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Abstract
Purpose  Bochdalek hernia is a congenital diaphragmatic hernia. The incidence in adults is estimated around 0.17%. Right-
sided hernias are much more seldom than left-sided ones because of faster closure of the right pleuroperitoneal canal and the 
protective effect of the liver. Due to its rarity, there have been no large prospective or retrospective studies following great 
need for evidence-based diagnostics and treatment strategies. In this systematic review, we evaluated the current evidence 
of diagnostics, treatment, and follow-up of adult right-sided Bochdalek hernias.
Methods  According to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines a 
systematic literature review was conducted in PubMed and Cochrane library from 2004 to January 2021. The literature search 
included all studies with non-traumatic right-sided Bochdalek hernias. Literature on left- or both-sided, pregnancy-associated, 
pediatric, and other types of hernias were explicitly excluded. Quality assessment of the included studies was performed.
Results  Database search identified 401 records. After eligibility screening 41 studies describing 44 cases of right-sided non-
traumatic Bochdalek hernias in adulthood were included for final analysis. Based upon the systematic literature review, the 
current diagnostic, therapeutic, and follow-up management pathway for this rare surgical emergency is presented.
Conclusion  This systematic review underlined that most studies investigating management of adult non-traumatic right-sided 
Bochdalek hernias are of moderate to low methodological quality. Hernias tend to occur more frequently in middle-aged 
and older women presenting with abdominal pain and dyspnea. A rapid and accurate diagnosis following surgical repair and 
regular follow-up is mandatory. High-quality studies focusing on the management of this rare entity are urgently needed.

Keywords  Bochdalek hernia · Hernia · Algorithm · Repair · Mesh · Suture

Introduction

Diaphragmatic hernias may occur congenitally or secondar-
ily due to trauma allowing thoracic herniation of abdominal 
contents. Normally, diaphragmatic formation separates the 
thoracic cavity from the peritoneal one around week 8 of 
gestation [1]. Diaphragmatic hernias have been classified 

into posterolateral, anterior, or central [2]. The posterolateral 
defect in the lumbocostal triangle (Bochdalek hernia) is the 
most common type, which was first described by Vincent 
Alexander Bochdalek in 1848. It is caused by a persistence 
of the pleuroperitoneal cavity and mostly an incidental find-
ing in children. Congenital diaphragmatic hernias have an 
incidence of approximately one per 2500 births of whom 70 
to 75% are classified as Bochdalek hernias [3]. Genetic and 
environmental factors are involved in the development of 
hernias and they mostly cause respiratory symptoms directly 
after birth [4, 5]. The incidence of adult Bochdalek her-
nias is estimated around 0.17% [6]. Right-sided Bochdalek 
hernias are less common than left-sided ones due to faster 
closure of the right pleuroperitoneal canal and the protec-
tive effect of the liver [7]. They mostly present with gas-
trointestinal or respiratory complaints or asymptomatically. 
Increased intraabdominal pressure and previous abdominal 
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surgery may be precipitating [7, 8]. Mortality rates in chil-
dren vary between 42 and 68% [9, 10], whereas there are 
only rare data in adults. In contrast to the affected children 
[11], a clear diagnostic, therapeutic, and follow-up pathway 
for right-sided Bochdalek hernias in adulthood is missing 
so far. Due to its rarity, there have been no large retrospec-
tive or prospective studies. As these patients mostly present 
in an emergency setting, there is great need for evidence-
based diagnostics and treatment strategies as right-sided 
Bochdalek hernias are rarely investigated as a separate 
entity. To the best of our knowledge, no systematic literature 
review of this rare entity is available to date. In this system-
atic review, we evaluated the current evidence of published 
studies describing adult right-sided Bochdalek hernias and 
evaluated the main patients’ characteristics, clinical presen-
tations, and different treatment approaches. Based upon our 
systematic literature review, we present the current diagnos-
tic, therapeutic, and follow-up management pathway for this 
rare surgical emergency.

