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Abstract

Background The uptake of minimally invasive oeso-
phagectomy (MIO) in the UK has increased dramatically in
recent years. Post-oesophagectomy diaphragmatic hernias
(PODHs) are rare, but may be influenced by the type of
approach to resection. The aim of this study was to com-
pare the incidence of symptomatic PODH following open
and MIO in a UK specialist centre.

Methods Consecutive patients undergoing oesophagecto-
my for malignant disease between 1996 and 2012 were
included. A standardised, radical approach to the abdominal
phase was employed, irrespective of the type of procedure
undertaken. Patient demographics, details of surgery and
post-operative complications were collected from patient
records and a prospective database.

Results A total of 273 oesophagectomies were performed
(205 open; 68 MIO). There were 62 hybrid MIOs (lapa-
roscopic abdomen and thoracotomy) and six total MIOs.
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Seven patients required conversion and were analysed as
part of the open cohort. Nine patients (13.2 %) developed a
PODH in the MIO cohort compared with two patients
(1.0 %) in the open cohort, (p < 0.001). Five patients
developed hernias in the early post-operative period (days
2-10): all following MIO. Both PODHs in the open cohort
occurred following transhiatal oesophagectomy. All POD-
Hs were symptomatic and required surgical repair. CT
thorax confirmed the diagnosis in 10 patients. Seven her-
nias were repaired laparoscopically, including two cases in
the early post-operative period. PODHs were repaired
using the following techniques: suture (n = 6), mesh
reinforcement (n = 4) and omentopexy to the anterior
abdominal wall without hiatal closure (n = 1). There were
two recurrences (18 %).

Conclusions The incidence of symptomatic PODH may
be higher following MIO compared to open surgery. The
reasons for this are unclear and may not be completely
explained by the reduction in adhesion formation. Strate-
gies such as fixation of the conduit to the diaphragm and
omentopexy to the abdominal wall may reduce the inci-
dence of herniation.

Keywords Diaphragmatic hernia - Minimally invasive
oesophagectomy - Oesophageal cancer

Oesophagectomy is a high risk procedure that subjects the
patient to a significant physiological insult. Data from the
National Oesophago-gastric Cancer Audit 2013 showed
that post-operative inpatient morbidity following oeso-
phagectomy in the United Kingdom (UK) was 32 % with a
30-day mortality of 1.7 % [1]. Evidence suggests that
minimally invasive oesophagectomy (MIO) techniques are
associated with a reduction in morbidity, length of stay,
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blood loss and quality of life compared to open oeso-
phagectomy [2, 3]. These potential benefits, coupled with
the technological advancements in minimally invasive
technologies, have lead to the increased uptake of MIO in
recent years. Currently, MIOs represent 43 % of all oeso-
phagectomies performed in the UK, of which two-thirds
are performed using a hybrid technique via a laparoscopic
approach to the abdomen and an open thoracotomy [1].

Diaphragmatic herniation of the abdominal contents
through the hiatus and into the thoracic cavity is a rare but
potentially fatal complication of oesophagectomy. The
reported incidence of post-oesophagectomy diaphragmatic
herniation (PODH) in contemporary series of MIOs ranges
from 2.2 to 26 % [4-10]. The incidence of PODH fol-
lowing open oesophagectomy appears to be lower with
reported rates of 0.2-6.0 % [5, 6, 8, 9, 11-18]. The reasons
for this difference remain unclear, but may be related in
part to a reduction in intra-abdominal adhesions in MIOs.
Furthermore, there is little consensus on how cases of
PODH should be managed in terms of indications for
surgery, choice of approach and methods of repair. Data
from the UK regarding both the incidence and management
of PODH are lacking with most reports in the literature
limited to high volume centres in North America. There-
fore, the objectives of this study were (1) to compare the
incidence of symptomatic PODH between open oeso-
phagectomy and MIOs at our own centre and (2) to analyse
the treatment strategies employed in patients who devel-
oped PODH.

Materials and methods

From January 1996 to December 2012, data from 273
consecutive patients undergoing oesophagectomy at
Gloucestershire Royal Hospitals NHS Foundation Trust
were entered into an institution approved, prospectively
maintained database. Only patients undergoing oesophag-
ectomy for malignancy or high grade dysplasia were
included. Data were collected on age, gender, histopatho-
logic diagnosis, use of neoadjuvant therapy, American
Society of Anaesthesiologists (ASA) grade, surgical
approach, complications and survival.

