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Abstract
Background: Traumatic diaphragmatic injury (TDI) is a relatively rare condition, and there is a high 
tendency for it to be missed if  thorough clinical assessment and imaging review are not carried out. 
The surgical approach for TDI can be challenging, especially with bowel perforation. Materials and 
Methods: This is a retrospective case series of all consecutive patients with TDI from two tertiary 
hospitals in the southern part of Nigeria between January 2013 and December 2019. The demographic 
data of the patients, type, cause, and clinical diagnosis, intraoperative findings, Injury Severity Score, 
and outcome were noted. The descriptive statistics were presented in percentages and fractions. 
Results: Fourteen (4.3%) of the 326 chest trauma patients had TDI with 57.1% from penetrating 
causes and 42.9% from blunt causes. The causes of the TDI were gunshot injuries (42.9%), road traffic 
crashes (35.7%), stab injury (14.3%), and domestic accidents (7.1%). The preoperative method of 
diagnosis was mainly by massive haemothorax necessitating open thoracotomy (42.9%) and mixed 
clinical evaluation, chest radiograph, and upper gastrointestinal contrast studies (35.7%), and the 
drainage of intestinal content following the insertion of a chest tube to initially drain haemothorax 
(21.4%) and other modality of diagnoses (7.1%). The operative finding was mainly intestine content 
in the chest (50%) and only diaphragmatic injury (35.7%). The major complication after surgery 
was empyema thoracis (14.3%) and the mortality rate (14.3%). Conclusion: Penetrating injury of 
the chest was the major factor responsible for the TDI, and even with bowel perforation and acute 
TDI, thoracotomy offered an effective surgical approach for all the patients.
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Introduction

The nature and mechanism of diaphragmatic 
injury may depend on whether it is the blunt 
or penetrating cause, the side of the diagram 
affected, and the portion of  the trunk 
involved.[1-3] The diagnosis of diaphragmatic 
injury can be a challenge, but the careful 
search for clinical features suggestive of 
diaphragmatic injury in patients who sustain 
blunt or penetrating thoracoabdominal 
trauma can be quite helpful.[4] This is 
because factors that may affect the diagnosis 
of  diaphragmatic injury will depend on 
clinical features of  diaphragmatic injury, 
associated injuries, and evidence of pleural 
collection, especially if  massive may blur 
any content in the thoracic cavity.[4,5]

The diagnosis of diaphragmatic injury can 
be made, apart from clinical examination, 
from a plain chest radiograph or computed 
tomography (CT) in most situations. 

Another diagnostic modality is the use of 
the diagnostic height index (DHI). This 
is specifically with diaphragmatic injury 
resulting from blunt chest trauma, and with 
the value of DHI being positive when the 
right side is higher and negative when the left 
side is higher.[6] Some more subtle features 
will require careful analysis of CT images 
and examination with magnetic resonance 
imaging to improve the detection of 
diaphragmatic injuries in thoracoabdominal 
trauma patients.[5,7-9]

The surgical approach for traumatic 
diaphragmatic injury (TDI) has been 
a point of  discourse. For acute TDI, 
laparotomy was highly recommended over 
the thoracotomy approach, whereas the 
reverse is the case for chronic TDI.[10,11] 
However, in a large national study, there 
was no consensus on the surgical approach 
(thoracotomy or laparotomy approach) 
to be used for TDI.[12] In an uncommon 
case of bowel injury such as perforation, 
thoracotomy was the approach chosen to 
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Figure 1: A contrast study showing the outline of the stomach in the chest Figure 2: Bowel in the chest after thoracotomy

repair the condition.[13] This does not change the fact that 
the diagnosis of TDI remains difficult and often delayed.[14]

Methods

This is a retrospective case series of  all the consecutive 
patients with TDI following chest trauma who presented in 
the University of Port Harcourt and Federal Medical Centre 
Owerri all in the southern part of Nigeria over 6 years at 
the emergency department and the surgical clinic. The 
demographic data of the patients, the type of chest injury 
(blunt versus penetrating), the cause of the diaphragmatic 
injury, the clinical diagnoses, the intraoperative findings, 
the Injury Severity Score (ISS), the complications, and 
the outcome of dead or alive were collated. The diagnoses 
were made from the clinical evaluation of  the patient, 
chest ultrasound, chest radiograph, upper gastrointestinal 
contrast studies [Figure 1], quantity or quality of  the 
inserted chest tube drainage, and intraoperative finding 
[Figure 2]. The descriptive statistics were presented in 
percentages and fractions.