Methods

Search strategy

A systematic literature review was conducted in line with 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [12]. The electronic 
databases searched included PubMed and Cochrane library. 
The search strategy included the following key words: 
‘right-sided Bochdalek hernia’ OR ‘right-sided diaphrag-
matic hernia’ from 2004 to 2020. Rout et al. described all 
cases of adult right-sided Bochdalek hernias published until 
2004 [13]. The final search was conducted on 31st of Janu-
ary 2021. Additionally, a snowball search of the included 
references was performed [14].

Study selection

In this systematic review only research papers were 
included if the following inclusion criteria were fulfilled: 
right-sided non-traumatic Bochdalek hernias and patient’s 
age ≥ 18 years. Articles describing left- or both-sided Boch-
dalek hernias, other types of hernias, pregnancy-associated 
Bochdalek hernias, fetal studies, and traumatic Bochdalek 
hernias were excluded. Articles not written in English, 
conference papers, and animal studies were also excluded 
from this systematic review. First, titles and abstracts were 
scanned according to the above defined eligibility criteria. 
Finally, full-text evaluation was performed. In total, 41 stud-
ies with 44 cases of right-sided non-traumatic Bochdalek 
hernias in adults could be identified and included into the 

analysis (Table 1). No cohort studies or randomized con-
trolled trials were identified.

Data extraction

The following variables were extracted from each article: 
patient’s age, sex, chief complaint, and past medical history, 
diagnostic imaging technique, surgical approach and proce-
dure, size of hernia orifice, type of defect closure, herniated 
organ, need for bowel resection, hernia-related or postopera-
tive complications, and patient’s outcome.

Methodological quality assessment

A modified version of the Newcastle–Ottawa Scale (NOS) 
designed for case reports was applied to assess the methodo-
logical quality of all included studies [15]. The tool consists 
of eight questions, categorized in four domains: selection, 
ascertainment, causality, and reporting. Three questions 
were excluded as they were irrelevant to the included stud-
ies. Questions were answered by a binary response (yes or 
no) independently by JPR and SR. Finally, an overall judge-
ment about the study quality was performed. Studies were of 
good quality (low risk of bias) when all five questions were 
fulfilled, moderate when four were fulfilled, and low (high 
risk of bias) when three or fewer were fulfilled. No disagree-
ments were found between the reviewers.

Statistical analysis

Statistical analysis was performed using R software, Graph-
Pad Prism (version 9.00 for Windows, GraphPad Software, 
La Jolla, CA, USA, www.​graph​pad.​com), and Microsoft 
Office Excel 365. Normality was measured using the Shap-
iro–Wilk normality test and data were reported accordingly.

Results

Two databases were searched resulting in 401 records. In 
total, 341 studies were excluded on title and/or abstract and 
19 studies after full-text screening because of missing inclu-
sion or defined exclusion criteria (trauma n = 2, patient’s 
age < 18 years n = 4, other type of hernia n = 2, pregnancy-
associated hernias n = 1, missing full text n = 1, non-English 
literature n = 1, and others n = 8). After detailed screening 
only 41 studies of adult right-sided Bochdalek hernias 
were found to be eligible for this systematic review. The 
study selection process is shown in the PRISMA flowchart 
(Fig. 1). No overlapping study populations were identified. 
The characteristics of the included studies are presented in 
Table 1. The results of methodological quality assessment 
are shown in Supplementary Table 1. Overall, eight studies 

http://www.graphpad.com
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(18%) were judged as good, 14 (32%) as moderate, and 22 
(50%) as low quality.

