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Diaphragmatic hernia following liver resection:
case series and review of the literature

Francesco Esposito', Chetana Lim', Chady Salloum', Michael Osseis’,
Eylon Lahat', Philippe Compagnon”, and Daniel Azoulay1'2

7Depan‘ment of Hepatobiliary and Pancreatic Surgery and Liver Transplantation, Henri Mondor Hospital, Créteil,
’INSERM, U955, Créteil, France

Backgrounds/Aims: Postoperative diaphragmatic hernia, following liver resection, is a rare complication. Methods: Data
of patients who underwent major hepatectomy for liver tumors, between 2011 and 2015 were retrospectively reviewed.
The literature was searched for studies reporting the occurrence of diaphragmatic hernia following liver resection.
Results: Diaphragmatic hernia developed in 2.3% of patients (3/131) with a median delay of 14 months (4-31 months).
One patient underwent emergency laparotomy for bowel obstruction and two patients underwent elective diaphragmatic
hernia repair. At last follow-up, no recurrences were observed. Fourteen studies including 28 patients were identified
in the literature search (donor hepatectomy, n=11: hepatectomy for liver tumors, n=17). Diaphragmatic hernia was re-
paired emergently in 42.9% of cases and digestive resection was necessary in 28.5% of the cases. One patient died
3 months after hepatectomy, secondary to sepsis, from a segment of small bowel that perforated into the diaphragmatic
hernia. Conclusions: Although rare, diaphragmatic hernia should be considered as an important complication, especially
in living donor liver transplant patients. Diaphragmatic hernia should be repaired surgically, even for asymptomatic
patients. (Ann Hepatobiliary Pancreat Surg 2017;21:114-121)
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INTRODUCTION

Right-sided major liver resection (LR) is considered a
technically complex liver resection.”” The right liver mo-
bilization from the diaphragm may be cumbersome partic-
ularly, for tumors with invasion or severe adhesion of the
diaphragm. This may lead to en-bloc resection of the dia-
phragm or diaphragm opening, when technical difficulty
is encountered during right liver mobilization.

Diaphragmatic hernia (DH) is a rare complication fol-
lowing LR. After right-sided major LR, the large surface
area of the right diaphragm previously covered by the
right liver allows the right colon and small bowel to mi-
grate into the infra-diaphragmatic fossa. Traumatic dia-
phragmatic defect and diaphragm resection have been de-
scribed as risk factors for DH.** DH are classified as con-

genital and acquired. Congenital DH results from abnor-

mal development of the diaphragm during embryogenesis
and is symptomatic, during the first day of life.” Acquired
DH is often traumatic in origin (blunt or penetrating in-
jury), with an incidence ranging from 2.6% to 3.7%. DH
has been rarely reported after LR. The literature review
revealed 18 cases and 10 cases of DH following LR, for
liver tumors and in the setting of living liver donor,
respectively.“’(”18

The aim of this study was to report our experience, to
review the literature, and to explore the underlying poten-

tial mechanisms of DH in the setting of LR for tumors.

MATERIALS AND METHODS

Henri Mondor experience
Patients: From January 2011 to February 2015, 131

elective major right-sided LRs were performed for benign
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and malignant tumors at Henri Mondor Hospital (Créteil,
France). Of the cases identified from a maintained data-
base, 3 (2.3%) patients developed postoperative DH, fol-
lowing LR. We reviewed the patient demographics, oper-

ative details, circumstances, and delay of DH.

Surgical procedure: Hepatic resections were per-
formed using an open or laparoscopic approach in 117

and 14 cases, respectively.'”

A conventional approach or
an anterior approach was used, according to the local-
ization of the tumor and the preference of the surgeons.
The conventional approach consists of performing full
mobilization of the right liver before parenchyma
transection. The anterior approach consists of performing
liver parenchyma transection before the full mobilization
of the right liver.”' Mobilization of the right liver includes
a sectioning of the right triangular ligament and right dia-
phragmatic attachments to the right liver. This step was
performed using either a monopolar cautery or scissors.
Hemostasis of the right diaphragm was done using the bi-
polar sealer, bipolar coagulation, or monopolar cautery.

Hemostasis and biliostasis were achieved by bipolar co-
agulation, a bipolar irrigated sealer (Aquamantys®) since
2013, sutures and metallic clips. At the end of transection
plane, an observation of 20 minutes was performed to be
sure that hemostasis was achieved. At least one abdominal
drain was placed close to the transected surface in all
patients.

