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INDEPENDENT SUBMISSION

Destructive colon injuries requiring resection:

Is colostomy ever indicated?

Delbrynth P. Mitchao, MD, Meghan R. Lewis, MD, Matt Strickland, MD, Elizabeth R. Benjamin, MD, PhD,
Monica D. Wong, MS, and Demetrios Demetriades, MD, PhD, Los Angeles, California

The management of destructive colon injuries requiring resection has shifted from mandatory diverting stoma to liberal use of pri-
mary anastomosis. Various risk criteria have been suggested for the selection of patients for primary anastomosis or ostomy. At our
center, we have been practicing a policy of liberal primary anastomosis irrespective of risk factors. The purpose of this study was to

This retrospective study included all colon injuries requiring resection. Data collected included patient demographics, injury char-

A total of 287 colon injuries were identified, 101 of whom required resection, forming the study population. The majority (63.4%)
were penetrating injuries. Furthermore, 16.8% were hypotensive on admission, 40.6% had moderate or severe fecal spillage,
35.6% received blood transfusion of >4 U, and 41.6% had Injury Severity Score of >15. At index operation, 88% were managed
with primary anastomosis and 12% with colon discontinuity, and one patient had stoma. Damage-control laparotomy (DCL) with
temporary abdominal closure was performed in 39.6% of patients. Of these patients with DCL, 67.5% underwent primary anas-
tomosis, 30.0% were left with colon discontinuity, and 2.5% had stoma. Overall, after the definitive management of the colon, in-
cluding those patients who were initially left in colon discontinuity, only six patients (5.9%) had a stoma. The incidence of anas-
tomotic leaks in patients with primary anastomosis at the index operation was 8.0%, and there was no colon-related mortality. The
incidence of colon anastomotic leaks in the 27 patients with DCL and primary anastomosis was 11.1%, and there was no colon-
related mortality. Multivariate analysis evaluating possible risk factors identified discontinuity of the colon as independent risk fac-

Liberal primary anastomosis should be considered in almost all patients with destructive colon injuries requiring resection, irrespective
of risk factors. (J Trauma Acute Care Surg. 2022;92: 1039—-1046. Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.)
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raumatic colon injuries are classified as nondestructive and

destructive. Nondestructive colon injuries are those with in-
volvement of £50% of the bowel wall and without devascularization,
and they do not require resection. Destructive colon injuries, on
the other hand, are those involving >50% of the colon's circum-
ference or with segmental devascularization and require resec-
tion. Historically, a diverting stoma was thought to be the opti-
mal management for all destructive colon injuries, especially
in the presence of high-risk factors. Resection with primary
anastomosis has increasingly gained acceptance, such that co-
lostomies are now generally reserved only for high-risk patients.
A survey among members of the American Association for the
Surgery of Trauma (AAST) found that resection and anastomosis
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are the preferred procedures of 57% for colon laceration with >50%
in diameter, 55% for a completely transected colon, 41% for blunt
colon ruptures, and 37% for high-velocity gunshot wound.'

In the last decade, a more liberal policy of primary anasto-
mosis has been adopted by many trauma surgeons, although
there are still significant concerns regarding the role of primary
anastomosis in high-risk patients. At our level 1 trauma center,
there has been a policy of liberal anastomosis even in high-risk
patients for many years. The purpose of this study was to review
our practice and outcomes in this group of destructive colon in-
juries. Our hypothesis was that primary anastomosis can be per-
formed liberally in patients with destructive colon injuries, irre-
spective of perceived “high-risk” conditions.

PATIENTS AND METHODS

This was a retrospective study at LAC+USC Medical Cen-
ter, an academic level 1 trauma center in Los Angeles, California.
The study was conducted using the LAC+USC Trauma Program
registry and electronic medical records. Patients included in the
trauma registry from June 2015 to December 2019 who met in-
clusion and exclusion criteria were enrolled, and further data were
collected from the electronic medical record.

