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Abstract )

Introduction: History of surgery is the second most common cause of acquired diaphragmatic hernia (DH)
after trauma. Herein, we present a case of diaphragmatic hernia following minimally invasive laparoscopic

liver surgery. We also reviewed the literature on adult DH after hepatectomy, the primary surgical cause.
Methods: Clinical case presentation and systematic literature review of adult DH after hepatectomy.

Results: A 71-year-old male patient was diagnosed a DH 42 months after a right extended laparoscopic
hepatectomy for alveolar echinococcosis. A minimal invasive approach permitted a primary suture with

intraperitoneal onlay mesh. There is no sign of recurrence at the 19-months follow-up.

The literature review reported only 80 cases. The incidence, type of liver surgery and indications, delay
before DH diagnosis, clinical presentation, treatment, and recurrence rate were assessed. Based on this, an

algorithm for work-up and treatment is proposed.

Conclusion: Although rare, diaphragmatic hernias should be considered in the differential diagnosis of
abdominal and/or respiratory symptoms in patients with a history of liver surgery. Computed tomography

imaging is the first-choice diagnostic modality, and surgical repair is key. The primary suture should be

\associated with mesh use. Along-term follow-up of at least two years was proposed to detect DH recurrence. )
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Introduction

Diaphragmatic hernia (DH) is defined as the protrusion of abdominal content into the thoracic cav-
ity through a defect in the diaphragm [1,2]. It is an uncommon pathology and its symptomatology varies
from asymptomatic to life-threatening. DH can be classified into two groups: congenital and acquired. Con-
genital diaphragmatic hernia (CDH) is the most common type but is rare in adults. Acquired DH accounts
for a large proportion of DH cases diagnosed in adults, mostly post-trauma, and more rarely iatrogenic, or
in a few cases, spontaneous. Liver surgery, although rarely described, is an iatrogenic cause of DH. Herein,
we report a case of DH after laparoscopic right hepatectomy, diagnostic workup, and management. A re-

view of the literature focused on post-hepatectomy DH in adult patients.
Materials and methods

The clinical case of a patient with symptomatic diaphragmatic hernia after laparoscopic hepatec-
tomy is described with the evaluation of the risk factors of this complication and the modalities of diagnosis
and treatment. A literature review was performed by searching the PubMed and MEDLINE databases using
the following keywords: “diaphragmatic hernia”, “acquired diaphragmatic hernia, “liver surgery, “hepatic
surgery, and “hepatectomy”. Case reports and original series were selected. Overall, two Japanese-language
and twenty-eight English-language publications published between 2002 and 2022 were considered. All

the studies that contained materials relevant to this topic were reviewed.
Results

Case presentation: A 71-year-old male patient presented with intermittent postprandial epigastric pain.
The dizconfort occurred 30 minutes after a meal and lasted from a few minutes to 2 hours. The symptoms

were associated with dyspnea and a recent weight loss of 10 kg in the last 2 or 3 months.

His medical history included ischemic heart disease, arterial hypertension, auricular fibrillation,
and sleep apnea syndrome. He presented with alveolar echinococcosis with a liver lesion 67x70 mm in
diameter with central calcifications, hypermetabolic at PET tomography, heterogeneous aspect, cystic com-
ponent, perilesional vascularization, and positive anti-Ecchinoccus antibodies (Figure 1). He was initially
treated with 400 mg of albendazole twice daily and then underwent liver surgery. Extension of the lesions
indicated a right hepatectomy extending to segment 4b using the laparoscopic approach. There was an
important fibroinflammatory infiltration around the hepatic lesion, and extensive adhesiolysis was neces-
sary to cleave the lesion from the diaphragm and remove some muscular fibers. However, no diaphragmatic
damage was observed at the end of the surgery. Histology confirmed alveolar echinococcosis lesions in the

resected liver invading the diaphragmatic muscle fibers.