After discharge, all patients were followed with a clas-
sic screening protocol including a thoracic and abdominal
computed tomography, routine biological tests, and tumor
markers every 3 months during the first 24 months, and

then every 6 months during the following years.

Systematic review of the literature

A literature search was performed with the following
databases: MEDLINE (through PubMed) and Google
Scholar. A specific research equation was formulated us-
ing the following keywords and/or MeSH terms:
“diaphragmatic hernia,” “hepatectomy,” “living donor,”
and “liver resection.” In addition, reference lists from eli-
gible studies and relevant review articles were cross-
checked to identify additional studies.

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement checklist for re-

porting a systematic review was applied.”” The selection
criteria included the following: (i) all types of original ar-
ticles (including case reports, letters to the editors, and
conference abstracts). No time limitation was applied, (ii)
adults’ patients affected by DH after LR for benign and
malignant tumors and in cases of living donation. All
studies written in English were retrieved and checked for
eligibility. All studies reporting DH after liver-related
non-surgical procedures and pediatric diaphragmatic her-
nias were considered ineligible. All studies that met the
inclusion criteria were retrieved and included in this sys-

tematic review.

RESULTS

Incidence, circumstances, and delay of DH

after LR

During the study period, the incidence of DH following
right-sided major LR was 2.3% (3/131). There were 2
women, 1 man, and the median age was 55 years (43-65
years). All patients underwent open right hepatectomy.
Two patients underwent LR for hepatocellular carcinoma
and 1 patient underwent LR for mucinous cystadenoma.
None of these patients required diaphragm resection. One
patient had a 2.2 cm tumor, located in the deep aspect
of the right liver, and 2 patients were operated for huge
tumors (=10 cm in diameter) located on the right liver
in the vicinity of the right diaphragm. The median tumor
size was 9 cm (2.2-15 c¢m). Neither diaphragm injury nor
opening was observed peroperatively. The LR post-
operative course was uneventful (Table 1).

DH was diagnosed in 3 (2.3%) patients with a median
delay of 14 months (4-31 months), from the hepatectomy
(Fig. 1). One patient underwent emergency laparotomy for
bowel obstruction and 2 patients underwent elective DH
repair, using an open approach (Fig. 2). As for the dia-
phragm repair technique, an interrupted suture without
mesh was performed in 2 cases and a composite prosthetic
mesh (SymbotexTM Composite Mesh, Covidien, USA) was
used in 1 case. At last follow-up (1, 5, and 10 months),

no recurrence was seen upon cross imaging.

Literature review
The flow chart of studies identification and in-

clusion/exclusion process is shown in Fig. 3. A total of
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Table 1. Characteristics of patients with diaphragmatic hernia

No. Patient 1 Patient 2 Patient 3
Age (years) 43 65 56
Date of presentation (month) of DH 31 4 16
Presenting symptoms Abdominal pain Asymptomatic Asymptomatic
Diagnostic study CT CT CT-MRI
Herniated organ RCF RC, TC, SB RCF
Site of Hernia Right Right Right
Size of hernia (cm) 3 9 3.5
Elective/emergent repair Emergent Elective Elective
Procedure Primary repair Repair with mesh Primary repair
Chest drain None Yes None
Complications None None None
Hospital Stay 7 8 7
Follow-up (month) 10 5 1
Recurrence None None None

CT indicates computed tomography; MRI, magnetic resonance imaging; RCF, right colonic flexure; RC, right colon; TC, trans-
verse colon; SB, small bowel

Fig. 1. Preoperative computed
tomography showing the dia-
phragmatic hernia.

Fig. 2. Intraoperative view of the diaphragmatic hernia. (A) A white arrow shows the right colon flexure incarcerated in the
hernia. (B) A white star shows the site of the hernia. (C) Primary closure of the hernia.



Francesco Esposito, et al. Diaphragmatic hernia following liver resection: case series and review of the literature 117

14 articles were found eligible for this systematic

: 4,6-18
Ireview.

