
Patterns of pediatric thoracic penetrating injuries

A single-trauma-center experience in Riyadh, Saudi Arabia

Suliaman M. Alaqeel, MBBS, Abdulaziz A. Howsawi, MBBS, 
Mohammad K. Al Namshan, MBBS, MPH, Jamila O. Al Maary, MBBS.

ABSTRACT

األهداف:  ملراجعة أمناط ونتائج إصابات اختراق الصدر لألطفال في مركز الطوارئ 
من املستوى األول.

 
املنهجية: مراجعة الرسم البياني بأثر رجعي ملرضى األطفال الذين قدموا إلى قسم 
اململكة   ، الرياض   ،  )KAMC-ED( الطبية  العزيز  عبد  امللك  مدينة  طوارئ 

العربية السعودية مع إصابة اختراق صدرية من 2001 إلى 2016.

كان  الصدر.  في  باختراق  أصيبوا  مريضا   89 على  الدراسة  اشتملت  النتائج: 
متوسط العمر 3.6±15.5 عام. كان متوسط مدة اإلقامة في املستشفى 3.87±5 
معزولة  إصابة  وظهرت  ناري.  طلق  يليه  الطعن  هو  شيوًعا  األكثر  والسبب  أيام. 
في الصدر في 58 مريضا. أكثر اإلصابات شيوًعا كانت استرواح الصدر وتدمي 
والتنبيب  65 مريًضا،  األنبوبي مطلوًبا في  الصدر  الفغر  ED ، كان  الصدر. في 
الرغامي في 12 مريًضا، ونقل الدم في 14 مريًضا، ونقل الدم الهائل في واحد ، 
وبزل التامور في واحد ، وبضع الصدر في الطوارئ لدى 2. احتاج 15 مريًضا فقط 
إلى التدخل اجلراحي. بلغ معدل الوفيات اإلجمالي %3.4. نتجت الوفاة بشكل 
األجوف  الوريد  األورطي و/أو  والشريان  للقلب  املصاحبة  اإلصابات  رئيسي عن 

السفلي.

اخلالصة: تبلغ إصابات الصدر نسبة %25 من عدد الصدمات املخترقة األجماليه 
غير  بطرق  املستمرة  اإلصابات  معظم  مع  بأمان  التعامل  ميكن  األطفال.  لدى 
جراحيه، مع نتائج إيجابية. يتطلب األمر إلى اإلنعاش والتدخل الفوري لتحديد 

والتحكم باإلصابات التي تهدد احلياة.

Objectives: To review the patterns and outcomes of 
pediatric thoracic penetrating injuries in a level one 
trauma center.

Methods: Retrospective chart review of pediatric 
patients who presented to the King Abdulaziz Medical 
City Emergency Department (KAMC-ED), Riyadh, 
Saudi Arabia with thoracic penetrating injury from 
2001 to 2016.

Results: Eighty-nine patients had a penetrating injury 
to the thorax were identified. The mean age was 15.5 
± 3.6 years. The mean length of hospital stay was 
3.87 ± 5 days. The most common cause was stabbing 
followed by gunshot. Isolated injury to the thorax 
was seen in 58 patients. The most common injuries 
sustained were pneumothorax and hemothorax. In 
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the ED, tube thoracostomy was required in 65 
patients, endotracheal intubation in 12, blood 
transfusion in 14, massive blood transfusion in one, 
pericardiocentesis in one, and ED thoracotomy in 2. 
Only 15 patients required surgical intervention. The 
overall mortality rate was 3.4%. Death was mainly 
caused by associated injuries to the heart, aorta and/
or inferior vena cava.

Conclusion: Thoracic injuries represent 25% of the 
overall penetrating traumas in pediatric age group. 
Most sustained injuries can be safely managed non-
operatively, with a favorable outcome. Prompt 
resuscitation and intervention are required to identify 
and manage life-threatening injuries.
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Trauma is responsible for 9% of the overall mortality 
in all age groups.1 Among children, the incidence 

of penetrating trauma varies from 10-22%.2-4 Few 
publications have addressed penetrating injury in 
pediatrics, particularly injury to the thorax. The 
estimated mortality risk from penetrating trauma is 
high and ranges from 4% to 25%.5 Due to lack of local 
data, the aim of this study is to share our experience 
and review the patterns, characteristics and outcomes of 
pediatric thoracic penetrating injuries in a single level 
one trauma center in Saudi Arabia.

Methods.  A study proposal was submitted to 
King Abdullah International Medical Research Center 
(KAIMRC), Riyadh, Saudi Arabia and went through a 
process of institutional review board (IRB) assessment, 
research committee review and peer review. After 
approval, eligibility and accessibility to the trauma 
registry database become available. From the King 
Abdulaziz Medical City (KAMC) data, we retrieved the 
medical records of all patients who sustained penetrating 
injury over a 16-year study period.
     All patients (18 years or younger) who presented to 
the KAMC emergency department (KAMC-ED) with 
penetrating trauma from January 2001 to December 
2016 were included. Those who sustained penetrating 
injury to the thorax and were initially managed in 
KAMC-ED were selected. Any transferred cases from 
other institutions were excluded.