Patients’ baseline characteristics

Mean age of the included patients was 58 years ranging 
from 22 to 92 years. Peak ages for right-sided Bochdalek 
hernias were 40 to 50 and 70 to 80 years (Fig. 2). 61% of 
the patients were women (n = 27), 39% (n = 17) were men. 
Almost half of the patients (n = 21) presented with a chief 
complaint of dyspnea. Abdominal pain was the second most 
common symptom (n = 19, 43%) whereas chest pain and 
nausea were only reported in 10 cases (23%). A minority 
of patients suffered from shoulder and/or flank pain (n = 8, 
18%). Five patients (11%) suffered from a pulmonary dis-
ease like chronic obstructive pulmonary disease (COPD) or 
asthma. Furthermore, analysis of the past medical history 
revealed hypertension (n = 7, 16%) and diabetes (n = 2, 5%) 
in some further patients. Ten cases (23%) had an unremark-
able history (Table 1).

Diagnostic imaging

Final diagnosis of right-sided Bochdalek hernias in adult-
hood was mostly performed using computed tomography 
(CT) scan (n = 39, 89%). In contrast, only two patients (4%) 
were diagnosed clinically or via X-ray [16, 17]. In two cases 
(5%) magnetic resonance imaging (MRI) led to the final 
diagnosis [18, 19].

Herniated organ and size of hernia orifice

In most cases, herniation of the following organs was found: 
colon (n = 23, 52%), small bowel (n = 19, 43%), liver (n = 12, 
27%), and kidney (n = 8, 18%). Single cases described her-
niation of other intraabdominal organs like gallbladder 
[20, 21] or pancreas [22]. Only half of the included studies 
described the size of the hernia orifice (n = 23, 52%). 65% 
(n = 15) of them calculated a minimum of a two-dimensional 
orifice varying from 0.54 × 0.3 cm to 12 × 10 cm.

Treatment strategy and surgical approach

Almost all reported cases (n = 38, 86%) were treated surgi-
cally. One patient was treated with a right-sided double-J 
ureteral stent due to preoperative hydronephrosis and out-
patient surgical repair of the hernia was recommended. 
Further information about the follow-up was missing [23]. 
In one case, percutaneous nephrostomy was performed as 
the patient was not fit enough to undergo surgery. Further 
details were not described. She was finally discharged with 
an external-internal nephroureteral double pigtail for treat-
ment of hernia-related hydronephrosis [24]. Three patients Ta
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underwent non-interventional management of their Boch-
dalek hernias. One of them was treated conservatively. Sur-
gical repair was denied due to fear of the operative risks. 
He did not report any symptoms after 12 months [22]. In 
one further case, the patient refused any surgical repair and 
denied any problems 6 months later [25]. In the third case, 
symptoms resolved a few days after initial presentation in 
the hospital. A follow-up was not described [19]. No treat-
ment strategy of the diaphragmatic defect was reported in 
one further case [26]. Most patients underwent an abdominal 

approach for surgical repair. Laparotomy was performed in 
34% (n = 15) and a laparoscopy in 34% (n = 15) of all cases. 
Two patients (5%) underwent robotic-assisted laparoscopy 
[27, 28]. Only in 16% (n = 7) a thoracotomy, and in 14% 
(n = 6) a thoracoscopy was performed. Two patients (5%) 
were operated by robotic-assisted thoracoscopy [29]. Seven 
patients (16%) underwent a thoracoabdominal approach. If 
a bowel resection was required, an open approach was more 
common (nine of ten cases). In one case colon resection 

Fig. 1   PRISMA flowchart of study selection
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was performed by robotic-assisted laparoscopy [28]. No data 
about operative time and surgical experience were available.

Type of defect closure

The most common type of repair was done by direct dia-
phragmatic sutures in 20 cases (45%) followed by mesh-
augmented defect-closure in 19 cases (43%). A combination 
of mesh and suture for diaphragmatic defect repair was used 
in 16% (n = 7). One case reported a combination of clips and 
mesh [30]. Six cases (14%) did not report the type of clo-
sure. Most patients with a mesh received a non-absorbable 
mesh (n = 13, 68%). In two cases diaphragmatic defect was 
repaired by an absorbable mesh (11%) [31, 32]. A composite 
mesh was used in three patients (16%) [27, 33, 34]. One case 
did not report the type of mesh [35]. The suture type was 
mostly non-absorbable (n = 13, 65%) followed by absorbable 
sutures (n = 4, 20%). Three cases (15%) did not describe the 
type of suture [31, 32, 36].