Results

A total of 326 with chest trauma were got from the records 
between January 2013 and December 2019. Of these 326 
patients, 14 (4.3%) had TDI. The age range was 8–65 years, 
with a mean age of 35.60 ± standard deviation 14.64 years 
and a male to female ratio of  6:1. Eight (57.1%) had 
penetrating mechanisms and six (42.9%) had a blunt injury. 
The cause of injury was gunshot injuries in six (42.9%) 
patients, road traffic crashes in five (35.7%) patients, stab 
injury in two (14.3%) patients, and domestic accidents in 
one (7.1%) patient. The preoperative method of diagnosis 
was massive haemothorax (massive haemothorax defined 

by the drainage of 1.5 L of blood at the insertion of the chest 
tube or the drainage of 200–300 mL hourly for 3 consecutive 
hours) necessitating open thoracotomy in six (42.9%) 
patients, bowel sound on auscultation during clinical 
evaluation, chest radiograph, and upper gastrointestinal 
contrast studies showing evidence of diaphragmatic injury 
in the chest in five (35.7%) patients [Figure 1], the drainage 
of intestinal content following the insertion of a chest tube 
to initially drain haemothorax in three (21.4%) patients, and 
the detection of distortion in the diaphragmatic outline in 
one (7.1%) patient. The operative findings were intestine 
content in the chest in seven (50%) patients [Figure 2], 
isolated diaphragmatic injury in five (35.7%) patients, and 
the presence of spleen and the left lobe of the liver in one 
(7.1%) each. The surgery was complicated by empyema 
thoracis in 14.3% of patients, and the mortality rate was 
two (14.3%) [Table 1].

Discussion

This is a retrospective case series of TDI in two tertiary 
institutions in the country. TDI is a relatively rare condition, 
and there is a high tendency for it to be missed if  thorough 
clinical assessment and imaging review are not carried 
out, and the absolute number of  TDI is dependent on 
the overall number of chest trauma; the number of cases 
of TDI (is directly proportional to the incidence of chest 
trauma) tends to increase as the number of chest trauma 
increases.[14] The incidence of TDI in patients with chest 
trauma ranges between 1.3% and 6.5%[14,15] and about 54.2% 
of those had thoracotomy following chest trauma from 
our recent review.[16] The incidence of 4.3% from this series 
is similar to the 6.5% reported by Adegboye et al. about 
two decades ago.[15] The implication is that TDI following 
truncal injuries is quite uncommon, and thus attending 
emergency physicians should be alert to identify any of 
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Table 1: Characteristics of patients with diaphragmatic injury
No Age Sex Type Expediency 

