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Background: Blunt diaphragmatic rupture (BDR) is a rare event and represents a
diagnostic challenge. The purpose of our study was to review our experience with
BDR at the Sunnybrook Health Sciences Centre (Sunnybrook), the largest trauma
centre in Canada, and to highlight recent changes in the diagnosis and management
of the condition.

Methods: We retrospectively reviewed the cases of patients with BDR who were ad-
mitted to Sunnybrook between January 1986 and December 2003 using our trauma
registry. We performed Student t and Fisher exact tests to compare our findings on
patients with BDR with those on the entire cohort of blunt trauma patients admitted
to our centre.

Results: Most patients with BDR were men (64.4%) with a mean age of 42 years.
Left-sided tears were most common (65.0%). Patients with BDR had a very high In-
jury Severity Score (38) and very high mortality (28.8%). Of those who were injured
as a result of motor vehicle collisions (MVCs), a significantly greater percentage of
patients in the BDR group than in the entire cohort of blunt trauma patients were
drivers or front-seat passengers. Patients with BDR were also significantly less likely
to be pedestrians, to have experienced a fall or to be involved in a motorcycle col-
lision. Patients with BDR had a higher chest, abdomen, pelvis and extremity Ab-
breviated Injury Scale score than all blunt trauma patients in general. Most of our
patients underwent laparotomy (93.3%). The most common causes of death among
patients with BDR were head injury (25.0%), intra-abdominal bleeding (23.3%) and
pelvic hemorrhage (18.3%).

Conclusion: Blunt diaphragmatic rupture is rare and difficult to diagnose; however,
certain MVC characteristics along with severe associated injuries should raise the
index of suspicion. These associated injuries include injuries to the head, chest (in-
cluding the aorta), abdomen and pelvis. Computed tomographic angiography is essen-
tial to rule out associated aortic injury and to increase the diagnostic accuracy of BDR.

Contexte : La rupture diaphragmatique après un traumatisme fermé est un phé-
nomène rare et elle pose un défi sur le plan diagnostique. Notre étude avait pour but
de faire le point sur l’expérience que nous avons acquise dans ce domaine au Sunny-
brook Health Sciences Centre, le plus grand centre de traumatologie au Canada, et de
faire ressortir les récents changements qui ont influé sur le diagnostic et la prise en
charge de ce problème.

Méthodes : Nous avons analysé rétrospectivement les cas de rupture diaphragma-
tique après un traumatisme fermé qui ont été admis au Sunnybrook entre janvier 1986
et décembre 2003, à partir de notre registre des traumatismes. Nous avons appliqué
les tests t de Student et exact de Fisher afin de comparer nos résultats relativement aux
patients victimes d’une rupture diaphragmatique après un traumatisme fermé à ceux
de la cohorte entière de patients admis dans notre centre pour un traumatisme fermé.

Résultats : La majorité des patients victimes d’une rupture diaphragmatique étaient
des hommes (64,4 %) âgés en moyenne de 42 ans. Les déchirures affectaient plus sou-
vent le côté gauche (65,0 %). Les patients présentaient un indice de gravité du trau-
matisme (38) et un taux de mortalité (28,8 %) très élevés. Parmi les traumatisés vic-
times d’un accident de la route, un pourcentage significativement plus élevé de
patients du groupe atteint d’une rupture diaphragmatique que de la cohorte entière de
patients victimes d’un traumatisme fermé étaient au volant ou prenaient place sur le
siège avant du côté du passager. Les patients atteints d’une rupture diaphragmatique
étaient également beaucoup moins susceptibles d’être des piétons, d’avoir fait une
chute ou d’avoir été victimes d’un accident impliquant une motocyclette. Les patients
atteints d’une rupture diaphragmatique affichaient un score plus élevé sur l’échelle
abrégée des traumatismes pour les blessures à la poitrine, à l’abdomen, au bassin et



B
lunt diaphragmatic rupture (BDR) occurs in up to
5% of trauma patients admitted to hospital.1 The
condition is rare and represents a challenge to diag-

nosis and management, particularly for the general sur-
geon who does not see this injury routinely and who may
not be comfortable managing the associated severe in-
juries. To avoid missing a BDR, one must maintain a high
index of suspicion based on the mechanism of injury. Re-
cent advances in imaging technology must be incorporated
into the diagnostic armamentarium and into decision-
making. Once diagnosed, management of BDR focuses on
ventilatory support, treatment of associated injuries and
surgical repair of the diaphragmatic tear. Very few large-
volume studies on BDR have been conducted.1,2 The pur-
pose of our study was to review the extensive experience
with BDR at our hospital and highlight the recent changes
in the diagnosis and management of the condition to update
general surgeons who may have to treat patients with BDR.