Complication

Twenty-five patients (57%) did not show any hernia or inter-
vention-related complications. One case did not report any 
information about difficulties [37]. Complications mostly 
included a hydronephrosis (n = 4, 9%) due to herniation 
of ureter or kidney [6, 7, 18, 19]. In two of these patients 
hydronephrosis resolved after surgical treatment [18, 19], 
whereas two other cases did not report any follow-up [6, 7]. 
In eight patients (18%) right-sided Bochdalek hernias were 

associated with thoracic complications: abscess formation 
[38], lung empyema [39], broncho-pleuro-colonic fistula 
[26], pleural effusion [24, 40], fecothorax [16], and pneumo-
nia [41, 42]. One patient underwent a surgical approach to 
the chest and abdomen [42]. Laparotomy was performed in 
four cases [16, 38, 39, 41], laparoscopy in one case [30]. One 
patient underwent urological treatment [24] and one further 
case did not report the surgical procedure [26]. Other hernia-
related complications included bowel ischemia (n = 2, 4%) 
[16, 32] and bowel perforation (n = 2, 4%) [20, 43]. Postop-
erative complications included wound infection (n = 1, 2%) 
[33] and sepsis (n = 1, 2%) [42]. In ten cases (23%) colon 
and/or small bowel resection was performed due to men-
tioned bowel complications.

Outcome

Four patients (9%) died after the surgical procedure due 
to pneumonia and sepsis [42], sequelae of bowel perfora-
tion [43], or cerebrovascular incidents [44]. One case did 
not report any specific reason for postoperative death [37]. 
Median follow-up was 9 months with no recurrence, but 
more than one-third of the published cases (n = 16) did not 
report any kind of follow-up at all.

Diagnostic, therapeutic, and follow‑up 
management algorithm

A clear clinical guideline and/or algorithm for right-sided 
Bochdalek hernias in adults is missing so far. Therefore, 

Fig. 2   Age distribution in 
patients with right-sided Boch-
dalek hernias; x-axis shows age 
in years, y-axis shows density. 
Density curve is shown in red. 
Two peak ages 40 to 50 and 70 
to 80 years can be detected
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based upon our comprehensive literature review, we present 
the current diagnostic, therapeutic, and follow-up manage-
ment pathway (Fig. 3).

Discussion

This systematic review demonstrates that there are only 
very limited studies available investigating the diagnostics, 
treatment, and follow-up of right-sided Bochdalek hernias in 
adulthood. However, this review has several strengths. The 
PRISMA guideline [12] was followed, a snowball search 
was conducted, and screening and quality assessment of 
records was performed by two independent reviewers. Most 
publications which were identified are of moderate to low 
methodological quality as all of them were case reports. 
Most reports did not report defect size, surgical treatment 
details, or long-term follow-up data.

The following conclusions can be conducted from this 
systematic review. Right-sided Bochdalek hernia in adult-
hood is a rare surgical entity overall and in numerous cases 
an emergency. Patients mostly present with dyspnea and/
or abdominal pain. Its masquerading clinical appearance 
requires rapid diagnostic imaging (gold standard CT) fol-
lowing surgical repair of each symptomatic and/or compli-
cated hernia to decrease high mortality and morbidity rates 
(Fig. 3). Pregnancy or a medical history of pulmonary dis-
eases may increase intraabdominal pressure and, therefore, 
precipitate the development of right-sided Bochdalek her-
nias in adults. Due to missing long-term follow-up data and 
its rarity, the adequate surgical procedure is unclear so far 
and only based on a case-by-case basis.

Any clinical or imaging signs of acute incarceration, per-
foration and/or ileus must lead to emergent surgical manage-
ment. If surgery is significantly delayed in these situations 
or if patients are not fit enough to undergo emergent surgery, 
symptomatic therapy with a highly complicated outcome 
remains the online available option.

