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ABSTRACT
A diaphragmatic injury is usually associated with injury
to thoracic or abdominal organs due to blunt or penetrating trauma, and is uncommon after blast injury. We
describe a patient with respiratory distress due to herniation of the stomach into the chest through a diaphragmatic injury, sustained 1 year previously when he
suffered a blast injury while on deployed military operations, but without obvious visceral injury at that time. At
emergency laparotomy there was a gastric perforation
which was exteriorised as a gastrostomy and the diaphragmatic rupture closed. Postoperative pneumonia and
pelvic abscess were both treated successfully and he left
the hospital in good condition. Delayed treatment of
traumatic diaphragmatic injury leads to an increased risk
for herniation and/or strangulation of abdominal organs,
which can be life-threatening. Recognising the symptoms
indicating diaphragmatic injury is especially important in
cases in which the relationship to previous trauma is less
clear.

INTRODUCTION
Diaphragmatic injury is uncommon and remains a
diagnostic and therapeutic challenge. Its presentation ranges from acute haemodynamic instability to
gastrointestinal problems and respiratory insufﬁciency years later.1 2
Early recognition is of great importance because
of its possible life-threatening consequences. We
describe a patient with respiratory distress due to a
diaphragmatic rupture in which the stomach herniated into the thoracic cavity 1 year after he suffered a blast injury from an improvised explosive
device (IED) detonation, after which no injuries to
the thorax or abdomen were suspected.
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A previously ﬁt and well 29-year-old male soldier
complained of shortness of breath, pain in the epigastrium, nausea and vomiting in the emergency
department; he had experienced these symptoms in
a milder form before, but they had worn off spontaneously. No cause had been identiﬁed. While
deployed 1 year previously to Afghanistan, he was
exposed to an IED blast, but according to the
patient suffered no obvious injuries to his thorax,
abdomen or limbs: no further information about
the assessment after the blast injury was available.
Chest examination showed diminished percussion
on the left side and absence of breath sounds and
abdominal examination of the abdomen revealed
normal bowel sounds and no signs of peritoneal
irritation. A plain chest radiograph was thought to
suggest pleural empyema (Figure 1) and it was not
until a CT scan of the thorax showed an
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Key messages
▸ Delayed presentations after diaphragmatic
injury are not uncommon.
▸ Diaphragmatic injury following blast injury is
rare.
▸ Diaphragmatic hernias should be repaired to
prevent subsequent obstructive symptoms.

intrathoracic stomach, mediastinal shift to the right
and no obvious left hemidiaphragm that diaphragmatic rupture was considered (Figure 2).
Due to his worsening respiratory insufﬁciency
and the risk of gastric strangulation, operative
repair of the diaphragm was decided and because
of both the experience of the surgeon and the risk
of gastric perforation an abdominal approach was
chosen. This necessitated inter-hospital transfer and
3 h after presentation, immediately prior to induction of anaesthesia for surgery, he became acutely
shocked with a sudden increase in abdominal pain
consistent with visceral perforation.
At laparotomy, stomach content was seen leaking
from the pleural cavity into the abdomen, there
was a 15 cm left sided diaphragmatic rupture,
mostly in the muscular part (Figure 3), the stomach
and spleen were both in the left chest and there
was a perforation of the greater curvature of the
stomach (Figure 4). The organs were repositioned
in the abdomen and the gastric perforation closed
around a gastrostomy tube. The diaphragm was
closed without tension using a PDS loop and some
non-absorbable sutures after thorough thoracoabdominal lavage, with large bore drains above and
below the diaphragm.
Despite postoperative antibiotics the patient
developed a left sided pneumonia, which did
resolve with further antibiosis, and a pelvic abscess,
which was drained. The patient then recovered
quickly and ﬁnally left the hospital in a good
condition.

DISCUSSION
The ﬁrst ante-mortem report of traumatic diaphragmatic injury (TDI) was described by Bowditch
in 1853.3 Analysis of the data from the National
Trauma Data Bank (NTBD) showed an incidence of
0.63% of TDI and in these cases a left sided injury
is recorded three times more often than a right.4–6
A recent study showed that 3% of patients hospitalised after a blast injury had an abdominal injury
(range 1.3%–33%).7
1
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Figure 1 Erect chest x-ray showing almost complete atelectasis of the
left lung with a large amount of ﬂuid in the left hemi thorax and
mediastinal shift to the right.

