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Introduction

A traumatic diaphragmatic rupture (TDR) can develop 
in cases of thoracoabdominal injuries and in a very high 
percent of cases it is associated with other organs injuries. 
In some cases TDR itself can cause life-threatening 
complications, but generally the outcome of the injury 
with TDR depends on the severity of the lesions and 
complications of the associated organs injury. Hospital 
mortality is 15% after blunt injuries and 4% after 
penetrating lesions (1). In case of a significant TDR, 
diagnosis is simple, although in most cases correct diagnosis 

is often delayed. When TDR is a part of a polytrauma, 
the management of the patient must be done according to 
ATLS (Advanced Trauma Life Support) protocol (2) and 
treatment can be done in the primary survey, however most 
typically carried out during the secondary survey. 

Incidence

TDR was found in 0.4% of all trauma patients (3) and 
in 1.9% among blunt trauma cases (4). Eighty percent of 
TDRs were found on the left side and 20% on the right 
side among trauma patients (3). It is bilateral in around 
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3% of the cases (5). Incidence of TDR among penetrating 
trauma cases is 20–59% with gunshot and 15–32% with 
stab wounds (6). Autopsy studies suggest an equal incidence 
of diaphragmatic lacerations on the left and right side, but 
left-sided lesions are more commonly verified clinically (7).  
One theory explaining these results could be that the 
left hemidiaphragm is weaker during embryological 
development, and it is likely that the protecting effect of 
the liver on the right side also plays an important role (8,9). 
There has currently been a slight change in aetiology, since 
the causes of TDR are more frequently due to penetrating 
trauma (63%) than blunt injuries (37%) (9). The aetiology 
of TDR can be as follows: decelerating motor vehicle 
accidents, falling from great heights and crushing injuries 
to the lower chest and upper abdomen which are the most 
frequent causes of blunt diaphragmatic injuries. Stab and 
gunshot wounds are the most common causes in cases of 
penetrating diaphragmatic injuries (10-12). There have been 
reported cases of iatrogenic injuries of the diaphragm either 
during thoracic or abdominal procedures or secondary 
to thoracocentesis and radiofrequency ablation (13). 
Spontaneous rupture during pregnancy and unexplained 
spontaneous rupture are also reported (10,14). 

Pathophysiology

There is a positive gradient of 7–20 watercentimeter 
between intraperitoneal and intrapleural pressure (15) 
which may increase ten folds during severe abdominal 
trauma (16). This positive pressure gradient can exceed 
100 watercentimeter during maximum respiratory effort 
and can result in transdiaphragmatic herniation of the 
abdominal viscera through the defect (17). Due to the 
continuous movement of the diaphragm, its injuries cannot 
heal spontaneously (9,11,12), and the size of TDR usually 
increases with time, which leads to herniation of the 
abdominal viscera through the defect (18,19). 

The Organ Injury Scaling Committee of the American 
Association for the Surgery of Trauma proposed a classification 
system for diaphragmatic injury: Grade I Contusion; 
Grade II Laceration <2 cm; Grade III Laceration 2–10 cm;  
Grade IV Laceration >10 cm with tissue loss <25 cm2;  
Grade V Laceration with tissue loss >25 cm2 (20).  
In a study, the incidences of the different injuries were 
found as follows: acute diaphragmatic herniation (30.4%); 
tears (47.8%); and contusions (21.7%) (2). 

Clinical presentation

TDR can be divided into three phases: acute, latent, and 
obstructive. The acute phase extends from the initial 
trauma until recovery from the primary injuries. During 
the latent phase, which can range from days up to 10 years, 
the hernia is gradually developing, with clinical symptoms 
of visceral obstruction or ischaemia presenting in the 
obstructive phase (21). 

During the acute phase abdominal-, chest pain, and 
cardio-respiratory dysfunctions are typically present. 
During the latent phase clinical symptoms of the herniation 
will be found, such as upper gastrointestinal complaints; 
pain in the left upper quadrant or in the chest; dyspnoea/
orthopnoea; decreased breathing sounds. In the obstructive 
phase, previously mentioned symptoms progress, and the 
signs of peritonitis can develop. 

Diagnosis

The diagnosis of traumatic diaphragmatic injury is not 
always easily made. Special imaging procedures may be 
used, but they are time-consuming and may provide an 
additional risk for polytrauma patients by causing a delay 
in adequate management. In the primary survey, chest 
radiography is currently the most valuable simple test, 
although it is diagnostic or suggestive of a diaphragmatic 
rupture in only 25–70% of cases (22,23). Signs on chest 
radiography, e.g., irregularity of the diaphragmatic outline, 
elevated diaphragm, mediastinal shift without pulmonary 
or intrapleural cause and compression atelectasis of the 
lower lobe, might suggest a diaphragmatic rupture (24,25). 
Additionally, a radiopaque nasogastric tube or simple 
gastrointestinal studies might also be helpful in revealing a 
defect or a visceral herniation. Repeated chest radiography 
during hospitalisation, and after discharge, are necessary in 
order to detect a slowly increasing herniation (26). 