The study population included all adult patients (16 years
or older) who sustained traumatic colon injuries and who were
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coded with an Infernational Classification of Diseases, Ninth
Revision and Tenth Revision, procedure codes indicating that
the patient had undergone colon resection with anastomosis, cre-
ation of an ostomy, or been left in discontinuity. Patients who
had only serosal injuries, had rectal involvement, expired within
24 hours of admission, were transferred to another institution, or
went home against medical advice were excluded from analysis.
The decision for bowel discontinuity at index operation
was surgeon dependent, with some surgeons never using disconti-
nuity in damage-control procedures. Similarly, the method of anas-
tomosis was surgeon’s preference, with some surgeons always per-
forming handsewn anastomosis or always stapled anastomosis.
The following data elements were collected: age, sex, body
mass index, mechanism of injury, presence of shock at admission
(systolic blood pressure [SBP], <90 mm Hg; heart rate, >120 beats
per minute; Glasgow Coma Scale score, <8), Injury Severity
Score, comorbidities (hypertension, diabetes mellitus, chronic re-
nal disease), time from injury to operation, time from admission
to skin incision, duration of procedure, presence of intraoperative
hypotension (intraoperative SBP, <90 mm Hg), degree of fecal
spillage as described in the operative report (minimal, moderate,
or severe), site of colon injury (cecum, ascending, transverse and
sigmoid), intraoperative blood loss, number of units of blood trans-
fused in the first 4 and 24 hours, method of colon management (pri-
mary anastomosis, diversion, or discontinuity), handsewn or sta-
pled anastomosis, location of suture line (ileocolonic, colocolonic,
or both), and associated intra-abdominal and extra-abdominal inju-
ries. The groups were also stratified according to whether they re-
ceived damage-control laparotomy (DCL) with open abdomen.
The outcome variables included mortality, colonic anasto-
motic leak-related mortality, colon-related abdominal complica-
tions (anastomotic leak, colon necrosis, or anastomotic stric-
ture), small bowel anastomotic leak, surgical site infection,
enterocutaneous fistula, wound dehiscence, acute kidney injury,
pneumonia, severe sepsis/septic shock, deep vein thrombosis,
pulmonary embolism, intensive care unit admission, need for me-
chanical ventilation, hospital length of stay, and intensive care unit
length of stay, and ventilator days. Management and follow-up
data of those patients who had anastomotic leak were recorded.
Categorical variables were reported as percentages, while
continuous variables were reported as medians with interquartile
range (IQR). Univariate analysis was performed to identify the
differences between DCL and non-DCL groups. Pearson’s x>
test was used to compare the proportions of categorical vari-
ables. Mann-Whitney U test was used to compare the medians
for continuous variables. Outcomes were compared according
to the colonic management at the index procedure. In the logistic
regression analysis, we forced in the variables that are perceived
to be “risk factors” for adverse outcomes after primary anasto-
mosis (mechanism, hypotension, severe fecal contamination,
blood transfusions, side of colon injury, delayed of operation
>6 hours from injury, discontinuity),to identify independent fac-
tors associated with mortality and colon anastomotic leaks.
Patient- and hospital-level potential confounding factors
were adjusted with regression model for mortality and colon-
related complications. The results are reported as odds ratios
(ORs) and 95% confidence intervals (CIs). Correlation between
variables was tested with multicollinearity analysis. The area un-
der the curve with 95% CI was used to assess the accuracy of the
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test. Statistical significance was defined as p <0.005. The sta-
tistical analysis was performed using SPSS for Mac version
23.0 (SPSS Inc., Chicago, IL). The study followed the equator
network Strobe guidelines for cohort studies (Supplemental
Digital Content, Supplementary Table 1, http://links.lww.com/
TA/C333).

RESULTS

Epidemiological and Clinical Characteristics

During the 54-month study period, a total of 287 patients
had colon injuries. One hundred fifty patients had nondestruc-
tive colon injuries, 9 had associated destructive rectal injuries,
3 left the hospital early against medical advice, 3 were trans-
ferred to another facility, and 21 died within 24 hours because
of severe associated injuries. The remaining 101 patients met in-
clusion criteria and were included in the analysis (Fig. 1). The
demographic and clinical characteristics of the study population
are shown in Table 1.

