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Abstract: Congenital diaphragmatic hernias (CDH) are likely to present in early postnatal or infancy and
are associated with significant morbidity and mortality due to associated pulmonary hypoplasia, pulmonary
hypertension and heart failure. Symptomatic adult congenital Bochdalek hernia, on the other hand, is
extremely rare with a prevalence of 0.17-6% of all diaphragmatic hernias. They present with recurrent
abdominal pain and shortness of breath. Acute presentations could be life threatening especially if there is
incarcerated or threatened bowel in the chest. Repair of symptomatic Bochdalek hernia is recommended
in the adult population. We present two cases of right and left symptomatic Bochdalek hernias in adults,
encountered over 15 years of practice in a tertiary referral centre in the UK. We discuss their presentation
and surgical management and review the literature of similar cases treated by video-assisted thoracoscopic
surgery (VATS). Thoracic surgeons are increasingly becoming involved in these cases, which used to be
the domain of upper gastrointestinal surgeons. A synthetic patch may be required to close the defect,
therefore; the thoracic surgeon must be familiar with such techniques. The recent expansion in video format
publishing in the internet and social media has revolutionized the way knowledge and how-to-do-it expertise
is distributed around the world. It has the advantage of reaching far more viewer than subscription paper-
printed format journals and has a rising significance in encouraging thoracic surgeons to do things they
were not used to do. Finally; Symptomatic Bochdalek hernia, and possibly Morgagni hernia in the adult
population could be safely repaired by VATS with good and lasting results.
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Introduction

Symptomatic congenital diaphragmatic hernias (CDH) are
very rare in the adult population, and there has been only
scanty literature about them. Surgery is indicated for the
acute and the chronic presentation in the adult population.
video assisted thoracoscopic surgery (VATYS) is evolving in
this field, and new cases are being reported every day. We
present two cases of right and left symptomatic Bochdalek
hernias in adults, and discuss their presentation and
surgical management utilizing VATS. We aim to review the
literature in this subject about hernias through abnormal
congenital defects. What this account is not discussing

© Journal of Visualized Surgery. All rights reserved.

is the transhiatal hernias through the natural orifices in
the diaphragm such as sliding or rolling hiatus hernia. In
addition, it is not our intention to discuss in any greater
detail neonatal CDH.

Case 1 (Figure 1) (1)

A 41 years old lady was referred to our unit with exacerbating
shortness of breath on exertion, and inability to lie flat for
two years. Recently she was puffed out getting into her
clothes, and has given up soprano quire singing. She was
getting 3—4 chest infections requiring antibiotics per year.
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Her past history included laparoscopy for endometriosis.
Chronic obstructive pulmonary disease (COPD) was
suspected, however; bronchodilators were of no avail.
Her chest X-ray suggested an abnormal shadow related to
her right diaphragm, and her chest and upper abdomen
computed tomography (CT) scan suggested a defect in the
right dome of diaphragm, with possible herniation of the
liver in the chest. There were no interstitial lung changes to
account for the shortness of breath (Figure 24,B). A ‘sniff’ test
under fluoroscopic screening revealed significant paradoxical
movement of the right diaphragm. Nerve conduction studies
of the right phrenic nerve revealed normal conduction

velocities and absence of diaphragm paralysis.
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Video 1. VATS repair of right Bockdalek

The Cardiovascular & Thoracic Centre, University
Hospitals Southampton NHS Foundation Trust,
Southampton General Hospital, Southampton,

UK

Figure 1 VATS repair of right Bockdalek hernia and diaphragmatic
plication (1). [Reproduced with permission from CTSnet.org
previously published at https://www.ctsnet.org/article/vats-repair-
right-bockdalek-hernia-and-diaphragmatic-plication. 4th May 2015].

Available online: http://www.asvide.com/articles/1841
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Under general anesthesia and single lung ventilation she
underwent VATS exploration of her right chest. Single-
use optical trocars were used for port-access. These air-
seal trocars have a transparent plastic sleeve, into which the
thoracoscopy could be fitted before insertion, enabling the
surgeon to monitor the passage of the instrument through
the layers of the chest wall, avoiding injury to adherent
lung. A total of 4 ports were used, two 12 mm and two
5 mm. The operating ports were carefully chosen for a
posterior approach (i.e., surgeon standing posterior to
the patient). The use of carbon dioxide (CO,) was crucial
to push the diaphragm down and guide the repair. The
intrathoracic pressure was kept below 12 mmHg. At times
of hemodynamic compromise, all that was needed was to
allow some of the gas to escape through one of the ports to
reduce the pressure. We used a 30-degree scope, but there
are other options such as the EndoCAMeleon® (Karl Storz,
Tuttlingen—Germany), and Articulating-Tip ENDOEYE
FLEX™ (Olympus, Shinjuku, Tokyo, Japan).

