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ABSTRACT

Introduction: Intrapericardial diaphragmatic hernia is a
rare injury. We present a case of an intrapericardial dia-
phragmatic hernia from blunt trauma. In this report we
will review the current literature and also describe the first
report of a primary laparoscopic repair of the defect.

Case Description: A 38-year-old unrestrained male pas-
senger had blunt chest and abdominal trauma from a
motor vehicle collision. Two months later, on a computed
tomography scan, he was found to have an intrapericar-
dial diaphragmatic hernia. The defect was repaired pri-
marily through a laparoscopic approach.

Discussion: Symptoms of intrapericardial diaphragmatic
hernia are chest pain, upper abdominal pain, dysphagia,
and dyspnea. Chest computed tomography is the most
useful diagnostic test to define the defect. Even when the
injury is diagnosed late, laparoscopy can be used for
primary and patch repair.
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INTRODUCTION

The diaphragm is a dome-shaped septum, composed of
muscular portions surrounding the central tendon, which
is a clover leaf—shaped fascial aponeurosis with one an-
terior leaf and two lateral leaves.! The 3 components of
the muscular portions of the diaphragm (costal, sternal,
and lumbar components) attach to the circumference of
the thoracic inlet (lower 6 ribs, sternum and xiphoid
process, and upper 3 lumbar vertebrae) and attach to the
central tendon.? The central tendon is attached to the
pericardial sac and lies anterior to the esophageal hiatus.
In an animal model, the central tendon is subject to higher
tension than the other muscles of the diaphragm.?

Intrapericardial diaphragmatic hernias occur when this
central tendon of the diaphragm ruptures with herniation
of abdominal viscera into the pericardium from blunt
trauma. This is opposed to a tear of the pericardium into
the thorax, which has also been described. The literature
on this rare injury was last reviewed in 2001 by Reina et
al.* We present an additional case of an intrapericardial
diaphragmatic injury along with an updated review of the
published English-language literature focusing on diagno-
sis, treatment, and outcome.

CASE REPORT

A 38-year-old male unrestrained passenger was involved
in a motor vehicle collision and had blunt chest and
abdominal trauma. His initial imaging included radio-
graphs of the chest and pelvis and computed tomography
(CT) imaging of the head, cervical spine, abdomen, and
pelvis. He was found to have a left grade 4 renal lacera-
tion, multiple bilateral rib fractures, bilateral pulmonary
contusions, and 2 tiny foci of pneumoperitoneum that
were not attributable to any hollow viscous injury (Figure 1).
He was initially resuscitated in the surgical intensive care
unit and then underwent selective renal angioemboliza-
tion on hospital day 1. On hospital day 4, the patient had
a CT urogram that showed a urine leak and subsequently
underwent placement of a left ureteral stent. On hospital
day 6, he was discharged home with a Foley catheter. He
was then seen in the trauma surgery clinic on postinjury
day 19 for follow-up and was having regular bowel move-
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Figure 1. CT scan of abdomen and pelvis on day of injury.

ments without nausea or vomiting, but he was noted to be
eating small meals because of abdominal bloating. He was
seen by his primary care provider 1 month later with
complaints of worsening epigastric pain, lower chest dis-
comfort, and abdominal cramps but was again noted to be
having regular bowel movements. An abdominal radio-
graph was obtained at the time and showed a moderate
stool burden but no other apparent abnormalities. The
patient subsequently started taking a proton pump inhib-
itor for presumed reflux. His next visit was to our urology
clinic 2 months after injury for removal of his ureteral
stents. His CT urogram showed no evidence of urinary
extravasation, but we visualized an intrapericardial dia-
phragmatic defect with herniation of the abdominal vis-
cera into the pericardial sac (Figure 2). A retrospective
review of the CT scan from the patient’s initial presenta-
tion showed an intrapericardial defect in the anterior di-
aphragm (Figure 1).