Computed tomography (CT) is the second choice 
imaging technique, although the axially oriented diaphragm 
is not always well demonstrated on conventional CT. In 
a single-layer spiral CT study, the sensitivity for left- and 
right-sided diaphragmatic injuries was 78% and 50% (27), 
but with a multidetector CT (MDCT) specificity was 100% 
and 83% for left and right-sided ruptures, respectively (28)  
(Figure 1). Currently in polytrauma and trauma cases, 
including patients with thoracoabdominal trauma, a whole 
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body MDCT is performed (29,30). 
Magnetic resonance imaging (MRI) can play an 

important role in the diagnosis of latent TDR, but helical 
CT remains the recommended examination in traumatic 
patients in the diagnosis of TDR (31). In patients with 
acute herniation, MRI has a very limited use, due to the fact 
that it is not always available in the acute setting and with 
numerous trauma patients possessing metal prostheses not 
compatible with MRI (6). 

Contrast studies may be helpful in cases of suspected 
intrathoracic herniation, whilst a diagnostic pneumoperitoneum 
or an intraperitoneal injection of technetium are not used 
nowadays (22,25). There appear to be too many false 
negative results to depend on a diagnostic peritoneal lavage 
to identify diaphragmatic damage after blunt trauma, with 
a false-negative rates up to 25% (7,32). The method is 
replaced by the more reliable bedside focused assessment 
sonography for trauma (FAST) (9,26).

When there is a high degree of suspicion, only direct 
visualisation by laparoscopy or thoracoscopy may exclude/
confirm the existence of a diaphragmatic defect. In patients 
with thoracoabdominal trauma who do not have any 
abdominal injury and do not require laparotomy, video-
assisted thoracic surgery (VATS) is an excellent tool for 
the diagnosis and treatment of diaphragmatic injury. VATS 
can be used to manage TDR, remove clots and properly 
carry out chest drainage, although it cannot be performed 
in haemodynamically unstable patients and it also requires 
general anaesthesia and one-lung ventilation, also (33). 
In case of thoracoabdominal stab wounds or tangential 
gunshot wounds, when the patient is haemodynamically 
stable, and there is no sign of peritonitis or diffuse 

abdominal tenderness, and the patient is in a non-operative 
method management, a laparoscopy can be indicated to 
verify a diaphragmatic rupture (34). Another study suggests 
that if the hemodynamically stable left thoracoabdominal 
stab wound patients  without signs of peritonitis is managed 
with a non-operative method, 48 hours after admission 
a diagnostic laparoscopy may be performed to check 
the diaphragm. In 22% of these patients  (15/68) a left 
diaphragmatic injury was found (35).

Surgical management

About 10% of blunt and 15% to 30% of penetrating chest 
injuries require operative intervention. Due to the fact 
that associated injuries determine the choice of treatment, 
management of these patients is performed according to the 
rules of ATLS: managements in the primary survey (life-
threatening injuries) and the secondary survey (potentially 
life-threatening injuries) (2). During the primary survey A 
(airway), B (breathing), C (circulation) D (disability) and E 
(environment and exposure) are managed. 

Management of the acute phase

In case a resuscitative thoracotomy or laparotomy is 
indicated during the primary survey, the diaphragmatic 
rupture (if found) could be reconstructed after the treatment 
of life-threatening injuries. The most frequent therapeutic 
maneuvers that can be performed during a resuscitative 
thoracotomy are as follows: removal of pericardial blood 
causing tamponade, direct control of exsanguinating 
intrathoracic hemorrhage, open cardiac massage, cross-
clamping of the descending aorta to slow blood loss below 
the diaphragm and increase perfusion to the brain and 
heart (2). If the primary survey can be managed without 
resuscitative thoracotomy or laparotomy and it is completed 
and the patient is stable, the second survey can be 
performed. TDR is mainly diagnosed and operated during 
the secondary survey.

In the acute period, approach is determined by the 
site of the life-threatening injuries. According to a recent 
study, if the site of the penetrating wound was located 
in the abdomen, the rate of intraabdominal organ injury 
was 83%, and in case the penetrating wound was in the 
thoracoabdominal area of the chest, abdominal organ injury 
was 55%. According to these results, the authors performed 
an explorative laparotomy for all patient with penetrating 
thoracoabdominal injuries, and the most frequent indication 

Figure 1 Rupture of the right diaphragm [multidetector computed 
tomography (MDCT)]. Abdominal fat was passed through the 
rupture into the chest cavity. 
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for thoracotomy was haemodynamic instability caused by 
injury to the heart or great vessels (9).

