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A common saying in war is that the only winner is medicine,
and this has certainly been demonstrated throughout recent
history. Colon injury was associated with mortality surpass-
ing 90% leading up to the American Civil War (1861–1865),
decreasing to around 40% in the Second World War (1941
1945) and 10% in the Vietnamwar (1955–1975).1 Since then,
considerable improvements have taken place; however,
mortality remains close to 3% with a 20% risk of abdominal
sepsis.2

Prior to the First World War, management of colonic
injuries was mostly nonoperative and mortality rates
reached 100%. However, with advancements in casualty
evacuation and prehospital care as well as the high volume
of penetrating injury, surgeons tended to abandon the non-

operative approach in favor of laparotomy and primary
repair.3,4 Even with the high risk of failure of this approach,
there was a notable decrease in mortality.5,6 The next para-
digm shift in themanagement of colorectal injuries occurred
during the Second World War following Ogilvie’s study on
the management of colon injuries from the North African
campaign of 1942.7 He strongly promoted fecal diversion for
all colon injuries by either exteriorization or resection and
repair with diversion, which prompted the British and
American forces to mandate such treatment.8,9 In the Viet-
nam War period, anatomical distinctions were made,
whereby right-sided colon injuries were treated with resec-
tion and primary anastomosis and left-sided and rectal
injuries employed exteriorization and/or colostomy. The
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Abstract After the World War II, fecal diversion became the standard of care for colon injuries,
although medical, logistic, and technical advancements have challenged this ap-
proach. Damage control surgery serves to temporize immediately life-threatening
conditions, and definitive management of destructive colon injuries is delayed until
after appropriate resuscitation. The bowel can be left in discontinuity for up to 3 days
before edema ensues, but the optimal repair window remains within 12 to 48 hours.
Delayed anastomosis performed at the take-back operation or stoma formation has
been reported with variable results. Studies have revealed good outcomes in those
undergoing anastomosis after damage control surgery; however, they point to a
subgroup of trauma patients considered to be “high risk” that may benefit from fecal
diversion. Risk factors influencing morbidity and mortality rates include hypotension,
massive transfusion, the degree of intra-abdominal contamination, associated organ
injuries, shock, left-sided colon injury, and multiple comorbid conditions. Patients who
are not suitable for anastomosis by 36 hours after damage control may be best
managed with a diverting stoma. Failures are more likely related to ongoing instability,
and the management strategy of colorectal injury should be based mainly on the
patient’s overall condition.
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peace period that ensued allowed refined studies to take
place, generating adequate data for managing colorectal
trauma.

Types of Colon Injuries

Several factors are important in describing colon injuries, as
they have implications on management. Injuries can be
either penetrating or blunt, destructive or nondestructive,
and the specific anatomic location may influence treat-
ment. Second to the small bowel, the colon is the most
commonly affected organ in penetrating abdominal trauma,
occurring in up to 20% of patients.10,11 The vast majority of
colon injuries are penetrating in nature and mainly caused
by gunshot wounds (GSWs), with the ascending and trans-
verse colon most frequently injured.1,12 GSWs can be high-
speed, more common with military trauma, or low-speed,
seen mostly with civilian trauma. Stab wounds, on the
other hand, affect the descending and sigmoid colon, as
most people are right-handed, thus injuring the left colon
predominantly. Around 60 to 93% of penetrating colon
injuries are treated primarily or by resection and
anastomosis.13

Only 4% of colon injuries are caused by blunt trauma,most
of them being motor vehicle collisions.14 Typically, they
involve high-energy transfers and are usually associated
with other life-threatening injuries affecting the spleen,
liver, small bowel, head, or chest, thusmaking their diagnosis
obscured.15 Blunt injuries usually include serosal tears, con-
tusions, and devascularizations affecting the transverse and
sigmoid colon more frequently, as they are intraperitoneal
and more susceptible to traction injury than other parts of
the colon. Resection is performed in roughly 60% of these
cases, so diversion is more common.16

Destructive colon injuries may be classified by either the
Flint grading system or colon injury scale (CIS). A Flint grade
3 injury (severe tissue loss, devascularization, or heavy
contamination) or CIS grades 4 or 5 (circumferential and/
or vascular injury) would require resection and anastomosis
and/or diversion. In nondestructive injuries, which can be
defined by a damage affecting less than 50% of the circum-
ference, primary repair can be readily performed.

