
Introduction

The management of colon injuries has distinctly evol-
ved over the last three decades. However, trauma surgeons
often find themselves in a dilemma whether to perform
a diversion or to perform a primary repair. The reason
for this dilemma is due to colon-related morbidity whi-
ch sometimes can be life threatening. 

Nevertheless, it is already a widely accepted notion
that a primary repair is the standard procedure for a non
destructive colon injury. While for a destructive colon

injury in patients with hemodynamic instability, seve-
re fecal contamination, or co-morbid diseases (for
example: uncontrolled diabetes, chronic renal failure, con-
gestive heart failure, HIV, cirrhosis, malignancy, mal-
nutrition, and chronic use of steroids), there is no stan-
dard surgical procedure established and the debate of-
ten leads to controversy; especially the injury is associated
with intra-abdominal or extra abdominal injuries. Several
authors report different independent and significant risk
factors to be taken into account when deciding the type
of surgical technique to be used in management of co-
lon injuries (1-5). Their goal was to help future surgeons
to identify which patients could be safely managed with
primary repair, without increasing the rate of anastomotic
leak and its associated morbidity. 

In fact, multiple factors influence the decision-
making process. The purpose of this study is to evalua-
te risk factors in colon injury management and their in-
fluence on abdominal complications.
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Introduction. The management of colon injuries has distinctly
evolved over the last three decades. However, trauma surgeons often
find themselves in a dilemma, whether to perform a diversion or to
perform a primary repair. The purpose of this study is to evaluate risk
factors in colon injury management and their influence on abdominal
complications.

Patients and methods. This is a prospective study conducted at a
national level I trauma center in Tirana, Albania from January 2009
to December 2012. The data with respect to demographics, physiologi-
cal risk factors, intraoperative findings, and surgical procedures were
collected. Colonic injury-related morbidity and mortality were analy-
zed. Multivariate logistic regression analysis was performed by assessing
the influence of risk factors on abdominal complications.

Results. Of the 157 patients treated with colon injury, was perfor-
med a primary repair in 107 (68.15%) of the patients and a diversion
in the remaining 50 (31.85%). The mean PATI was 18.6, while 37
(23.6%) of patients had PATI greater than 25. The complications and
their frequencies according to the surgical technique used (primay re-
pair vs diversion respectively) includes: wound infections (9.3% vs
50%), anastomotic leak (1.8% vs 8.7%), and intra-abdominal ab-
scess (1.8% vs 6.5%). The multivariate analysis identified two inde-
pendent risk factors for abdominal complications: transfusions of 4
units of blood within the first 24 hours (OR = 1.2 95% CI (1.03 –
1.57) p =0.02), and diversion (OR = 9.6, 95% CI 4.4 - 21.3,
p<0.001).  

Conclusion. Blood transfusions of more than 4 units within the
first 24 hours and diversion during the management of destructive co-
lon injuries are both independent risk factors for abdominal complica-
tions. The socioeconomic impact and the need for a subsequent opera-
tion in colostomy patients are strong reasons to consider primary repair
in the management of colon injuries.
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Patients and methods

This is a prospective, observational study, conducted
at a national level I trauma center in Tirana, Albania from
January 2009 to December 2012. We recorded data from
all of the patients we had treated with colonic injuries.
The data includes: age, gender, mechanism of injury,
shock at admission, time from injury to operation, fe-
cal contamination, Colon Injury Scale (CIS), site of co-
lon injury, associated injuries, Penetrating Abdominal
Trauma Index (PATI), units of transfused blood within
the first 24 hours, and surgical procedure. 