of surgery
Mechanism Preoperative 

diagnosis
Modality of 

diagnosis
Operative finding ISS Complication Outcome

1 37 M Blunt Emergency RTC Massive 
haemothorax

CTTD/thorac Diaphragmatic 
injury

32 None Alive

2 23 M Blunt Emergency RTC Bowel in the 
chest

Clinical 
evaluation

Diaphragmatic 
injury + intestine

32 None Alive

3 39 F Blunt Emergency RTC Bowel in the 
chest

Clinical 
evaluation

Diaphragmatic 
injury + intestine

16 None Alive

4 65 M Blunt Emergency RTC Bowel in the 
chest

Clinical 
evaluation

Diaphragmatic 
injury + intestine

16 None Alive

5 8 F Blunt Emergency DA Bowel in the 
chest

Clinical 
evaluation/
chest radio

Diaphragmatic 
injury + intestine

16 None Alive

6 27 M Pene Emergency Stab injury Massive 
haemothorax

CTTD/thorac Diaphragmatic 
injury + spleen

25 None Alive

7 32 M Pene Emergency GSI Massive 
haemothorax

CTTD/thorac Diaphragmatic 
injury

25 None Alive

8 30 M Pene Emergency GSI Massive 
haemothorax

CTTD/thorac Diaphragmatic 
injury

16 None Alive

9 34 M Pene Emergency GSI Massive 
haemothorax

CTTD/thorac Diaphragmatic 
injury + bowel 
injury

25 None Dead

10 47 M Pene Urgency GSI Chest tube 
drained bowel 
content

CTTD Bowel injury 16 ET Alive

11 23 M Pene  
CI

Urgency Stab injury Chest tube 
drained bowel 
content

CTTD Bowel injury 16 ET Alive

12 63 M Blunt  
CI

Elective RTC Bowel in the 
chest

Chest radio Diaphragmatic 
injury

16 None Alive

13 40 M Pene  
CI

Elective GSI Diaphragmatic 
injury

Chest radio Diaphragmatic 
injury

25 None Alive

14 31 M Pene  
CI

Emergency GSI Haemothorax Chest radio Diaphragmatic 
injury

32 None Dead

CI  =  chest injury, CTTD  =  closed-tube thoracostomy drainage, DA  =  domestic accident, ET  =  empyema thoracis, F  =  female, 
GSI = gunshot injury, M = male, pene = penetrating, radio = radiograph, RTC = road traffic crash, thorac = thoracotomy

such injuries in order to avoid the complications that may 
result from a missed diagnosis.[17,18]

The TDI can be broadly divided into that due to blunt 
causes and that due to penetrating causes. From this study, 
the commonest cause of  TDI following the blunt chest 
injury was a road traffic crash, and the commonest cause 
of TDI following penetrating chest injury was a gunshot 
and stab injury mainly from a knife. It is important to 
note that all diaphragmatic wounds will require operation, 
no matter the length or duration of  the rent to avoid 
secondary bleeding and bowel herniation as well as missing 
of associated visceral injuries,[9] and thus the expediency of 
surgery can be emergent, urgent, and elective.[15]

The differential pressure within the trunk after TDI may lead 
to the movement of the mobile organ or viscera across the 
opening in the diaphragm. This may also be dependent on 
the contiguousness and mobility of abdominal structures, 
and thus structures such as the spleen or part of the liver 

may be found in the thorax, and mobile structures such as 
the small intestine, the large intestine, the omentum, and 
the stomach may also be found in the chest cavity.

In TDI from penetrating the chest, an injury may dictate 
the need for immediate thoracotomy and therefore aid 
in the diagnosis of  diaphragmatic injury; there may be 
a delay in diagnosis and diagnostic conundrum from a 
blunt mechanism.[16,19] This is because concurrent massive 
haemothorax in the blunt mechanism may mask the 
diaphragmatic injury and thus make the detection of bowel 
in the thoracic cavity on clinical evaluation and imaging 
difficult.[5,7,16]

Penetrating cause of  TDI as against the blunt one was 
reported as being higher in many pieces of literature.[19,20] 
The reason for this observation was a result of the increased 
use of  firearms in some of  the states in the country.[21] 
Another reason may be because most of the penetrating 
upper truncal injuries were referred specifically to the 
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thoracic surgical unit and thus immediate diagnoses were 
able to be made, thoracotomy was carried out.

Making a diagnosis of  TDI may be quite difficult as 
bowel herniation or diaphragmatic distortion can be 
overshadowed by a significant amount of  blood within 
the thoracic cavity and associated injuries.[8,14,16] In our 
series, massive haemothorax was the overshadowing 
factor in establishing the preoperative diagnosis. But, 
when there was no associated haemothorax to blur the 
diaphragmatic outline, then the presence of diaphragmatic 
discontinuity, abnormal diaphragmatic elevation to 4 cm or 
more, diaphragmatic thickening, herniation of abdominal 
viscera into the thoracic cavity, signs such as the collar/
hump sign, and dependent viscera signs will be identified.[22] 
Recommendations were made in favour of laparoscopy over 
CT for diagnosis, nonoperative versus operative approach 
for the right-sided penetrating injuries, abdominal versus 
thoracic approach for acute TDI, and laparoscopy (with the 
appropriate skill set and resources) versus open approach 
for isolated TDI.[11] The preferred operative approach: 
thoracotomy allows for a better access to the injured 
diaphragm and its repair, as well as any herniated viscera.