On introduction of the camera, the liver was seen
herniating into the chest as predicted. A posterolateral
8 cm defect in the diaphragm was noted between the
aponeurotic central tendon and the muscular costal origin,
consistent with a Bochdalek hernia. The surface of the liver
was bare and there was no hernia sac. Small diaphragmatic
fenestrations were noted covered only by thin translucent
pleura. There was no sign of endometriosis on the surface
of the diaphragm. The HARMONIC?® ultrasonic device
(Johnson & Johnson, Ethicon, Cincinnati, USA) was used
to release the adhesions between the liver and the neck
of the hernia without technical difficulty. Once all the

Figure 2 Preoperative diagnostic imaging in case 1. (A) Plain postero-anterior chest X-ray showing abnormal profile of the right

hemidiaphragm. (B) The CT scan shows herniation of the liver into the right chest, and no evidence of interstitial lung disease.
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jovs.amegroups.com 7 Vis Surg 2017;3:176



Journal of Visualized Surgery, 2017

Page 3 of 9

Figure 3 Postoperative imaging in case 1. (A) Plain chest X-ray in the immediate postoperative period showing the low and flat position of

the right hemidiaphragm. (B) Chest X-ray taken six month postoperatively showing sustainable low position of right diaphragm.

Video 2. VATS ri f left Bochdalek

The Cardiovascular & Thoracic Centre, University
Hospitals Southampton NHS Foundation Trust,
Southampton General Hospital, Southampton,

UK

Figure 4 VATS repair of left Bochdalek hernia (2). [Reproduced
with permission from CTSnet.org previously published at https://
www.ctsnet.org/article/vats-repair-left-bochdalek-hernia. 3rd
October 2016].

Available online: http://www.asvide.com/articles/1842

adhesions were released, the liver slipped into its natural
anatomical position within the abdomen. The Endostitch™
(Medtronic-Covidien, Minneapolis, Minnesota, USA) was
used to repair the defect in the diaphragm. It is used with
matching special needle and Ethibond No 0 suture material.
To improve anchorage into the diaphragm and safeguard
against tear, 1x2 centimeter pledges of Teflon were used
on either side of the stitch. This theme was also extended
to plicate the diaphragm in a single suture line, using
interrupted stitches radially designed from cardiophrenic
angle towards the lateral chest wall, burying the hernia
repair into the peritoneal space like a ship’s keel.

At the end of the procedure a 24-F intercostal drain
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was introduced and the lung was allowed to inflate. An
extrapleural catheter was fitted for continuous postoperative
titration of Bupivacaine analgesia. Postoperatively the
patient was electively admitted to the intensive care unit
(ITU) as planned. She was extubated 8 hours later and was
transferred to the general ward the following morning.
She was allowed home in two days, with a satisfactory
chest X-ray (Figure 34). She was then seen in a follow up
clinic six months later, and was noted to have significant
subjective improvement of her breathing. Her chest X-ray
documented sustainability of a low and flat right diaphragm
(Figure 3B).

Case 2 (Figure 4) (2)

A 46 years old male was referred to our unit suffering from
worsening shortness of breath. Previously he was very fit,
cycling 8 miles daily. He reached a stage where he could
not finish a sentence without being short of breath. Acute
admission to hospital was followed by a chest X-ray, which
revealed left sided lung consolidation. A CT scan suggested
a posterolateral deficiency in the left diaphragm consistent
with a left Bochdalek hernia, and possible herniation of the
greater omentum into the left chest (Figure 5). His FEV1
=3.73 L (101.9% predicted) and transfer factor TLCO
=9.94 mmol/min/kPa (96.8% predicted). He had a -8%
drop in Vital Capacity from sitting to supine position.

