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Purpose. The objective of this study was to validate the role of diversion
in colorectal injuries and to identify the risk factors associated with bowel
leakage following surgical management. Additionally, we provide treat-
ment recommendations based on our findings.

Methods. We conducted a retrospective study of the clinical data of pa-
tients diagnosed with colorectal injuries who underwent surgical interven-
tions from January 2006 to December 2022. These patients were divided
into two groups, one with diverting ostomy and the other without. Our an-
alysis encompassed a comprehensive examination of the patients’ general
demographics, clinical conditions, and outcomes.

Results. In this study, we investigated the clinical data of 65 patients who
underwent surgical treatment for colorectal injuries. While the need for
ostomy creation appeared to be associated with certain factors, no statisti-
cally significant differences were observed in the demographics, preoper-
ative variables, or clinical characteristics of the patients. Moreover, the
outcomes of patients, including complications and mortality, did not sig-
nificantly differ between patients with and without ostomies. Logistic re-
gression analysis failed to identify significant risk factors for bowel leak-
age in patients with significant colonic injuries who did not undergo os-
tomy creation initially.

Conclusion. Deciding whether to create an ostomy in colorectal injury pa-
tients is difficult. Most patients with significant colorectal injuries can un-
dergo primary repair or colectomy safely without the need for an ostomy.
However, for complex injuries, a diverting ostomy does not lead to longer
hospital stays or more complications. Surgeons can still consider it a valid
option based on their clinical judgment.

[J Soc Colon Rectal Surgeon (Taiwan) 2024,35:110-119]

C olorectal injuries have garnered significant at-
tention due to the diversity in their nature and
management. Colorectal injuries can be classified into
two categories, namely, nondestructive and destruc-
tive, based on the severity of the injury."” Most of the
current guidelines provide separate management re-

commendations for colonic and rectal injuries. The
treatment approach primarily depends on the severity
of the injuries, with additional consideration given to
the location (intraperitoneal or extraperitoneal) in the
case of rectal injuries.

Dealing with nondestructive colonic injuries th-
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rough primary repair and opting for resection in the
case of destructive injuries are widely accepted prac-
tices.> Level I evidence suggests that diverting ostomy
should not be performed in cases of nondestructive
colonic injuries, while the indications for diverting
ostomy in cases of destructive colonic injuries remain
a subject of debate.'*

Rectal injuries are diagnosed and managed through
a variety of approaches. The principles of surgical in-
tervention for intraperitoneal rectal injuries closely
mirror those for colonic injuries. However, it is impor-
tant to note that only low-quality evidence is available
to guide the management of extraperitoneal rectal in-
juries, and the role of diverting ostomy in such cases
remains a matter of uncertainty.’

In the present study, we conducted a retrospective
review and analysis of patients with colorectal inju-
ries to evaluate the role of diverting ostomy. The aim
of this study was to validate the risk factors for bowel
leakage after surgical management and provide treat-
ment suggestions based on current studies and our
findings.

Materials and Methods

This study protocol was approved by the institu-
tional review board of Far Eastern Memorial Hospital
(FEMH, project approval no.112162-E), a level I
trauma center in New Taipei City, Taiwan. Severely
injured patients are admitted to our hospital by emer-
gency medical transportation or transferred from other
hospitals.

Patients with colorectal injuries admitted to our
hospital from January 2006 to December 2022 were
included. Those who were younger than 18 years old,
pregnant, and received selective nonoperative man-
agement (SNOM) were excluded from the study. We
retrospectively reviewed the medical records of pa-
tients who were diagnosed with colorectal injuries
by physical examination, computed tomography (CT)
scan, or operative findings over a 17-year period. Pa-
tients were categorized into nonsignificant and signi-
ficant colorectal injuries based on the American As-
sociation for the Surgery of Trauma (AAST) classifi-

cation, with grade II or higher considered significant
in our data. Our analysis focused on those with signi-
ficant injuries, dividing them into 2 groups based on
their initial surgical intervention: one group under-
went primary repair or resection without proximal
diversion, and the other group received diverting os-
tomy creation. Comparisons between the ostomy and
no ostomy groups were conducted for patients with
colonic and rectal injuries, respectively. We conducted
a comprehensive analysis encompassing a range of
variables, including general demographics (age, sex,
Charlson Comorbidity Index, and trauma mecha-
nism), clinical conditions observed in the emergency
department (ED), such as vital signs, Glasgow Coma
Scale scores, laboratory data, intricate surgical de-
tails (severity and injury site, surgical approach, du-
ration of the procedure, and intraoperative blood
loss), and a comprehensive assessment of outcomes,
including the length of stay in the intensive care unit
(ICU), hospital length of stay (LOS), incidence of
delayed perforations and complications, and mortal-
ity rates.

