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Abstract

Background: Diaphragmatic injuries due to penetrating trauma remain a diagnostic challenge. Inspection is the best approach
in diagnosis as palpation may miss some injuries. The following approaches have been used, either alone or together, to recognize
penterating trauma injuries: physical examination, chest x-ray, computed tomography scan, focused assessment with sonography
for trauma, and diagnostic peritoneal lavage (DPL). These modalities have been reported to miss 10 to 30 percent of injuries. These
diagnostic tools have a low sensitivity and specificity to detect morbidities associated with these injuries. Finding a suitable diag-
nostic modality is essential for patient care. In this study, we assessed the diagnostic value of video-assisted thoracoscopy as an
approach to diagnose diaphragmatic injuries in patients with negative DPL.
Materials and Methods: This case series was conducted on 33 patients with penetrating thoracoabdominal trauma referred to
the Loghman Hospital in Theran, Iran, from 2013 to 2014 (during an 18-month period). All negative DPL and hemodynamically stable
hemopneumothorax patients with no indications for emergent surgical interventions were included in the study. All these patients
underwent diagnostic thoracoscopy. Data were collected and analyzed by SPSS software version 20.
Results: Thirty-three patients were eligible to participate in this study with a mean age of 23.79±6.42 years. The youngest participant
was 17 years old and the oldest was 51. A penetrating wound was located in the right side in 11 patients (33.3%) and on the left side
in 19 subjects (57.6%). Three patients (9.1%) had trauma on both sides of their thorax. During thoracoscopy, 6 subjects (18.2%) were
found to have asymptomatic diaphragmatic injuries.
Conclusions: Diaphragmatic injuries can be missed based on negative DPL. Application of video- assisted thoracoscopy is a mini-
mally invasive procedure that is a practical approach for the evaluation, and management of trauma patients with diaphragmatic
injuries.
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1. Introduction

Diaphragmatic injuries are rare, comprising less than
one percent of traumatic injuries (1, 2). Studies conducted
on the National Trauma Data Bank (NTDB), the largest
data bank in the world, reported the total incidence of di-
aphragmatic injuries to be 0.63% (1). These injuries are of-
ten accompanied by injuries of thoracic and abdominal
organs. Although diaphragmatic injuries can be appar-
ent in the acute phase (e.g. herniation of abdominal con-
tents in chest X-ray), they can also be occult and imaging
studies might not be able to diagnose these instances. A
high level of clinical suspicion is critical in saving patients’

lives, especially given that a delay in diagnosis is often ac-
companied by an increased risk of herniation, strangula-
tion of abdominal viscera and subsequent morbidity. In
patients without definitive diagnosis, laparoscopy, thora-
coscopy, or open surgical exploration may be necessary. Di-
aphragmatic injuries treated with open surgery or mini-
mally invasive techniques are used based on the patient’s
general condition as well as the type of injuries (3).

Most diaphragmatic injuries occur due to trauma to
the thoracoabdominal area. This region is superiorly
bounded by the fourth intercostal space, posteriorly by the
eighth intercostal space, laterally by the sixth intercostal
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spaces and inferiorly by the costal margins (3).
The diaphragm can be directly injured via passage of

sharp objects or missiles from the abdominal cavity into
the chest or vice versa. Blunt trauma can also indirectly
increase the pressure of the abdominal cavity and cause
injury to the diaphragm. These injuries present either as
large radial tears or small tears. In most cases, the smaller
diaphragmatic injuries often not visible to the naked eye,
making them difficult to recognize and treat (4).

Penetrating mechanisms, including stab wounds, gun-
shots and injuries from sharp objects comprise 65% of all
diaphragmatic injuries (1). The remaining 35% are due to
blunt traumas, 90% of which are caused by motor vehicle
accidents and the rest are due to falling and pressing inci-
dents (1, 4, 5).

Trauma patients may not exhibit signs and symptoms
of diaphragmatic tears on arrival or their association in-
juries may be so severe that definitive evaluation of the di-
aphragm is postponed. Over time the tears expand and the
risk of herniation increases, particularly on the left side.
In a survey conducted on delayed diagnoses of diaphrag-
matic injuries, it was found that 3 of 16 patients had undi-
agnosed tears of the diaphragm (6).