Operative Findings

The median prehospital time was 30.0 minutes (IQR,
21.0-36.0 minutes). The median time of transport to the operat-
ing room was 55.0 minutes (IQR, 36.0-87.8 minutes). Fifty-one
patients (50.5%) had an SBP of <90 mm Hg intraoperatively.
The median duration of the index surgical procedure was
143.0 minutes (IQR, 114.5-188.0 minutes). On exploratory lap-
arotomy, severe fecal spillage was described in 17.8% of patients,
moderate on 22.8%, minimal on 25.7%, and none in 33.7%. The
most common associated intra-abdominal organ injured was the
small bowel (63.4% of patients), liver (20.8%), and stomach
(14.9%). Details of the operative findings and blood transfusions
are shown in Table 2.

Operative Management

Overall, 88 patients (87.1%) of the study population
underwent resection and primary anastomosis at the initial oper-
ation (60 colocolostomy, 25 ileocolostomy, and 3 both proce-
dures). One patient (1.0%) had a colostomy, and 12 (11.9%) were
left in discontinuity. The only colostomy at the index operation
was performed on a patient with DCL and was reversed the next
day, by a different surgeon, with no anastomotic leak. Stapled
anastomosis was favored over handsewn (73.9% vs. 26.1%).

In 61 patients (60.4%), the initial operation was definitive,
and the abdomen was closed. All patients in this group had a pri-
mary colon anastomosis. In the remaining 40 patients (39.6%), a
DCL with abdominal packing and temporary abdominal closure
was performed. In this group of 40 patients with DCL, 27
(67.5%) underwent primary colon anastomosis, 12 (30%) were
left in colon discontinuity, and 1 patient (2.5%) had a colostomy.
Of'the 12 cases with discontinuity, 7 had anastomosis and 3 had
a stoma at the subsequent surgery, while 2 patients died before
definitive procedure. The one colostomy case created at the ini-
tial operation was reversed to anastomosis the following day
with no complications. Details of the surgical management of
the study population are shown in Table 3.

Patients with DCL had higher intraoperative blood loss
than patients without DCL (800.0 mL [462.5-2,500.0 mL] vs.
400.0 mL [200.0-1,000.0 mL], p = 0.004), received more
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Figure 1. Study population.

packed red blood cells (PRBCs) transfusions in the first 4 hours
(2.0 vs. 7.0 U, p <0.001) or 24 hours (2.0 vs. 9.0 U, p < 0.001),
and were more likely to receive >4 U of PRBCs in the first
4 hours (45.0% vs. 11.5%, p = <0.001) or within 24 hours
(65.0% vs. 16.4%, p = <0.001).

TABLE 1. Demographic Characteristics of Patients Who
Sustained Destructive Colon Injuries

Total (N =101)

Age, median, y 32 (23-42)
>65y 5 (5.0%)
Male 83 (82.2%)
BMI, median (kg/m?) 26.6 (24.3-31.4)
230 kg/m* 33 (32.7%)
Mechanism of injury
GSW 57 (56.4%)
Stab 7 (6.9%)
Blunt 37 (36.6%)
SBP <90 mm Hg 17 (16.8%)
Heart rate >120 bpm 16 (15.8%)
GCS score =8 12 (11.9%)
ISS >15 42 (41.6%)
Comorbidities
Hypertension 6 (5.9%)
Diabetes mellitus 4 (4.0%)
Chronic renal disease 2 (2.0%)

bpm, Beats per minute; BMI, body mass index; GCS, Glasgow Coma Scale; GSW, gun-
shot wound; ISS, Injury Severity Score.

OUTCOMES

Mortality

There were eight deaths (7.9%) in the study population,
none of them are due to colon-related complications. Of the eight
deaths, three had resuscitative thoracotomy for cardiac arrest in
the emergency department and died within 3 days of admission be-
cause of respiratory and renal failure, one had massive aspiration

TABLE 2. Intraoperative Details for Patients Who Sustained
Destructive Colon Injuries

Total (N = 101)

86.0 (57.5-116.5)
4 (4.0%)
143.0 (114.5-188.0)
51 (50.5%)

Injury to OR time, median (range), min
Surgery >6 h from injury time

Duration of procedure, median (range), min
Intraoperative SBP <90 mm Hg

None 34 (33.7%)
Minimal 26 (25.7%)
Moderate 23 (22.8)

Severe 18 (17.8%)

Bowel segment injured

Cecum 14 (13.9%)
Ascending 16 (15.8%)
Transverse 33 (32.7%)
Descending 15 (14.9%)
Sigmoid 35 (34.7%)

Blood loss, median (range), cm®
PRBC transfusion >4 Uin4 h
PRBC transfusion >4 U in 24 h

550 (200-1,200)
25 (24.8%)
36 (35.6%)

OR, operating room.

© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Surgical Management of the Colon Patients With Destructive Colon Injuries

Total (N = 101) Non-DCL (n = 61) DCL (n = 40) V4
Definitive management at index procedure 88 (87.1%) 61 (100.0%) 27 (67.5%) <0.001
Primary anastomosis 88/88 (100.0%) 61/61 (100.0%) 27/27 (100.0%)
Technique
Stapled 65/88 (73.9%) 45/61 (73.8%) 20/27 (74.1%) 0.976
Handsewn 23/88 (26.1%) 16/61 (26.2%) 7/27 (25.9%)
Type
Ileocolonic only 25/88 (28.4%) 16/61 (26.2%) 9/27 (33.3%) 0.271
Colocolonic only 60/88 (68.2%) 44/61 (72.1%) 16/27 (59.3%)
Both 3/88 (3.4%) 1/61 (1.6%) 2/27 (7.4%)
Fecal diversion 0 0 0 —
Staged procedure 13 (12.9%) 0 13 (32.5%) <0.001
Initial management
Fecal diversion 1/13 (7.7%) 0 1/13(7.7%) —
Discontinuity 12/13 (92.3%) 0 12/13 (92.3%) —
Final management
Primary anastomosis 9/13 (69.2%) 0 9/13 (69.2%) —
Technique
Stapled 4/9 (44.4%) 0 4/9 (44.4%) —
Handsewn 5/9 (55.6%) 5/9 (55.6%)
Type
Ileocolonic only 2/9 (22.2%) 0 2/9 (22.2%) —
Colocolonic only 7/9 (77.8%) 0 7/9 (77.8%)
Both
Fecal diversion 2/13 (15.4%) 0 2/13 (15.4%) —
Discontinuity 2/13 (15.4%) 0 2/13 (15.4%) —

pneumonia that led to respiratory failure, one had severe trau-
matic brain injury with complications from malignant intracra-
nial hypertension, and three had small bowel leaks (two were du-
odenal and one was jejunal) leading to intra-abdominal sepsis
and multiorgan failure. None of the three small bowel leak cases
had concomitant colon suture line disruption; however, two of
these cases involved sigmoid colon injuries left in discontinuity
at the index procedure, which ended up with fecal diversion due
of colon ischemia extending up to the descending colon. Details
of all deaths are shown in Supplemental Digital Content (Sup-
plementary Table 2, http:/links.lww.com/TA/C333).

The mortality in the group of patients undergoing DCL
was significantly higher than those not undergoing DCL (17.5%
vs. 1.6% vs. p = 0.004). Multivariate analysis adjusting for mecha-
nism, hypotension, fecal spillage, site of colon injury, delayed oper-
ative intervention, method of anastomosis, and blood transfusion
>4 U in 24 hours identified discontinuity of the intestine as the
most important risk factor for mortality (OR, 10.555; 95% CI,
1.200-92,854; p = 0.034). Blood transfusions >4 U and severe fe-
cal spillage were associated with increased mortality, but they failed
to reach statistical significance (Table 4).

Complications

Details of systemic, abdominal, and colon-related compli-
cations, overall and according to the method of colon manage-
ment, are shown in Table 5.

The most common colon-related complication was surgi-
cal site infection at 28.4%, followed by intra-abdominal abscess
at 9.9%, and anastomotic leak at 8.9%. All colon anastomotic
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leaks were colocolonic. Enterocutaneous fistulae occurred in three
(3.0%) of the cases, with two patients been lost to follow-up and
one leading to mortality after complications of a duodenojejunal
anastomotic leak. In-hospital mortality was 7.8%. Details of out-
comes according to surgical management of the colon are shown
in Table 5.