METHODS

The Sunnybrook Health Sciences Centre (Sunnybrook) is
an urban tertiary level-1 trauma centre in Toronto, Ont.
It is the oldest and largest trauma centre in the country,
and it serves the greater Toronto (population of about
4 million people) and surrounding areas. All trauma pa-
tients are managed by a multidisciplinary trauma team. All
patients undergo ultrasonography (the Focused Assess-
ment with Sonography for Trauma; FAST) in the trauma
room. Stable patients with potential head and abdominal
injuries now routinely receive a computed tomographic
(CT) angiography scan of the chest at the time of head
and abdominal CT (done with intravenous contrast; no
routine use of oral contrast), even when chest radiographs
appear normal.

We retrospectively reviewed the cases of all blunt
trauma patients with diaphragmatic rupture admitted to
Sunnybrook between January 1986 and December 2003.
We identified patients using our trauma registry, and we
reviewed their medical charts for demographic data, mech-
anisms of injury, associated injuries, management and
outcomes.

Statistical analysis

We expressed data in terms of numbers, means and per-
centages. We compared these values using standard statis-
tical methods. We performed Student t and Fisher exact
tests to compare our findings on patients with BDR with
those on the entire cohort of blunt trauma patients admit-
ted to our centre.

RESULTS

A total of 10 779 patients with blunt trauma were admit-
ted to Sunnybrook during the 18-year study period; of
these, we identified 208 patients (1.9%) with BDR. To
our knowledge, our study represents the largest single-
institution experience with BDR reported in the literature.

Baseline characteristics and mortality of the BDR group
and of all blunt trauma patients are presented in Table 1.
Most patients were men (64.4%), and the mean age of pa-
tients was similar in both groups. Among those with BDR,
65.0% had a tear on the left side of the diagphragm, 22.5%
had a tear on the right side and 2.0% had a tear on both
sides. The Injury Severity Score (ISS) was significantly
greater in the BDR group than among all blunt trauma
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aux extrémités, comparativement à l’ensemble des patients victimes d’un traumatisme
fermé. La plupart de nos patients ont subi une laparotomie (93,3 %). Les causes de
mortalité les plus fréquentes chez les patients atteints de rupture diaphragmatique
après un traumatisme fermé étaient le traumatisme crânien (25,0 %), l’hémorragie
intra-abdominale (23,3 %) et l’hémorragie pelvienne (18,3 %).

Conclusion : La rupture diaphragmatique après un traumatisme fermé est rare et dif-
ficile à diagnostiquer; il faut toutefois la soupçonner en présence d’un patient qui a été
victime d’un accident de la route et qui présente d’autres blessures graves. Ces blessures
connexes comprennent les traumatismes à la tête, à la poitrine (y compris à l’aorte), à
l’abdomen et au bassin. L’angiographie par tomographie assistée par ordinateur est
essentielle pour écarter une lésion aortique connexe et pour augmenter le degré de pré-
cision du diagnostic de rupture diaphragmatique après un traumatisme fermé.

Table 1. Characteristics and mortality of trauma patients 

admitted to the Sunnybrook Health Sciences Centre 

between January 1986 and December 2003 

 Group  

Characteristic 
BDR  

n = 208 
All patients 
n = 10 779 p value 

Male sex, % 64.4 72.2 — 

Mean age, yr 42 39 — 

Mean ISS 38.0 24.9 < 0.001 

28-d mortality, % 28.8 13.4 < 0.001 

Location of the 
diaphragmatic tear, no. (%) 

   

Left 135 (65.0) — — 

Right 47 (22.5) — — 

Bilateral 4   (2.0) — — 

BDR = blunt diaphragmatic rupture; ISS = Injury Severity Score. 



patients (38.0 v. 24.9; p < 0.001). The 28-day mortality was
also significantly greater in the BDR group than among all
blunt trauma patients (28.8% v. 13.4%; p < 0.001).

