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Prevalence of thoracic and abdominal injuries in patients with 
penetrating thoracoabdominal trauma
Prevalencia de lesiones torácicas y abdominales en pacientes con traumatismo 
toracoabdominal penetrante

Ileana R. Bautista-Parada and Ada M. Bustos-Guerrero*
Department of General Surgery, Industrial University of Santander, Bucaramanga, Colombia

Abstract

Objective: To establish the prevalence of diaphragmatic, thoracic and abdominal injuries associated with penetrating thora-
coabdominal trauma. Method: Retrospective chart review of all admitted patients with penetrating thoracoabdominal trauma 
who required surgical management at the University Hospital of Santander during a 12- month period. A descriptive analysis 
of the findings using measures of central tendency and dispersion for quantitative variables and proportions with confidence 
intervals for qualitative variables was made. Results: Of the 112 patients included, 91.3% were admitted with injuries from 
sharp weapons, 60% of the wounds were on the left and 66% were below the 8th intercostal space. Some type of organ dam-
age was reported in 34% of the patients and 27.6% had a diaphragmatic injury. The most frequently intraabdominal injured 
organ was liver (9.8%), followed by spleen (6.25%) and colon (6.25%). Discussion and conclusions: The most frequently 
affected thoracoabdominal area was the posterior left, however, the highest prevalence of diaphragmatic injury was found in 
the anterior left area. The risk of diaphragmatic injury in the anterior left area was 10 times greater than in the posterior right 
area and almost doubled the risk of the posterior left region. There was no statistically significant difference between the an-
terior left area and the anterior right area. Solid viscus injuries are most common in the abdominal cavity.
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Resumen

Objetivo: Establecer la prevalencia de lesiones diafragmáticas, torácicas y abdominales asociadas con traumatismos tora-
coabdominales penetrantes. Método: En un período de 12 meses se recopilaron los pacientes que ingresaron a un hospital 
de tercer nivel de complejidad con traumatismo toracoabdominal penetrante y que requirieron manejo quirúrgico. Se realizó 
un análisis descriptivo de los hallazgos empleando medidas de tendencia central y dispersión para las variables cuantitativas 
y proporciones con intervalos de confianza para las variables cualitativas. Resultados: Se incluyeron 112 pacientes, de los 
cuales el 91.3% ingresó con heridas por arma blanca, el 60% de las heridas se encontraban del lado izquierdo y en el 66% 
de los casos debajo del octavo espacio intercostal. El 34% de los pacientes presentaban algún tipo de lesión orgánica y el 
27.6% lesión diafragmática. El órgano intraabdominal con más frecuencia lesionado fue el hígado (9.8%), seguido del bazo 
(6.25%) y el colon (6.25%). Discusión y conclusiones: La zona toracoabdominal más a menudo afectada fue la posterior 
izquierda, pero la de mayor prevalencia de lesión diafragmática fue la anterior izquierda, siendo el riesgo de lesión diafragmática 
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Introduction

The incidence of diaphragmatic injuries caused by pe-
netrating thoracoabdominal trauma is between 37% and 
50%, depending on the injury mechanism1-3. Between 
25% and 48% of patients with diaphragmatic injury have 
normal physical exploration or non-specific symptoms, 
such as pleuritic or abdominal pain, making diagnosis 
and therapy a challenge; however, in some cases, there 
could be symptoms ranging from hemodynamic instabi-
lity4 to bowel obstruction and respiratory insufficiency 
weeks or months after the initial injury if not corrected5. 
Penetrating trauma is usually accompanied by small dia-
phragmatic injuries that can gradually increase in diame-
ters, facilitating late herniation; closed trauma, on the 
other hand, usually generates large defects, between 5 
and 15 cm6. Multiple injuries associated with diaphrag-
matic rupture have been described in 88.5% of cases, 
and the lungs are the most commonly affected organ 
(46.5%), followed by cardiac injuries (11.6%), liver injuries 
(11.6%), spleen injuries (6.9%), and hollow viscera inju-
ries (4.6%)7. The potential compromise of two cavities 
(thorax and abdomen) makes it difficult to identify the 
trajectory of the injury, and there are no completely re-
liably radiology tools for diagnosis. Thorax x-rays have a 
rate of false negative of up to 50%8, and computerized 
tomographies have a sensitivity of 82% and a specificity 
of 88%9,10. For this reason, surgical procedures for diag-
nosis or therapy (or both) that are open or minimally in-
vasive and with thoracic or abdominal approaches, have 
been used. The use of laparotomies complementing an 
initial thoracic procedure is frequent, and it is linked to 
an increase of mortality in patients11,12.