In the group of 88 patients who underwent resection with
anastomosis at the initial operation, the incidence of anastomotic
leak was 8.0% (seven patients). On analysis of this subgroup of
patients according to the site of their anastomosis, there were no
leaks in the group of 25 patients with ileocolonic anastomosis
and 7 leaks (11.1%) in the 63 patients with colocolonic anasto-
mosis (p = 0.082) (Table 5). Of the seven anastomotic leaks,

TABLE 4. Multivariate Analysis for Independent Risk Factors
for Mortality

Adjp OR 95% CI

Blunt mechanism 0.202 5.013 0.422 59.519
Admission hypotension 0.267 0.185 0.009 3.647
Several fecal spillage 0.111 8.306 0.616 112.033
Left-sided injury 0.164 0.183 0.017 2.003
Surgery >6 h from injury time 0.999 0.000 0.000 —

Stapled anastomosis 0.776 0.721 0.077 6.802
Blood transfusion of >4 U in 24 h 0.096 8.217 0.690 97.797
Discontinuity on index procedure 0.034 10.555 1.200 92.854

Area under the receiver operating characteristic curve, 0.917 (95% CI, 0.838-0.995).
Adj, adjusted.

© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 5. Outcomes According to Surgical Management of the Colon

Definitive Management of Patients in Discontinuity (n = 12)

Total Primary Anastomosis at Fecal Diversion Primary Fecal Diversion No Definitive
(N=101) Initial Operation (n = 88) (n=1) Anastomosis (n = 8) (n=2) Management (n = 2)
Overall colon-related complications 12 (11.9%) 8 (9.1%) 0 3 (37.5%) 1 (50.0%) 0
Anastomotic leak 9 (8.9%) 7 (8.0%) 0 2 (25.0%) 0 0
Tleocolonic 0 0 0 0 0 0
Colocolonic 9 (8.9%) 7 (8.0%) 0 2 (25.0%) 0 0
Colon necrosis 7 (6.9%) 3 (3.4%) 0 3 (37.5%) 1 (50.0%) 0
Intra-abdominal abscess 10 (9.9%) 7 (8.0%) 0 3 (37.5%) 0 0
Small bowel anastomotic leak 10 (9.9%) 7 (8.0%) 0 2 (25.0%) 1 (50.0%) 0
Surgical site infection 29 (28.7%) 24 (27.3%) 0 5(62.5%) 0 0
Enterocutaneous fistula 3 (3.0%) 2 (2.3%) 0 1 (12.5%) 0 0
Wound dehiscence 7 (6.9%) 6 (6.8%) 0 1 (12.5%) 0 0
Acute kidney injury 10 (9.9%) 7 (8.0%) 0 2 (25.0%) 1 (50.0%) 0
Pneumonia 6 (5.9%) 4 (4.5%) 0 2 (25.0%) 0 0
Severe sepsis/septic shock 9 (8.9%) 5(5.7%) 0 3 (37.5%) 1 (50.0%) 0
Deep vein thrombosis 7 (6.9%) 6 (6.8%) 0 1 (12.5%) 0 0
Pulmonary embolism 2 (2.0%) 2 (2.3%) 0 0 0 0
HLOS, median (range), d 13.0 (7.5-25.0) 11.5 (7.0-22.0) 13.0 28.0 (16.6-47.0) 30.5 (19.0-) 4.0 (2.00)
Requiring ICU monitoring 99 (98.0%) 86 (97.7%) 1 (100.0%) 8 (100.0%) 2 (100.0%) 2 (100.0%)
ICU LOS, median (range), d 5.0 (3.0-8.0) 4.0 (3.0-7.3) 13.0 12.0 (4.8-28.5) 24.0 (19.0-) 6.5 (2.0-)
Requiring mechanical ventilator 71 (70.3%) 58 (65.9%) 1 (100.0%) 8 (100.0%) 2 (100.0%) 2 (100.0%)
Ventilator days, median 3.0 (2.0-6.0) 3.0 (2.0-5.0) 4.0 8.0 (3.0-22.8) 19.0 3.52.0-)
Mortality 8 (7.9%) 3 (3.4%) 0 2 (25.0%) 1 (50.0%) 2 (100.0%)
Colon anastomotic leak-related 0 0 0 0 0 0
mortality