Table 2 describes the mechanisms of injury in the
208 patients with BDR compared with those in all blunt
trauma patients. Of those injured in motor vehicle colli-
sions (MVCs), a significantly greater percentage of patients
in the BDR group than in the entire cohort of blunt
trauma patients were drivers or front-seat passengers. Pa-
tients in the BDR group were less likely than those in the
entire cohort to be pedestrians, to have experienced a fall
or to be involved in a motorcycle collision.

We assessed seatbelt use and airbag protection among
patients with BDR who were involved in an MVC. These
results are summarized in Table 3. Most patients were

either wearing both shoulder and lap belts or no belt at all.
Those wearing both belts at the time of collision and
whose airbags deployed represented a small percentage of
patients with BDR.

Table 4 lists the points of impact for patients with BDR
who were involved in an MVC. Most drivers were hit
head-on or on the driver side, whereas front-seat passen-
gers were more likely to have experienced frontal or
passenger-side impact. There was no predominant point of
impact among rear-seat passengers.

Table 5 lists the Abbreviated Injury Score (AIS; low = 1,
severe = 6) for associated injuries in each anatomic area
among patients with BDR compared with all blunt trauma
patients. Patients in the BDR group had higher chest, ab-
domen, pelvis and extremity AIS scores than all blunt
trauma patients as a whole. Table 6 describes the specific as-
sociated abdominal and chest injuries. The liver, spleen and
small bowel/mesentery were often injured in patients with
BDR. Most patients with BDR had rib fractures and pul-
monary contusions. Of note, the thoracic aorta was injured
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Table 2. Mechanism of injury among trauma patients 

admitted to the Sunnybrook Health Sciences Centre 

between January 1986 and December 2003 

 Group; %  

Mechanism of injury 
BDR 

n = 208 
All patients 
n = 10 779 p value 

MVC, patient location    

Driver 53.4 35.3 < 0.001 

Front-seat passenger 21.6 11.6 < 0.001 

Rear-seat passenger 8.2  5.5 0.57 

Pedestrian 3.8 13.2 < 0.001 

Fall 2.0 9.4 < 0.001 

Motorcycle 2.4 6.0 0.176 

BDR = blunt diaphragmatic rupture; MVC = motor vehicle collision. 

Table 3. Seatbelt protection among 208 patients with blunt 

diaphragmatic ruptures admitted to the Sunnybrook Health 

Sciences Centre between January 1986 and December 2003 

who were injured as a result of a motor vehicle collision 

Protection % of patients 

Shoulder and lap seatbelt 44.2 

None 16.8 

Seatbelt and airbag 3.8 

Lap seatbelt only 1.4 

Unknown 16.8 

Table 4. Point of impact  among 208 patients with blunt 

diaphragmatic ruptures admitted to the Sunnybrook Health 

Sciences Centre between January 1986 and December 2003 

who were injured as a result of a motor vehicle collision 

Group; % 

Point of impact Driver 
Front-seat 
passenger 

Rear-seat 
passenger 

Frontal 16.2 19.9 5.9 

Driver side 27.9 8.9 11.8 

Passenger side 4.5 15.5 11.8 

Angled 2.7 4.4 0 

Single vehicle 10.8 4.4 5.9 

Rear 0 2.2 5.9 

Unknown 37.9 44.7 58.7 

Table 5. Mean Abbreviated Injury Scale score among trauma 

patients admitted to the Sunnybrook Health Sciences Centre 

between January 1986 and December 2003, by site of injury 

 Group; mean AIS score 

Site of injury BDR All patients 

Chest 3.7 1.6 

Abdomen  2.9 1.0 

Pelvis  1.5 0.7 

Head 2.6  2.5 

Limb 2.2 1.7 

AIS = Abbreviated Injury Scale; BDR = blunt diaphragmatic rupture. 