From this review, about 21.4% of patients were suspected 
to have sustained bowel injury for trocar inbuilt chest tube 
during the drainage of haemothorax after chest trauma. 
The diagnosis of  bowel injury was subsequently made 
when the chest tube started draining faecal materials 
after the initial drainage of  blood. There had been a 
similar report of herniated bowel into the chest through the 
diaphragmatic defect getting injured by the trocar during 
the chest tube insertion or the bowel becoming incarcerated 
and, subsequently, perforate due to transmural ischemia.[7,23] 
Either the trocar or the herniation of the bowel through 
the diaphragmatic defect may have been responsible for 
the bowel injury.

To avoid bowel injury during the chest tube insertion, it is 
advised that the chest tube should be passed without using 
the inbuilt trocar especially if  TDI is suspected. Another 
method that has been suggested to avoid injury to the bowel 
especially when masked with haemothorax was the use 
of video-assisted thoracoscopy. Video thoracoscopy and 
video laparoscopy could contribute to the diagnosis and 
treatment of these lesions, with possibilities for a better 
postoperative period[10,24,25] and increased diagnostic yield, 
especially in patients with multiple rib fractures involving 
the lower chest wall.[24,26]

Surgical management remains controversial, especially 
when the choice of the surgical approach, the technique, 
and the use of mesh or not was considered.[14] In a report 
of  15 consecutive cases with TDI, laparotomy was the 
surgical approach preferred in most of the cases.[27] But with 
the 14 consecutive cases in this series, the approach was 
via thoracotomy for all the cases. The reasons that may be 
responsible for the use of any of the surgical approaches are 

the subspecialty of the surgeon and general surgeon versus 
thoracic surgeon respectively. However, an earlier report 
of the surgical approach in a centre with both specialists, 
thoracic and general surgeons, in the country, suggested 
the adoption of mixed surgical approaches.[15]

The surgical approach for the thoracic surgeon is mainly via 
thoracotomy. The use of the thoracotomy approach allowed us 
to repair all the injured bowels and also the injured diaphragms. 
The space provided by the thoracotomy was quite enough to 
effect the bowel repair. In another study, the most common 
surgical approach was the transabdominal approach, which 
allowed for the complete exploration of the abdominal viscera 
for associated injuries and was effective in most cases with 
occult diaphragmatic injury.[19] It seems that the greatest benefit 
for these patients would be their care by a multiprofessional 
team composed of thoracic and abdominal surgeons so that 
the choice of approach would not be conditioned simply by 
the surgeon’s greater ability to manipulate one or the other 
of the cavities.[10] Laparoscopic approach is associated with 
a decreased length of stay and more routine discharge than 
open abdominal and thoracotomy approaches,[12,25] ditto for 
video-assisted thoracoscopy.[25]

In all these, the thoracotomy offered the opportunity for 
the repair of the injured bowel and the diaphragm with a 
good outcome.

Conclusion

TDI still constitutes a diagnostic conundrum for the 
surgeon, and the thoracotomy approach was effective for 
both acute TDI and the repair of perforated bowel and 
associated injuries.

Recommendations

1.	 Clinical evaluation with the intent of  proper chest 
auscultation

2.	 Avoid the use of  trocar for chest tube insertion in a 
patient with chest trauma with massive haemothorax 
or the suspicion of diaphragmatic injury

3.	 Pass a nasogastric tube to decompress the stomach and 
possibly aid the stomach to fall back into the abdomen 
before passing the chest tube

4.	 Repeat a chest radiograph after the drainage of  the 
pleural space

5.	 Severe blunt truncal injury should raise the suspicion of 
diaphragmatic injury.
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