HLOS, hospital length of stay; ICU, intensive care unit; LOS, length of stay.

two underwent stoma creation for fecal diversion, two had debride-
ment and repair of the leak, one had resection of ischemic colon
and redo primary anastomosis, one was managed with percutane-
ous drainage, and one was successfully managed with antibiotics
only. Details of all patients with anastomotic leaks are shown in
Supplemental Digital Content (Supplementary Table 3, http://
links.lww.com/TA/C333).

The incidence of colon anastomotic leak in the group of
61 patients with primary anastomosis and no DCL was 6.6%
(4 patients). One of the patients developed colon ischemia and
leak and required resection and colostomy, two patients devel-
oped a colocutaneous fistula which closed spontaneously, and
one was treated with a percutaneous drain.

The incidence of colon anastomotic leaks in the group of
27 patients with DCL and primary anastomosis at the initial op-
eration was 11.1% (3 patients). One of these patients developed
colon ischemia and anastomotic leak and was successfully treated
with resection and reanastomosis, one patient had a diverting co-
lostomy, and one had the leak debrided and repaired, with un-
eventful recovery.

In the group of eight patients who had DCL with the colon
in discontinuity at the initial operation and subsequently underwent
anastomosis, there were two anastomotic leaks (25.0%). One was
treated with fecal diversion, and one was successfully observed
with only antibiotics. Injury characteristics and complications in
patients with discontinuity at the index procedure are shown in
Supplemental Digital Content (Supplementary Table 4, http://
links.lww.com/TA/C333).

© 2022 Wolters Kluwer Health, Inc. All rights reserved.

Overall, patients with DCL were significantly more likely
to develop colon-related complications than those without DCL
(25.0% vs. 6.6%, p = 0.009). Colon ischemia and necrosis
(15.0% vs. 1.6%, p = 0.010) as well as intra-abdominal abscess
(22.5% vs. 4.9%, p = 0.038) were also significantly higher in
DCL cases. The incidence of colon anastomotic leaks was
12.5% vs. 6.6% (p = 0.305).

Multivariate analysis, which included mechanism, initial
hypotension, severe fecal spillage, site of colon injury, operation
>6 hours after injury, blood transfusions >4 U of PRBCs, and
DCL, failed to identify any significant risk factors for anasto-
motic leak.

DISCUSSION

The management of colon injuries has changed significantly
over the last two decades. By the 1990s and 2000s, primary repair
without a diverting colostomy became the standard of care in all
nondestructive colon injuries. Numerous well-designed studies
showed the superiority of this approach in all penetrating colon in-
juries, including gunshot wounds.? > However, the management of
destructive colon injuries requiring resection, especially in the
presence of perceived risk factors (hypotension, multiple blood
transfusions, severe contamination, severe associated injuries,
and delayed operation), is still a matter of controversy. With the pop-
ularization of abdominal damage-control operations, especially in
cases with the colon left in discontinuity, the optimal management re-
mains highly contentious. Many surgeons advocate resection
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and discontinuity of the injured colon at the initial operation and
definitive management (anastomosis or colostomy) at reopera-
tion, after the patient is fully resuscitated. Some recommend co-
lostomy at the time of DCL, and others opt for definitive anasto-
mosis at the time of DCL.%

In penetrating destructive colon injury, the Eastern Associa-
tion for the Surgery of Trauma (EAST) guidelines make a strong rec-
ommendation for resection and anastomosis rather than mandatory
colostomy in low-risk patients (without signs of shock, significant
hemorrhage, severe contamination, or delay to surgical intervention).
In high-risk patients, the guidelines conditionally recommend pri-
mary anastomosis. In the setting of DCL, the guidelines condition-
ally recommend against mandatory colostomy. Instead, definitive re-
pair or primary anastomosis at this initial operation, or resection with
delayed anastomosis may be performed rather than colostomy.'
Very often, the surgeon uses personal judgment rather than protocol.
Interestingly, in an AAST survey, surgeons who manage fewer
colon injuries were more likely to prefer colostomy.'