A laparotomy enables sufficient management of visceral 
complications like perforation, evaluation of bowel perfu-
sion, and management of potential abdominal contamina-
tion. Contrarily, only limited exposure of the chest cavity 
risks not to detect a concomitant pneumothorax, pleural effu-
sion or empyema, or other thoracic-related complications 
[45]. Repair of the hernia orifice can be easier performed 
by thoracotomy, particularly in right-sided Bochdalek her-
nias, in which the liver may mask the diaphragmatic defect 
[7]. A thoracoabdominal approach permits evaluation and 
adequate surgical treatment of both cavities and should 
only be performed if necessary. If so, open approach should 
be combined with a minimally invasive one depending on 
technical feasibility. Minimally invasive surgery may be 
associated with technical difficulties. Necessary expertise 

in advanced thoracoscopy is often not available in general 
surgical departments, in particular in the often noctur-
nal emergency setting. In addition, patients with delayed 
presentation may not be fit enough for thoracoscopy and/
or laparoscopy regarding the risk of anesthesia. Patient’s 
transfer to a higher-level hospital must always be consid-
ered if expertise in complex surgery, including two-cavity 
and thoracic surgery or intensive care is not available. In 
patients who undergo abdominal approach for right-sided 
Bochdalek repair it remains unclear if a simultaneous tho-
racic approach via video-assisted thoracoscopic surgery 

Fig. 3   Diagnostic, therapeutic, and follow-up management pathway 
of adult Bochdalek hernias
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(VATS) or thoracotomy following extensive intrathoracic 
evaluation and lavages would prevent later development 
of thoracic complications. Diaphragmatic defects were 
mostly repaired by direct diaphragmatic sutures and mesh-
augmentation. For better defect augmentation we strongly 
recommend non-absorbable suture as well as non-absorbable 
mesh in accordance with the general principles of hernia 
surgery. In case of intraabdominal or intrathoracic contami-
nation mesh implantation should only be considered in case 
of hernia recurrence. The use of the hernia sac to cover the 
mesh against the respective organs and anti-adhesive meshes 
could reduce postoperative adhesions.

This review has several limitations. First, most publica-
tions, which were identified are of moderate or low meth-
odological quality as all of them were case reports with a 
low level of evidence. Due to their retrospective character, 
there might be a selection/publication bias. Second, most 
reports did not report all relevant details like defect size or 
surgical treatment. Besides, follow-up was often insufficient 
or mainly short-term complicating further diagnostic and 
treatment strategy development. Therefore, there is urgent 
need for standardized reporting of right-sided Bochdalek 
hernias in adulthood [46]. Finally, the small number of 
patients yields the risk to over-interpret the data.

Based upon our literature review, we hereby present the 
current follow-up algorithm with regular follow-up visits 
including imaging up to 10 years after surgery. In cases of 
herniation of ureter and/or kidney, urological consultation is 
mandatory (Fig. 3). Hernia recurrence after surgical repair 
has not been described so far, but recurrence obviously 
must be expected in at least some cases. Current numbers 
of recurrence should be viewed with caution due to insuf-
ficient follow-up data.

Conclusion

This systematic review underlined that studies investigat-
ing diagnostic algorithm, treatment strategy, and follow-up 
of right-sided Bochdalek hernias in adulthood are of low 
methodological quality to date. Despite their overall low 
incidence, this type of hernia tends to occur more frequently 
in middle-aged and older women mostly presenting with 
abdominal pain and dyspnea. A rapid and accurate diagnosis 
following surgical repair is mandatory. Based on the litera-
ture available a comprehensive suggested pathway for the 
emergency management of patients presenting with acutely 
complicated Bochdalek hernia was developed. Due to the 
rarity of these hernias, high-quality studies with a sufficient 
investigation as an own entity are almost impossible to 
conduct. Instead, observational studies could provide more 
evidence-based insights. Therefore, data about this entity, 

patients’ characteristics, and their medical work-up must be 
reported in a standardized manner and/or common database.
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