In the context of intermittent epigastric pain, the patient was readmitted to the emergency depart-
ment 42 months post-hepatectomy. The blood test results were normal. Right basal condensation and cos-
tophrenic angle blunting were observed on the chest radiography (Figure 2A). Thoracoabdominal com-

puted tomography (CT) showed elevation of the right hemidiaphragm with DH of the colon, but no sign
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of bowel obstruction or colic ischemia (Figures 2B, 2C). Contrast radiography of the colon did not confirm
herniation DH of the colon, only showing the elevation of the right half of the diaphragm with the colon
that was located just below (Figure 2D). Therefore, except for the first CT scan, no other examination could
highlight DH. For completeness, the patient also underwent gastroscopy and colonoscopy, both of which

were normal.

The decision to proceed with surgical exploration was made because of the persistence of symptoms
and the risk of strangulation. Different approaches were possible, including abdominal or thoracic surgery
using open or mini-invasive surgery. We decided to proceed with a laparoscopic exploration. Numerous
adhesions were observed between the greater omentum, residual liver, and diaphragm, requiring careful
adhesiolysis. The ligamentum teres was left intact to avoid twisting of the liver, and the lateral slice of the
liver and inferior vena cava were exposed. A 2-3 cm diameter defect near the vena cava in the right half of
the diaphragm was confirmed. This symptomatic DH only contained the greater omentum but no bowel at
the time of surgery. The defect was closed using non-resorbable stitches (Ticron 2/0®) and covered with a
composite synthetic mesh (Parietex composite, 12 cm diameter) attached to the diaphragm with biological

glue to avoid any recurrence (Figure 3).

No postoperative complications occurred and the patient was discharged on day 3. The patient was
asymptomatic with no sign of recurrence or complication at 19 months follow-up, which will be pursued

annually due to echinococcosis.

Figure 1: Initial liver lesion with central calcifications: alveolar echinococcosis.
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Figure 2: Diagnostic work-up of DH: a. chest X-ray: right diaphragm’s elevation;
limits); d: colon X-ray.
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Figure 3: Per-operative view: A. diaphragmatic defect (long arrow) And vena cava (short arrow). B. direct suture covered

\\by a mesh. )
e N

upper and/or respiratory )
symptoms Incindental
ic follow-up,...
and history of h l (oncologic follow-up,...)
CTscan = first choice
(MRI, digestive x-ray)

DH diagnosis

l Wi& "
Surgery (Conservative approach)

Preference of surgeon
Anatomic location of DH

Degreee of adhesion
Favor minimal ‘surgery
Thoracic approach Abdominal approach (mixte approach)

Size of the defect

— | \

<5cm 5-10cm 10 cm
Primary suture (+/- mesh) Primary suture + (/-) mesh

Primary suture + mesh

\\F igure 4: Algorithm for diaphragmatic hernia work-up and treatment.

N

Table 1: Summary of 81 cases of DH occurring after different type of liver surgery published in the literature.
A: pre-operative parameters.