All patients received a primary survey and man-
agement according to Advanced Trauma Life Support
(ATLS) principles in the emergency department of
FEMH, with emergency physicians and trauma sur-
geons responsible for the trauma service. An extended
focused assessment with sonography for trauma (eFAST)
was performed on all severely injured patients. Pati-
ents showing obvious signs of shock and unrespon-
siveness to fluid resuscitation (persistent systolic blood
pressure < 90 mmHg) were immediately taken to the
operating room for surgery. CT scans of the abdomen
were scheduled for all patients who responded posi-
tively to fluid resuscitation. After initial resuscitation,
all patients underwent further treatment based on the
surgeon’s preferences, which depended on hemody-
namic stability, imaging findings, and response to re-
suscitation. Hemodynamic instability was defined as
a persistent systolic blood pressure < 90 mmHg. A
massive transfusion protocol was initiated with fluid
resuscitation when patients became hemodynamically
unstable. For unstable patients, a damage control la-
parotomy was performed. For stable patients, explor-
atory laparotomy, diagnostic laparoscopy, or transanal
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management was performed to address colorectal in-
juries. The techniques for emergency laparotomy, ex-
ploratory laparotomy, and transanal management were
the same as conventional techniques. A four-port te-
chnique was employed for diagnostic laparoscopy.®
The surgical approaches for addressing colorectal in-
juries included primary repair, resection with or with-
out anastomosis, and diversion. A diversion procedure
was defined as any surgical intervention that involved
creating an ostomy at or proximal to the injured site.
After the operation, all patients were admitted and
placed under active surveillance.

Nonparametric statistics, specifically the Mann-
Whitney U test, were utilized for continuous variables
due to nonnormal distributions, as revealed by the
Kolmogorov-Smirnov test. For categorical variables,
Fisher’s exact test was applied. The analysis was con-
ducted using IBM SPSS Statistics 28.0 software (IBM
Corp. in Armonk, NY).

Results

Over the course of the 17 years, a total of 79 pa-
tients with colorectal injuries were identified. Four-
teen individuals who met the exclusion criteria (those
under the age of 18, pregnant patients, t, or patients
who underwent SNOM) were subsequently excluded
from the study. Consequently, our current investiga-
tion focused on 65 patients with colorectal injuries
that necessitated surgical intervention. Among this
cohort, 38 patients (58.5%) had significant colorectal
injuries, while the remaining 27 patients (41.5%) did
not. Out of the 38 patients with significant injuries, 25
(65.8%, 25/38) had colonic injuries, and 13 patients
(34.2%, 13/38) had rectal injuries. A diverting ostomy
was performed in 7 patients (28.0%, 7/25) with signif-
icant colonic injuries and in 8 patients (61.5%, 8/13)
with significant rectal injuries. The distribution of
patients is visually represented in Fig. 1.
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Fig. 1. A study design chart. * Significant colorectal injury = AAST Classification > Grade II. SNOM = selective non-oper-

ative management.
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Overall, among the 25 patients with significant
colonic injuries, the median age was 47.0 years and 20
of them were male. Of these cases, 52.0% (13/25)
were caused by a penetrating mechanism, with a me-
dian Abbreviated Injury Scale (AIS) of 4 for the abdo-
men and a median Injury Severity Score (ISS) of 16.0.
Additionally, 68.0% (17/25) of these patients had as-
sociated injuries. Regarding the 13 patients with sig-
nificant rectal injuries, the median age was 34.0 year,
and 2 of them were male. Of these patients, 46.2%
(6/13) were caused by a penetrating mechanism, with
a median AIS of 3 for the abdomen and a median ISS
of 16.0. Furthermore, 61.5% (8/13) of these patients
had associated injuries. All patients who underwent
surgical intervention with insignificant colorectal in-
juries received primary repair. We compared patients
who had surgery with or without the use of a diverting
ostomy for those with significant colonic and rectal
injuries, respectively. In patients with significant co-
lonic and rectal injuries, there were no significant dif-
ferences in terms of general demographics, preopera-
tive conditions, or clinical characteristics between the
groups that received ostomy and those that did not
(Table 1, all p > 0.05). Although the differences did