The presentation of diaphragmatic injury varies from mild
symptoms to life-threatening situations due to bowel obstruction
and ischaemia or pulmonary distress in complicated cases.2 8
Grimes described three distinct phases of presentation of TDI:
the acute phase with respiratory and haemodynamic instability;
a latent phase with symptoms of decreased functional capacity
of the thorax due to the movement of intra-abdominal contents
in the thoracic cavity; and the obstructive phase which occurs
months to years after the injury when herniated viscera become
obstructed or strangulated.9 The complaints of our patient correspond best with the obstructive phase, which was conﬁrmed
by the radiological examination and laparotomy.
Patterns of injury after blast injury are described in recent literature. One of the pitfalls in those cases is that during the
initial assessment, subtle or slowly evolving clinical signs and
intra-abdominal organ injuries might be overlooked; in addition,

Figure 2 CT scan of the chest after intravenous contrast. There is an
extremely dilated stomach in the left hemi thorax with atelectasis of
the left lung and mediastinal shift to the right.
2

Figure 3 Operative photograph showing the ruptured diaphragm
exposed between the two clamps. The lower lobe of the left lung is
visible through the damaged diaphragm.

Figure 4 Operative photograph showing the perforation of the
greater curvature of the stomach.
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the damage from blast or indirect ballistic injury can have a
delayed presentation.7 10 The speciﬁc delayed presentation of
diaphragmatic rupture complicated with herniation of the
stomach over 1 year after blast injury has not been described in
the literature before.
Diagnosing injury to the diaphragm is challenging due to the
wide variety of symptoms and the difﬁculties of recognising
injury on radiological examination.11 With a sensitivity of
approximately 80% the CT scan is the most accurate diagnostic
instrument to diagnose TDI.12 Patients who are suspected to
have TDI but have inconclusive image studies should undergo a
diagnostic laparoscopy or thoracoscopy.13–15
TDI has an overall morbidity of 30%–68%, with herniation
and strangulation of abdominal viscera and pulmonary problems
being the most common complications.16 17 Patients with diaphragmatic injury after a blunt trauma have a higher risk of
complications (60%) compared with patients with TDI after
penetrating trauma (40%).18
The surgical repair of the diaphragm can be done by either an
abdominal or thoracic approach and there is no evidence as to
which is the best approach for haemodynamically stable
patients. It has been suggested that acute right sided injuries and
chronic hernias should be approached through the right chest
and left sided injuries should be approached through the
abdomen.19 The choice of approach is also heavily dependent
on the experience and speciality of the operating surgeon.20
The injured diaphragm can be closed directly, with absorbable
or non-absorbable sutures, or in larger defects with use of a
mesh graft21 and the treatment of the traumatic diaphragmatic
hernia does not differ from the treatment of congenital or other
diaphragmatic hernias.
The overall mortality rate, based on data of the NTBD, is
approximately 25%.4 The mortality rate for delayed presentation of TDI of patients with incarceration of herniated gastrointestinal viscera is 20%, going up to 40%–57% when
strangulation occurs.22

CONCLUSIONS
We describe a patient with TDI complicated with herniation and
strangulation of the stomach presenting over 1 year after a blast
accident after which the initial assessment immediately after the
blast accident showed no signs of diaphragmatic injury. The
absence of visible injuries after blast injury combined with a
delayed presentation of diaphragmatic rupture with gastrointestinal herniation has seldom been reported.
Delayed diagnosis and treatment of TDI is associated with an
increased risk for herniation and strangulation of abdominal
organs, which can be life-threatening. Recognition of symptoms
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indicating diaphragmatic injury is especially important when the
relationship to a trauma is less clear.
Contributors All authors contributed to: conception and design, or analysis and
interpretation of data and ﬁgures; drafting the article or revising it critically for
important intellectual content; and ﬁnal approval of the version to be published.
Competing interests None.
Patient consent Obtained.
Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1
2
3
4
5
6
7
8
9
10
11
12
13