Cases incidence  Indication for Timing from initial
Author Year  Type of study Initial surgery |  surgery to DH Symptoms Author
n % surgery
(months)
Ex-vivo
Hemming [37] 2002 Case report 1 CRLM .resectlon/ 4 Sepsis + death | Hemming [57]
reimplant segm
2+3
Sugita [38] 2003 Case report 1 FNH LH 8 Abdo pain Sugita [62]
Hawxby [39] 2006 Case report 1 LDLT RH 36 Abdo +respi | Hawxby [54]
Matz [40] 2009 case report 1 CRLM RH 36 Abdo pain Matz [63]
Perwaiz [41] 2010 Case report 1 LT recipient Recipient of LT 28 Abdo pain Perwaiz [64]
Schellhaas [42] 2010 Case report 1 Hemangioma RH 48 Respi Schellhaas [65]
Kousoulas [43] 2010 Retrospective study 2 2.30 LDLT RH N/A N/A Kousoulas [51]
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LDLT RH N/A N/A
Wagner [44] 2010 Case report 1 Recipient LT LT 48 Abdo Wagner [59]
A Abdo + .
Dieter [45] 2011 Case report 2 LDLT RH 36 . Dieter [66]
respiratory
LDLT RH 48 Abdo + respiratory
Tabrizian [46] 2012 Case series 10 1.01 Tabrizian [47]
Met RCC RH 5 SBO
Pol icli
o yc.ystlc liver RH 8 SBO
disease
LDLT RH 24 Abdo pain
Ruptured adenoma RH 29 Abdo pain
Met ovarian C RH 7 Acute abdomen
HCC/HCV cirrh RH 13 Asympto
HCC/HCV cirrh RH 17 Asympto
Hemangioma RH 48 Abdo pain
Met GIST LL, pancreacs, 20 LBO
spleen
Inflammatory X
Left lat resection 10 Abdo symptoms
adenoma
A .
Vernadakis [47] 2012 Case report 1 0.61 LDLT RH 30 bd;)Bpgm * Vernadakis [52]
. Case report / . . Laparoscopic . .
Soufi [48] 2013 . . 1 Bening liver cyst . 12 Abdo + respi Soufi [67]
literature review fenestration
Yonemura [49] | 2013 Case report 1 Hemangioma RH 20 Abdo Yonemura [68]
Lodhia [50] 2014 Case report 1 CRLM LH 8 Asympto Lodhia [69]
Mizuno [51] 2014 Letter to the editors 1 LDLT LH 34 Abdo pain Mizuno [70]
Jeng [52] 2015 Case report 1 2.04 LDLT RH 0.7 Abdo pain Jeng [43]
C t
Livingstone [53] 2016 oS¢ report/ 2 LDLT RH 60 Abdo symptoms Livingstone [58]
literature review
LDLT RH 19 Abdo + respiratory + sepsis
Esposito [54] 2017  Caseseries/ 3 231 HCC RH 31 Abdopain | Esposito [44]
literature review
HCC RH 16 Asympto
Muci
uemous RH 4 Asympto
cystadenoma
Lochan [55] 2017 Case report 1 LDLT RH 12 Abdo pain Lochan [71]
3 abdo
Oh [56] 2017 Retrospective study, 9 2.68 9 cases of LDLT All RH Median of 6 symptoms/6 Oh [45]
asympto
Takaichi [57] 2018 Case report 1 Trauma RH 3 SBO Takaichi [55]
Manzini [58] 2019 Retrospective study, 5 0.83 CCC RH 5 SBO Manzini [48]
d literat
anci .era ure Echino RH 15 Abdo pain
review
Giant hemangioma RH 96 LBO
IPN + Echino RH 22 Mild symptoms
CRLM RH 27,5 Asympto
Kawada [59] 2020 Case report 1 HCC LH 9 Abdo pain Kawada [72]
Lee [60] 2021 Case report 1 HCC RH 12 Chest pain Lee [53]
Raakow [61] 2021 Retrospective study, 5 0.17 CRLM RH 21 LBO Raakow [46]
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CCC RH 15 Shortness of breath
CRLM RH 34 Colon stenosis on colonoscopy
HCC RH 44 Asympto ‘
Cholecystitis RH 36 Acute abdomen
Takagi [62] 2021 Case report 1 LDLT LH 4 Abdo pain Takagi [73]
Martin [63] 2021 “tgsjfuizrri:i/e , 13 076 13 cases Hepatic surgery ~ Median of 65,1 Martin [49]
5 LDLT 5RH 7 Abdo + respiratory
5 Tumour 5RH 6 Asympto
1 Cyst 1LH
2 recipients LT 2 recepient LT
Left lat excision
Watkins [64] 2021 Case report 1 Adenoiﬁ; +liver lgvr::::;ilz 48 Resgil:rrznal Watkins [89]
Lewis
Kara [65] 2022 Retrospective study, 9 1.36 Mean 47.33 7 abdo Kara [70]
5 LDLT 5RH
1 recipient LT 1 recipient LT 2 respi
3 echino 3 RH
Conde [66] 2022 Case report 1 HCC RH 24 Abdo Conde [90]