Until October 2005, open oesophagectomies were
exclusively performed using the following techniques: two-
stage Ivor-Lewis (through a right thoracotomy), transhiatal
(with cervical anastomosis) and three-stage McKeown
(abdominal, thoracic and cervical approaches). The choice
of technique was based on the anatomic location of the
lesion and surgeon preference. MIO was introduced in
October 2005. A standardised procedure was adopted
involving a laparoscopic approach to the abdomen for
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formation of the gastric conduit and feeding jejunostomy
and a right-sided thoracotomy to complete the resection
and perform the anastomosis. A radical approach to the
abdominal phase was employed irrespective of the tech-
nique used to perform the oesophagectomy. This involved
division of the left gastric artery at its origin, lymphade-
nectomy along the hepatic and splenic arteries, a wide
crural resection taking a sufficient cuff of crural fibres and
diaphragm to minimise the risk of a positive circumferen-
tial margin, resection of the pericardial fat pad and opening
of the pleural cavities (occasionally deferred until the
thoracic phase). No attempt was made to fix the gastric
conduit to the diaphragm or crura for either an open or
MIO. Suture apposition of the crura was reserved for cases
of an excessively widened hiatus. MIO was the preferred
method of oesophagectomy for four of the six surgeons
who contributed cases over the time period of this study.
There were no absolute contraindications to MIO, although
previous open upper abdominal surgery was considered a
relative contraindication. Of the four surgeons performing
MIO, one surgeon had received formal training in MIO as a
surgical trainee, with the other three surgeons having
extensive experience in minimally invasive surgery prior to
the adopting MIO. While no formal external preceptorship
was instituted, the unit practised dual surgeon operating for
MIO cases whenever possible. In 2006, Gloucestershire
Royal Hospitals NHS Foundation Trust became a desig-
nated upper gastrointestinal resection centre resulting in an
increase in the mean number of oesophagectomies from
10.1 to 24.6 per year.

PODH was defined as herniation of the intra-abdominal
contents, other than the gastric conduit, through the hiatus.
For the purposes of this study, an early PODH was defined
as arising <30 days post-resection and a late PODH as
arising >30 days post-resection. Typically, surgical follow-
up of patients was every 3 months in the first post-opera-
tive year, at 6 month intervals for the next 2 years and
annually thereafter. Computerised tomography (CT) was
not routinely undertaken as a means of surveillance and
was only performed in those patients who were symp-
tomatic or were receiving adjuvant therapy. Therefore, the
incidence of symptomatic PODH was reported by this
study.

Data are presented as frequencies, means with standard
deviations or percentages. Differences in baseline clinico-
pathologic features and post-operative outcomes were
compared using Student’s ¢ test, chi-squared test, Fisher’s
exact probability test and Mann—Whitney U test where
appropriate. Mortality rates were adjusted for baseline
differences between the open and MIO cohorts by means of
regression analysis. A p value of <0.05 was considered
statistically significant.



Surg Endosc (2015) 29:417-424

419

Results

Of the 273 patients who underwent oesophagectomy, an
MIO was attempted in 75 cases (27.0 %). Seven patients
required conversion to an open Ivor-Lewis procedure
(9.3 %) and were analysed as part of the open cohort. Six
patients underwent an MIO via a laparoscopic abdominal
and thoracoscopic approach with cervical anastomosis. The
proportion of patients undergoing an MIO increased from
8.3 % in 2006 to 82.6 % in 2012. Among patients who
underwent open oesophagectomy (n = 205), an Ivor-Lewis
was performed in 144 cases (70.3 %), transhiatal in 42
cases (20.5 %) and McKeown in 19 cases (9.3 %).

Patients undergoing MIO were older (64.0 vs.
61.3 years, p = 0.042), were more likely to have received
neoadjuvant chemotherapy (83.8 vs. 54.1 %, p < 0.001),
were more likely to have tumours that were adenocarci-
nomas (92.6 % vs. 80.5 %, p = 0.013) and had tumours of
a less advanced stage (p = 0.009) (Table 1). There was no
difference in the median post-operative length of stay
between the MIO and open cohorts [14.5 days (range
8-93 days) vs. 15.0 days (range 9-195 days) (p = 0.472)].
Following correction for baseline differences between the
MIO and open cohorts, there were no significant differ-
ences in either the 30- or 90-day mortality rates. In the
period covered by National Oesophago-gastric Cancer
Audit 2013, both the 30- and 90-day mortality rates were
ZEero.