We elected to repair the intrapericardial diaphragmatic
hernia through a laparoscopic abdominal approach. The
patient was positioned in the supine reverse Trendelen-
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Figure 2. CT scan of chest 2 months after injury.

burg position. A total of 3 trocars were used (a camera
port above the umbilicus and 2 working ports at the
epigastrium and left subcostal margin). Pneumoperito-
neum was maintained at 10 to 12 cm H,O to avoid any
potential tamponade effect on the heart. The transverse
colon and omentum were reduced from the pericardial
sac through the diaphragmatic defect, with adhesiolysis of
attachments of the omentum at the rim of the pericardium
and diaphragm (Figures 3 and 4). The intrapericardial
diaphragm defect measured 8 cm long X 4.5 cm wide.
The heart was directly visualized through the intrapericar-
dial diaphragmatic defect. The defect was closed primarily
with horizontal mattress stitches with No. 0 Prolene suture
(Ethicon, Somerville, New Jersey) (Figure 5). The patient
had an uneventful postoperative course and was dis-
charged home on postoperative day 2.

Figure 3. Intraoperative image of intrapericardial diaphragmatic
hernia.
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Figure 4. Intraoperative image of intrapericardial diaphragmatic
hernia reduced.
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Figure 5. Intraoperative image of intrapericardial diaphragmatic
hernia repaired.

LITERATURE REVIEW

van Loenhout et al> were the first authors to review the
literature on traumatic intrapericardial diaphragmatic her-
nia. They found 58 cases in addition to reporting a case.
Reina et al* reviewed the literature from 1986 through
1999 and found 22 cases in addition to the case they
reported. Rodriguez-Morales et al® described an additional
two cases in 1986 that were not described by Reina et al.
Since 1999, there have been 11 additional cases of trau-
matic intrapericardial diaphragmatic hernias reported in
the English-language literature.”'4 Including our case,
there are 96 published occurrences of traumatic intraperi-
cardial diaphragmatic hernias. Table 1 summarizes the 12
recent cases from 1999 through 2012. A blunt mechanism
is most common, including car crashes, pedestrians being
struck by cars, or falls, with one case in which the exact
mechanism was unknown. There are a variety of associ-
ated injuries that are common in blunt trauma without any
one being specifically associated with intrapericardial di-
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aphragmatic hernia. Four of the patients were immedi-
ately taken to the operating room on presentation. The
longest time interval to presentation was 38 years, and the
defect length ranged from 6 to 16 cm. Reina et al reported
an average interval between injury and diagnosis of 4.8
years and average defect length of 10.3 cm.

DISCUSSION

Half of the cases of blunt traumatic intrapericardial
diaphragmatic hernias (6 of 12) were diagnosed re-
motely (>30 days) from the initial trauma injury. The
most common presenting complaint is chest and upper
abdomen symptoms. Diaphragmatic hernia in general
should be maintained in the differential of a patient
with blunt trauma who does not progress appropriately
and in whom dysphagia, dyspnea, new-onset gastro-
esophageal reflux disease symptoms, or abdominal or
chest discomfort persists without an adequate explana-
tion from another abdominal or thoracic process. Chest
radiography was a common initial imaging study fol-
lowed by CT to confirm the diagnosis. The initial
trauma imaging workup missed the diagnosis of intra-
pericardial diaphragmatic injury in all cases described
in the past decade, including our case. Interestingly,
our patient had a chest CT scan on initial presentation
that was read as normal, but in retrospect, there was a
small defect present. As the quality of CT imaging
improves, there is potential that these rare injuries will
be more commonly diagnosed on initial imaging.

The principles of the operation are to reduce the her-
niated organs (most commonly the transverse colon,
omentum, and stomach), define the edges of the dia-
phragm, and close the diaphragmatic defect either pri-
marily or with a patch. A variety of surgical approaches
are described for repair of intrapericardial hernias, in-
cluding thoracotomy with either primary or patch re-
pair, laparotomy with primary or patch repair, and
abdominal laparoscopy with patch repair. One theoret-
ical concern associated with laparoscopic repair is cardiac
tamponade due to gas insufflation.” The laparoscopic ap-
proach using a patch was described by McCutcheon et al'!
as a safe and feasible repair method. We describe the first
case of an intrapericardial diaphragmatic hernia success-
fully repaired primarily through an abdominal laparo-
scopic approach.

