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he American Association for the Surgery of Trauma Colon Organ Injury Scale (OIS) was updated in 2020 to include a separate OIS for
penetrating colon injuries and included imaging criteria. In this multicenter study, we describe the contemporary management and outcomes
of penetrating colon injuries and hypothesize that the 2020 OIS system correlates with operative management, complications, and outcomes.
METHODS: T
his was a retrospective study of patients presenting to 12 Level 1 trauma centers between 2016 and 2020 with penetrating colon in-
juries and Abbreviated Injury Scale score of <3 in other body regions.We assessed the association of the new OIS with surgical man-
agement and clinical outcomes and the association of OIS imaging criteriawith operative criteria. Bivariate analysis was donewithχ2,
analysis of variance, and Kruskal-Wallis, where appropriate. Multivariable models were constructed in a stepwise selection fashion.
RESULTS: W
e identified 573 patients with penetrating colon injuries. Patients were young and predominantlymale; 79% suffered a gunshot injury, 11%
had a gradeVdestructive injury, 19% required≥6Uof transfusion, 24%had an Injury Severity Score of >15, and 42%hadmoderate-to-large
contamination. Higher OIS was independently associated with a lower likelihood of primary repair, higher likelihood of resection with
anastomosis and/or diversion, need for damage-control laparotomy, and higher incidence of abscess, wound infection, extra-abdominal
infections, acute kidney injury, and lung injury. Damage control was independently associated with diversion and intra-abdominal and
extra-abdominal infections. Preoperative imaging in 152 (27%) cases had a low correlation with operative findings (κ coefficient, 0.13).
CONCLUSION: T
his is the largest study to date of penetrating colon injuries and the first multicenter validation of the new OIS specific to these
injuries. While imaging criteria alone lacked strong predictive value, operative American Association for the Surgery of Trauma
OIS colon grade strongly predicted type of interventions and outcomes, supporting use of this grading scale for research and clin-
ical practice. (J Trauma Acute Care Surg. 2023;95: 213–219. Copyright © 2023Wolters Kluwer Health, Inc. All rights reserved.)
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O ver the past few decades, management of penetrating co-
lon injuries has evolved significantly. These injuries were

historically managed with mandatory fecal diversion. However,
with advancements in trauma systems allowing for earlier pre-
sentation to trauma centers, earlier recognition of injuries, and
improved resuscitation and antibiotic prophylaxis, growing evi-
dence now supports the safety of primary repair or anastomosis
in injuries requiring resection.1–5 Furthermore, the introduction
and wide utilization of damage-control laparotomy (DCL) as a
resuscitative tool in the severely injured or unstable patient pre-
senting with abdominal trauma introduced new variables to the
management of patients with colon injuries.6–11

The American Association for the Surgery of Trauma
(AAST) Organ Injury Scale (OIS) for colon injuries was origi-
nally developed in 1990 by Moore et al.12 To reflect the changes
in management of colon injuries, the AAST Patient Assessment
committee updated the OIS in 2020 and, for the first time, in-
cluded a distinct OIS for penetrating colon injuries.13 In addi-
tion, given the advancements in imaging technology, the up-
dated OIS also includes separate criteria for imaging as well as
operative and pathologic findings and aims to provide a tool to
guide treatment. In this multicenter study, we describe the
213

ealth, Inc. All rights reserved.

http://www.jtrauma.com
mailto:ahzeineddin@huhosp.org


Zeineddin et al.
J Trauma Acute Care Surg

Volume 95, Number 2

D
ow

nloaded from
 http://journals.lw

w
.com

/jtraum
a by V

1R
9qA

gW
99o5j886m

oF
dA

quIeS
7+

X
idaIrqw

gLX
gds5B

vm
R

C
x

O
V

/Q
iq3G

xt2sW
tpZ

K
U

P
U

ztB
Q

sLJd3yG
spH

9yB
U

bT
2O

bx3slE
88jR

hW
N

8m
2w

S
32D

a0A
tS

C
sg0ibA

LK
E

t on 11/06/2024
contemporary management and outcomes of penetrating colon
injuries and hypothesize that the 2020 OIS system correlates
with operative management, complications, and outcomes.