As reported in a different paper, the approach depended 
on the haemodynamic stability of the patients, and the 
preference and skills of the surgeon: there is no superiority 
of one cavity approach over the other in haemodynamically 
stable patients, but the associated injuries may require 
a specific approach. Their approaches were as follows: 
laparotomy (94%) and thoracotomy (6%) (5). In blunt 
diaphragmatic injuries, the causes of death were found as 
follows: head injury (25.0%) intra-abdominal bleeding 
(23.3%), pelvic hemorrhage (18.3%), and the most 
frequently associated injuries found were as follows: liver 
(64%), spleen (53%), small bowel and the mesentery (46%), 
rib fracture (76%) and pulmonary contusion (63%) (4).

During the daily surgical routine, in cases of acute TDR, 
a laparotomy provides the best mode of diaphragmatic 
repair, however a transthoracic approach is favoured in cases 
of delayed TDR (36). In case an exploratory laparotomy 
a meticulous inspection of both hemidiaphragms is 
mandatory (37).

In case, any sign of an injury (bleeding, perforation) is 
verified in the other cavity (abdomen or chest vice versa) 
during the exploration (laparotomy or thoracotomy) 
through the diaphragmatic rupture, the rupture of the 
diaphragm can be enlarged, thus allowing us to explore and 
manage the injury through a transdiaphragmatic method 
(Figure 2). If transdiaphragmatic management is impossible, 
open or minimally invasive exploration of the other cavity 
(thoracotomy/thoracoscopy or laparotomy/laparoscopy) is 

necessary. 
When dealing with acute diaphragmatic injury there 

are two rules that should be respected “reduction of the 
herniated organs into the abdomen;” watertight closure 
of the diaphragm after the insertion of a chest tube into 
the hemithorax. The herniated viscera are reduced to the 
abdominal cavity by gentle traction. Careful passage of a 
small nasogastric tube placed alongside the herniated organs 
avoids gastric overdistention. In case of abdominal organ 
perforation, thorough irrigation of the haemothorax is 
necessary to prevent the development of thoracic empyema 
(9,22,25,26).

A simple and small rupture up to 5–6 cm can usually 
be reconstructed with No. 0 or 1 monofilament non-
absorbable or absorbable interrupted sutures (1), while for 
larger defects, interrupted figure-of-eight or horizontal 
mattress sutures are required (38). Some authors advocate 
a two-layer closure for defects >2 cm. The inner layer is 
an interlocking horizontal mattress that everts the edges of 
the diaphragm which is reinforced with a running 3-0 non-
absorbable suture (38). Sometimes, it is also useful to secure 
the diaphragm to the ribs. The use of a prosthetic mesh 
is rarely needed, but it may be occasionally indicated in 
patients with large defects (10,11,19,38).

If an abdominal injury has been ruled out, either 
diagnostic laparoscopy or VATS can be used to identify 
and manage an injury to the diaphragm. Video-assisted 
thoracoscopy is performed by intubating the patient in 
lateral decubitus position with a double-lumen endotracheal 
tube to permit single lung ventilation and facilitate 
visualisation (33). 

Chronic traumatic diaphragmatic hernia 

Elective repair of a chronic traumatic diaphragmatic 
hernia is obligatory, but in cases of visceral obstruction, 
strangulation or incarceration urgent surgery is needed (25).

Trans thorac i c ,  t r ansabdomina l  o r  somet imes 
thoracoabdominal and more recently minimally invasive 
thoracoscopic approaches are also used for the repair of a 
chronic diaphragmatic hernia (10,37,39), but the approach 
largely depends on the experience of the surgeon (25).

Transthoracic approach through the sixth or seventh 
intercostal space allows freeing the adhesions between the 
viscera, chest wall and lung, along with decortication, if 
needed. For right-sided lesions, a transthoracic approach 
is obligatory since the position of the liver renders the 
transabdominal repair of the right hemidiaphragm difficult 

Figure 2 Left side thoracoabdominal injury. From a thoracotomy 
and transdiaphragmatic approach, the heart, diaphragm,  and 
stomach injuries were managed. The patient was survived.
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or even impossible (9,37). Thoracoscopy can be successful 
in elective cases (36,40), however, this approach has some 
limitations such as the decortication of the lung and/or the 
obstruction or strangulation of the intrathoracic viscera 
into the chest. Sometimes enlargement of the defect is also 
required to allow reduction of the herniated viscera. Once 
the reduction is carried out, the diaphragm is repaired using 
the same techniques as described in patients with an acute 
injury.

In contrast to acute injuries, different meshes might be 
used in chronic traumatic hernias in order to perform a 
tension-free repair (25,36,41).

In acute cases the recurrence of the repaired TDR is 
rare. Early diagnosis and treatment of TDR leads to a 
better prognosis; which—in the latent phase—depends on 
the presence of bowel ischaemia, necrosis and sepsis, which 
can be fairly high (10,22,37).
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