not reach statistical significance, we observed a ten-
dency toward a higher incidence of penetrating mech-
anisms (85.7% vs. 38.9%, p = 0.073) and a lower ISS
(9.0 vs. 17.5, p = 0.074) in patients who underwent
ostomy creation. To demonstrate the diversity of asso-
ciated injuries, we conducted a review focusing on the
affected organs. Among patients with significant co-
lonic injuries, lung injuries (28.0%, 7/25), liver/spleen
injuries (28.0%, 7/25), and small bowel injuries (20.0%,
5/25) were the most common associated injuries.
Meanwhile, among patients with significant rectal in-
juries, pelvis fractures (38.5%, 5/13), extremity frac-
tures (30.8%, 4/13), and urinary bladder injuries (30.8%,
4/13) were also found. It is not surprising that a high
percentage of patients with significant colonic injuries
exhibited involvement of solid organs, whereas a sub-
stantial number of those with significant rectal inju-
ries experienced urinary bladder injuries, extremity
fractures, and pelvic fractures.

Perioperative characteristics and operative find-
ings were analyzed. In significant colonic injuries, de-
structive injuries accounted for 64.0% (16/25), where-
as in significant rectal injuries, they comprised 38.5%
(5/13) of patients. Laparoscopic surgery was performed

Table 1. The demographic and clinical characteristics of the patients at the time of arrival to the emergency department

Significant colonic injuries *

Significant rectal injuries *

With ostomy ~ Without ostomy value With ostomy Without ostomy value
(N=7) ~N=18) P (N=8) ~N=5 P

Age 56.0 (50.0) 44.5(303)  0.220° 38.0(223)  340(33.5)  0.724°
Male (N, %) 6 (85.7%) 14 (77.8%) 1.000° 0 (0%) 2 (40.0%) 0.128°
Mechanism of injury-penetrating (N, %) 6 (85.7%) 7 (38.9%) 0.073¢ 3 (37.5%) 3 (60.0%) 0.592°
CCI 3.0 (4.0) 0(1.0) 0.158° 0 (0.0) 0(2.0) 0.435°
GCS 15.0 (1.0) 15.0 (1.3) 0.836° 15.0 (0.0) 15.0 (0.5) 0.622°
SBP (mmHg) 153.0 (75.0) 118.5(29.8)  0.198° 107.0 (45.8) 99.0 (49.5)  0.622°
Pulse (BPM) 83.0 (41.0) 93.5(33.8)  0.615° 100.0 (18.3) 89.0(17.5)  0.127°
WBC (10°/uL) 8.0 (4.7) 10.9 (4.6) 0.085° 12.2 (6.0) 17.4 (10.0)  0.284°
Hb (g/dL) 14.2 (1.9) 13.3 (4.8) 0.110° 14.1 (1.9) 14.3 (4.4) 0.524°
ISS 9.0 (11.0) 17.5(16.0)  0.074° 19.0 (19.0) 10.0(26.5)  0.284°
AIS of abdomen 3.0(1.0) 4.0 (1.0) 0.198° 3.5(1.0) 3.0(2.0) 0.435°
Associated injuries (N, %) 3 (42.9%) 14 (77.8%) 0.156° 6 (75.0%) 2 (40.0%) 0.293°

Numerical data: median (interquartile range); Nominal data: N (percentage within the group).

* AAST Classification > Grade II, indicating a contusion or hematoma without devascularization and a partial-thickness laceration,

were not included in the analysis.
® Mann-Whitney U test; © Fisher’s exact test.