A PODH was identified in nine patients in the MIO
cohort (13.2 %) compared with two patients in the open
cohort (1.0 %) (p < 0.001). One patient who developed a
PODH in the MIO cohort had undergone a laparoscopic
and thoracoscopic resection with a cervical anastomosis.
Both patients who developed a PODH in the open cohort
had undergone a transhiatal oesophagectomy. All eleven
patients with a PODH were symptomatic and required
surgical repair. The details of these patients are summa-
rised in Table 2. Five patients developed hernias in the
early post-operative period (days 2—10), each of whom had
undergone an MIO. The median time from resection to
repair of a late PODH was 16.5 months (range
6—114 months). A CT scan was used to confirm the diag-
nosis in 10 cases with a chest radiograph used as the sole
diagnostic modality in one case of an early PODH. Acute
respiratory compromise and chest pain were the main
presenting features of the patients who developed an early
PODH, whereas worsening dyspnoea and vague epigastric
or chest discomfort were reported by patients who devel-
oped late PODHs. In one case of an early PODH, the
patient was readmitted on day 10 with a right-sided chy-
lothorax that was managed non-operatively with a tube
thoracostomy and fat-restricted nasojejunal feeding sup-
plemented with medium-chain fatty acids. A CT thorax on

Table 1 Clinicopathological and operative characteristics of the
study population

Feature MIO (n = 68) Open (n = 205) p value®
Age® 64.0 (1.1) 61.3 (0.7) 0.042¢
Male 57 (83.8) 166 (81.0) 0.731
ASA grade

I 7 (10.3) 14 (6.8) 0.147
1T 57 (83.8) 162 (79.0)

I 459 29 (14.1)

Year of surgery

1996-1999 0 (0) 52 (100) <0.001
2000-2002 0 (0) 31 (100)

2003-2005 2 (5.1 37 (94.9)

2008-2010 14 (18.2) 63 (81.8)

2010-2012 52 (70.3) 22 (29.7)
Adenocarcinoma 63 (92.6) 165 (80.5) 0.013
Neoadjuvant therapy 57 (83.8) 111(54.1) <0.001
Tumour stage

HGD 2 (1.0) 2 (2.9 0.009
cPR 1 (0.5) 2 (29

I 22 (10.7) 14 (20.6)

1A 48 (23.4) 11 (16.2)

1B 15 (7.3) 12 (17.6)

I 108 (52.7) 26 (38.2)

10Y 8 (3.9 1. (14.7)

Length of stayb 14.5 (8-93) 15.0 (9-195) 0.472°¢
Mortality

30-day 4(5.9) 17 (8.3) 0.939f
90-day 7 (10.3) 24 (11.7) 0.610f

MIO minimally invasive oesophagectomy
Values in parentheses are percentages unless otherwise indicated;
values are

% Mean (standard deviation)

® Median (range)

¢ Chi-squared test or Fisher’s exact probability test, except
Student’s ¢ test
¢ Mann-Whitney U test

 Corrected p value for baseline differences between the laparoscopic
and open cohorts

d

readmission revealed a co-existing PODH with herniation
of the transverse colon into the left hemithorax. Interest-
ingly, a previous CT thorax that had been performed on
day 7 to exclude an anastomotic leak, revealed a small
PODH that had not been recognised at the time of the
original radiological report.

At repair, transverse colon was identified in the hernial
sac in ten patients, four of whom had co-existing herniation
of the small bowel. Only one patient had a hernia that
contained small bowel alone. None of the patients who
developed a PODH required bowel resection for ischaemia.
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Open; suture

Transverse colon

CT

2 days (urgent)

MIO (hybrid)
MIO (hybrid)

HGD MIO (total)

I

Yes

67F

1. (2012)
2. (2012)
3. (2012)
4. (2011)
5.(2011)
6. (2011)
7. (2010)
8. (2010)
9. (2008)

Laparoscopic converted to open; suture

Transverse colon; small bowel

CXR
CT

8 days (urgent)

ITA

47 M Yes

Laparoscopic; suture

Transverse colon

10 days (urgent)

52M No

73F

Laparoscopic; mesh

Transverse colon

CT

15 months (Elective)
18 months (Elective)

MIO (hybrid)
MIO (hybrid)
MIO (hybrid)
MIO (hybrid)
MIO (hybrid)
MIO (hybrid)

Open

A

Yes

Laparoscopic; mesh

Transverse colon

CT
CT

1B
I
11

61 M Yes

Laparoscopic; mesh

Transverse colon; small bowel

6 days (urgent)