Few other topics in surgery have generated as much 
controversy as thoracoabdominal trauma, and there 
are no recent statistics in our field; therefore, the pur-
pose of this study was to establish the prevalence of 
diaphragm, thorax, and abdominal injuries associated 
with a penetrating thoracoabdominal trauma.

Method

Cross-sectional observational study including all 
patients over 12 years of age who were admitted into 

the ER in a hospital with third level of complexity in 
Colombia, between August 2017 and August 2018, 
with penetrating thoracoabdominal trauma diagnosis, 
and who required emergency surgical management. 
The thoracoabdominal area was defined as the re-
gion between a horizontal line crossing the fifth in-
tercostal space, continuing as a horizontal line that 
crosses the seventh intercostal space, with the costal 
edge as the lower limit. The limit between the ante-
rior and posterior thoracoabdominal area wa drawn 
by the posterior axillary lines.

Demographical and clinical data were collected by 
reviewing electronic clinical histories using a format 
created for this purpose. The information was ente-
red twice, validated, and exported in .dta format to 
be analyzed in Stata®11.0. A descriptive analysis of 
the findings of the survey was performed with cen-
tral tendency and dispersion for quantitative varia-
bles and with proportions and confidence intervals 
of 95% for qualitative variables. A bivariate analysis 
was performed calculating relative prevalences as 
a measure of association. Finally, factors that, in the 
bivariate analysis, were found to be associated with 
organ injuries were taken to a stratified analysis, 
and afterwards, a multivariate analysis was perfor-
med using a regression method with the purpose of 
adjusting the combined effects, and lastly, the ad-
justed relative prevalences of each attitude detec-
ted. Input and output of variables in the regression 
model was based on the criteria established by 
Sander Greenland13.

This research project followed the principles set in 
the ICH Good Clinical Practice guidelines and the 
ethical principles of the Declaration of Helsinki, and 
approved by the Ethics Review Committee of the Uni-
versidad Industrial de Santander.

Results

During the described period, 572 patients with thora-
cic or abdominal trauma were admitted to the ER. 129 
clinical histories of patients with single penetrating tho-
racoabdominal wounds were analyzed. Patients with 
multiple wounds the same thoracoabdominal area and 

en esta zona 10 veces mayor en comparación con la zona posterior derecha y casi el doble con respecto a la región posterior 
izquierda; no se encontró diferencia estadísticamente significativa al compararlo con la región anterior derecha. Las lesiones 
de víscera sólida son las más frecuentes en la cavidad abdominal.

Palabras clave: Trauma penetrante. Área toracoabdominal. Diafragma. Lesiones toracoabdominales.
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those with more than one compromised region were 
excluded from the study, as it was impossible to discern 
which of the wounds had caused the injuries.

A total of 112 patients with single wounds were inclu-
ding with the following distribution: 22 (19%) in the 
posterior right thoracicoabdominal region, 42 (37.5%) 
in the posterior left thoracicoabdominal region, 22 
(19%) in the anterior right thoracoabdominal region, 
and 26 (23.2%) in the anterior left thoracoabdominal 
region. 95.3% of patients were males, with an average 
age of 24 years (interquartile range: 20-30). 17% 
(22/112) of patients were admitted with acute abdomen, 
and 7% (9/112) were hemodynamically unstable. 33.9% 
of wounds were located above the eight intercostal 
space, and 58.2% between the eight and the tenth 
(Table 1). 60% of wounds were located on the left side, 
and most of them on the posterior region.

35% of patients had some type of organ injury. The 
most frequently affected organ was the diaphragm, with 
31 cases (27.6%), and 26 of these patients also had 
injuries to an intraabdominal organ, with the most com-
mon being the liver (42.3%), the spleen (26.9%), the 
colon (26.9%), the stomach (19.2%), the lungs (15.3%), 
the heart (7.6%), and the gallbladder (7.6%) (Table 2). 
The thoracoabdominal region with the largest number 
of associated injuries was the anterior left region, and 
the least commonly affected was the posterior right re-
gion. Surgical procedures performed according to the 
location of the wounds are described in table 3.

While evaluating the frequency of diaphragmic inju-
ries according to their location, it was found that, out 
of the 31 injuries, 67.7% were secondary to wounds 
located in the anterior region, while only 32.2% were 
associated with posterior wounds. A statistically sig-
nificant difference was found (p = 0.002) according tot 
he injury area for the presence of diaphragmic injury. 
Posterior injuries showed a relatively lower risk of 
diaphragmic injury than anterior left wounds. The risk 
of diaphragm injury in posterior right injuries was a 
tenth of the risk of injury for anterior left wounds, and 
the risk of diaphragmic injury in posterior left wounds 
was lower than half of the risk of diaphragmatic injury 
caused by anterior left wounds (Table 4).