He underwent VATS exploration of his left chest using
the same technique as the first case. Again four ports and
CO, were used, keeping pressures <12 mmHg. Almost all
of the greater omentum was found in the chest, herniating
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Figure 5 Axial and frontal MPR computed tomography of patient in case 2. Fat is seen in the left chest, suggesting omental hernia through

a diaphragmatic defect. MPR, multiplanar reconstruction.

through a posterolateral single defect in the diaphragm,
consistent with a Bochdalek hernia. Due to adhesions
with the hernia ring beyond the vision of the thoracic
approach, it was not possible to reduce the omentum back
to the abdomen. The omentum was therefore transected
close to the neck of the hernia using a stapling device (Tri
Staple™', Endo GIA™, Medtronic-Covidien, Minneapolis,
Minnesota, USA). This was performed after thorough
checking that there was no herniating small bowel hiding
within the omentum. The hernia defect could have been
repaired ideally by a synthetic patch, but at the time we
had no experience with such patch repair. Therefore; the
defect was closed end to end using the Endostitch™ device
(Medtronic-Covidien, Minneapolis, Minnesota, USA).

His recovery was uncomplicated and was discharged
on the second postoperative day. On six months follow
up he had noticed significant subjective improvement and
was asymptomatic (Figure 64,B). His diaphragm on that

© Journal of Visualized Surgery. All rights reserved.

occasion remained low with clear lung fields. His shortness
of breath recurred after one year and a fresh CT was
ordered. The left hemidiaphragm was found to be slightly
higher than the right, but without evidence of recurrence
of the hernia (Figure 7). There were minor emphysematous
changes but nothing to account for his shortness of breath.

Discussion

CDH and structural anomalies of the diaphragm have been
described, studied, and treated for over 400 years (3). In
30% of CDH patients, genomic analyses have identified a
range of genetic defects, including chromosomal anomalies,
copy number variants and sequence variants. It is thought
to be part of a multisystem genetic syndrome, as CDH-
associated genetic mutations affect not only development
of the diaphragm but also directly affect the development
of other organs, such as the heart and lungs (4). Anatomy
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Figure 7 Frontal MPR of CT of patient in case 2 one year post
operatively. Reported as “minor non-specific elevation of left
diaphragm and no cause for shortness of breath identified. There
was no recurrence of hernia”. MPR, multiplanar reconstruction;

CT, computed tomography.

of the human diaphragm at birth and the possible types of
diaphragmatic defects were elegantly schematically shown
by Kardon ez al. (2017) (5).

Bochdalek bernia

In 1848, Vincent Alexander Bochdalek first described
a congenital hernia resulting from the developmental
failure of the diaphragmatic posterolateral foramina to
fuse properly (5-8). Bochdalek hernia is one of the most
common abnormalities presented in infants with a reported
incidence of about 1 in 3,000 live births, and represents

© Journal of Visualized Surgery. All rights reserved.

Foramen of Morgagni

Lateral Arcuate line
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Figure 8 Potential sites of congenital hernias. IVC, inferior vena

cava; Oes, oesophagus; Ao, aorta.

about 80% of CDH (9). They are associated with significant
morbidity and mortality due to associated pulmonary
hypoplasia, pulmonary hypertension and heart failure. The
majority are diagnosed antenatal or in the neonatal period.
During embryonic development a septum known as the
septum transverse develops between pleural and peritoneal
cavities, but does not completely separate the two, leaving
large defects known as the pleuroperitoneal canals on either
side. Around the 8" week of gestation, the pleuroperitoneal
membrane forms over the canals and closes the connection
between the chest and abdomen (Figure §). As the right
pleuroperitoneal canal closes earlier than the left, a
Bochdalek hernia predominantly occurs on the left chest
(80% of cases) (5). A hernia sac has been reported to be
present in 10 to 38% of cases (10). There was no hernia sac
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in our two cases and this is consistent with other reports in
the literature (11-13).

The survival rate for infants born with Bochdalek hernias
varies from institution to institution; but overall, it has
remained at about 50% for nearly half a century, despite
advances in neonatal intensive care, anaesthesia, and surgery (8).
Bodwitch is credited for the most extensive paper on the
subject of paediatric Bochdalek hernias giving a numerical
analysis of all the cases recorded in the medical literature
between the years 1610-1846 (14). Of the 118 cases of
CDH collected by Livingston, 83 were on the left side,
18 on the right, 4 were central, 2 were double, and in one
case the diaphragm was absent (15).