To assessment the level of colon injury, colon injury
scale (CIS) of the American Association for the Surgery
of Trauma (AAST) was used. Based on this, grade I and
II classified as non destructive injuries, while III, IV, and
V injuries grade were classified as destructive injuries. To
assessment the influence of number organs injured at
complications appear, PATI-index was used. The degree
of fecal contamination was categorized as mild: when stool
contamination was present on local or one quadrant, mo-
derate: when stool contamination was present on 2 to
3 quadrants, and severe: when stool contamination was
present on all four quadrants. To define anastomotic leak
both the clinical signs, symptoms (signs of localized or
generalized peritonitis, fecal discharge from the wound
and/or drain) and radiologic investigations are used. For
intra abdominal abscess are taken into account as well,
clinical signs and symptoms (abdominal pain, purulent
discharge from the drain, wound or anus, fever), and ra-
diology investigations (plain films of the abdomen for
identifying free air beneath the diaphragm, ultrasound,
computerized tomography). To defined wound infection,
we are based in these criteria: occur within 30 days of
the surgical operation, infection involves subcutaneous
tissue of incision and deep tissues, such as facial and mu-
scle layers and purulent discharge from wound or drain
placed in wound which required the wound opening up.
Based on the surgical management strategy, the patients
were divided into two groups: those undergoing primary
repair and those undergoing diversion. Primary repair
is defined: 1) debridement with simple suture 2) and re-
section with anastomosis while Diversion is defined as:
1) resection of injury segment with exteriorisation of the
proximal segment and distal portion closure or exte-
riorisation two segments, 2) debridement and simple su-
ture, resection and anastomosis with protective stoma.
Complication such as anastomotic leak and intra-ab-
dominal abscess are treated with percutaneous draina-
ge, relaparotomy and/or stoma.

The decision to proceed with primary repair or di-
version was left to the discretion of the operating sur-
geon. At the time of this study, there was no specific pro-
tocol for the management of traumatic colon injuries.

As such, all treatment decisions were made on a case-by-
case basis by the operating surgeon. We assessed the com-
plications with a special emphasis on anastomotic leak
rate and intra-abdominal abscess. Patients who died
within 72 hours of admission were excluded from study.
We compared variables using a Chi-squared (χ2) good-
ness-of-fit test, or Fisher exact tests as appropriate. Co-
lon-related morbidity and mortality were analyzed.
Multivariate logistic regression analysis was performed
to assess the influence of risk factors on abdominal com-
plications. Statistical analysis was performed using
SPSS software version 15.0. P values less than 0.05 were
reported as statistically significant.

Results

Demographic data and characteristics of patients
One hundred fifty-seven patients with colon injuries

were included in the study. The mean age was 36.57 ±
14.97 and ranged from 6 to 86 years. There were 144
(91.7%) males. The majority of the injuries were cau-
sed by firearms (59/157 or 37.5%), followed by the stab
wounds (52/157 or 33%), motor vehicle crashes (35/157
or 22.2%), falling from heights (4/157 or 2.5%), self in-
flicted wounds (3/157 or 1.9%), electric arc (2/157 or
1.2%), and iatrogenic (2/157 or 1.2%). Hypotension at
admission (SBP, 90 mmHg) was present in 22.9 % of
patients. 

The mean time between injury and operation was 5.2
hours, which ranged from 0.5h to 168h. Of those stu-
died, 82.16% of patients underwent surgical treatment
within 6 hours, 7.64% between 6 to 12 hours, 3.82%
within 24 hours, and 6.36% after 24 hours. We found
minimal fecal contamination in 56.04% of the patients,
moderate contamination in 28.66%, and severe conta-
mination in 15.28%. 

Based on CIS score, 38.7% of the patients had de-
structive colon injuries. The right colon was found inju-
red in 52% of the cases, the left colon in 39% of the ca-
ses, and both sides of the colon in 9% of the cases. As-
sociated intra-abdominal injuries were found in: the small
bowel (39.8% of cases), followed by the liver (26%), the
spleen (20.4%), the stomach (10%), the diaphragm
(10%), the kidney (6.1%), the pancreas (2%) and the
inferior vena cava (1%).

In our study the mean PATI was 18.6, while 23.6%
of patients had PATI greater than 25. While the mean
blood transfusion requirement within the first 24 hours
was 1.5 units of blood, and 19.1% of patients required
more than 4 units. We applied damage control surgery
in 3.8% of patients.  