Damage Control Laparotomy

After World War II, fecal diversion became the widely
accepted standard of care for colon injuries.17 The first
prospective randomized study to tackle the safety of primary
repair in traumatic colon injury was published in 1979,
advocating its implementation as it was shown to be at least
as safe as colostomy and had significantly fewer complica-
tions.18 This paved the way for primary repair to become the
standard of care in the mid-1980s owing to its associated
lower costs and lower morbidity. However, many studies did
not include high-risk patients andwith the advent of damage
control surgery and its increasing popularity, diversion
versus primary repair became a true dilemma for the trauma
surgeon.

Severely injured patients often do not have the physiolo-
gic reserve to tolerate definitive surgery. Damage control
surgery serves to attend to immediately life-threatening
conditions, while definitive management of these and other
non–life-threatening injuries is delayed until after appro-
priate resuscitation, thus avoiding the lethal triad of hy-
pothermia, coagulopathy, and acidosis. After accomplishing
the initial objectives of controlling hemorrhage and prevent-
ing further contamination, patients can be resuscitated and
stabilized in the intensive care unit before proceeding with
the definitive surgical repair. The strategy of damage control
laparotomy (DCL)was popularized in the early 1990s and has
become a cornerstone of operative trauma management in
the severely injured patient. The bowel can be left in dis-
continuity for up to 3 days before edema ensues; however,
the optimal repair window for definitive surgery remains 12
to 48 hours. After DCL, delayed anastomosis performed at the
take-back operation or stoma formation has been reported
with variable results.19–26 As the existing patient practice
guidelines were established before damage control was
readily performed, they do not specifically address destruc-
tive colon injuries in the setting of DCL.

Anastomosis or Ostomy: The Evidence

The first report on the safety of delayed anastomosis after
damage control surgery was published in 2007 by Miller
et al.19 One subset of his analysis compared 11 patients who
underwent delayed anastomosis to 6 patients who were
managed with a colostomy following DCL. Although they
had relatively small numbers, both groups were similar with
regard to serum lactate, injury severity scores, abscess for-
mation rate, colon-related mortality, and overall mortality.
They suggested that a colostomy be created as a last resort, as
delayed anastomosis avoids the morbidity of the subsequent
operation to restore intestinal continuity.

Vertrees et al published a retrospective review of colon
injuries sustained by soldiers during Operation Iraqi Free-
dom and Operation Enduring Freedom from March 2003 to
August 2006.20 They included 65 patients in total, 27 (42%) of
whom were managed by damage control surgery. In their
subsequent operations, 17 (63%) were managed by a stoma
and 10 (27%) underwent anastomosis. None of those anasto-
mosed had a left colon injury; traumawas to the right (9) and
transverse colon (1). The transverse colonic injury was the
only anastomotic failure in this group. In the stoma group,
five (29%) had a right colon injury, eight (47%) were left, two
(12%)wereboth, and two (12%)were transverse. Thirty-eight
patients underwent definitive management at initial opera-
tion, whereas 25 (66%) had resection: 10 patients (40%) were
managed by an ostomy, whereas 15 (60%) had an anasto-
mosis. The failure rate was 25% (four in total, equally split
between the transverse and left colon). They also analyzed
outcomes of primary anastomosis versus ostomy in general.
However, they failed to address the same question after
damage control. They concluded that a delay in anastomosis
was not a likely factor in the primary repair or primary
anastomosis failure rate. Importantly, anastomoses formed
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after damage control surgery showed a significantly lower
failure rate than those created during the initial laparotomy
(10 vs. 25%). Failures usually had concomitant injury to the
diaphragm, stomach, spleen, pancreas, and kidney. The
location of injury also influenced the type of management,
whereby stomas were more likely to be created for the left
colon.20

In 2009, Kashuk et al advocated the use of primary repair
after DCL in civilian trauma patients.21 Out of 29 patients
undergoing damage control surgery performed for a conco-
mitant colon injury, 25 (86%) had resection and anastomosis
performed at day 2.6 � 2, whereas 4 had repair at the time of
initial injury. An ostomywas subsequently constructed on 7 of
the 25 patients; 4were due to a definite leak, 1 for a suspected
leak, and 2 were prophylactic. One of those who had primary
repair was diverted for a suspected leak at day 5. The authors
deemed anastomotic leak as “the penalty” of performing
primary repair after damage control surgery, as opposed to
ostomy creation. In this series, primary repair or ostomy had
equivalent intensive care unit (ICU) length of stay and venti-
lator days; however, the presence of an anastomotic leak
actually doubled them, p ¼ 0.01 and p ¼ 0.04, respectively.
Themajority (72%) of their patients requiringDCLhadsuccess-
ful restoration of bowel continuity at reoperation. Diverting
loop ileostomy is also advocated, as it offers the advantage of
avoiding a repeat laparotomy.