Patients with gunshot wounds or stab wounds to the
lower left thoracic region must be evaluated for diaphrag-
matic injuries via laparoscopy or diagnostic peritoneal
lavage (DPL). In patients with positive DPL, abdominal as-
sessment should be performed. In subjects with 1000 to
10 000 red blood cells per microliter in their DPL results,
laparoscopy or thoracoscopy should be considered. La-
paroscopy is preferred in patients with positive chest X-ray
findings such as hemothorax or pneumothorax, or in sub-
jects who cannot tolerate DPL (7). According to the avail-
able protocol for hemodynamically stable patients with
thoracoabdominal penetrating injuries, one of the follow-
ing measures is applied to treat patients: DPL, computed
tomography (CT) scan, or observation (2).

The risk of diaphragmatic injuries in DPL negative pa-
tients who do not have an indication for emergent surgi-
cal interventions still exists (3). Therefore, we evaluated the
diaphragmatic injuries in this group of patients using the
video-assisted thoracoscopy.

2. Materials and Methods

In this case series, we identified 33 patients with thora-
coabdominal stab wounds with hemopneumothorax and
negative and positive DPL from 2013 to 2014. All of the pa-
tients had chest tube insertion upon admission. Hemody-
namically stable patients underwent DPL. A positive DPL
was regarded as RBC > 10 000/mL, WBC > 500/mL, amy-
lase>19 IU/L, alkaline phosphatase > 2 IU/L and bilirubin >

0.01 mg/dL. A negative DPL was found in those patients not
requiring emergency surgical intervention.

We included patients with negative DPL in this study.
Objectives, methods, advantages and disadvantages of the
study were explained to the patients and consent was ob-
tained from the patients prior to initiation of the study.

Inclusion criteria for the study population were as fol-
lows:

1- Patients with penetrating trauma by thoracoabdom-
inal stab wounds

2- Being hemodynamically stable
3- Presence of hemopneumothorax
4- Normal abdominal exam
5- A negative DPL without any indications for emergent

surgical interventions
6- Willing to participate
Exclusion criteria for the study population were as fol-

lows:
1- Patients with blunt trauma or penetrating trauma

caused by gunshot or shotgun
2- Being hemodynamically unstable
3- Abdominal tenderness
4- Signs of peritonitis
5- Candidate for emergent surgical interventions
6- Not willing to undergo thoracoscopy
After receiving approval from the ethics committee of

Loghman Hospital in Tehran, Iran, and obtaining written
and signed consent from the patients, the survey was con-
ducted according to the declaration of Helsinki. All of the
subjects underwent diagnostic thoracoscopy under gen-
eral anesthesia. After induction of anesthesia, a 10-mm
port was inserted through the opening of the chest tube
as the entrance route for the camera. Other ports were in-
serted according to the site of penetrating trauma through
intercostal spaces, as needed. The superior surface of the
diaphragm was carefully examined via video-assisted tho-
racoscopy and in cases of diaphragmatic injuries, tears
were sutured when possible.

3. Results

During the 18-month period of patient recruitment, 33
subjects who met the inclusion criteria were included as
the study population. The mean age of these patients was
23.79±6.42 years with a minimum age of 17 years and max-
imum age of 51 years.

Stab wounds were located on the right side of the tho-
rax in 11 patients and on the left side of the thorax in 19 pa-
tients. Three patients had stab wounds on both sides of the
thorax (Figure 1).

Thoracoscopy revealed diaphragmatic injuries in 6 pa-
tients (18.2%) (Table 1).
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Table 1. The Patients’ Demographic Information

Patient No. Patient Sex/Age Location of Injury (Intercostal Space) Size of Skin Wound, cm Treatment

1 M/17 LT 6th 5 Thoracoscopic repair

2 M/23 LT 7th 4.5 Thoracoscopy + laparotomy

3 M/27 LT 6th 3.5 Thoracoscopic repair

4 M/17 RT 6th 4 Thoracoscopic repair

5 M/22 LT 6th 6 Thoracoscopic repair

6 M/24 LT 5th 4 Thoracoscopic repair

Abbreviations: M, male; LT, left thoracic; RT, right thoracic.

Right Side of Thorax

Left Side of Thorax

Both Sides of Thorax33.33%

9.09%

57.58%

Figure 1. The Location of Stab Wounds in Study Patients

The first patient was a 17-year-old boy, who had pene-
trating trauma to the 6th intercostal space at the left side
of the chest. The diaphragmatic tear was sutured using the
thoracoscopic approach.

The second patient was a 23-year-old man with a 4.5
cm tear in the diaphragm caused by a stab wound to the
7th intercostal space at the left side. Due to herniation
of the transverse colon and omentum through the defect
and consequently strangulation, the patient underwent la-
parotomy with a midline incision for an abdominal ap-
proach.