Kuzmova 2023 present casereport, 1 Ecchinoc RH 42 Abdo Kuzmova
B: per- and post-op parameters.
Author ope::tion Surgical approach He:g:;ed P:li:tt:s_:y Mesh DH diameter F/U Recurrence re:illl;'l:etr:)ce
repair Months (months)
Hemming [37] 1 Death SB N/A Died
Sugita [38] Laparotomy ST Yes No N/A N/A N/A
Hawxby [39] Thoracotomy TC Yes No N/A Several No
Matz [40] Laparotomy RC Yes No N/A N/A N/A
Perwaiz [41] Laparotomy TC Yes No 4cm 7 No
Schellhaas [42] Laparotomy SB+RC Yes No N/A N/A N/A
Kousoulas [43] N/A N/A Yes N/A N/A N/A N/A
N/A N/A Yes N/A N/A N/A N/A
Wagner [44] Combined Liver Yes Yes 15x10cm 0.5 No
Dieter [45] Thoracotomy RC+TC+SB Yes Yes 7cm N/A No
Thoracotomy RC+SB Yes Yes 7cm N/A No
Tabrizian [46] Yes no Median of 36
Laparotomy SB Yes <5cm No
Laparotomy SB Yes yes >10cm No
Laparotomy C Yes no 5-10cm No
Laparotomy N/A Yes yes >10cm No
Laparotomy SB Yes no <5cm No
Laparotomy N/A Yes no <5cm Yes 10
Laparotomy C Yes no <5cm No
Laparotomy SB+C+Kidney Yes yes >10cm No
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Laparotomy C Yes no <5cm No
Laparoscopy ST Yes no <5cm No
Y:;;l adakis Laparotomy SB+Om Yes No 4-5cm 23 No
Soufi [48] Laparotomy C+Om Yes No 10cm N/A N/A
Yonemura [49] Laparoscopy TC+Om yes N/A N/A N/A N/A
Lodhia [50] Thoracotomy Om Yes No 0.5 N/A N/A
Mizuno [51] Laparotomy ST Yes No 4x3cm 21 No
Jeng [52] Laparotomy SB Yes No 4x4cm 18 No
:‘;‘;l]n gstone Laparotomy RC Yes No N/A N/A N/A
Laparotomy SB+TC Yes No N/A N/A N/A
Esposito [54] Laparotomy C Yes No 3cm 10 No
Laparotomy C Yes No 9cm 1 No
Laparotomy SB+C Yes Yes 3.5cm 5 No
Lochan [55] Laparotomy SB+C Yes No N/A 12 No
Oh [56] 3N/A N/A N/A N/A mean 2.8cm N/A N/A
Takaichi [57] Laparoscopy SB Yes No 5.3cm 6 No
Manzini [58] Laparotomy SB Yes No 2.2x2.5cm 36 No
Laparotomy SB Yes No 5.4x5.5cm 8 No
Laparotomy C Yes No 3.5x 3.3cm N/A N/A
Refused C 3.5x3.9cm
Refused Om 4x4cm
Kawada [59] Laparoscopy ST Yes No N/A N/A N/A N/A
Lee [60] Death SB N/A
Raakow [61] Laparotomy RC+0Om Yes no 4cm 12 Yes 12
Laparotomy RC+0Om Yes yes <5cm 12 Yes 12
laparoscopy C+Om Yes yes 4cm 52 No
Laparotomy C Yes No 5cm 14 No
Laparotomy SB+C Yes No 7cm 22 Yes 22
Takagi [62] Thoracoscopy ST Yes No 3cm 20 No
Martin [63] Mean 6cm mediane of 35.5
12 Laparotomy 5C Yes rzn/e 15?1 1 Yes 4.5
1 Thoracotomy 4C+SB Yes
2SB Yes
2liver Yes
20m Yes
1C+ST+Spleen Yes
Watkins [64] Combined TC Yes No 3cm 12 No
Kara [65] 8N/A N/A 8 Yes 8 No N/A N/A N/A
N/A
Death N/A
Conde [66] Disc}’:ﬁ;";"ding SB+RC+pancreas N/A N/A N/A
Kuzmova Laparoscopy C+Om yes yes 3cm 12 No
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Legend: C: Colon; CCC: Cholangiocellular carcinoma; CDH: Congenital diaphragmatic hernia; CRLM: Colorectal liver metastasis; CT: Computed
tomography scan; DH: Diaphragmatic hernia; Echino: Echinonococcosis; EHE: Epitheloid haemangioendothelioma; FNH: Focal nodular
hyperplasia; GIST: Gastrointestinal stromal tumor; HCC: Hepatocellular carcinoma; HCV cirrh: Hepatitis cirrhosis; IPN: Intraductal papillary
neoplasm; LBO: Large bowel obstruction; LDLT: Living donor liver transplant; LH: Left hepatectomy; LL: Left lobectomyLT: Liver transplant;
Met: Metastatic; MRI: Magnetic resonance imaging; Om: Omentum, Ovarian; C: ovarian cancer; PET- CT: Positron emission tomography -
computed tomography; RCC: Renal cell cancer; RH: Right hepatectomy; RC: Right colon; SB: Small bowel; SBO: small bowel obstruction; ST:
Stomach, TC: Transverse colon; US: Ultrasound.