60M Yes

Laparoscopic; mesh; recurrence at 9 months

Transverse colon; small bowel

CT

10 months (elective)

61 M Yes

Laparoscopic; suture

Transverse colon

CT

10 days (urgent)

1IB

62M Yes

Laparoscopic; mesh

Small bowel

CT
CT

6 months(Elective)

1B

54 M Yes

Open; omentopexy to abdominal wall

Transverse colon; massive hiatal defect

44 months (elective)

60 M No

10. (1999)

(transhiatal)

Open; suture; recurrence at 12 months

Transverse colon; small bowel

CT

114 months

Open

ITA

60 M No

11. (1998)

(elective)

(transhiatal)

In every case of PODH, the hernia passed to the left of the
gastric conduit and into the left hemithorax. All hernias
were successfully reduced via an abdominal approach. In
eight patients who underwent an MIO, a laparoscopic
repair was attempted with one patient requiring conversion
to an open procedure to facilitate manual reduction of the
hernia. One patient required an open repair of a PODH
following MIO due to cardiopulmonary instability and to
permit suture ligation of the thoracic duct for chylothorax.
In four of the five patients with an early PODH, suture
repair alone was performed due to concerns about the
potential for a mesh repair to compromise the vascularity
of the gastric conduit. All late PODHs that occurred fol-
lowing MIO were repaired laparoscopically using a por-
cine mesh (SURGISIS, Cook Surgical, Bloomington,
Indiana, USA) to reinforce the suture closure of the hiatal
defect (Fig. 1A—C). Both cases of PODH following open
oesophagectomy were repaired via an open approach. In
one case, a giant hiatal defect was deemed too large to
close, and instead, an omentopexy was performed with
fixation of the omentum to the anterior abdominal wall.
There were no post-operative deaths following repair. The
median follow-up was 22 months (range 7-122 months).
All patients who underwent repair of a PODH remain
alive. There were two recurrences, occurring at an interval
of nine and 12 months after the initial repair, respectively.
One recurrence developed following laparoscopic mesh
repair of a late PODH and was repaired via a laparoscopic
approach with another porcine mesh. The second patient
developed a recurrence following an open suture repair of
a late PODH and was repaired with a mesh via an open
approach. To date, neither patient has developed a re-
recurrent hernia.

Discussion

The increased uptake in MIO appears to be mirrored by an
increase in reports of PODH in the literature. To date, there
have been 231 reports of PODH, the majority of which
have been reported in the last 5 years. Determining the true
incidence of PODH is difficult, owing to the considerable
heterogeneity in operative approach, post-operative sur-
veillance protocols and duration of follow-up. Neverthe-
less, there is a growing body of evidence to suggest that the
rate of PODH is higher in patients following MIO, with a
combined mean of 5.2 %, compared to a combined mean
rate of 0.8 % in patients following open oesophagectomy
(Tables 3, 4).

This study is unique in that it is the first UK centre to
demonstrate that the rate of PODH appears to be higher
following MIO. It is also the second largest worldwide
series reporting experience with PODH repair. Data
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Fig. 1 Diaphragmatic hernia of patient 4 from Table 2. A Transverse
CT image showing herniation of the transverse colon into the left
chest (see arrow), B Transverse colon can be seen herniating antero-

laterally to the gastric conduit, C Porcine mesh (SURGISIS; Cook
Surgical, Bloomington, Indiana, USA) suture fixation with spiral
tacks to the crura following anterior closure of the hiatal defect

Table 3 Rates of post-oesophagectomy diaphragmatic herniation (PODH) reported in the literature after open oesophagectomy

Author (year)

Rate of PODH

Time to recurrence

Ivor-Lewis Transhiatal McKeown Total <30 days >30 days
Barbier et al. [11] - 3/50 - 3/50 0 3
(6.0) 6.0) ) (100)
Katariya et al. [12] - 3/1,353 (0.2) - 3/1,353 (0.2) Not specified
Heitmiller et al. [13] Not specified 2/183 2 0
(1.1) (100) 0)
Orringer et al. [14] - 4/1,000 - 4/1,000 Not specified
0.4) 0.4)
Van Sandick et al. [15] 4/76 5/142 - 9/218 4 5
(5.3) (3.5) 4.1 (44.4) (55.5)
Franceschi et al. [16] Not specified 2/950 0 2
0.2) ) (100)
Vallbohmer et al. [5] 4/168 - - 4/168 1 3
2.4) 2.4) (25.0) (75.0)
Kent et al. [6] Not specified 4/494 0 4
0 (100)
Liu et al. [17] Not specified 24/2,0796 Not specified
0.1)
Daiko et al. [18] 2/168 2/168 2 0
(1.2) 1.2) (100) )
Price et al. [19]* 9/978 5/601 15/2,182 Not specified
0.9) (0.8) (0.7) (range 3 days to 12 years)
Willer et al. [8] - - 0/20 0/20 - -
V) 0)
Ganeshan et al. [9] 32/267 25/103 7/40 64/440 0 64
(12.0) (17.5) (14.5) ) (100)
Current study 0/144 2/42 0/19 2/205 0 2
] 4.8) ] (1.0) 0 (100)
Total 49/1,633 49/3,459 7779 138/2,8227 9 83
(3.0 (1.4) 8.9) (0.5) 9.8) (90.2)