Indications of LR: The selected studies included 6

6,9,11,14,16,17 . . 478,12
4 retrospective case series, 2

10,15

case reports,
letters to the editor, and 2 original articles'™>"® (Table
2).*" Overall, 28 cases of DH after LR have been de-
scribed (excluding our 3 cases). The most common in-
dication of LR were as follows: living donor liver pro-
curement in 11 cases (39.4%), liver metastases in 6 cases
(21.4%), HCC in 2 cases (7.1%), adenoma in 2 cases
(7.1%), focal nodular hyperplasia in one case (3.6%), and
others in 6 cases (21.4%). In the case of living donor liver
procurement (11/28), all but one patient underwent right
hepatectomy. In the setting of LR for tumors (17/28),
open right hepatectomy was performed in 10 cases, lapa-
roscopic left hepatectomy in 3 cases (10.7%), and open
left hepatectomy in 1 case. The procedure was not men-

. 18
tioned for 3 cases.

‘o
é Records identified through Records identified through
9 MEDLINE GOOGLE SCHOLAR
= (n=29) (n=571)
5
o
‘o
(o)}
g Records screened on title and abstract
o (n=585) —>
g after removing duplicates
—
v
=
= Records screened on full-text
=) (n=17) ’
w
__J Pertinent cross-check english
references analysis —»
) (n=0)
v
®
° Studies included in qualitative synthesis
>
S (n=14)
£
—

568 Records were
excluded because not
pertinent to the review

question

2 Full-text articles
excluded because not
pertinent to the review
question

1 Full-text articles
excluded because
language other than

Fig. 3. Flow diagram showing
the selection of studies report-
ing diaphragmatic hernia, fol-
lowing liver resection for sys-
tematic review.

DH management: The mean time between LR and
DH was 19 months (1-72 months). The most frequent
symptoms were as follows: abdominal pain (50%; 14/28),
respiratory symptoms (14.3%; 4/28), and abdominal pain
plus respiratory symptoms (14.3%; 4/28). Three (10.7%)
patients were asymptomatic. The most commonly herni-
ated organ was the colon (42.8%; 12/28). The hernia re-
pair was performed electively in 46.4% of the cases and
emergently in 42.9% of the cases.

Open, laparoscopic, and thoracotomy approaches were
used in 67.9% (19/28), 3.5% (1/28), and 17.8% (5/28) of
patients, respectively. Data regarding DH repair was not
available for 3 cases.

Digestive resection was performed in 8 (28.5%) cases
including small bowel resection in 3 cases (10.7%), colon
resection in 3 cases (10.7%), appendix resection in 1 case
(3.6%), and gastric resection in 1 case (3.6%). As for the
diaphragm repair technique, an interrupted suture without
mesh was performed in 71.4% (20/28) of the cases. In
17.8% (5/28) of the cases, DH was repaired using a mesh.
Of these 5 patients, 2 patients (7.1%) had a non-absorb-
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Potential intraoperative risk factors of DH following
hepatic resection for liver tumors, such as diaphragm re-
section or opening have been reported.® Large tumors
have not been reported as risk factor by themselves. In
a study by Tabrizian et al., half of the patients who had
DH were previously operated for huge tumors (=10 cm).4
This may be explained by the fact that due to the in-
creased intra-abdominal pressure, large tumors are likely
to weaken the diaphragm musculature, may predispose pa-
tients to DH as the diaphragm is thin and extensively dis-
sected during liver mobilization. Another potential risk
factor may be the cautery-related thermal injury to the
diaphragm. Electrocautery is routinely used to mobilize
the liver from the diaphragm. The routine use of new de-
vices such as bipolar irrigated sealer (Aquamantys(m) on
hemostasis may increase cautery-related diaphragm
injuries.”® In our experience, this bipolar irrigated sealer
was used for hemostasis of the diaphragmatic attachments
of the right triangular ligament in the last 2 cases.
However, studies with more patients are needed to con-
firm this assumption.

Abdominal (laparoscopic or laparotomy), thoracic, or a
combined approach may be used, depending upon the
preference of the surgeon, the anatomic location of the de-
fect, and the degree of infra-diaphragmatic adhesions. A
thoracic approach might be easier to treat recurrent dia-
phragmatic hernia, following previous abdominal repair.

In conclusion, despite the increasing technical complex-
ity of LR and new surgical devices used for hemostasis,
DH remains a rare complication, following right-sided
major resection for liver tumors with an incidence of less
than 3%. Tumor burden (size and diaphragm invasion)
and technical difficulties (severe adhesion of the right dia-
phragm, extensive mobilization of the right liver, dia-
phragm resection, opening or injury) might represent po-
tential causes for DH. Also, thermal surgical devices
should be used with caution, when performing right liver
mobilization and hemostasis of the diaphragm. A careful
follow-up including thoracic and abdominal computed to-
mography every 3 months, during the first 24 months is

advised.
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