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Prognostic factors and outcome of traumatic
diaphragmatic rupture

Travmatik diyafragmatik riiptiiriinde prognostik faktorler ve sonuclar

Ali Akbar BEIGL,' Hassan MASOUDPOUR,? Siavoush SEHHAT,? Elham Fatemeh KHADEMI*

BACKGROUND

Traumatic diaphragmatic hernias commonly occur after
blunt and penetrating trauma. The difficulties in diagnosing
traumatic diaphragmatic rupture due to coexisting injuries
and the silent nature of the diaphragmatic injuries at the first
admission are the most common causes of delayed diagnosis.

METHODS

The medical records of 34 patients (28 male, 6 female; mean
age 32.3 years; range 1 to 68) treated for post-traumatic
diaphragmatic hernias between August 2004 and June 2008
in Alzahra Hospital were analyzed retrospectively.

RESULTS

Rupture of the diaphragm was left-sided in 22 (64.7%)
and right-sided in 11 (32.4%) and bilateral in 1 (2.9%) of
the patients. Blunt trauma accounted for the injuries of
22 patients (64.7%). In the first operation, diagnosis was
established preoperatively in 15 patients (44.1%) and in-
traoperatively in 13 (38.2%). The diagnosis was missed in
6 (17.7%) patients in the first operation. Strangulation of
the viscera was seen in three patients. The longest interval
between the onset of trauma and diagnosis was approxi-
mately three years in one case. Multiple associated injuries
were observed in 22 patients (64.7%), the most common of
which were spleen injury (38.2%), fractures of the extremi-
ties and hemothorax (29.4%) and liver injury (26.5%).
Postoperative complications were seen in nine patients
(26.5%). Mortality of isolated blunt traumatic rupture was
0%. Hemorrhagic shock, young age and associated injuries
significantly increased the mortality and morbidity.

CONCLUSION

Despite the fact that the incidence of diaphragmatic hernia
is uncommon, it should be suspected in all blunt or pen-
etrating traumas of the thorax and abdomen. Because late
complications are usually associated with high morbidity,
the presence of such an injury should be excluded before
terminating the exploratory procedure.
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AMAC

Travmatik diyafragma fitiklari, kiint ve penetran yaralan-
malardan sonra siklikla olugmaktadir. Travmatik diyafrag-
ma yirtig1 tanisinda zorluklar, eslik eden yaralanmalar ve
diyafragma yaralanmalarinin sessiz dogasi ilk bagvuruda
geg tan1 konmasinin en sik nedenleridir.

GEREC VE YONTEM

Alzahra Hastanesi’nde Agustos 2004 ile Haziran 2008 ta-
rihleri arasinda post-travmatik diyafragma fitig1 nedeniy-
le tedavi edilen 34 hastanin (28 erkek, 6 kadin; ortalama
yas 32,3 yil; dagilim 1-68) tibbi kayitlari, retrospektif ola-
rak incelendi.

BULGULAR

Diyafragma yirtig1 hastalarin 22’°sinde (%64,7) sol taraf-
ta, 11’inde (%32,4) sag tarafta ve 1’inde ise (%2,9) iki ta-
rafliydi. Kiint travma, 22 hastada yaralanma (%64,7) ne-
deniydi. Ilk operasyonda tam, 15 hastada (%44,1) ameli-
yat oncesinde, 13 hastada (%38,2) ameliyat sirasinda ko-
yuldu. Tani, 6 hastada (%17,7) ilk operasyonda atland1. Ug
hastada, viseral organ strangiilasyonu goriildii. Travma bas-
langici ile tan1 arasindaki en uzun interval, bir olguda yak-
lagik {i¢ y1l oldu. Hastalarin 22’sinde (%64,7) eslik eden
birden ¢ok sayida yaralanma gozlendi ve bunlar en yaygin
olarak dalak yaralanmasi (%38,2), ekstremite kiriklari, he-
motoraks (%29,4) ve karaciger yaralanmasi (%26,5) sek-
lindeydi. Dokuz hastada (%26,5) ameliyat sonras1 komp-
likasyonlar gozlendi. izole kiint travmatik riiptiir mortali-
tesi %0 oldu. Hemorajik sok, geng yas ve eslik eden yara-
lanmalar, mortalite ve morbiditeyi anlamli sekilde arttird.