New therapies are emerging for prenatal diagnosis of
Bochdalek hernia. Fetal endoscopic tracheal occlusion
(FETO) and prenatal transplacental fetal treatments, aim
to normalize lung development and pulmonary vascular
tone to prevent and treat lung hypoplasia and pulmonary
hypertension (9,16). FETO takes advantage of fluid
production within the fetal lung to induce stretch and
growth by preventing lung fluid from escaping the airway.
The current approach includes insertion of a balloon to
occlude the trachea at 26-28 weeks of gestation, followed
by removal of the balloon at 34 weeks (16).

Symptomatic Adult congenital Bochdalek hernia on the
other hand, is extremely rare with a prevalence of 0.17-6%
of all diaphragmatic hernias. There are fewer than 100 cases
of Bochdalek hernia reported in adults in the literature and
fewer than 20 of those cases involve right-sided hernias (6).
In the United Kingdom, a general consultant thoracic
surgeon is likely to encounter only a single case in a whole
career. Paralysed diaphragm could be incriminated as in our
first case. Tension pneumothorax has been suspected on the
chest X-ray (17). Recurrent abdominal pain, postprandial
fullness and vomiting are the most common abdominal
symptoms in adults (18). Herniating colon, small intestines,
liver, kidney, gall bladder, spleen, pancreas, stomach,
appendix and omentum have all have been previously
reported. Acute presentation can be life threatening,
especially with threatened bowel in the chest (6,10,18). The
respiratory symptoms are related to the ‘space occupying
lesion’ in the chest, namely, shortness of breath on exertion.

In females the mechanism of herniation becomes
complex. Whereas Bochdalek hernia is a single congenital
defect, clinically it is not very different from multiple large
defects thought to be diaphragmatic fenestrations (18). How
these multiple fenestrations come to existence is a subject
of debate. Whether these are congenital or acquired is

© Journal of Visualized Surgery. All rights reserved.
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unknown. Fenestrations are thought to represent sloughing
of endometriosis foci, however; endometrial deposits have
only been found in 60% of cases. The relationship between
diaphragm fenestrations and catamanial pneumothorax is
well established, and the presence of a liver hernia through
these fenestration have been described before by Sanna ez /.
2011 (19). The increased intra-abdominal pressure during
pregnancy is thought to be a major cause of herniation
through these defects in females. Usually fenestrations are
multiple, whereas Bochdalek hernia is a single defect in a
specific location. Our first case, the lady had a history of
endometriosis for which had laparoscopic examination.
At operation there was evidence of tiny fenestrations
not entirely communicating the peritoneal to the pleural
space. Whether the diaphragmatic defect is originally a
fenestration that has been dilated by a herniating liver,
helped by multiple pregnancies is unknown.

Repair of a symptomatic Bochdalek hernia is recommended
in the adult population. Despite the assumption that this is a
congenital abnormality that has existed for a long number of
years, and the advocacy of leaving well alone, yet potentially
life-threatening bowel obstruction can ensue (4,20). It is
preferable to deal with the problem electively when the
patient is fit, rather than acutely under life-threatening
conditions such as bowel incarceration. Haemothorax and
intra-abdominal hemorrhage complicating normal pregnancy
have been separately reported as a complication of Bochdalek
hernia (21,22).

Generally speaking, the diaphragm is a disputed turf
between thoracic and upper gastro-intestinal surgeons,
both specialties claiming superiority of their approach.
For thoracic surgeons it remained ‘the nuclear option’ for
a long time, no one dared to push the button. Walker as
early as 1900 realized that “on account of the difficulty of
reducing the gut, ligating the sac, and stitching the rent in
the diaphragm, the transpleural route is preferable” (23).
The hernia can be treated via thoracotomy assisted with
laparoscopy with good effect (11). In urgent cases with
possible threatened bowel, the access of choice is a low
thoracotomy (7" intercostal space). Such access allows
extension into the abdomen if needed, by radial or
circumferential phrenotomy. Alternatively, the skin incision
could be extended into a thoraco-abdominal incision and
the costal margin is cut. Our two cases discussed here
presented with non life-threatening conditions, giving
time to think about minimal access surgery (VATS). Very
few reports are found in the literature about symptomatic
adults with Bochdalek hernia, however; a similar case to
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Figure 9 MPR of computed tomography showing greater omentum herniating via a Morgagni hernia into the right chest. MPR, multiplanar

reconstruction.

our second case was published by Frantzides in 2013 (24).
He managed to close the defect primarily without a patch,
and the area near the chest wall did not seem to pose a
challenge. Daniel Gwan-Nulla demonstrated how to repair
a recurrent Bochdalek hernia by VAT'S using a patch (25).