At our high-volume, level 1 trauma center, there has been
a long-standing practice of liberal primary anastomosis in all de-
structive colon injuries, irrespective of proposed “risk factors.”
Stomas are very rarely created and are reserved for patients who
are severely malnourished or have tenuous blood supply to the co-
lon. In the current study, resection with primary anastomosis was
performed in all 88 patients with no DCL. In the whole group of
101 patients, including 13 patients with DCL (12 of whom were
left in colonic discontinuity at the initial operation), only 2 patients
(2%) had a colostomy. This is the lowest colostomy rate reported in
the literature. In a 2001 AAST multicenter study of 297 destructive
colon injuries, 33.7% were treated with fecal diversion,''

In the present study, although primary anastomosis was
performed much more frequently than previously published
studies, the incidence of anastomotic leaks in patients undergo-
ing primary anastomosis is very similar with studies, which used
stricter criteria. Various “high-risk” conditions have been con-
sidered as possible contraindications for primary anastomosis
in destructive colon injuries. These conditions include hypoten-
sion, multiple blood transfusions, fecal contamination, severe
associated intra-abdominal injuries, delay of operation >6 hours,
and damage-control operations.'>!”:'® However, these risk fac-
tors are associated with an increased risk of intra-abdominal sep-
sis, irrespective of the method of colon management. It has been
shown in large studies that these risk factors are not associated
with an increased risk of colon anastomotic leaks. In an AAST
prospective study of 297 patients with penetrating destructive
colon injuries requiring resection, these conditions were not
found to be associated with an increased risk for anastomotic
leaks. The study concluded that colon injuries that require resec-
tion may be managed with primary anastomosis, regardless of
these risk factors.'® The latest EAST Practice Management Guide-
line makes a conditional recommendation for primary anastomosis
after destructive penetrating colon injury, in high-risk patients (de-
lay >12 hours, shock, associated injury, transfusion >6 U of blood,
contamination, or left side colon injuries).'®

Anastomotic leak is the most feared complication follow-
ing primary anastomosis. The prognosis of these leaks is usually
good, and most patients can be safely managed nonoperatively,
with percutaneous drainage and antibiotics. However, in some
patients, the leak may result in severe abdominal sepsis, requir-
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ing reoperation. The reported overall mortality due to colon
leak-related complications is low, at about 0.1%.""' In the cur-
rent study, there was no colon leak-related mortality in the nine
anastomotic leaks. Four of these leaks were managed conserva-
tively, three required reoperation and fecal diversion, one had de-
bridement and repair of the leak, and one had resection and
reanastomosis, Similar results were reported in the group of 13
patients with colon leaks in the AAST study in 2001.'% Interest-
ingly, the incidence of small bowel anastomotic leaks was simi-
lar to that in colon anastomosis.

The role of colon discontinuity in damage-control opera-
tions, although a common practice, remains a very controversial
issue. There is some class III evidence that delayed primary
anastomosis at 24 to 48 hours after the initial operation may be
safe.®® However, other studies reported that delayed colon anas-
tomosis in damage-control operations is associated with a high
incidence of anastomotic leaks, up to 27%.° The EAST Practice
Management Guidelines “conditionally recommend against
mandatory colostomy in patients with penetrating colon injury
and DCL. Instead, based on clinical judgement, definitive repair
or primary anastomosis at this initial operation, or delayed resection
with anastomosis may be performed rather than colostomy.”'’
There are concerns that discontinuity increases distention of the
proximal colon, which might aggravate ischemia, especially in hy-
potensive patients requiring vasopressors. Clinical and experimen-
tal work showed significant bacteria and toxin translocation, within
a few hours of complete bowel obstruction, even without bowel is-
chemia.?*?* These findings provide some support of the view of
avoiding bowel discontinuity in damage-control procedures.