# Includes one case of PODH following substernal colonic interposition graft
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Table 4 Rates of post-oesophagectomy diaphragmatic herniation (PODH) reported in the literature after minimally invasive oesophagectomy

Author (year) Rate of PODH

Time to recurrence

Laparoscopic abdomen + Laparoscopic Laparoscopic abdomen + Total <30 days  >30 days
thoracotomy abdomen alone  thoracoscopy
Fumagalli et al. [4] 2/44 - - 2/44 0 2
4.5) 4.5) 0) (100)
Vallbohmer et al. [5] 5/187 - - 5/187 1 4
2.7 2.7 (20.0) (80.0)
Kent et al. [6] - - 16/581 16/581 0 16
(2.8) (2.8) ) (100)
Sutherland et al. [7] - 7/36 - 7/36 1 6
(19.4) (19.4) (14.3) (85.7)
Willer et al. [8] - - 5/19 5/19 0 5
(26.3) (26.3) 0) (100)
Ganeshan et al. [9] 3/30 3/30 0 3
(10.0) (10.0) ) (100)
Bronson et al. [10] Not specified 9/114 0 9
2.4) ) (100)
Current study 8/67 - 1/6 9/68 5 4
(11.9) 16.7) (13.2) (55.5) (44.4)
Total 18/328 7/36 22/606 56/1,079 7 49
(5.5) (19.4) 3.7) (5.2) (12.5) (87.5)

published in abstract form from another specialist centre in
the UK suggests that our experience with PODH following
MIO is not an isolated phenomenon [20]. However, PODH
is not a specific data item captured by the National Oeso-
phago-gastric Cancer Audit, thus making it impossible to
determine the rate of PODH at upper gastrointestinal
resection centres across the UK.

The PODH rate of 13.2 % following MIO in this study
appears high, although several recent studies report a
PODH rate of similar magnitude following their initial
experience with MIO. The PODH rate following open
oesophagectomy (1.0 %) is comparable to rates reported
elsewhere in the literature. This study differs in two key
aspects regarding the nature of the PODHs that developed.
First, all of the PODHs were symptomatic and required
repair, and second, more than half of the PODHs following
MIO occurred in the early post-operative period.

In this study, CT was not undertaken as a routine means
of surveillance and was only reserved for those patients
who were symptomatic. In a dedicated review of post-
operative surveillance CT scans, Ganeshan et al. [9] dem-
onstrated a PODH rate of 15 % in a series of predomi-
nantly open oesophagectomies. Based on these findings,
the true incidence of PODH in the current study may have
been much higher. Interestingly, only 13 % of patients with
a PODH in the study by Ganeshan et al. underwent repair,
as the majority were asymptomatic. Furthermore, only
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10 % of their cases were detected by the radiologist on
initial prospective review, with one-third of hernias con-
taining intra-abdominal fat alone [9]. In contrast, only one
PODH in the current study had been missed on a previous
CT scan and all hernias were symptomatic, containing
either transverse colon or small bowel. Based on our
findings and the available evidence, it is difficult to define
the exact indications for repair of a PODH. A pragmatic
approach should be adopted where due consideration is
given to patient symptoms, fitness, the presence of recur-
rent disease, the size and contents of the hernia sac.
Review of the literature suggests that almost 90 % of
PODHs following MIO occur in the late post-operative
period (Table 4). The most likely explanation relates to a
reduction in intra-abdominal adhesion formation that may
limit the mobility of the abdominal viscera, although this
may not entirely account for the increased incidence of
early relative to late PODHs in this series. Potential causes
of early PODH remain speculative, but warrant discussion.
All oesophagectomies were performed for suspected
invasive disease and as such merited a wide dissection of
the hiatus. It is possible that the view afforded by lapa-
roscopy was in some way distorted by the pressure of the
pneumoperitoneum, prompting the surgeon to perform a
more radical dissection that weakened the tissues and
predisposed to herniation. The distance to the circumfer-
ential radial margin, and to a lesser extent lymph node
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yield, may act as surrogate markers for radicality of
resection, although these were not routinely recorded in the
database. Formation of the feeding jejunostomy was per-
formed laparoscopically and necessitated retraction of the
transverse colon superiorly in order to facilitate identifi-
cation of the duodenojejunal flexure. The omentum may
have become lodged at the hiatus from where it could have
acted as a lead point for herniation of the transverse colon
into the chest.