Although the central tendon portion of the diaphragm
may seem to be less compliant than the dome of the
diaphragm, our case—along with most of the litera-
ture—suggests that primary repair can be performed.
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Just as in the repair of diaphragmatic hernias, both absorb-
able and nonabsorbable sutures have been described, as has
a running versus interrupted suture technique.>” We advo-
cate that a blunt traumatic intrapericardial diaphragmatic
defect can be fixed primarily, similar to most other blunt
diaphragmatic injuries. If primary repair is not feasible, use of
an expanded Polytetraflouroethylene patch as a bridge
seems appropriate because it presents a smooth surface for
both the cardiac and intra-abdominal sides. A biologic patch
may also have a role in repairing this injury but has not yet
been described. A laparoscopic approach should be consid-
ered because avoiding an upper abdominal incision may
translate into a significantly shorter hospital stay as has been
shown with laparoscopic cholecystectomy.!>

Although successful reports of primary and patch repair
are present in the literature, long-term outcomes are lack-
ing. Only 3 reports have any follow-up, which ranged
from 6 to 48 months. Recurrence rates within these reports
were 0%. Our patient has been followed up for 8 months
postoperatively and has no signs of recurrence either
clinically or on chest and abdominal radiographs.

In conclusion, half of the cases of blunt traumatic intraperi-
cardial diaphragmatic hernias present remote from the initial
traumatic injury, with the most common symptoms being
chest pain, upper abdominal pain, dysphagia, and dyspnea.
Chest CT is the most useful diagnostic test to define the
defect. Even when the injury is diagnosed late, laparoscopy
can be used for primary and patch repair and should be
attempted first before an immediate open approach.

References:

1. Downey R. Anatomy of the normal diaphragm. Thorac Surg
Clinic. 2011;(21):273-279.

2. Fell S. Surgical anatomy of the diaphragm and the phrenic
nerve. Chest Surg Clin N Am. 1998;8(2):281-294.

3. Boriek A, Rodarte J, Reid M. Shape and tension distribution
of the passive rat diaphragm. Am J Physiol Regul Integr Comp
Physiol. 2001;280:R33—R41.

JSLS

4. Reina A, Vidana E, Soriano P, et al. Traumatic intrapericar-
dial diaphragmatic hernia: case report and literature review.
Injury. 2001;32(2):153-156.

5. van Loenhout RM, Schiphorst TJ, Wittens CH, Pinckaers JA.
Traumatic intrapericardial diaphragmatic hernia. J Trauma.
1986;26(3):271-275.

6. Rodriguez-Morales G, Rodriguez A, Shatney CH. Acute rup-
ture of the diaphragm in blunt trauma: analysis of 60 patients.
J Trauma. 1986;26(5):438—444.

7. Sharma OP. Pericardio-diaphragmatic rupture: five new
cases and literature review. J Emerg Med. 1999;17(6):963-968.

8. Wenzel DJ, Hamilton JD. Cross-sectional CT of strangulating
intrapericardial diaphragmatic hernia. A/R Am J Roenigenol.
2001;177(3):686—0688.

9. Wright BE, Reinke T, Aye RW. Chronic traumatic diaphrag-
matic hernia with pericardial rupture and associated gastro-
esophageal reflux. Hernia. 2005;9(4):392-396.

10. Barrett J, Satz W. Traumatic, pericardio-diaphragmatic rup-
ture: an extremely rare cause of pericarditis. / Emerg Med. 2000,
30(2):141-145.

11. McCutcheon BL, Chin UY, Hogan GJ, Todd JC, Johnson RB,
Grimm CP. Laparoscopic repair of traumatic intrapericardial di-
aphragmatic hernia. Hernia. 2010;14(6):647—649.

12. Bini A, Davoli F, Cassanelli N, Dolci G, Luciano G, Stella F.
Unusual delayed presentation of post-traumatic intrapericardial
hernia associated with intestinal occlusion. Ann Ital Chir. 2010;
81(1):45-47.

13. Scheepers S, Ackermann C, Janse van Rensburg P, Els H. An
intrapericardial hernia. Eur J Cardiothorac Surg. 2011;39(1):135.

14. Joyeux F, Canaud L, Berthet JP, Ané CM. Traumatic intra-
pericardial diaphragmatic hernia. Eur J Cardiothorac Surg. 2011;
40(1):e69.

15. Keus F, de Jang J, Gooszen HG, Laarhoven CJHM.
Laproscopic Versus Open cholecystectomy for Patient with
Symptomatic Cholecystolithiasis. Cochrane Database of System-
atic Reviews, 20006; Issue 4.

JSLS (2014)18:333-337 337