Medical charts were retrieved and reviewed by 
the coinvestigators. Data collected included patient 
demographics (age, sex), place of injury (home, 
school, street), mode of transportation to the hospital 
(private car, ambulance), duration from injury to ED, 
mechanism of injury (MOI), admission physiology 
(heart rate [HR], respiratory rate [RR], blood 
pressure [BP]), type of injury, associated injuries, ED 
management, operative intervention, length of hospital 
stay, intensive care unit (ICU) stay and mortality rate.

Statistical analysis. We used IBM Statistical 
Package for Social Sciences for windows, Version 22.0 
(IBM Corp., Armonk, NY, USA) for data analysis. 
Quantitative variables are presented as mean ± standard 
deviation (SD), and qualitative data are presented as 
frequencies and percentages.

Results. A total of 355 patients were hospitalized for 
penetrating injuries over the study period. Eighty-nine 
patients sustained penetrating injury to the thorax. 
All patients were male except one female. Their mean 
age was 15.5 ± 3.6 years (1-18). The place of injury 
(home, school, street), mode of transportation (private 

car, ambulance), and duration from injury to ED are 
summarized in Table 1.
     In the ED, initial hemodynamics upon arrival were 
retrieved. Normal values were adjusted according to 
patient age. Almost half of the presenting patients were 
stable and had normal hemodynamics upon arrival 
(n=49). The mean HR was 98 ± 24 beats/min, and 
the mean systolic blood pressure (SBP) was 121 ± 25 
SD. Abnormal or unstable hemodynamics according 
to patients age, such as tachycardia (31.4%), tachypnea 
(72%) and hypotension (5.6%) were recorded. Initial 
ED hemodynamics were not documented in 9 patients.
     The mechanism of injury (MOI) was stabbing injury 
(SI) in 71 (79.8%), gunshot injury (GSI) in 11 (12.4%), 
air gun in 4 (4.5%) and sharp objects such as glass in 
3 (3.3%). Isolated penetrating injury to the thorax 
was encountered in 58 patients, while 31 patients had 
associated injuries to other body regions (65.2% versus 
34.8%). The types of injuries sustained are summarized 
in Table 2.

Table 1 - Overview of pre-hospital data.

Pre-hospital data n  (%)

Place of injury
Home
School
Street
ND*

3   (3.4)
2   (2.2)
7   (7.9)

77 (86.5)
Mode of transportation

Ambulance
Private car
ND*

21 (23.6)
67 (75.3)
1   (1.1)

Duration from injury to ED
<1 hour
1-2 hours
2-6 hours
Not specified

39 (43.8)
7   (7.9)
1   (1.1)

42 (47.2)
*Not documented

Table 2 - Type of injuries encountered in penetrating thoracic injuries.

Type of injury  n   (%)

Pneumothorax
Hemothorax
Lung contusion/laceration
Diaphragm injury
Hemopericardium 
Cardiac injury
Major vessel injury
Pneumomediastinum
Esophageal injury
Rib Fracture 
Solid/visceral abdominal organ injury

63 (70.7)
23 (25.8)
7   (7.8)
5   (5.6)
4 (4.49)
4 (4.49)
3   (3.4)
2   (2.2)
1   (1.1)
1   (1.1)

12 (13.4)
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     In the ED, tube thoracostomy was required in 65 
patients (73%), endotracheal intubation in 12 (13.5%), 
blood transfusion in 14 (15.7%), massive transfusion 
protocol in one (1.1%), pericardiocentesis in one 
(1.1%) and ED thoracotomy in 2 patients (2.2%).

The majority of patients required conservative 
management, but operative intervention was required 
in 17% (n=15). Different surgical approaches were 
needed, and in some patients, multiple approaches were 
necessary (Table 3). The main indications for surgery 
were massive hemothorax, lung laceration, cardiac 
injury, aortic injury, esophageal injury, diaphragmatic 
injury, pericardial hematoma and solid/visceral 
abdominal organ injury.
     The overall outcome was favorable, and patients 
were discharged home in stable condition. The ICU 
admission was not required in 83 (93%) patients, who 
were observed in regular wards. The mean length of 
hospital stay was 3.87 ± 5 days, and the average length 
of ICU stay was 6 ± 6 days. The mortality rate was 
3.4% (n=3). Death was observed only in the GSI group. 
Three patients sustained injuries to the heart, aorta and/
or inferior vena cava. They arrived at the ED with a 
mean HR of 77 beats/min and a mean SBP of 63. Heart 
rate and SBP were unrecordable in one. Their injury 
severity scores (ISSs) were 25, 25 and 41, respectively. 
None of them survived, and they died immediately 
after emergency thoracotomy. 