SONUC

Diyafragmatik fitik insidansinin nadir olmasi ger¢egine kar-
sin, toraks ve karina iliskin tiim kiint ve penetran travmalar-
da diyafragma fitigindan kuskulanilmalidir. Ge¢ komplikas-
yonlarin ¢ogunlukla yiiksek morbidite ile birlikte olmasi ne-
deniyle, boyle bir yaralanmanin varligi, tanisal islemler ta-
mamlanmadan 6nce ekarte edilmelidir.
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Sennertus, in 1541, was the first to report the trau-
matic diaphragmatic hernia. In 1853, Bowditch rec-
ognized the injury before death and made the modern
diagnosis of diaphragmatic hernia. Diaphragmatic rup-
ture following blunt or penetrating trauma is a relative-
ly common occurrence.!'*] Although the true incidence
remains unknown, autopsy series of patients sustain-
ing blunt abdominal injury suggest an incidence of ap-
proximately 5%. The injury is found more frequently
in patients who sustain penetrating trauma, especially
in anterior wounds below the nipple, when the occur-
rence may reach as high as 30%.0"¥ In conservatively
managed patients, the rate of initially missed diaphrag-
matic injuries ranges from 12 to 66%, and they may
even be overlooked at laparotomy.”!°" A serious and
possibly lethal complication makes a thorough and ag-
gressive search for this injury imperative after any tho-
racoabdominal injury."" Diagnosis of a diaphragmatic
injury requires a high index of suspicion.

The aim of this retrospective study was to review
the experience of our hospital with the management
of traumatic diaphragmatic rupture (TDR) in order to
identify predictors of outcome, associated morbidity
and mortality, and factors contributing to diagnostic
delay.

MATERIALS AND METHODS

The Alzahra Health Center in Esfahan is considered
to be one of the busiest referral hospitals for trauma in
Esfahan state. During the past three years, there were
on average approximately 5000 admissions per year for
blunt and penetrating trauma to the torso. The medical
records of 34 patients treated for traumatic diaphrag-
matic hernias between August 2004 and June 2008 in
Alzahra Hospital were analyzed retrospectively. We
evaluated the incidence, side of TDR, mechanism of in-
jury, associated morbidity and mortality, and predictors
of outcome. The variables studied with outcome includ-
ed patient age, sex, hemodynamic status upon admis-
sion, and time to diagnosis. For the purpose of statistical
analysis, continuous variables were compared using the
unpaired Student’s t-test and differences between cat-
egorical variables were assessed using the y*-test. A P-
value of <0.05 was considered statistically significant.

Table 1. Causes of injuries and location of TDR
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RESULTS

The study identified 34 patients with TDR. The
incidence of blunt and penetrating trauma to the tor-
so was approximately 0.08%. There were 28 males
(82.4%) and 6 females (17.6%) ranging in age from
1 to 68 years (mean: 32.3 years). Rupture of the dia-
phragm was left-sided in 22 (64.7%), right-sided in 11
(32.4%) and bilateral in 1 (2.9%) of the patients. The
causes of injury were: traffic accidents (n=16, 47%),
falling (n=2, 5.9%), gunshot wounds (n=4, 11.8%),
stab wounds (n=8, 23.5%), and other causes of blunt
trauma (n=4, 11.8%) (Table 1). Blunt trauma was the
most common cause of diaphragmatic injuries (n=22,
64.7%), which were primarily due to traffic accidents.
The majority of TDR following vehicular accident was
left-sided in 11 of 16 patients (69%). In contrast, gun-
shot wounds injured the right hemidiaphragm in four
of four patients (100%). In three of four patients (75%)
with survivable bullet wounds, the injury was repaired
using prosthetic mesh. Most of these injuries from
gunshot wounds are not amenable to repair with imbri-
cations suture because of a large defect following de-
bridement of necrotic tissues. Stab wounds injured the
left hemidiaphragm in five of eight patients (62.5%).
One case of bilateral diaphragmatic rupture occurred
due to stab wound. Diagnosis of TDR was recognized
in less than 24 hours in 12 patients (35.3%). In the re-
maining 22 patients (64.7%), diagnostic delay ranged
from 1 to 7 days with the exceptions of: one patient
who developed left intrathoracic herniation of the co-
lon diagnosed three years after initial injury; three pa-
tients who presented with vague abdominal symptoms
one year later; and one patient who referred with the
complaint of dyspnea nine months after trauma with
herniation of the stomach. In the first operation, the di-
agnosis was recognized preoperatively in 15 patients
(44.1%), and intra-operatively in 13 (38.2%). The di-
agnosis was missed in six (17.7%) patients in the first
operation. Multiple associated injuries were observed
in 22 patients (64.7%), which included spleen injury
(n=13, 38.2%), fractures of the extremities and hemo-
thorax (n=10, 29.4%), liver injury (n=9, 26.5%), rib
fracture (n=8, 23.6%), pneumothorax and head injury
(n=6, 17.6%), lung injury and pelvic fracture (n=4,
11.8%), strangulation of the viscera (n=3, 8.8%) and