Table 6. Associated injuries among patients with blunt 

diaphragmatic ruptures admitted to the Sunnybrook Health 

Sciences Centre between January 1986 and December 2003 

Site of injury % of patients 

Abdomen  

Liver  63.5 

Spleen 52.9 

Small bowel / mesentery 46.2 

Colon / rectum 30.3 

Kidney 25.0 

Bladder 15.4 

Vascular 10.1 

Stomach 5.3 

Chest  

Rib fracture 75.5 

Pulmonary contusion 63.0 

Hemothorax  40.4 

Hemopneumothorax  22.1 

Flail chest 20.7 

Pneumothorax 19.7 

Cardiac contusion / laceration 18.8 

Lung laceration  8.7 

Thoracic aorta  7.7 



in 7.7% of patients with BDR compared with 1.2% of all
blunt trauma patients, representing a 6-fold increased risk.

With respect to management of BDR, 93.3% of pa-
tients received laparotomy and 1.4% received thoracot-
omy; the BDR was diagnosed at autopsy in 5.3%.

Table 7 lists the causes of death in the 60 patients with
BDR who died within 28 days of injury. Head injury and
intra-abdominal bleeding were the leading causes of death.
Of note, pelvic fracture–related retroperitoneal bleeding
was the cause of death in 18.3% of patients.

DISCUSSION

During embryological development, the diaphragm devel-
ops such that its posterolateral portion is its weakest point,
and it is this part that is injured most commonly. Usually,
after a high-impact MVC or fall, a pressure gradient is
created, resulting in a rupture at this weak point of the
diaphragm.3,4

We performed a thorough search of the literature on
BDR published from 1960 to 2006. Characteristics of
some of the few studies previously published are sum-
marized and compared with our study in Table 8.5–7 About
88% of blunt diaphragmatic injuries reported in the litera-
ture were the result of MVCs with an overall reported inci-
dence of BDR of up to 5%,2,8,9 which is similar to our find-
ings. The left side of the diaphragm was injured in most
patients, possibly owing to the protective effect of the liver
on the right side; we similarly observed a higher incidence
of injuries to the left side of the diaphragm (65%). How-
ever, injuries to the right side are likely underreported be-
cause of the associated diagnostic difficulties.10,11 In addi-
tion, the incidence of injuries to the right side of the

diaphragm may be higher in countries where vehicles are
driven on the right side of the road.12

Patients with BDR are often severely injured and have
important associated injuries; chest and abdominal injuries
are the most common, followed by pelvic and head in-
juries.12,13 The spleen is more commonly injured among pa-
tients with diaphragmatic tears on the left side,2 and the
liver is more commonly injured among patients with tears
on the right side.2 The mean age of patients with BDR in
the literature ranges from 32 to 65 years. The mean age in
our study was 42 years. Injury Severity Scores range from
26.9 to 36.0 in the literature. In our study, the ISS was par-
ticularly high at 38.0, signifying the severity of the associ-
ated injuries.

Many patients require mechanical ventilation; however,
paradoxically, once mechanical ventilation is started, de-
tecting a diaphragmatic injury on radiographs may become
more difficult because the positive pressure ventilation may
push herniated contents down.14

The diagnostic tools used to detect BDR are the subject
of controversy.15 Radiography is a useful initial approach,
but it was only able to confirm BDR preoperatively in 39%
of patients in our study. Once mechanical ventilation is
started,14 serial radiographs and a Valsalva manoeuvre in-
crease the efficacy of radiography.16 In our study, CT scans
were able to confirm BDR in only 6% of patients, but this
method can be used as a useful adjunct. Intraoperative
diagnosis was made in 45% of patients, and at least
38 cases of BDR were diagnosed after 48 hours either dur-
ing second-look surgery, on chest radiographs, CT scans,
radionuclide scans or magnetic resonance images. Com-
puted tomography scans, ultrasounds, upper gastrointest-
inal studies, diagnostic peritoneal dialysis and radionuclide
scans all have a low sensitivity to detect BDR.6,7,12,17