Morgagni bernia (also called bernia of Morgagni-Larrey)

In 1769, Morgagni described the substernal herniation
of the abdominal viscera into the chest cavity on autopsy
examinations (26). In 1828, Larrey described a surgical
approach to the pericardial cavity through an anterior
diaphragmatic defect (27). The hernia space described by
both Morgagni and Larrey is a triangular space between the
muscle fibers of the diaphragm originating from the xiphoid
process and the nearby costal margin on either side, and
inserted on the central tendon of the diaphragm (Figure §8).
These hernias are not usually discovered in newborns,

© Journal of Visualized Surgery. All rights reserved.

and are not usually associated with pulmonary hypoplasia.
They are usually asymptomatic, making their debut due
to incarcerated or threatened bowel in the chest. They
represent 3% of all CDH (28). Herniation to the right
chest is by far commoner than the left (90%) and the most
common contents of the hernia are the omentum, followed
by the colon, small intestine, and stomach. Almost always a
hernia sac exists (92%). The CT is usually diagnostic (29).
Figure 9 shows a CT of 43 years old lady referred to our unit
with chronic right lower chest pain and shortness of breath
on exertion for two years. She was thought to have chronic
lower lobe consolidation, but her CT scan confirmed the
presence of a Morgagni hernia (Figure 10). She underwent
successful laparoscopic repair of her Morgagni hernia by
the upper gastro-intestinal surgeons in our institution, and
a synthetic patch was used. Only the greater omentum was
herniating at operation. This was a seminal case in which

we picked up the technique of patch repair, which we soon
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Figure 10 Morgagni hernia seen from laparoscopic abdominal

view, same patient as in Figure 7.

implemented to patch a defect in the pericardium (30).
Inter-disciplinary exchange of experience is vital for pushing
the envelope and blazing the trail of VATS. Figure 4 shows
how we were pontificating repair of a Bochdalek hernia
by laying down a synthetic patch. Not long after our case,
Daniel Gwan-Nulla elegantly demonstrated how to repair
a recurrent Bochdalek hernia using a patch (25). We could
have benefited from his experience if it was published
before ours. Certainly development of the social media,
including blogs, social networks, video and photo-sharing
sites on the Internet made exchange of surgical experience
and acquisition of new techniques swift and effective (31).
The number of visual periodicals and websites that
primarily give free access to video material has exponentially
increased in the last 5 years. The paper-printed material and
the orthodox operative atlases are finding it difficult to pull
their weight against the video-format material. No doubt
we will witness further expansion in video-publishing of
surgical information in the near future. It has the advantage
of reaching far more viewer than subscription paper-printed
format journals, and relevance is immediately judged by the
number of hits, shares and blogs.

Thoracic surgeons do not deal with Morgagni hernias, or
at least not for the moment. The current state of affairs is
that it is the domain of the upper GI surgeons, who claim it
is easier dealt with from the peritoneal cavity (32). A patch
is usually needed to cover the defect. Thoracic surgeons
are not familiar with views of the subxiphoid area from a
chest perspective. This is highlighted in a case published
by Komatsu describing VATS missing the Morgagni
hernia as a lipoma, and the patient re-presented with
bowel incarceration requiring laparotomy (33). In acute

© Journal of Visualized Surgery. All rights reserved.
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presentations with threatened bowel in the chest, surgical
access is controversial. Abdominal access (by laparotomy)
allows the entire contents of the abdomen to be examined,
bowel anastomosed, and a colostomy fashioned should the
need arise (34). On the other hand, thoracotomy allows
better adhesiolysis of a chronic bowel herniation, at the
risk of poor exposure of the hernia ring. Nakashima et 4/
presented their experience with VATS repair of Morgagni
hernia, and they advocate it as first choice over laparoscopic
approach in the management of adult patients with
Bochdalek or Morgagni hernias and severe adhesion (35).
As thoracic robotic experience evolves we will see in the not
too distant future thoracic surgeons venturing in this area
of patch repair of CDH. After all what’s in the chest is best
dealt with by chest surgeons, “Render to Caesar the things
that are Caesar’s”.

Conclusions

Symptomatic Bochdalek hernia, and possibly Morgagni
hernia in the adult population could be safely repaired by
VATS with good and lasting results.
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