CCI = Charlson comorbidity index; GCS = Glasgow Coma Scale; SBP = systolic blood pressure; BPM = beat per minute; ISS =

injury severity score; AIS = Abbreviated Injury Scale.
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in 28.0% (7/25) of significant colonic injuries and
7.7% (1/13) of significant rectal injuries. The median
operation time was 161.7 minutes for significant co-
lonic injuries and 152.7 minutes for significant rectal
injuries. Among patients with significant colonic inju-
ries, there were no significant differences in periop-
erative characteristics or operative findings between
the groups (Table 2). However, in patients with signif-
icant rectal injuries who underwent ostomy creation, a
tendency toward a higher rate of destructive injury
was observed (62.5% vs. 0%, p =0.075).

Among the 25 patients with significant colonic in-
juries, the median length of ICU stay was 7.0 days,
and the median hospital stay was 18.0 days. There
were 8.0% (2/25) of cases that presented with a de-
layed perforation. Additionally, 40.0% (10/25) of pa-
tients were diagnosed with complications. Among
those patients with complications, we observed 5
bowel leakage, 1 colon ischemia, and 4 wound infec-
tion or intra-abdominal infection without evidence of
bowel leakage in significant colonic injuries. Regard-
ing the 13 patients with significant rectal injuries, the
median hospital stay was 14.0 days. None of these pa-
tients presented with delayed perforation. Only 1 com-
plication was associated with significant rectal inju-
ries, which was an incisional hernia occurring 6 months
after colostomy closure. There were 2 mortalities were
observed. One patient died from adult respiratory dis-
tress syndrome (ARDS) after treatment of severe as-
sociated injuries and colectomy for colonic injuries.

The other patient died from disseminated intravas-
cular coagulation (DIC) after management of severe
rectal injury and an associated pelvic fracture with ac-
tive bleeding. There were no significant differences
observed between the groups in terms of outcomes,
including the length of ICU stay, the length of hospital
stay, the occurrence of delayed perforation, complica-
tions, and mortality rates. These results remained con-
sistent for both patients with significant colonic inju-
ries and those with rectal injuries, as shown in Table 3.

Out of patients with significant colonic injuries
who underwent primary repair or resection and anas-
tomosis, 5 patients experienced bowel leakage. Among
these cases, 2 were related to leakage at the repair site,
while 3 were associated with leakage at the anastomo-
sis site. In the point of view of trauma surgeons, fac-
tors such as patients’ hemodynamic status, mecha-
nism of injury, destructive colorectal injury, or multi-
ple sites of injury might have an impact on the healing
status of anastomosis. We utilized logistic regression
to investigate the risk factors for bowel leakage in in-
dividuals with significant colonic injuries who did not
undergo ostomy creation initially. The objective of
this analysis was to identify factors that might in-
crease the likelihood of bowel leakage. The equation
included variables such as initial unstable status, in-
jury mechanism, destructive injury, and the presence
of multiple colonic injury sites. The Hosmer and Le-
meshow test was conducted, and the results were non-
significant (p = 0.492), indicating a good fit of the

Table 2. Comparisons of perioperative characteristics and operative findings in patients with significant colonic and rectal injuries

who underwent surgery with or without a diverting ostomy

Significant colonic injuries®

Significant rectal injuries®

With ostomy

Without ostomy

With ostomy ~ Without ostomy

N=7) (N=18) p value (N=8) (N=5) p value
Destructive injury® (N, %) 3 (42.9%) 13(722%)  0.205° 5 (62.5%) 0 (0%) 0.075°
Intraperitoneal injury (N, %) 7 (100%) 18 (100%) - 5(62.5%) 1(20.0%)  0.266°
Multiple colorectal injury (N, %) 5 (71.4%) 7 (38.9%) 0.202° 4 (50.0%) 0 (0%) 0.105°
Laparoscopic surgery (N, %) 2 (28.6%) 5(27.8%) 1.000° 1 (12.5%) 0 (0%) 1.000°
Operative time (min) 180.0 (75.0) 158.4 (68.8) 0.270° 166.4 (135.0) 120.0 (161.4)  0.222°
Blood loss (mL) 600.0 (1700.0)  500.0 (1575.0)  0.976" 510.0 (2760.0)  100.0 (643.9)  0.222°

Numerical data: median (interquartile range); Nominal data: N (percentage)

* AAST Classification > Grade II, which means that contusion or hematoma without devascularization and partial-thickness

laceration were not included in the analysis.
® Mann-Whitney U test; © Fisher’s exact test.
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model to the data. This suggests that the model accu-
rately represents the relationship between the vari-
ables and the occurrence of bowel leakage. The re-
sults, presented as odds ratios and 95% confidence in-
tervals in Table 4, indicate that none of the factors we
examined significantly increased the incidence of
bowel leakage.

