trim and fill: A simple funnel-
plot-based method of testing and adjusting for publication bias in 
meta-analysis. Biometrics 56:455–463

	18.	 Higgins JPT, Green S (eds) (2011) Cochrane handbook for sys-
tematic reviews of interventions version 5.1.0 [updated March 
2011]. The Cochrane Collaboration. http://www.handb​ook.cochr​
ane.org. Accessed 31 Aug 2018

	19.	 Svraka M, Wilhelmsen M, Bulut O (2017) Internal hernia follow-
ing laparoscopic colorectal surgery: single center experience. Pol 
Przegl Chir 89:19–22

	20.	 Angelini P, Sciuto A, Cuccurullo D, Pirozzi F, Reggio S, Corcione 
F (2017) Prevention of internal hernias and pelvic adhesions fol-
lowing laparoscopic left-sided colorectal resection: the role of 
fibrin sealant. Surg Endosc 31:3048–3055

	21.	 Lee SY, Kim CH, Kim YJ, Kim HR (2017) Internal hernia follow-
ing laparoscopic colorectal surgery: a rare but fatal complication. 
Hernia 21:299–304

	22.	 Ansari N, Keshava A, Rickard MJ, Richardson GL (2013) Lapa-
roscopic repair of internal hernia following laparoscopic anterior 
resection. Int J Colorectal Dis 28:1739–1741

	23.	 O’Riordan JM, Larkin JO, Mehigan BJ, McCormick PH (2013) 
Re-laparoscopy in the diagnosis and treatment of post-operative 
complications following laparoscopic colorectal surgery. Surgeon 
11:183–186

	24.	 Saklani A, Naguib N, Tanner N, Moorhouse S, Davies CE, 
Masoud AG (2012) Internal herniation following laparoscopic 
left hemicolectomy: an underreported event. J Laparoendosc Adv 
Surg Tech A 22:496–500

	25.	 Cabot JC, Lee SA, Yoo J, Nasar A, Whelan RL, Feingold DL 
(2010) Long-term consequences of not closing the mesenteric 
defect after laparoscopic right colectomy. Dis Colon Rectum 
53:289–292

	26.	 Rotholtz NA, Laporte M, Lencinas SM, Bun ME, Aued ML, Mez-
zadri NA (2009) Is a laparoscopic approach useful for treating 
complications after primary laparoscopic colorectal surgery? Dis 
Colon Rectum 52:275–279

	27.	 Lacy AM, García-Valdecasas JC, Delgado S, Grande L, Fuster J, 
Tabet J, Ramos C, Piqué JM, Cifuentes A, Visa J (1997) Postop-
erative complications of laparoscopic-assisted colectomy. Surg 
Endosc 11:119–122

	28.	 Fielding GA, Lumley J, Nathanson L, Hewitt P, Rhodes M, Stitz 
R (1997) Laparoscopic colectomy. Surg Endosc 11:745–749

	29.	 Kok KY, Ngoi SS, Kum CK, Tekant Y, Tashi I, Goh P (1996) 
Laparoscopic-assisted large bowel resection. Ann Acad Med Sin-
gapore 25:650–652

	30.	 Malas MB, Katkhouda N (2002) Internal hernia as a complica-
tion of laparoscopic Nissen fundoplication. Surg Laparosc Endosc 
Percutan Tech 12:115–116

	31.	 Hunter JP, Saratzis A, Sutton AJ, Boucher RH, Sayers RD, Bown 
MJ (2014) In meta-analyses of proportion studies, funnel plots 
were found to be an inaccurate method of assessing publication 
bias. J Clin Epidemiol 67:897–903

	32.	 Yoshida T, Kinugasa T, Oka Y, Mizobe T, Ishikawa H, Mori N, 
Isobe T, Katayama E, Akagi Y (2014) Bowel obstruction caused 
by an internal hernia that developed after laparoscopic subtotal 
colectomy: a case report. J Med Case Rep 8:470

	33.	 Blanc P, Delacoste F, Atger J (2003) A rare cause of intestinal 
obstruction after laparoscopic colectomy. Ann Chir 128:619–621

	34.	 Masubuchi S, Okuda J, Tanaka K, Kondo K, Asai K, Kayano 
H, Yamamoto M, Uchiyama K (2013) Internal hernia projecting 
through a mesenteric defect to the lesser omental cleft following 
laparoscopic-assisted partial resection of the transverse colon: 
report of a case. Surg Today 43:814–817

	35.	 O’Connor DB, Winter DC (2012) The role of laparoscopy in the 
management of acute small-bowel obstruction: a review of over 
2000 cases. Surg Endosc 26:12–17

	36.	 Teixeira PG, Karamanos E, Talving P, Inaba K, Lam L, Dem-
etriades D (2013) Early operation is associated with a survival 
benefit for patients with adhesive bowel obstruction. Ann Surg 
258:459–465

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://www.handbook.cochrane.org
http://www.handbook.cochrane.org

	Internal hernia after laparoscopic colorectal surgery: an under-reported potentially severe complication. A systematic review and meta-analysis
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Materials and methods
	Study design
	Search strategy
	Criteria for considering studies for this review
	Data collection extraction
	Quality assessment
	Data synthesis and statistical analysis

	Results
	Search results
	Study and patient characteristics
	Quality assessment
	Patients developing internal hernia during follow-up
	Synthesis of research findings

	Discussion
	Conclusions
	Acknowledgements 
	References