Right hernia Left hernia Bilateral Number of patients
n (%) n (%) n (%) n (%)

Traffic accidents 5(31.2%) 11 (68.8%) 0 16 (47%)
Stab wounds 2 (25%) 5(62.5%) 1 (12.5%) 8 (23.5%)
Gunshot wounds 4 (100%) 0 4 (11.8%)
Falling 0 2 (100%) 0 2 (5.9%)
Other blunt trauma 0 4 (100%) 0 4 (11.8%)
Total 11 (32.4%) 22 (64.7%) 1(2.9%) 34
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Table 2. Risk factors affecting mortality in TDR

Risk factors Non-survivors (n=5) Survivors (n=29) P
Age (years) Mean: 39.6 Mean: 29.1 <0.05
Associated injuries (n) 4 (80%) 18 (62%) <0.05
Hemorrhagic shock (n) 3 (0.6%) 7 (24.1%) <0.05
Thoracic injuries (need thoracotomy) (n) 5 (100%) 7 (24%) <0.05
Early diagnosis (<24 hrs) (n) 2 (40%) 10 (34.4%) NS
Late diagnosis (>24 hrs) (n) 3 (60%) 19 (65.6%) NS

NS: Not significant.

pericardial laceration, bowel injury, rupture of stom-
ach, and bronchial injury (n=1, 2.9%). Hemorrhagic
shock occurred in 10 patients (29.4%). Strangulation
of the viscera was seen in three patients, and included
the stomach in two patients, the colon in one patient
and the omentum in one patient. Mean hospitalization
was approximately 12.3 days. The plain chest X-rays
(Fig. 1) were diagnostic in only five patients (14.7%),
but were suggestive in 14 patients (41.2%) following
nasogastric tube insertion. Computerized tomography
(CT) scan of the chest and abdomen with intravenous
and oral contrast was performed in nine patients with
stable hemodynamic condition. TDR was diagnosed on
the CT scan in six of the nine patients and in the others
it was suggested. Surgical exploration was the method
of diagnosis in the remaining patients. The diaphragm
was repaired using both interrupted and running meth-
od with non-absorbable suture via laparotomy in 22
patients (64.7%), thoracotomy in seven (20.6%) and
laparotomy with thoracotomy in five patients (14.7%).
The method of operation depended on the clinical and
radiological findings and other associated injuries. One
patient presented with an acute tension feco-pneumo-
thorax as a rarity!'” caused by the incarceration of the

splenic flexure of the colon in the thoracic cavity after
intrathoracic perforation. Postoperative complications
were seen in nine patients (26.5%), and included tho-
racic empyema in three patients, mechanical ileus in
two, pneumonia in three, and surgical site infection in
two. Totally, five patients died (14.7%), one in the op-
erating room due to irretrievable hemorrhagic shock,
and the remaining four as a result of acute respiratory
distress syndrome (ARDS), postoperatively. All these
complications were related to associated injuries. The
mortality of isolated blunt traumatic rupture was 0%.
We compared age, hemodynamic status, early (<24 hrs)
and late (>24 hrs) diagnosis, and associated injuries to
evaluate the risk factors affecting the mortality of TDR.
We found that hemorrhagic shock, young age and asso-
ciated injuries (especially thoracic injuries) significant-
ly increased and caused mortality in TDR (p<0.05).
Neither early nor late diagnosis influenced the outcome
of our patients significantly (p>0.05) (Table 2).