In terms of trauma mechanism and the degree of 
diaphragmatic injury measured according to the or-
gan injury scale system, seven firearm wounds were 
recorded, five of them were second degree (71.4%) 
and two were third degree (28.5%); and 24 wounds 
were caused by bladed weapons, with 14 of them 
being second degree (58.3%) and 10 third degree 
(41.6%). No statistically significant differences were 

found between the location by intercostal space and 
the presence of wound or degree of diaphragmatic 
injury (p = 0.66).

There were 21 complications in 18 patients (16%), 
with infections being the most frequent, and pneumo-
nia being the most prevalent, with four recorded ca-
ses. Coagulated hemothorax was the second most 
frequent complication, followed by bronchopelural fis-
tulas. 9% of patients required some type of re-inter-
vention. No deaths were recorded.

Discussion

Traumas are a public health concern worldwide, as 
it is the main cause of death within the first three de-
cades of life. In our area, nearly 90% of trauma pa-
tients that require some type of surgical procedure are 
admitted with penetrating traumas14, and most of 

Table 2. Frequency of organ injuries in patients with penetrating 
thoracoabdominal trauma

Organ Percentage

Diaphragm 27.6%

Liver 42.3%

Spleen 26.9%

Colon 26.9%

Stomach 19.2%

Lung 15.3%

Heart 7.6%

Gallbladder 7.6%

Table 1. Location of wounds in patients with penetrating 
thoracoabdominal wounds

Intercostal 
space

Posterior Anterior Total 
cases

Percentage Cumulative 
percentage

5 0 5 5 4.46% 4.46%

6 1* 11 12 10.71% 15.18%

7 10 11 21 18.75% 33.93%

8 22 12 34 30.36% 64.29%

9 19 5 24 21.43% 85.71%

10 11 5 16 14.29% 100%

Total 63 49 112 100%

*Thorax wound due to firearm projectile with thoracoabdominal trajectory. 



I.R. Bautista-Parada, A.M. Bustos-Guerrero. Injuries in thoracoabdominal trauma

377

those who had single wounds with injuries in more 
than one anatomical region, had them in the thora-
coabdominal area15.

Management of penetrating thoracoabdominal trau-
ma is still a clinical challenge and a subject of debate, 
from the definition of the limits of the area to the diag-
nostic and therapeutic approach. The occurrence of 
associated injuries, complications, and related outco-
mes has not been described in our population, and 
taking into account its high prevalence, it must be 
studied and characterized.

This study found a sociodemographic distribution 
(age and gender) similar to what has been described 
by other authors. The ratio of penetrating thoracoab-
dominal trauma caused by firearm and bladed wea-
pon in developing countries is 3:116, which differs 
from the findings of this study, where the most fre-
quent injury mechanism was bladed weapon (95.3%).

It is worth noting that only 7% of patients were he-
modynamically unstable when admitted; however, 
17% had acute abdomen, which would be related to 
the location of most wounds, as 66% had wounds in 
the eight intercostal space or below, with higher risk 
of intraabdominal injuries.

60% of wounds were located on the left side, and most 
of them on the posterior region. The high incidence of 
injuries in the posterior thoracoabdominal region is es-
sential, as this area has the highest risk of developing a 
diaphragmic hernia in injuries that are not diagnosed at 
the time of the trauma, and the highest risk would be 
due to the supposed protection provided by the liver on 
the right side, the subrecord of right diaphragmatic inju-
ries (as they are not found actively), and weakness of 
the left hemidiaphragm in the embryologic fusion planes, 
such as the pleuroparietal channels17.

The precordial area (from the lower edge of the 
clavicles, the anterior left axilliary line, right the middle-
clavicular line, and the costal edge, including the 
epigastrium)18 overlaps the thoracoabdominal area, 
which implies that a high percentage of these wounds 
are located on both areas, as reported in this study in 
25% of cases; however, despite the high frequency of 
precordial wounds, only two cardiac injuries were 
reported in this group of patients.

The percentage of patients with organ injuries was 
34% and, even when the majority of patients in this 
group were admitted for bladed weapon wounds, it 
must be noted that nearly 70% of patients with firearm 
wounds had some injury. In line with the findings of 
Regan et al.19, out of the intraabdominal injuries, solid 
viscera were the most commonly affected, in the fo-
llowing order: liver, spleen, and kidneys.  It was docu-
mented that the most commonly affected area in 
patients with penetrating thoracoabdominal trauma 
was the diaphragm (27.6%). It was confirmed that tho-
rax x-rays are a limited diagnostic tool to detect dia-
phragmatic injuries20, as, in line with global literature, 
nearly 50% of patients with diaphragmatic injuries has 
a reportedly normal x-ray8.