The biggest change in recent years in managing BDR
has been the use of high-resolution, multislice CT angiog-
raphy of the chest. This is now a routine test performed in
most blunt trauma patients in level-1 trauma centres. Its
impact has been seen in 2 areas. Increasingly, diaphrag-
matic tears are found on CT scans that otherwise would
not have been picked up on chest radiographs; some of
these have led to surgical repair. In addition, the now well
established high degree of association with blunt aortic in-
jury is being ruled in or out with a high degree of accuracy
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Table 7. Cause of death among 60 patients with blunt 

diaphragmatic ruptures admitted to the Sunnybrook Health 

Sciences Centre between January 1986 and December 2003 

who died within 28 days of injury 

Cause of death % of patients 

Head injury 25.0 

Intra-abdominal bleeding 23.3 

Pelvic bleeding 18.3 

Sepsis / multiple organ failure 6.7 

Intrathoracic bleeding 5.0 

Table 8. Comparison of characteristics of the present study with those of previously published studies involving patients with 

blunt diaphragmatic ruptures 

Location of rupture; no. of patients 

Study No. of patients Left Right Bilateral Mean age, yr 
No. of male 

patients Mortality, % Mean ISS 

Present study 208 135 47 4 42 134 28.8 38.0 

Bergeron et al.7 160 126 31 3 40 91 14.4 26.9 

Brasel et al.5 32 25 7 0 41 18 22.0 32.0 

Shapiro et al.6 21 14 7 0 34 17 25.0 36.0 

ISS = Injury Severity Score. 



early on in the work-up of blunt trauma patients, without
the need for formal angiography.18,19

Reiff and colleagues20 found that a combined frontal or
near-side lateral occupant compartment intrusion greater
than 30 cm, or a delta-velocity (the instantaneous velocity
of the vehicle at the time of impact) substantially greater
than 40 km/h with specific organ injuries (e.g., thoracic
aortic tears, splenic injury, pelvic fractures and hepatic in-
juries) generated a sensitivity of 68%–89% for indicating
the likelihood of diaphragm injury; we found a sensitivity
of 91% for detecting BDR in patients with any of these
characteristics. We also found a significant association be-
tween BDR and thoracic aortic rupture, pelvic and head
injuries among patients who were injured as a result of an
MVC in which they were drivers or front-seat passengers
of the vehicle. Thus such injuries should raise the index of
suspicion for a BDR. A useful clinical approach to BDR
has been proposed by Guth and colleagues.9

Once diagnosed, treatment of the diaphragmatic tear is
straightforward; primary repair of the defect is performed.
In our view, laparotomy remains the gold standard, but
there have been some case reports with successful laparo-
scopic repair. Thoracoscopic approach has also been used
successfully7,13 not only for repair, but also for diagnosis.
Only 3 patients with BDR in our study underwent thora-
coscopy and 197 underwent laparotomy. Because of the
serious associated injuries, most commonly head, pelvis,
abdomen and chest injuries, the mortality reported in the
literature is high (10%–35%) Mortality in our study
(28.8%) was on the higher end reported in the literature
owing to the higher ISS in our patients. The most com-
mon causes of death reported in the literature are shock,
multiple organ failure and head injuries.7,13,21 In our study,
we found head injuries to be the most common cause of
death; however, if we had combined the number of deaths
due to shock resulting from intra-abdominal, intrathoracic
or pelvic bleeding, shock would have been the most com-
mon cause of death. We also observed that seatbelt use
among our patients did not confer any protection against
BDR, but this finding was not statistically significant.

CONCLUSION

Blunt diaphragmatic rupture is uncommon in trauma. We
have, however, accumulated extensive experience with this
condition over the past 2 decades. Early diagnosis and re-
pair help avoid the late complications due to herniation of
intra-abdominal contents into the chest.22 Computed tomo-
graphic angiography is now essential to rule out associated
aortic injury and for increased accuracy in the diagnosis of
BDR. Patients with BDR often have severe associated in-
juries including the head, chest (including aorta), abdomen
and pelvis that need to be diagnosed and managed expedi-
tiously, as their severity and successful timely treatment will
ultimately determine the patients’ outcomes.
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