In another retrospective study from 3 level 1 trauma cen-
ters, which included 167 trauma patients who required bowel re-
section and damage control, Talving et al.*> found that disconti-
nuity of the bowel was associated with a higher risk of bowel is-
chemia but not anastomotic leak than in patients with anastomosis.
In arecent prospective AAST study of 244 patients with destructive
gastrointestinal injuries requiring resection that underwent DCL,
on multivariable analysis, discontinuity at the index operation
was an independent predictor for anastomotic dehiscence (OR, 8.3;
p =0.049) and intra-abdominal abscess (OR, 2.8; p = 0.021).2° In
the current study, multivariate analysis identified colon discontinuity
at the initial operation as the only significant independent risk factor
for mortality but not anastomotic leak. This finding may certainly be
the result of confounding variables but certainly warrants some care-
ful consideration. It might be advisable to perform liberal definitive
reconstruction of the colon at the initial operation, taking into
account that a bowel anastomosis does not take more than a
few minutes and the anastomosis can be reevaluated at the repeat
laparotomy.

Crystalloids have been identified as a significant risk fac-
tor for anastomotic leak following colon resection after trauma.
In an analysis of 92 patients, Schniiriger et al.?” reported an over-
all incidence of anastomotic leaks of 13.0%. They identified
210.5 L of crystalloids given over the first 72 hours as indepen-
dently associated with anastomotic breakdown, and a fivefold
increased risk for colocolonic suture line failure.?” It is possible
that the new concept of damage-control resuscitation, which rec-
ommends limited use of crystalloids for resuscitation, may have
contributed to the lower anastomotic leak of 8.0% in the present
study, despite the much more liberal use of primary anastomosis.
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Another possible risk factor for anastomotic leak that is
debated is the anastomotic technique, handsewn or stapled. Earlier
studies reported that stapled intestinal anastomoses in trauma were
significantly more likely to breakdown than handsewn ones.*®
However, in a subsequent AAST prospective study of 207 pa-
tients with destructive colon injuries who underwent resection
and anastomosis, the incidence of anastomotic leak was similar
in the two groups, 6.3% in the stapled group and 7.8% in the
handsewn group.!" The present study confirmed that the
method of anastomosis was not a significant factor for leak.

The results of the present and other recent studies support
a liberal policy of primary anastomosis in destructive colon inju-
ries requiring resection. A colostomy is very rarely needed, per-
haps in selected patients with severe malnutrition or suspected
bowel ischemia. In deciding on a management strategy for de-
structive colon injury, a surgeon must also consider the potential
surgical, social, and emotional issues related to a stoma and the
complications associated with the subsequent operation for co-
lostomy closure.

Complications directly related to the ostomy construction
include necrosis, retraction, prolapse, parastomal abscess, parastomal
hernia, troublesome skin irritation, and poor anatomical site resulting
in problems with the placement of the collection bag. In AAST
prospective study of 297 patients who underwent colon resec-
tion for destructive colon injuries, the overall colon-related mor-
tality was 1.3% (four deaths), and all deaths occurred in the di-
version groups (p =0.01)." In a series of 528 stomas created for
trauma, the incidence of early complications was 22%, and inci-
dence of late complications directly related to the stoma was
6%.%° The morbidity of colostomy closure is also significant.>*->
In a collective review of 809 colostomy closures in trauma pa-
tients, the overall incidence of colon-related complications was
13.1%." In another study of 110 colostomy closures from Los
Angeles, the overall incidence of local complications was 14.5%,
including 2.7% rate of anastomotic leak.>® Lastly, a significant
number of trauma patients do not have ready access to medical care
for colostomy takedown and, because of this, may be left with an
ostomy for many years or even indefinitely.

The study has the inherent limitations of all retrospective
studies. For example, the description of fecal spillage was sub-
jective and the duration of intraoperative hypotension was not
taken into account in the analysis. Finally, other important con-
founding variables influencing outcomes may have been missed.
Only a prospective, randomized multicenter study can provide a
definitive answer. However, in view of the current available evi-
dence, ethically, it is unlikely that such a study will ever be ap-
proved and performed.

CONCLUSION

Liberal primary anastomosis should be considered in almost all
patients with destructive colon injuries requiring resection. The tradi-
tional risk factors are not contraindications for primary anastomosis.
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