Despite the fact that the larger number of thoracoab-
dominal wounds were located in the posterior left region, 

Table 3. Surgical procedures performed in patients with penetrating thoracoabdominal trauma

Diagnosis Thoracotomy Thoracostomy Thoracoscopy Laparoscopy Laparotomy

No Yes No Yes No Yes No Yes No Yes

ARTAW 23 0 5 18 18 5 20 3 8 15

ALTAW 25 1 9 17 20 6 21 5 8 18

PRTAW 21 1 0 22 20 2 22 0 19 3

PLTAW 38 3 7 34 18 23 41 0 25 16

ARTAW: anterior right thoracoabdominal wound; ALTAW: anterior left thoracoabdominal wound; PLTAW: posterior left thoracoabdominal wound; PRTAW: posterior right thoracoabdominal 
wound.

Table 4. Risk of diaphragmatic wound according to location in 
patients with penetrating thoracoabdominal trauma

Thoracoabdominal 
area

RR p CI95%

Anterior Left Reference ‑ ‑ ‑

Anterior right 0.942029 0.85 0.5046865 1.758356

Posterior right* 0.0984848 0.02 0.0138825 0.6986671

Posterior left* 0.4227642 0.02 0.2001855 0.8928198

CI 95%: confidence interval of 95%; RR: risk rate.
*Statistically significant difference.
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the area with the highest risk of diaphragmatic injury was 
the anterior left region, with a risk 10 times higher com-
pared to the posterior right region and almost twice as 
high compared to the posterior left region, and no sta-
tistically significant difference was found compared to 
the anterior right region. There were no statistically sig-
nificant differences found between the location of 
wounds by intercostal space and the presence of dia-
phragmic injury, and these results will have to be eva-
luated in future studies with larger populations.

Even though the evolution of diaphragmatic wounds 
is not precisely known, and most of them are low de-
gree, the movement and pressure difference between 
the abdominal and thoracic cavities could prevent sca-
rring of the defect, favoring the formation of diaphrag-
matic hernias17, which justifies searching for them 
actively. Minimally invasive procedures are preferred 
in this search, with thoracoscopies being somewhat 
superior over laparoscopic procedures in patients with 
posterior thoracoabdominal wounds, as they allow for 
easier visualization of this area.

16% of patients had some type of complication, and 
this percentage is slightly lower than what was repor-
ted by Lindarte et al.14, and most of the complications 
were in the thorax, with the highest prevalence being 
coagulated hemothorax. It is worth noting that 75% of 
cases presented posterior right thoracoabdominal 
wounds, and the evaluation of the factos associated 
with this outcome should be made in another study.

Conclusions

The most frequently affected thoracoabdominal area 
was the posterior left region, but the area with the hi-
ghest prevalence of diaphragmatic injury was the ante-
rior left region where the risk of diaphragmatic injury is 
10 times higher compared to the posterior right region 
and nearly double compared to the posterior left region. 
No statistically significant difference was found compa-
red to the anterior right region. Solid viscera injuries 
are the most common in the abdominal cavity.
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Bogotá, Colombia; 1994.

	 6.	 Leppaniemi A, Haapiainen R. Occult diaphragmatic injuries caused by 
stab wounds. J Trauma. 2003;55:646-50.

	 7.	 Rubikas R. Diaphragmatic injuries. Eur J Cardiothoracic Surg. 2001;20:53-7.
	 8.	 Davis J, Eghbalieh B. Injury to the diaphragm. En: Feliciano D, Mattox K, 

Moore E, editores. Trauma. 6th ed. New York: McGraw Hill; 2008. p. 623-35.
	 9.	 Yucel M, Bas G, Kulali F, Unal E, Ozpek A, Basak F, et al. Evaluation 

of diaphragm in penetrating left thoracoabdominal stab injuries: the role 
of multislice computed tomography. Injury. 2015;46:1734-7.

	 10.	 Hammer M, Raptis D, Mellnick V, Bhalla S, Raptis C. Traumatic injuries 
of the diaphragm: overview of imaging findings and diagnosis. Abdom 
Radiol (NY). 2017;42:1020-7.

	 11.	 Morgan BS, Watcyn-Jones T, Garner JP. Traumatic diaphragmatic injury. 
J R Army Med Corps. 2010;156:139-44.

	 12.	 Parreira J, Rasslan S, Utiyama E. Controversies in the management of 
asymptomatic patients sustaining penetrating thoracoabdominal wounds. 
Clinics. 2008;63:695-700.

	 13.	 Rothman K, Greenland S. Modern Epidemiology. Lippincott Williams & 
Wullkins. Philadelphia, USA, 2009.

	 14.	 Lindarte M, Cala H, Serrano J. Estudio descriptivo de las intervenciones 
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