Literature Review

Congenital DH, due to a defect in the fusion of different parts of the diaphragm, ranges from 0.8
to 5 per 10,000 births [1,3,4]. CDH diagnosis in adults is rare, representing 0.17 to 6% of these cases [5].
Acquired DH is primarly caused by trauma, blunt trauma, or penetrating trauma. Diaphragmatic injury
occurs in 0.1% of blunt thoracic trauma, 10-15% of cases of penetrating trauma to the lower chest and
3-5% of cases of blunt trauma to the abdomen [6]. It represents less than 1% of all trauma patients [7,8].
Traumatic DH is usually located on the left side because of the presence of the liver on the right side, which
covers the diaphragm and protects it from injury. Surgery is the second most common cause of acquired
DH is surgery [1]. DH has been described after different types of surgery, including left colectomy [9], Ad-
renalectomy [10], spleno-distal pancreatectomy [11], gastrectomy [12], nephrectomy [13-16], debulking
surgery [17,18], coronary artery bypass graft with the right gastroepiploic artery [19], pericardial window
fenestration, and lung surgery [20,21]. However, most postsurgical DH cases have been described after
hepatectomy and radiofrequency ablation [22-24]. DH can also appear spontaneously [25, 26, 27], after an
effort [28], during pregnancy [29], or in the catamenial period [30] and may be due to endometriosis [31-

34] or retroperitoneal hydatidosis [35].

This review focuses on adult DHs after hepatectomy, which could become an important issue. In-
deed, as described after laparoscopic esophagectomy for hiatal and para-hiatal hernia [36], the incidence
of acquired DH could increase in the near future owing to less adhesion formation associated with mini-
mally invasive surgery. Considering that ADH is linked to liver surgery, 30 papers [37-66] were selected,
allowing the identification of mostly case reports and only six papers with a series of at least five cases. The
incidence, type of liver surgery, indications, and delay in DH diagnosis, clinical presentation, treatment, and
recurrence were assessed (Table 1). It summarizes 80 other cases of DH occurring after different types of

liver surgery.

The incidence of ADH after liver surgery has been evaluated in 10 reports [43,46,47,52,54,56,58,6
1,63,65], with a global incidence of 0,75%. The incidence was 2.5% for living donor surgery, varying from
0.61% to 9.6%, and 0,4% after resection for hepatic tumors, varying from 0 to 2.31. The most important
serie [61] evidenced a low incidence (0.17% (5/3017] ), all after right liver hepatectomies with an inci-
dence of 0.7% in this group (5/714). Tabrizian, in a series of 993 patients, described an incidence of 1.9%
after right hepatectomy and 0.,4% after left hepatectomy [46]. The impact of right-sided hepatectomy was
also evident in this review with of 65/81 cases (80%). The other cases included seven left hepatectomies
(8.6%), five liver transplant recipients (6.2%), three cases of complex surgery (3.7%), and one laparoscopic

biliary cyst fenestration (1.2%) among the 81 cases.

There is no information on the use of a minimally invasive approach for liver surgery or its potential
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influence on the rate of DH. Except for the case reported here, only one other case has been documented
after a laparoscopic approach for fenestration of biliary cyst [48]. Indeed, minimally invasive hepatectomy
induces fewer adhesions, which could be the origin of more frequent ADH, as described after minimally

invasive oesophagectomy [36]. However, no evidence supports this hypothesis.