Discussion

Historically, diverting ostomy was considered a
measure to prevent bowel leakage following primary
repair or resection in colorectal injuries. However,
controversy emerged in the 1970s when the first pro-
spective, randomized study reported higher complica-
tion rates, longer hospitalization periods, and increased
costs in patients who underwent colostomy for perfo-
rating colon trauma.” Currently, the use of diverting
ostomy is recommended only for selected patients
with civilian colorectal injuries who are likely to ben-

efit from the procedure.

In our institution, we observed a low prevalence
of colorectal injuries but a high rate of associated inju-
ries within this population. The results likely indicate
the diversity of injuries in the patient population. To
provide a more in-depth discussion of the nature and
outcomes of colorectal injuries, we specifically fo-
cused on significant injuries categorized as AAST
Classification > Grade II. This classification excludes
contusion or hematoma without devascularization and
partial-thickness lacerations from the analysis.

Management of colonic injury

There is a tendency to suggest managing colorec-
tal trauma without a diverting ostomy, not only in
nondestructive injuries but also in certain conditions
involving destructive injuries (a laceration > 50% of
circumference or devascularized injury).® Strong evi-
dence suggests that primary repair is more effective
than proximal diversion in patients with nondestruc-

Table 3. Comparisons of outcomes between patients who underwent surgery with or without a diverting ostomy in cases of

significant colonic and rectal injuries

Significant colonic injuries *

Significant rectal injuries *

With ostomy  Without ostomy

With ostomy ~ Without ostomy

N=7) (N=18) p value (N=8) (N=5) p value
Length of ICU stay (days) 4.0 (19.0) 7.0 (18.5) 0.615° 3.0 (7.5) 0.0 (11.0) 0.943°
Length of hospital stay (days) 11.0 (29.0) 19.0 (17.8) 0.270° 14.0 (31.3) 23.0 (52.0) 0.943°
Delayed perforation (N, %) 0 (0.0%) 2 (11.1%) 1.000¢ 0 (0.0%) 0 (0.0%) -
Complications (N, %) 3 (42.9%) 7 (38.9%) 1.000° 1 (12.5%) 0 (0.0%) 1.000°
Death (N, %) 0 (0.0%) 1 (5.6%) 1.000° 1 (12.5%) 0 (0.0%) 1.000°

Numerical data: median (interquartile range); Nominal data: N (percentage).

* AAST Classification > Grade II, which means that contusion or hematoma without devascularization and partial-thickness

laceration were not included in the analysis.
® Mann-Whitney U test; © Fisher’s Exact test.
ICU = intensive care unit.

Table 4. Odds ratios for the effects of pre-operative characteristics on bowel leakage in patients with perforating colonic injuries

managed by primary repair or resection and anastomosis without diverting ostomy

Odds ratio 95% confidence interval (lower, upper) p value
Initial unstable status 9.252 0.226, 379.589 0.240
Mechanism (penetrating injury) 1.100 0.076, 15.935 0.944
Destructive colonic injury 1.735 0.086, 34.804 0.719
Multiple sites of colonic injury 5.380 0.354, 81.685 0.225

Hosmer and Lemeshow test = 0.492.
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tive colonic injuries.””!" While current prospective
studies on destructive penetrating colon injuries have
indicated no significant differences in complications
between primary repair/anastomosis and diversion
groups,'"'? they have consistently recommended pri-
mary repair or resection with anastomosis as the pre-
ferred method. Our retrospective study unveiled simi-
lar outcomes for patients with significant colonic and
rectal injuries. However, the notable difference lies in
the fact that we included patients from all trauma
mechanisms rather than limiting the study population
to penetrating injuries. Among our patients, 52.0%
sustained significant colonic injuries from penetrating
trauma, 46.2% experienced significant rectal injuries
for the same reason, while the remainder were due to
blunt trauma, ensuring an evenly distributed patient
population. It is worth noting that in our center, we
observed a higher proportion of blunt colorectal inju-
ries compared to the reported rate of 4% for colon in-
juries caused by blunt trauma.'® This might reflect the
nature of the low incidence of penetrating injuries in
Asian counties.

