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The detection and treatment of penetrating
diaphragmatic injuries by video-assisted thoracoscopic
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ABSTRACT— Many studies have revealed that it might be challenging to identify diaphragm injuries after
penetrating chest trauma. In order to diagnose and treat diaphragmatic injuries following penetrating
thoracic traumas, this study would assess the effectiveness of video-assisted thoracoscopic surgery. We
conducted a retrospective evaluation of 53 patients who underwent VATS procedures in our department
between January 2017 and August 2021 among 617 patients who had penetrating thoracic trauma because
there was a possibility of diaphragmatic damage. 43 (81.1%) patients were male, and 10 (18.9%) patients
were female with a mean age of 28.74+11.9 years (18- 65 years). In 24 (45.3%) patients, VATS was
performed on the left side and the others on the left side according to the penetrating area of trauma. In 36
(67.9%) patients, diaphragmatic laceration was detected and was repaired. The missed injury rate was
20.7%. There was no significant statistical difference between etiology of penetrating trauma, ages and
gender of patients (p>0.05). No complication was detected during the mean follow up period of 13.57+9.9
(range of 3-6) months. According to our perspective, VATS is crucial and possible in hemodynamically
stable individuals who may have an acute diaphragmatic injury following penetrating thoracic trauma but
who cannot be diagnosed clinically.
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1. INTRODUCTION

For those under the age of 45, trauma is the main cause of death [1], [2]. 20-25% of all injuries worldwide
involve the thorax [3]. 25-50% of posttraumatic mortality is caused by thoracic trauma [4]. A significant
number of fatalities that occur minutes or hours after the injury can be prevented by prompt trauma
diagnosis and treatment [5], [6]. Thoracic injuries can be roughly divided into blunt and penetrating injuries
[7]. The first evaluation of a trauma patient is built on advanced trauma life support (ATLS) procedures [8].
During the primary survey, the patient's airway, breathing, and circulation (ABCs) are typically assessed in
that order [9]. Similar initial assessments are conducted on patients who have suffered blunt or penetrating
thoracic trauma, with the goal of quickly identifying conditions that pose an immediate threat to life, such
as tension pneumothorax, cardiac tamponade, aortic injury, massive hemothorax, and tracheobronchial
disruption [10], [11].

Traumatic diaphragmatic injuries are still challenging to diagnose [12]. Small diaphragmatic tears that are
left untreated can lead to serious health problems, such as the herniation, obstruction, or strangulation of the
abdominal organs to the thorax as a result of the negative pressure in the intervening space [13]. The
purpose of this study was to evaluate the effectiveness of video-assisted thoracoscopic surgery (VATS) in
the identification and treatment of diaphragmatic trauma in patients with hemodynamically stable thoracic
injuries after penetrating trauma.
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2. Materials and methods

Among the 617 thoracic trauma patients admitted to the Nasiriyah Heart Center in Nasiriyah, Irag, between
January 2017 and August 2021, we retrospectively evaluated a total of 53 patients who underwent VATS
due to probable localization of diaphragmatic injury in our department. The following criteria were used to
choose patients for VATS: stable or normal hemodynamic status, capacity for single lung breathing, and
ability to maintain lateral decubitus posture. Entry wounds that are inferior to the nipple line or lower angle
of the scapula should be evaluated for diaphragmatic damage.

The data on the characteristics of the injuries was gathered from the victims or their family members as well
as from their case records. Age, gender, method of injury, hemodynamic state at time of arrival and the
existence of concomitant injuries are the variables considered in this study.

Under constant staff supervision, a senior surgical resident carried out all operations in the operating room
while the patient was under general anesthesia. A double-lumen endotracheal tube was placed as part of the
VATS procedure to manage the airway and maximize exposure with one-lung breathing following the
collapse of the ipsilateral lung. VATS was performed with 3-port access and 30° scope that allowed an
excellent visualization of the diaphragm. Inhalational anesthetics were administered to help them work
better and short-acting intravenous anesthetics were utilized to make extubation easier once the treatment
was over.

The Statically Package for the Social Science software was used to do statistical analysis (SPSS, 25). The
data were presented as mean+SD. For categorical measurements, frequencies and percentages were utilized.
The statistical analysis for the differences in penetrating trauma types, ages, and gender of patients used
Student's t and chi-square tests. P<0.05 were considered statistically significant.

3. Results

This research includes fifty-three cases of suspected diaphragmatic injury. The mean age was 28.74+11.9
years (range, 18- 65 years). Of the 53 patients, 43 (81.1%) were men 10 (18.9%) patients were female. Stab
wounds were present in 39 patients (73.5%), gunshot wounds in 11 patients (20.7%), and other causes in 3
patients (5.8%). There was no significant statistical difference between etiology of penetrating trauma, ages
and gender of patients (p>0.05).