Considering the indication for liver surgery prior to ADH, LDLT was the most common indication
(32 cases, 39.5%), followed by malignant disease (25 cases, 30.9%). This could be attributed to the fact that
these populations benefit from regular follow-up. The third most common indication for hepatic surgery
was resection of benign hepatic tumors (11 cases; 13.6%), followed by liver transplant recipients (5 cases;
6.2%) and infectious diseases (6 cases; 7,4%). Diaphragmatic invasion, malignancy, infection, and large-
volume lesions could be associated with a risk of postoperative DH [46]. This was the case in our patient,
as alveolar echinococcosis is an infiltrative parasitic pathology. Indeed, during surgical mobilization of the
liver, small cautery-related thermal injuries can weaken the diaphragm, and these lesions may remain un-
noticed [54]. There is possibility to test intraoperatively the integrity of the diaphragm by a «bubble test»
which consists in positioning the patient in Trendelenburg position, filling the upper quadrant with saline
and asking the anesthesiologist for a Valsalva. The presence of air bubbles indicates diaphragmatic defect
[18]. Because of the strong contractile force of the diaphragm, these microlesions may increase over time,
leading to a transmural diaphragmatic defects and DH [58]. Poor nutritional status, postoperative ascites,
and other causes of high intra-abdominal pressure can increase the risk of DH [39,46,60]. Nevertheless, its
etiology appears to be multifactorial [25, 31, 32]. To avoid the possible development of DH, the smallest
defect should be closed [14].

According to our review, the delay in DH occurrence ranges from 20 days to 244.7 months with a
mean of 31.68 months.

Regarding symptomatology, the literature review revealed that 21/81 (25.9%) patients may be
asymptomatic or present with mild discomfort. Abdominal (39/81 (48.1%)), respiratory (6/81 (7.4%)),
and associated complaints (12/81 (14.8%)) were reported. Acute symptoms of bowel obstruction, bowel
perforation with sepsis or respiratory distress, and even post-mortem diagnoses have been documented.
Indeed, two patients developed sepsis [37, 53], and in three cases, DH even led to death [37, 60, 65]. This
finding underlines the importance of detecting this rare complication of hepatic surgery.

Different organs pass through the diaphragm to the thoracic cavity. The most frequently herniated
organ was the colon (38/81 cases, 46.9%), followed by the small bowel (25/81 cases, 30.9%) and stomach
(6/81 cases, 7.4%). DH could contain the liver (3 cases) [44,54], kidney (1 case) [46], Pancreas (1 case)
[66], spleen (1 case) [63], and omentum without any other organ in 4/81 cases (4.9%).

In general, five radiological methods can be used to identify DH: chest radiography, barium study,
US, CT, and magnetic resonance imaging (MRI). However, every imaging method can be falsely reassuring
if the DH is intermittent, as in our case. Radiography and contrast may also be helpful in this regard. Some
authors suggest that radiological screening with conventional chest radiography after right hepatectomy

can improve the early diagnosis of DH; however, conventional chest radiography has shown only limited
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sensitivity for the detection of diaphragmatic defects [2,61,67]. Contrast radiography can reveal dilated
segments of the intestinal tract, the proximal site of obstruction, and the eventual presence of abdominal
contents in the thoracic cavity [2]. US can evaluate the integrity of the diaphragm, herniated organ, and the
use of Doppler signals to analyze the vascularization of herniated organs, but it is user-dependent [2,61].
CT scan is the most effective because of its short duration and relatively easy access. Moreover, CT scans are
included in the follow-up of most cancers and are often used in emergencies. It allows simultaneous inves-
tigation of the abdominal and thoracic cavities, differentiation of DH from diaphragmatic relaxation, and
detection of the type of herniated organ with potential complications [2,58,61] MRI is not the first-choice
imaging, but it can be an alternative because of its sensitivity to soft tissue. MRI can clearly show a normal

diaphragm as a continuous linear structure, and discontinuity appears in the case of hernial defects [2].

A diagnosis of DH should be made promptly because of the risk of complications and the necessity
for surgical repair. Surgery is indicated even for asymptomatic patients, except for those with too many
morbidities, for whom the benefits of surgery are lower than the risks. Of the 81 patients, 12 did not un-
dergo any surgery. Three patients died before an eventual surgery [60,65], 2 refused surgery [58], and 1
patient was discharged with pending surgery [65]. In one study, only symptomatic patients (3/9) benefited
from the surgery. The other 6 patients did not receive any surgical intervention as they remained asympto-
matic [56].