We performed primary repair on most patients
(68.15%) including 101 simple sutures, 4 ileocolosto-
mies, and 2 colocolostomies. While on 31.85% of ca-
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ses is applied diversion with 3 ileostomies and 47 colo-
stomies, p <0.001.

Morbidity and mortality
The overall incidence of abdominal complications was

27.5%. The most common abdominal complication was
wound infection (19.8%), followed by anastomotic leak
(4.3%), and intra abdominal abscess (3.3%). The com-
plications and their frequencies according to the surgi-
cal technique used (primay repair vs diversion respecti-
vely) includes: wound infections (9.3% vs 50%), ana-
stomotic leak (1.8% vs 8.7%), and intra-abdominal ab-
scess (1.8% vs 6.5%) (Table 1). 

In our study, 23.5% of patients developed extra ab-
dominal complications. These complications were:
6.3% pneumonia, 3.1% deep vein thrombosis, 4.5% me-
lena, 5% acute renal insufficiency, and 4.5% multiple
organ dysfunction syndrome. 

The incidence of abdominal complications in the pri-
mary repair group 19.7%, and in the diversion group was
32%. The overall mortality rate was 10%. Four deaths
occurred in the primary repair group (3.7%) and three
in diversion group (6.3%) the p-value = 0.7. The cau-
se of death in each case was multiple organ dysfunction
syndrome.  

Risk factors   
From all of the risk factors that we have analyzed, mul-

tivariate analysis identified two independent risk factors
for abdominal complications: transfusion of 4 units of
blood within the first 24 hours (OR = 1.2 95% CI (1.03
- 1.57) p = 0.02), and diversion (OR = 9.6, 95% CI 4.4
- 21.3, p<0.001).  We have found a significant correla-
tion between complications and units of blood transfused
(correlation coefficient Kendall’s Tau = 0:28, p <0.001)
(Table 2).

An increase in units of blood transfused increases the
number of complications.  Overall, the patients subjec-
ted to a colostomy were associated with 9.6 times higher
likelihood of developing complications compared to pa-
tients subjected to a primary repair (OR = 9.6, 95% CI
4.4 - 21.3, p < 0.001). 

The age, gender, mechanism of trauma, hypotension
at admission, time from injury to operation, fecal con-
tamination, CIS, site of colon injury, associated injuries,
and PATI were not identified to be significant inde-
pendent risk factors. 

Primary repair vs diversion
A multivariate analysis was used to assess the factors

that are described as significant risk factors for abdominal
complications in patients with colon injuries.

We observed that the relative risk for developing com-
plications in patients with a PATI < 25 is 5.6 times hi-
gher likelihood in patients subjected to a colostomy com-
pared to patients subjected to a primary repair RR = 5.2
95% CI (2.7 - 9.8) p <0.001, while in patients with a
PATI > 25 this risk is 1.8 times higher RR = 1.8  95%
CI (1.02 - 3.3) p = 0.04. Additionally, multivariate lo-
gistic regression analysis, adjusting for surgical techni-
que and PATI, found that colostomy [OR = 9.1 95%
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TABLE 2 - CORRELATION BETWEEN THE NUMBER OF UNITS OF BLOOD TRANSFUSED AND COMPLICATIONS,
DEPENDING ON THE SURGICAL TECHNIQUE.

TABLE 1 - THE DISTRIBUTION OF COMPLICATIONS AC-
CORDING TO SURGICAL TECHNIQUE.

2_The influence_TORBA.qxp_-  13/05/15  16:10  Pagina 59

© C
IC

 E
diz

ion
i In

ter
na

zio
na

li



CI (3.9 -21.1) p<0.001] and PATI >25 [OR = 4.3 95%
CI (1.7 - 10.8) p = 0.001] has significant risk factors for
developing complications (Table 3).

Using multivariate logistic regression analysis, adju-
sting for surgical technique and fecal contamination, we
have not identified any significant difference between pa-
tients that are treated with colostomy (coefficient Ken-
dall’s Tau = 0.10, p=0.3) and those with primary repair.