Weinberg et al discussed their experience with colon
injuries over a 7-year period.22 Out of 157 patients, 56
were managed by damage control and were stratified by
management: 16 had primary repair, 33 had resection and
anastomosis, and 7 had resection and colostomy. Comparing
resection and anastomosiswith resection and colostomy, the
only significant difference was the injury severity score (ISS)
that was higher in the anastomosis group. Morbidity and
mortality were higher in the anastomosis group; however, it
was not statistically significant. Of the patients who had an
anastomosis, those who developed a leak were compared to
those who did not; penetrating trauma was the only factor
associatedwith such complication. Their data do not support
diversion as the preferred choice for managing colon injury
after damage control, especially in light of the highmorbidity
rate associated with eventual colostomy closure.27–30

Sobering datawere reported by Ott and colleagues on 174
trauma colectomies; 79were treatedwith damage control of
which 44 had an anastomosis and 35 ended up with a
colostomy.23 Of the 44 managed with anastomosis, 12
(27%) experienced a leak. Their data showed that length of
hospital stay in this subgroup is increased from 13 to 38 days
(p ¼ 0.004) and length of ICU stay increased from 6 to 21
(p ¼ 0.04). Furthermore, those who leaked received on aver-
age 17 transfusions compared with 2 in those who did not
leak (p ¼ 0.01) and the left colon was injured in 58% of leaks
versus 19% in those without one. They found no differences
when comparing anastomosis (n ¼ 44) to stoma (n ¼ 35) in
damage control with regard to mortality, hospital and ICU
length of stay, and ventilator-free days. Although the authors
concluded that since almost 75% of patients were managed
successfully by an anastomosis and thus avoided the mor-

bidity of a stoma and its take-down, the 27% leak rate should
raise concern among surgeons in patients deemed at higher
risk for anastomosis. A slightly lower (but still substantial)
leak rate was reported by Ordoñez et al in 60 patients with
colon trauma. This study compared outcomes between
27 patients treated by damage control with delayed anasto-
mosis and 33 who underwent a single laparotomy with
primary repair (n ¼ 26) or colostomy (n ¼ 7).24 They found
no difference between the groups with regard to mortality,
leaks, intra-abdominal abscesses, and fasciitis. They inferred
that a delayed anastomosis in the setting of damage control
surgery is reliable and feasible with a success rate of 81%.

Timing of Fascial Closure and Implications
on Bowel Repair

Whether prolonged delay in definitive abdominal closure
results in adverse outcomes has been studied in a limited
manner. In one study that included 61 patients with trau-
matic colon injuries requiring DCL, Georgoff et al associated
the development of an anastomotic leak with failure of
achieving abdominal closure.25 Patients in whom the fascia
was not closed by postinjury day 5 had a 16.8-fold higher risk
of anastomotic leak relative to the entire cohort (18 vs. 2%,
p ¼ 0.03). Patients at greatest risk for leak included those
with preexisting comorbidities, massive resuscitation, and
high degree of fecal contamination. Burlew et al confirmed
thisfinding, whereby fascial closure on or after day 5 resulted
in a fourfold increase in odds of developing a leak
(p ¼ 0.02).26 They concluded that for all patients requiring
DCL with an associated colon injury, primary repair or
anastomosis should be considered even in a delayedmanner,
except those who are high risk with an open abdomen for
more than 5 days. Another study compared colon injuries
treatedwith a single laparotomy, damage controlwith fascial
closure on first take-back, and damage control with multiple
reoperations.31 Inability to achieve fascial closure by the first
reoperation increased the rate of intra-abdominal abscesses
from 31 to 50% and anastomotic leaks from 2 to 19%, both
p < 0.001. Taken together, these studies support the early
restoration of colonic continuity (within 48 hours postin-
jury), and if this is not feasible, then fecal diversion should be
performed.