At the time of repair, all PODHs were found to have
occurred to the left of the conduit, consistent with the
findings of previous studies where right-sided herniation
has rarely been noted [5, 6]. One theory suggests that the
staple line along the lesser curve of the gastric conduit
promotes adhesion formation to the right crus more readily
than that of the smooth, serosal surface of the greater curve
to the left crus, thus preventing herniation of the intra-
abdominal viscera. In addition, the left lobe of the liver
may also act as a mechanical barrier. The methods used to
repair PODHs in this study were dictated by approach to
the abdomen at oesophagectomy, the urgency of presen-
tation and surgeon preference. Our experience indicates
that it is safe to perform a laparoscopic repair of a PODH
following MIO, even in the acute setting as long as the
patient does not experience significant cardiopulmonary
compromise. It is important to remember that not all her-
nias can be repaired via an abdominal approach, either
laparoscopic or open, and that the surgeon should be pre-
pared to undertake a thoracotomy in cases where intra-
thoracic adhesions prevent abdominal reduction of the
contents. The key to any successful hernia repair is a ten-
sion-free closure, which is best achieved by complete
mobilisation of the crura prior to the suture apposition.
PODH repair is a particularly high risk procedure as
achieving a snug closure around the conduit has to be
weighed against the potential for vascular compromise.
Evidence for the superiority of mesh reinforcement over
suture apposition alone for primary hiatus hernia is limited
to two small-scale randomised controlled trials that dem-
onstrate a reduction in short-term recurrence rates [21, 22].
Many surgeons still have concerns over the potential for
visceral erosion and it is for this reason that mesh place-
ment was avoided in the majority of early PODHs where
the need for an adequately vascularised conduit was at its
most crucial. If tension-free closure cannot be achieved due
to the size of the hiatal defect, then omentopexy alone may
suffice. The recurrence rate of 18 % in this study compares
favourably to other series where rates of 13-44 % have
been reported with a similar length of follow-up [6, 9, 19].

Given the increased incidence of PODH with MIO,
several centres have recommended suture fixation of the
conduit to the crura. There has been no direct comparison
of PODH rates between conduit fixation and non-fixation,

although centres who perform routine fixation report rates
of 2.8-7.9 % [6, 10]. Placement of the sutures can be
technically challenging and care must be taken to avoid
disruption of the right gastro-epiploic artery. We have
found that conduit fixation is best achieved at thoracotomy,
but have now moved towards a less demanding modified
omentopexy where the omentum is split and fixed to the
anterior abdominal wall at the time of jejunostomy for-
mation. There have been no PODHs following MIOs in
2013, although it would be premature to hail this technique
as a success without long-term follow-up.

The main limitation of this study was the limited num-
ber of outcome events, which prevented a more accurate
comparison of the open and MIO cohorts by adjustment for
differences in baseline clinicopathological features. There
was also considerable heterogeneity due to different sur-
geons and surgical techniques. Despite these limitations, it
appeared that a minimally invasive approach was the key
risk factor for development of a PODH. It could be argued
that the number of MIOs was relatively small compared to
other published series. However, this study is important in
that it incorporates our initial experience with a procedure
where the learning curve is not well defined and may in fact
be more reflective of similar volume centres across the UK.

In conclusion, the incidence of symptomatic PODH may
be higher following MIO compared to the open approach.
The reasons for this remain unclear and may not be com-
pletely explained by the reduction in adhesion formation.
Laparoscopic repair, even in the acute setting, is feasible,
although the benefits of mesh reinforcement need to be
weighed against the risk of vascular compromise to the
conduit. Pooled analysis of outcome data from multiple
centres is required to obtain a more accurate picture of
PODH rates. Future studies should focus on the impact of
strategies, such as conduit fixation and omentopexy, on
PODH rates and whether there is any benefit from serial
CT surveillance.
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