14
15

16
17
18
19
20
21

22

Clarke DL, Greatorex B, Oosthuizen GV, et al. The spectrum of diaphragmatic injury
in a busy metropolitan surgical service. Injury 2009;40:932–7.
Christiansen LA, Stage P, Brahe EB, et al. Rupture of the diaphragm.
Thorax 1974;29:559–63.
Bowditch HI. Diaphragmatic hernia. Buffalo Med J 1853;9:65–94.
American College of Surgeons. National Trauma Data Base. 2000–2004.
Shah R, Sabanathan S, Mearns AJ, et al. Traumatic rupture of diaphragm. Ann
Thorac Surg 1995;60:1444–9.
Pagliarello G, Carter J. Traumatic injury to the diaphragm: timely diagnosis and
treatment. J Trauma 1992;33:194–7.
Owers C, Morgan JL, Garner JP. Abdominal trauma in primary blast injury. Br J Surg
2011;98:168–79.
Bernatz PE, Burnside AF Jr, Clagett OT. Problem of the ruptured diaphragm. J Am
Med Assoc 1958;168:877–81.
Grimes OF. Traumatic injuries of the diaphragm. Am J Surg 1974;128:175–81.
Webster C, Mercer S, Schrager J, et al. Indirect colonic injury after military
wounding: a case series. J Trauma 2011;71:1475–7.
Gwely NN. Outcome of blunt diaphragmatic rupture. Analysis of 44 cases. Asian
Cardiovasc Thorac Ann 2010;18:240–3.
Sangster G, Ventura VP, Carbo A, et al. Diaphragmatic rupture: a frequently missed
injury in blunt thoracoabdominal trauma patients. Emerg Radiol 2007;13:225–30.
Murray JA, Demetriades D, Cornwell EE 3rd, et al. Penetrating left
thoracoabdominal trauma: the incidence and clinical presentation of diaphragm
injuries. J Trauma 1997;43:624–6.
Friese RS, Coln CE, Gentilello LM. Laparoscopy is sufﬁcient to exclude occult
diaphragm injury after penetrating abdominal trauma. J Trauma 2005;58:789–92.
Ochsner MG, Rozycki GS, Lucente F, et al. Prospective evaluation of thoracoscopy
for diagnosing diaphragmatic injury in thoracoabdominal trauma: a preliminary
report. J Trauma 1993;34:704–9; discussion 709–10.
Payne JH Jr, Yellin AE. Traumatic diaphragmatic hernia. Arch Surg 1982;117:18–24.
Chen JC, Wilson SE. Diaphragmatic injuries: recognition and management in
sixty-two patients. Am Surg 1991;57:810–15.
Meyers BF, McCabe CJ. Traumatic diaphragmatic hernia. Occult marker of serious
injury. Ann Surg 1993;218:783–90.
Haciibrahimoglu G, Solak O, Olcmen A, et al. Management of traumatic
diaphragmatic rupture. Surg Today 2004;34:111–14.
Morgan BS, Watcyn-Jones T, Garner JP. Traumatic diaphragmatic injury. JR Army
Med Corps 2010;156:139–49.
Palanivelu C, Rangarajan M, Rajapandian S, et al. Laparoscopic repair of adult
diaphragmatic hernias and eventration with primary sutured closure and prosthetic
reinforcement: a retrospective study. Surg Endosc 2009;23:978–85.
Sullivan RE. Strangulation and obstruction in diaphragmatic hernia due to direct
trauma. Report of two cases and review of the English literature. J Thorac
Cardiovasc Surg 1966;52:725–34.

3

Downloaded from jramc.bmj.com on August 8, 2013 - Published by group.bmj.com

Delayed presentation of diaphragmatic
rupture after blast injury
Linda B M Weerink, K Ten Duis, D Van der Velde, et al.
J R Army Med Corps published online May 27, 2013

doi: 10.1136/jramc-2013-000068

Updated information and services can be found at:
http://jramc.bmj.com/content/early/2013/05/27/jramc-2013-000068.full.html

These include:

Data Supplement

"Supplementary Data"
http://jramc.bmj.com/content/suppl/2013/05/24/jramc-2013-000068.DC1.html

References

This article cites 19 articles, 1 of which can be accessed free at:
http://jramc.bmj.com/content/early/2013/05/27/jramc-2013-000068.full.html#ref-list-1

P<P
Email alerting
service

Published online May 27, 2013 in advance of the print journal.
Receive free email alerts when new articles cite this article. Sign up in
the box at the top right corner of the online article.

Notes

Advance online articles have been peer reviewed, accepted for publication, edited and
typeset, but have not not yet appeared in the paper journal. Advance online articles are
citable and establish publication priority; they are indexed by PubMed from initial
publication. Citations to Advance online articles must include the digital object identifier
(DOIs) and date of initial publication.

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.bmj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/