Right versus Left Colon Injuries

It is generally accepted that left-sided colon injuries are
associated with a higher incidence of anastomotic failure,
especially after damage control surgery.8,20,23,26,32,33 Several
studies have tackled this dogma and have showed that
primary repair of left- or right-sided colon injuries are
similar in terms of morbidity and mortality regardless of
themethod ofmanagement used.34 Surgeons tend to employ
primary repair or resection and anastomosis for right colon
injuries more often than left-sided injuries where diversion
is preferred.8,35,36 This tendency more likely reflects sound
surgical judgment rather than abiding to a protocol or
management algorithm. As leak rates and infectious
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complications do not appear to be different in right- and left-
sided colon injuries, the location of injury must not affect
surgical management.37 How damage control surgery influ-
ences this decision remains unknown.

Summation of Data

There remains a paucity of high-quality data guiding man-
agement decisions on whether an anastomosis or a stoma
should be performed after DCL. These data are inconsistent
to guide operative decision making in the setting of damage
control. Questions regarding how to best identify high-risk
patients and minimize the number of anastomosis-asso-
ciated complications remain unanswered. Recent informa-
tion suggests that delayed anastomosis of colon injuries after
DCL is safe in select patients, but determining who consti-
tutes this group of patients remains unclear. At present, there
are no standardized guidelines to aid in the decision making
onwhether a delayed anastomosis should be performed after
DCL. A handful of studies have examined colon reconstruc-
tion after DCL, with varying and conflicting results. The
damage control patient is physiologically and anatomically
compromised and definitive reconstruction should be de-
layed in this unstable, hypothermic, and coagulopathic pa-
tient. Consequently, an anastomotic leak can be catastrophic
in this subset of trauma patients and is associated with
significant morbidity, including increased length of ICU
stay, total number of abdominal surgeries, and a decreased
likelihood of fascial closure. However, at least three-quarters
of the damage control patients can be successfully recon-
structed, avoiding the morbidity and expense of a second
hospitalization for colostomy reversal.23 This presents the
surgeon with a strategic dilemma at the time of second-look
surgery: how to minimize the risk of anastomotic leak while
achieving the benefits of colon reconstruction.

The answer is to stratify patients into high- and low-risk
groups for anastomotic failure. As mentioned earlier, a
handful of studies address the management of colorectal
injury in the setting of DCL, but there is no overall consensus
on the subject. Although the quality and quantity of evidence
on this subject are scarce, the medical literature does report
good outcomes in those undergoing anastomosis after da-
mage control surgery. However,most of the studies appear to
point to a subgroup of traumapatients considered to be “high
risk” and who may benefit from fecal diversion rather than
anastomosis. Based on the analyses published, risk factors
influencingmorbidity andmortality rates after colon injuries
and primary repair following DCL include hypotension,
massive transfusion, the level of intra-abdominal contam-
ination at the time of surgery, associated organ injuries, the
need for vasopressor support, left-sided colon injury, and
multiple comorbid conditions.20,22,23,26 In addition, in the
majority of studies conducted thus far, patients underwent
anastomosis within 12 to 36 hours after initial damage
control procedure. It is more likely that a patient who is
not suitable for anastomosis by the 36-hour mark due to
factors such as persistent hemodynamic instability, a bowel
that appears unhealthy, or technical difficulties is best
managed with a diverting stoma. All patients with hemody-
namic instability, signs of coagulopathy, and hypothermia
with destructive colon injuries warrant damage control
resection and the bowel should be left in discontinuity.
►Fig. 1 shows our suggested management algorithm in
that setting for subsequent operations.

Failures are more likely related to ongoing instability, and
the management strategy of colorectal injury should be based
moreon thepatient’s overall condition rather thanonwhether
they initially underwent a damage control procedure. Caution
should be exercised in the management of those in shock,
those having a high transfusion requirement, and those with

Fig. 1 Suggested algorithm for the management of the discontinuous colon at subsequent operations after damage control laparotomy.
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significant comorbidities. Sound surgical judgment is required
in these settings and the evaluationofwhether the patient can
tolerate a complication after anastomotic failure should be
heavily weighed against the benefits of avoiding a colostomy.
Though it appears that most patients can tolerate a primary
anastomosis after DCL, there still remains a subset of patients
who may benefit from stoma creation and it is up to the
surgeon to be thoughtful in determining who this may be.
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