Discussion. The present study retrospectively 
reviewed the patterns and outcomes of penetrating 
thoracic injuries among children in our region. The 
study was conducted in KAMC, which is a level one 
trauma center located in eastern Riyadh. It covers a 
large area with a high crime rate and low socioeconomic 
status. The hospital ED is reachable, is easily accessible 
and provides around-the-clock trauma service.

     Prehospital evaluation and assessment can predict the 
outcome of trauma patients.6,7 Patients typically arrive at 
our ED without prior notification. Most of them arrive 
by their own vehicles. The time from injury to ED was 
not specified in 47.2% (n=42) of our cases. However, 
some patients reached the hospital within one hour (or 
less) and received immediate definite care (n=39). It is 
not known whether these confounding factors affected 
the outcome, but it has been reported that private vehicle 
transport significantly reduced in-hospital mortality in 
this subset of patients.6 Our prehospital service is not 
well established, and data including hemodynamics 
at the scene and during transport and resuscitation at 
the scene and during transport were lacking. Moreover, 
the mortality rate of those who could never reach the 
hospital and died at the scene is missing. 

Due to governmental restrictions on firearm 
possession, stabbing injury (SI) by far predominated 
in our region. Numerous studies have had similar 
results, where gunshot injuries (GSIs) represented 
the second most common MOI after stabbing.5,8,9 
When we compared the SI and GSI groups, we 
found significant differences between the 2 groups in 
the clinical presentation, management, and need for 
surgical intervention.10 The mean ISS was 8 ± 3 in the 
SI group compared to 14 ± 12 in the GSI group. The 
SI group required tube thoracostomy more often than 
surgery (83% vs. 7%). In contrast, the GSI group was 
unstable upon arrival and required immediate surgical 
intervention. Mortality was reported in the GSI group 
(3 of 11), but not in the SI group. 

Two-thirds of patients had a penetrating injury 
isolated to the thorax (65.2%). Pneumothorax was the 
most common injury encountered and was managed by 
tube thoracostomy. Surgical intervention was required 
in 17% of patients and was indicated secondary to 
lung laceration, massive hemothorax, or suspected 
or confirmed diaphragmatic injury. The surgical 
intervention in other pediatrics studies was needed 
in 33% to 45% of the cases.2,5 Some patients with 
pneumothorax or hemothorax required laparotomy for 
other associated injuries. Associated solid/visceral organ 
injury was seen in the liver in 4 cases, stomach in 3, 
large bowel in 3, and spleen, kidney and small bowel 
in one each. Eight patients who sustained injury to the 
diaphragm were found to have concomitant abdominal 
organ injuries.13

This study demonstrated an acceptable overall 
outcome of penetrating thoracic injury among children. 
The majority of patients were discharged home in stable 
condition and did not require any ICU admission. This 

Table 3 -  List of surgical interventions needed in managing penetrating 
thoracic injuries.

Operative approach*   n   (%)

Thoracotomy 4 (4.49)

Median sternotomy 1  (1.1)

Thoracoscopy 2  (2.2)

Laparotomy 5  (5.6)

Diagnostic Laparoscopy 2  (2.2)

Wound Exploration and closure 1  (1.1)

Bullet retrieval by IR* 1  (1.1)

*Multiple approaches were necessary in one patient. 
*Intervention radiology
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study had a mortality rate of 3.4% while in similar 
other studies in children the reported mortality rate 
was 4%-25%.5 In our review, a subset of patients who 
sustained penetrating injury to the heart, pericardium, 
or major thoracic vessels did not survive. In this 
subset, the type of injury sustained (GSI), unstable 
hemodynamics upon arrival, high ISS score (average 
30) and ED thoracotomy were factors that could 
predict their outcome from the start.5 Studies that have 
addressed the role of ED thoracotomy in pediatric 
penetrating thoracic trauma have revealed no clear 
evidence supporting its utilization in resuscitation.7,11,12 

Study limitations. First, it is a retrospective single 
center study. Second, pre-hospital data were missing and 
data related to pre-hospital management could not be 
retrieved. Also, long-term follow up of the patients were 
not available in all patients. Nevertheless, this the first 
study, to our knowledge, that focused on penetrating 
thoracic injuries in pediatric age group in our region.
     In conclusion, thoracic penetrating injuries represent 
25% of the overall penetrating traumas in the pediatric 
age group in Riyadh. The mortality rate was 3.4%. 
Mortality rate in this study can be attributed to multiple 
factors, including a predominance of low-velocity 
stabbing injury among our cases. Another reason is that 
most sustained injuries were injury to the pleura and 
lung parenchyma; these injuries were safely managed 
non-operatively. Last, patients who sustained major 
vessel and/or cardiac injury represented the minority 
but carried fatal outcome. Further research is required 
to focus on the causes and preventive measures of such 
injuries.
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