According to penetrating the traumatized area, VATS was done on the left side of 24 patients (45.3%), of
whom 15 had anterior and 12 had posterior hemithorax locations, and on the right side of 21 patients
(39.6%). (10 of them anterior, 8 of them posterior hemithorax located); However, lateral injuries, present in
only 8 patients (15.2%). The findings at the time of VATS are described in Table 1. The diaphragmatic
injury was detected in 11 patients without any radiological images being found. The missed injury rate was
20.7%. Of them, 28 (77.8%) cases caused an injury to the left side of the diaphragm.

A tube thoracostomy was done on patients with 10 pneumothoraxes, 14 Hemothorax, and 4
hemopneumothoraxes while conservative therapy was given to 19 patients with pulmonary contusions.

Table 1 Penetrating thoracic injury in 53 patients.
Number of patients

VATS findings percentage (%)

Diaphragmatic injury 36 67.9
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Pleural penetration 37 69.8
Pulmonary contusion 19 35.8
Hemothorax 13 24.5
Pneumothorax 9 17

Lung laceration 11 20.8
Pericardial laceration 6 11.3
Hemopneumothorax 3 5.7

None of the patients experienced any complications related to the VATS surgery or the anesthetic
medication; neither an open thoracotomy conversion nor intraoperative issues were seen. No intraoperative
or postoperative mortality was noted. The mean length of hospital stay was 2.6+0.7 (2-5) days. However,
six postoperative complications (11.3%) were documented. These complications included postoperative
pain in four patients and two wound infections in old chest tube sites. The wound infections were managed
successfully with broad-spectrum i.v. antibiotics and daily dressing.

The mean follow-up duration was 13.57+9.9 months, with a range of 3-6 months. Pulmonary function tests
and chest X-rays were carried out during this follow-up period. Clinical improvements, recovery, and
complications were assessed. Neither traumatic pathology nor a diaphragmatic hernia were found in any
patient throughout the follow-up.

4. Discussion

In 73.5% of patients in the current study, stab wounds were the most common penetrating injuries, which is
consistent with research conducted in the UK by [14]. In this study, 77.8% of diaphragmatic lacerations
occurred on the left hemithorax, confirming previous finding that the left hemidiaphragm was more
frequently injured; as the right diaphragm is well-protected by the liver [15]. The incidence of
diaphragmatic injuries in our study was 67.9% in penetrating thoracoabdominal trauma and this result is in
line with a studies conducted by [16- 18].

Diaphragmatic traumas can be categorized into three categories: acute, latent, and late [19]. Within 0-14
days of the accident, acute diaphragmatic damage is discovered. Diagnosis of latent diaphragmatic damage
occurs after acute injury but before intestinal blockage or strangulation. Strangulation or intestinal blockage
are used to detect late diaphragmatic damage. Small diaphragmatic lacerations are difficult to diagnose [20].
Within 48 hours, probing VATS was used to analyze each of the patients of the current study and this in
consistence with a study done by [21].

Diaphragmatic lacerations do not heal spontaneously because the diaphragm is a thin muscle; a differential
pressure gradient between the pleural space and the peritoneal cavity facilitates the migration of abdominal
contents into the thoracic cavity; the constant movement of the diaphragm delays healing; and this may
cause rapid necrosis, sepsis, and unexpected death in undiagnosed cases [22], [23]. So, it can be attributed
to those points that exploratory VATS is very important in every suspected case of penetrating trauma.

The diagnosis of diaphragm injury can be difficult for trauma surgeons. Using many non-invasive methods,
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including physical examination, chest X-ray, computed tomography, magnetic resonance imaging. Some of
these tests can miss diaphragmatic injuries, and there is overwhelming evidence that missed diaphragmatic
injuries may have significant consequences [24], [25]. In our study, the hidden injury rate was 20.7%,
which is in line with a study done by [26] in the US in 2020.

In our study, non-absorbable (0 or 1) sutures were used for primary repair, which is consistent with a study
done by [27]. However, the repair should be supported by prosthetic meshes to strengthen the diaphragm in
large defects or chronic cases [28].

This study highlighted that the indications for VATS are both diagnostic and therapeutic and include mainly
the evaluation of a structural injury (the diaphragm, the pericardium, the lung parenchyma, the thoracic
duct, etc.) or the drainage of a pleural collection and repair of any structural damage [29]. Aside from the
usual bleeding disorders, the main contraindications of VATS include an unstable patient, or a patient with
underlying lung and cardiac [30].

5. Conclusion

We conclude that in terms of clinical and radiological examination, the identification of diaphragmatic
injuries resulting from penetrating thoracic trauma is challenging. This may lead to complications. Hidden
injuries may cause severe consequences. When imaging techniques are ineffective in diagnosing penetrating
chest injuries, VATS should be used for diagnosis and treatment.
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