DISCUSSION

Traumatic rupture of the diaphragm resulting from
blunt and penetrating trauma remains a challenging
clinical entity.l'*!3"3] As reported, the diagnosis may

m

Fig. 1. Left TDR in a 38-year-old woman following a traffic accident. Chest X-ray (18 hours following the accident)
shows herniation of the splenic flexure of the colon in the left hemithorax: (a) posteroanterior view and (b)

lateral view.
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be made clinically, as Bowditch originally described,
in 30% to 50% of the cases.'¥ The true incidence of
TDR is unknown because in 7-66% of major trauma
victims, the diagnosis is missed. This is particularly
true for ruptures of the right hemidiaphragm.>!!71 In
our study, the incidence of TDR after blunt and pen-
etrating trauma to the torso was approximately 0.08%.
The main cause of TDR was blunt trauma following
traffic accident (47%). Autopsy studies suggest an
equal incidence of diaphragmatic lacerations on the
left and right, but clinically, left-sided lesions may be
seen more because of a buffering effect of the liver on
the right side. Bilateral lacerations are relatively rare
and occur in 1% to 2% of patients.>3] In our study,
left-sided TDR occurred in 22 patients (64.7%). In
addition, blunt trauma was responsible for the rup-
tures in 22 of 34 patients (64.7%). Bilateral diaphrag-
matic rupture occurred in one case (2.9%) due to stab
wound. Falling was the cause of TDR in two patients
(5.9%). Both patients fell from heights greater than 20
feet and had isolated transverse process fracture of the
lumbar spine. Some articles suggest that transverse
process fracture is a significant marker of abdominal
organ injury.l'"s!! Further evaluation in forthcoming
articles is needed to consider the possibility of TDR
in transverse process fracture of the lumbar vertebrae
in comparison to non-transverse process fracture. The
mortality rates of TDR are reported as 1-28%, and
were mainly due to associated injuries.!'® In our study,
mortality after isolated blunt diaphragmatic rupture
was 0%, and the mortality with associated thoracoab-
dominal injuries was 14.7%. One study from Detroit
revealed no mortality in isolated traumatic blunt dia-
phragmatic ruptures, which included 79 of 731 pa-
tients.I"” It is an uncommon cause of death; associated
injuries determine the prognosis. Those patients with
thoracic injuries have a much greater chance of dy-
ing than patients who have other associated injuries.
Blunt diaphragmatic rupture is often missed during the
initial patient evaluation, and some cases are identi-
fied only with laparotomy despite negative imaging.
(20-24] The two methods most commonly used, chest X-
ray and CT scan, are diagnostic in 33.3% of cases. It
has been reported that CT scan and chest X-ray are
diagnostic for TDR in 25-50% of blunt injuries to the
chest and abdomen.>*725! Thus, the chest X-ray could
be normal or show only slight elevation of the hemi-
diaphragm, especially on the right. Due to coexisting
injuries and the silent nature of the diaphragmatic in-
juries, the diagnosis is easily missed.**2” In our series,
the diagnosis was missed in six (17.7%) patients in
the first operation, in whom there were other associ-
ated major injuries. The first operation was performed
in these missed cases with a primary diagnosis other
than TDR, and the diaphragm was not observed by
the surgeon. TDR is by itself an uncommon cause of
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hemodynamic instability; unstable patients require
immediate laparotomy. We conclude that during the
operation, the surgeon must search meticulously for
small and often hard-to-detect diaphragmatic injuries.
A high index of suspicion and a thorough examina-
tion of both hemidiaphragms during the laparotomy
are recommended in order to avoid early or late com-
plications. The nasogastric tube may be helpful, but
a forceful attempt to pass a tube should be avoided.
Tube thoracostomy, for management of associated he-
mothorax or pneumothorax, should be carried out with
care in those patients suspected of having diaphrag-
matic injury, to avoid further trauma to the herniated
abdominal viscus. Surgical repair is the treatment of
choice in all traumatic diaphragmatic hernias.
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