In patients treated with a primary repair we obser-
ved a weak correlation, with no significance, between the
number of organs injured and the number of compli-
cations (coefficient Kendall’s Tau = 0:11, p = 0:07). In-
creasing the number of organs injured does not increa-
se the number of complications. While patients treated
with a colostomy demonstrated a statistically significant
but moderate correlation between the number of organs
injured and the number of complications (coefficient
Kendall’s Tau = 0.30 p = 0.002). Increasing number the
number of organs injured increases number of compli-
cations (Table 4).

Discussion

Despite advancements   in managing colon injuries over
the last three decades, the strategic management of de-
structive colon injuries in the presence of risk factors that
affect morbidity continues to be controversial. Many stu-
dies are performed to determine the risk factors that af-
fect morbidity and mortality during treatment of colon
injuries.

Stone and Fabian (6) in 1979, in their prospecti-
ve randomized study reported that in the absence of
risk factors (hypotension, delayed operation, multiple
associated injuries, and destructive colon injuries re-
quiring resection) a primary repair was associated with
fewer complications than a colostomy. Ivatury et al. (7)
in 1993 recommended colostomy for left colon inju-
ries requiring resection or for delayed treatment.
They identified PATI and the presence of colostomy
as significant independent risk factors for abscess for-
mation. Demetriades et al. (1) in their prospective mul-
ticenter study, reported that the surgical method
does not affect the incidence of abdominal compli-
cations while severe fecal contamination, transfusions
of 4 or more units of blood within the first 24 hours,
and single-agent antibiotic prophylaxis are indepen-
dent risk factors for abdominal complications. 

We have found a significant correlation between
complications and the units of blood transfused (cor-
relation coefficient Kendall’s Tau = 0.28, p <0.001).
An increase in the units of blood transfused will in-
crease the number of complications. Blood transfusion
is found to be a risk factor for anastomotic leak and
in elective surgery (8). We also observed that the pa-
tients who underwent a colostomy were associated with
9.6 times higher likelihood of developing complica-
tions compared to patients who underwent a primary
repair (OR = 9.6, 95% CI 4.4 - 21.3, p<0.001). Whi-
le in our multivariate logistic regression analysis,
adjusting for surgical technique and fecal contami-
nation, we did not identify any significant difference
between patients that are treated with colostomy (coef-
ficient Kendall’s Tau = 0.10, p = 0.3) and those with
primary repair.  

Girgin S et al. (3) found that diversion and tran-
sfusion of 4 or more units in the first 24 hours as in-
dependent risk factors affecting colon-related morbi-
dity. Bulger EM et al. (5) retrospectively reviewed 186
patients with penetrating colon injuries and reached
the conclusion that the development of infectious com-
plications is related to the injury severity and hae-
modynamic status of the patient, not the type of ope-
ration performed. Kamwendo et al. (2) in their ran-
domized clinical trial, of 240 patients, showed that de-
lay from injury to operation in penetrating colon injury
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TABLE 3 - CORRELATION BETWEEN THE PATI AND
COMPLICATIONS DEPENDING ON THE SURGICAL TE-
CHNIQUE.

TABLE 4 - CORRELATION BETWEEN THE NUMBER OF
ORGANS INJURED AND COMPLICATIONS DEPENDING
ON THE SURGICAL TECHNIQUE.
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is not a contraindication to primary repair.  Ricciar-
di R et al. (9) found no correlation between manage-
ment strategy and morbidity or mortality after blunt
colon trauma.  They determined associated injuries as
independent risk factors of morbidity, as well as in-
creased age. 

In our study the patients that are treated with a pri-
mary repair, we observed a weak correlation, no si-
gnificance, between the number of organs injured and
complications (coefficient Kendall’s Tau = 0:11, p =
0:07). Increasing the number of organs injured does
not increase the number of complications. While pa-
tients that are treated with a colostomy demonstrated
a statistically significant but moderate correlation
between the number of organs injured and compli-
cations (coefficient Kendall’s Tau = 0.30 p = 0.002).
Increasing the number of organs injured increases num-
ber of complications. Many authors have observed that
a PATI > 25 to be to be associated with increased risk
of developing an anastomotic leak, and therefore they
suggest diversion as a choice procedure (10-12).