Regarding the treatment, different approaches exist: thoracic or abdominal approach, open or mi-
ni-invasive surgery, depending on the preference of the surgeon, surgical history of the patient, anatomic
location of the defect, and degree of infra-diaphragmatic adhesions. A thoracic approach might be easier
to use to treat recurrent diaphragmatic hernia, mostly following previous abdominal repair, because of
numerous adhesions due to previous surgeries [54]. In our literature review, among 69 operated patients
laparotomy was performed in 42 (60.9%) patients, thoracotomy in 5 (7.2%), laparoscopy in 6 (8.7%), tho-
racoscopy in 2 (2.9%), and combined thoracic and abdominal approach in 2 (2.9%). The type of approach
was not specified in 13 patients. The most common setting for DH is an emergency situation; therefore,
the open approach is usually performed, even though the laparoscopic approach is superior with regard to

convalescence, especially with regard to postoperative pain and mobilization [61].

Different repair techniques exist: primary suture without mesh and primary suture reinforced with
mesh. Primary suture repair was performed in all 65 operated patients with a known type of repair; howe-
ver, in only 12 cases (18.5%), a mesh was used. The clear criteria for the use of mesh are not currently de-
termined, and the choice of the approach depends on several factors mentioned above [54]. Tabriziani, et
al. described primary closure of the diaphragmatic defect using non-absorbable sutures via an abdominal
approach for patients with small-sized (<5 cm) and moderate-sized (5-10 cm) hernias [46]. The use of a
mesh is also recommended by other authors for larger diaphragmatic defects (>10 cm) [46,57,58]. On the
other hand, Raakow, et al. recommended the systematic use of meshes associated with sutures. Indeed, in
their study, 80% of recurrences occurred without the use of a mesh [61]. In this review, the diameter was
known for 58 cases. Most patients were diagnosed with DH with a defect equal to or smaller than 5 cm
(32;55.2%), compared to defects between 5 and 10 cm (21;36.2%) and larger than 10 cm (5;8.6%).
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Recurrence was documented in only five cases: two with small defects (<5 cm) and no mesh, one
with a small defect and mesh; one with a large defect (7 cm) without mesh, and one unspecified. There
are no guidelines regarding the frequency and length of follow-up in patients with DH. Patients with a his-
tory of oncological disease or liver transplantation will continue their usual follow-up. Every patient who
benefits from surgical repair of DH should be followed up regularly to detect an eventual recurrence of DH
before developing any complications. There is insufficient data in the literature concerning the recurrence
rate and timing after surgery. The longest reported follow-up was similar in the two largest series: Martin’s
series with a median follow-up of 35.5 months (from 1 to 173.1 [63]), and Tabrizian’s series with a median
follow-up of 36 months (from 10 to 167 [46]). Only two other patients had a follow-up period of >3 years :
one patient in Raakow’s retrospective study (52months) [61] and one in Manzini’s retrospective study (36
months) [58]. Globally, among the five documented cases of recurrence, all were detected in less than 22
months after DH repair [46,61,63]. The median delay in recurrence was 12 months. Considering the timing
of the documented DH recurences, two-years follow-up should be recommended. Based on this review, we

propose an algorithm for DH workup and treatment (Figure 4).
Conclusion

In summary, although iatrogenic diaphragmatic hernia is rare, the incidence of DH could increase in
the near future owing to fewer adhesions linked to minimally invasive surgical approaches; however, there
is no evidence in the literature. Diaphragmatic hernia can have fatal consequences, due to the incarceration
of abdominal organs. Its clinical presentation varies, with mild symptoms and fatal complications linked to
incarceration of abdominal organs. Therefore, it is important to include DH in the differential diagnosis of
right upper abdominal and/or respiratory symptoms in all patients with a history of previous liver resec-
tion. The major risk factors are right-sided hepatectomy for large-volume lesions, and invasion or adhesion

to the diaphragm. Computed tomography (CT) is the first-choice diagnostic modality followed by radiogra-
phy.

Once DH is diagnosed, it should be repaired surgically, probably even in asymptomatic patients,
owing to the risk of complications. Different approaches can be chosen according to the patient’s surgical
history, DH characteristics, and surgeon expertise. Abdominal DH repair without mesh represents the most
commonly used technique reported in the literature; however, the use of a non-resorbable mesh should
certainly be recommended for large DH, even systematically. A 2 years follow-up seems sufficient to detect

most DH recurrences.
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