In the largest prospective multicenter study in-
volving 297 patients with penetrating colonic injuries
requiring resection,'? anastomosis leakage was ob-
served in 6.6% of patients who underwent resection
and anastomosis. However, our data revealed a higher
rate of bowel leakage following initial operative man-
agement at 27.8% (5 out of 18 cases). This finding
may be attributed to the fact that 2 delayed perfora-
tions and 1 anastomosis leakage related to delayed is-
chemia presented after the blunt trauma, which might
implicate the nature of higher energy transfer in the
blunt injury mechanism.

Management of rectal injury

The treatment modalities for rectal injuries are far
more complicated than those for colonic injuries be-
cause rectal injuries are unique due to their location,
which requires different treatment approaches. Rectal
injuries can be classified as intraperitoneal and extra-
peritoneal, with the latter further divided into those
above or below the levator ani muscles. The principles
for managing intraperitoneal rectal injuries are similar

to those applied in colonic injuries.*'* Extraperitoneal
rectal injuries in nondestructive penetrating cases can
often be successfully managed with primary repair
alone.'> However, for patients with destructive inju-
ries or injuries located above the levator ani muscles,
diverting ostomy is recommended because of the higher
incidence of failure by repair only.>!® In our analysis,
we observed a relatively high incidence of destructive
injuries in those who were managed with a diverting
ostomy (62.5% versus 0%). However, no significant
difference in outcomes was observed between the
groups. Associated injuries might explain this result.

Rectal trauma is known to be associated with inju-
ries to the genitourinary tract, small bowel, and vascu-
lar system.® Blunt rectal injuries are frequently linked
to high-energy trauma mechanisms because of the
protective properties of the pelvic rim, and they have
been associated with a reported mortality rate as high
as 50%.'” Hence, the decision-making process for rec-
tal injury management should consider three key as-
pects: the severity, location, and mechanism of the
injuries.

Role of diversion

The role of ostomy in the management of colo-
rectal injuries differs from that in nontraumatic dis-
eases. Colorectal injuries almost always occur in con-
junction with other injuries having various complexi-
ties, as in our series. Assessing the interactive influence
between these injuries poses a difficulty. Additionally,
the initial assessment of tissue conditions may present
challenges, as injuries to the colon or its supplying ves-
sels can be obscured by hematoma or potentially over-
estimated due to hemodynamic instability. This is a
challenge to treating surgeons about the decision-mak-
ing process for creating a diverting ostomy when man-
aging such conditions. Although many available stud-
ies propose a preference of not doing diversion, most
surgeons rely on their clinical judgment for specific
conditions individually.'® Because the outcomes of our
patients were comparable to those of the other series,
we proposed a treatment algorithm for the manage-
ment of colorectal injuries, including indications for
ostomy creation, as shown in Fig. 2.
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Fig. 2. An algorithm for the management of colorectal injuries based on our practical knowledge and analysis.

Limitation

Our research is subject to several limitations that
warrant careful consideration. First, our retrospective
design and small sample size inherently introduce
bias. Second, the lack of treatment decision records
could hamper our understanding of the factors guid-
ing our treatment strategies. Finally, we did not evalu-
ate the patients’ long-term quality of life after dis-
charge. Nonetheless, within the specific context of our
setting, our study maintains its significance, despite
these limitations. To achieve a more comprehensive
understanding, future research should prioritize larger
sample sizes and prospective study designs.

Conclusion

The creation of an ostomy or not remains a di-

lemma for the management of colorectal injuries. Pri-
mary repair or colectomy without ostomy are feasible
and safe modalities for most patients with significant
colonic injuries. On the other hand, the use of a divert-
ing ostomy is not linked to an extended hospital stay
or a higher complication rate for complex injuries.
Therefore, it remains a viable option for managing
complex colorectal injuries based on surgeons’ clini-
cal judgment.
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