We also observed that the relative risk for deve-
lopment of complications in patients with PATI < 25
is 5.6 times higher likelihood in patients subjected to
a colostomy compared to patients subjected to a pri-
mary repair RR = 5.2 95% CI (2.7 - 9.8) p <0.001,
while in patients with PATI > 25 this risk was is 1.8
times higher RR = 1.8 95% CI (1.02 - 3.3) p = 0.04.
Additionally, multivariate logistic regression analysis,
adjusting for surgical technique and PATI, found that
colostomy [OR = 9.1 95% CI (3.9 -21.1) p<0.001]
and PATI >25 [OR = 4.3 95% CI (1.7 - 10.8) p =
0.001] are significant risk factors for developing
complications. Fealk M et al. (13) recommended that
the PATI score should be included in the decision
making for the management of traumatic colon inju-
ries.

Zhang YX et al. (14) in their retrospective study re-
ported the degree of peritoneal fecal contamination as
the only independent predictor of complications. The
location of the colon injury as an important risk fac-
tors for anastomotic leak is controversial. Some stu-
dies show the evidence for greater risk for anastomo-
tic leak of the left colon than the other side of the co-
lon. They came to their conclusion by observing a grea-
ter concentration of mucosal bacteria, the absence of
posterior peritoneum, and with relatively poor blood
supply of left colon (15, 16). While another study did
not observe any relationship between location of injury
and anastomotic leak (4, 17).

In patients with destructive colon injuries and as-
sociated injuries who tend to fallen or are in acidosis,
hypothermia, and coagulopathy should undergo da-
mage control (DC) surgery in an attempt to reduce
morbidity and mortality. This procedure consists in the

rapid control of hemorrhage and of fecal contamina-
tion, the transferring patients to the intensive care unit
to correct the “triad of death” to come back in thea-
tre room for the second relaparotomy within 12 to 72
hours. For the second relaparotomy Ordoñez CA et al.
(18) recommends delayed anastomosis as long as se-
vere acidosis, bowel wall edema, and/or persistent in-
tra-abdominal infections are not present. While, Pe-
ter E et al. (19) observes  that vasopressor use after ini-
tial damage control laparotomy increases risk for ana-
stomotic disruption in the management of destructi-
ve colon injuries. Therefore, they recommend diver-
sion in patients who require vasopressor support after
the initial DC procedure. In our study we have used
this procedure in only 3.83% of cases. Familiarity with
the different methods to the approach manage colo-
nic injuries will allow surgeons to minimize unneces-
sary complications and mortality (20). Haut ER et al.
(21) observed that a similar management approach of
colon injuries was appropriate for the pediatric po-
pulation.

Many times in our practice we are required to use
massive amounts of crystalloids, colloids, and blood
products in hemodynamically unstable patients to
maintain perfusion to critical organs. Schnüriger B et
al. (22) in their retrospective study concluded that a
threshold of 10.5 L of crystalloid fluid infused over the
first 72 hours is associated with a 5-fold increased risk
for colocolonic suture line failure.

Infection continues to be a major problem for trau-
matized patients, particularly in colon traumatic
injuries. Smith BP et al. (23) concluded that antibio-
tic prophylaxis guidelines clearly reduce the risk of SSI
in patients undergoing trauma laparotomy. Sharp JP
et al. (24) observed that operative decisions for dea-
ling with colon injuries based on a defined algorithm
improve outcomes.

Conclusion

Blood transfusions of more than 4 units within the
first 24 hours and diversion during the management of
destructive colon injuries are both independent risk fac-
tors for abdominal complications. The socioeconomic
impact and the need for a subsequent operation in co-
lostomy patients are strong reasons to consider primary
repair in the management of colon injuries.
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