The third case was a 27-year-old man with trauma to the
6th intercostal space at the left midclavicular line. A chest
tube was placed and the laceration was sutured through
the thoracoscopic approach.

The fourth patient was a 17-year-old boy with a stab
wound to the 6th intercostal space on the right, which was
treated by chest tube placement and surgical treatment
through thoracoscopy.

The fifth patient was a 22-year-old man with a 6-cm tear
in the diaphragm due to a stab wound to the 6th inter-
costal space at the left midclavicular line next to the ster-
num that was treated thoracoscopically.

The last subject was a 24-year-old man with trauma to

the 7th intercostal space at the left midclavicular line, su-
tured at the thoracoscopy session.

Other than these 6 patients, there was one other sub-
ject with a stab wound to the 5th intercostal space at
the right anterior axillary line that caused a 1 cm partial-
thickness laceration, which was left untreated. In the other
26 patients, the diaphragm was normal.

4. Discussion

Diaphragmatic injuries, especially due to penetrating
traumas, are still considered diagnostically challenging.
Currently, the gold standard test is not available and palpa-
tion alone may result in missed diagnoses. In some cases,
direct visualization is the optimal approach for confirm-
ing a diaphragmatic injury, but this approach has not been
used routinely.

In this study, we evaluated 33 hemodynamically sta-
ble patients with thoracoabdominal penetrating traumas
without any indications for emergency surgical interven-
tions by video-assisted thoracoscopy. In 6 patients, di-
aphragmatic injuries were revealed and 5 of them were
successfully treated through the thoracoscopic approach.
In 6 (18.2%) of the patients who had negative DPL with no
confirmation of diaphragmatic injuries, the lacerations of
diaphragm were found by thoracoscopy (Table 1).

Physical examination, chest X-ray, CT scans, focused as-
sessment with sonography in trauma (FAST) and DPL, ei-
ther alone or together, do not provide sufficient sensitiv-
ity and specificity as diagnostic tools. With these meth-
ods, 10% to 30% of the cases may be missed (8). Chest ra-
diography might show a nonspecific hemothorax. Despite
the vast improvements in CT scan imaging, this method
still lacks sensitivity and is not available for everyone. Due
to the poor blood supply of diaphragm, identification of
the small amount of blood by FAST and DPL is very diffi-
cult (9, 10). Regarding the low sensitivity of available di-
agnostic tools and the morbidity and mortality associated
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with delayed diagnosis of diaphragmatic injuries, some re-
searchers insist on the necessity of abdominal exploration
for all the patients with thoracoabdominal penetrating
wounds (8). Laparotomy is negative in 20% - 40% of the pa-
tients (10-12).

In patients with thoracoabdominal penetrating trau-
mas without any indications for laparotomy or thoraco-
tomy, thoracoscopy is a suitable tool for evaluation of di-
aphragmatic lacerations, providing a good visualization
of the total surface of diaphragm and needless of insuf-
flation. Laparoscopy is also a good diagnostic tool; being
preferred by some researchers (13). Nevertheless, visualiza-
tion provided by thoracoscopy is better than laparoscopy,
especially in the right side and posterior regions. Also, in
some instances pressure pneumothorax following CO2-gas
insufflation for laparoscopy has been reported (14).

Application of the video-assisted thoracoscopy for di-
agnosis of diaphragmatic injuries in penetrating wounds
has been reported (2). This method is well-tolerated and
is considered relatively noninvasive. The sensitivity of 98%
- 100%, specificity of 90% - 98%, and diagnostic precision
of 94% - 100% have been reported (2). In one survey, the
missing rate of this method was reported to be 4% (9, 15,
16). Moreover, the hemithorax including lung parenchyma
and mediastinum is clearly visualized. Blood and clots in
the pleural space can be easily removed and chest tube can
be placed under direct observation. These maneuvers de-
crease late complications (3).

Complete observation of the diaphragm is possible
when the scope is entered through the 4th and 5th in-
tercostal spaces. This space is usually one level higher
than when thoracoscopy is performed for other purposes.
When an injury is identified, it is suggested for the patient
to undergo complete diagnostic abdominal laparotomy
since a significant risk of concomitant injuries is present
(12).

4.1. Conclusion

According to the results of this study, diaphragmatic
injuries cannot be ruled out based on a negative DPL.
Considering the importance of early diagnosis and pos-
sible complications of occult diaphragmatic injuries, ap-
plication of the video-assisted thoracoscopy as a mini-
mally invasive procedure may be appropriate for evalua-
tion and management of these traumas, especially in pa-
tients with hemopneumothorax for whom a chest tube has
been placed.
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