PATIENTS AND METHODS

This was a retrospective study of patients presenting to 12
Level 1 trauma centers between the years 2016 and 2020. Institu-
tional review board approval was secured at all participating sites
with the requisite data-sharing agreements. The study population
included all adult patients (age 16 years or older) who presented
with penetrating colon injuries. Patients with severe injuries in
body regions other than the abdomen, defined as an Abbreviated
Injury Scale score of ≥3 in any other body region, and those who
expired within 24 hours of admission were excluded from the
analysis. The trauma registry at each institution was queried for
patients meeting inclusion criteria, and charts were individually
reviewed. Data points collected included the following: age,
sex, Injury Severity Score (ISS), presenting blood pressure, blood
products from admission to the end of index operation, time to
operation, severity of colon injury (serosal tear, hematoma,
full-thickness injury, transection, devascularization), degree of
contamination per operative dictation, concomitant small bowel
or stomach injuries, need for DCL, number of abdominal wash-
outs, and number of days of open abdomen. The updated AAST
OIS colon injury grade13 shown in Supplementary Table 1, http://
links.lww.com/TA/C983, was assigned to each patient for opera-
tive findings based on operative reports, for imaging from review
of reports and images when available, and for pathology from pa-
thology reports when available. American Association for the
Surgery of Trauma OIS operative grade was available for all pa-
tients and was used in analysis of outcomes. Our primary out-
comes were the association of OIS grade with clinical outcomes
and the association between different component of the OIS. The
clinical outcomes of interest were type of surgical management
(primary repair, resection and anastomosis, ileostomy/colostomy)
and infectious and noninfectious outcomes (anastomotic leak,
intra-abdominal abscess, superficial wound infection, acute kidney
injury, acute respiratory distress syndrome, venous thromboem-
bolism, length of stay, and mortality). We specifically focused
on infectious complications, including pneumonia, urinary tract
infection, bacteremia, and Clostridium difficile infection. More-
over, we identified patientswho had positive cultures (e.g., abscess,
wound, blood, respiratory, urine), recorded the identified bacteria
and antibiotic resistance patterns, and definedmulti-drug resistance
as resistance to three or more antibiotic agents.

Categorical variables were reported as percentages, while
continuous variables were reported as medians with interquartile
range (IQR). Bivariate analysis was performed to describe patient
demographics, surgical management, and outcomes across AAST
grades using χ2, analysis of variance, and Kruskal-Wallis, where
appropriate. Multivariable models to predict outcomes were con-
structed in a backward stepwise selection fashion of the following
variables: age, mechanism (gunshot vs. stab), ISS, hypotension
on arrival, time to operating room, transfusion of 6 or more units,
AASToperative grade, concomitant small bowel injury, concom-
itant stomach injury, degree of contamination, and DCL. The
variables were removed from the model if they did not improve
the predictive performance of the model assessed by its receiver
214
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operating characteristic curves. Hosmer-Lemeshow goodness-
of-fit test was used to test our models. All models were clustered
by center to adjust for practice variability and treatment bias by
the different centers. Complete regression models are displayed
in Supplemental Digital Content (Supplementary Tables 2–8,
http://links.lww.com/TA/C985). The correlation between the
three components of the AAST grade (imaging, operative, and
pathology) was assessed using κ coefficient for interrate reliabil-
ity. All statistical analyses were performed using Stata Statistical
software (Release 14.2; StataCorp LLC, College Station, TX).
STrengthening the Reporting of OBservational studies in Epide-
miology guidelines were followed (Supplemental Digital Con-
tent, Supplementary Data 1, http://links.lww.com/TA/C984).
RESULTS

Patient Characteristics
Among 12 centers, we identified 573 patients who met

our inclusion criteria. Overall, patients were young with a
mean ± SD age of 32 ± 13 years and predominantly male
(88%). Gunshot injury was the mechanism in 79% of patients.
Median ISS was 10 (IQR, 9–16). On presentation, 18% of pa-
tients were hypotensive (blood pressure, <90 mm Hg), and
18.5% required 6 U of blood or more products before the end
of their index operation (Table 1).

Surgical Management
By definition, all patients underwent operative interven-

tion. Intraoperatively, 90 patients (15.7%) were found to have
OIS grade 1 injuries; 207 patients (36.1%), grade 2; 162 patients
(28.3%), grade 3; 53 patients (9.3%), grade 4; and 61 patients
(10.7%), with grade 5 injuries. Themedian time from emergency
department arrival to operating room was 49 (30–60) minutes.
Primary repair was performed in 33.7% of patients, resection
with anastomosis (RA) in 37.2%, and resection with exterioriza-
tion of bowel with an ileostomy or colostomy in 29.2%. Type of
operative repair by grade is shown in Table 2 and Figure 1. The
type of operative intervention differed significantly between
OIS grades with a lower likelihood of primary repair and higher
likelihood of RA (p < 0.001) or diversion (p < 0.001) with in-
creasing grade. Damage-control laparotomy was performed on
32.1% of patients with significant increase in its rate with higher
OIS grades (p < 0.001). Median time of open abdomen was
1 day (IQR, 1–2 days) (Table 1).

Clinical Outcomes
Postoperatively, patients with higher OIS grades had a

higher rate of developing intra-abdominal abscess, wound infec-
tion, an anastomotic or stump leak, and extra-abdominal compli-
cations including bacteremia, pneumonia, urinary tract infec-
tion, or C. difficile infection. Overall rates by OIS grade are
shown in Table 1. Patients with higher OIS grade also had higher
incidence of acute kidney injury, acute respiratory distress syn-
drome, and longer length of stay. Venous thromboembolism
was not significantly different between groups. Mortality was
2.1% with no statistically significant difference between OIS
grades (p = 0.14) (Table 1).

In our multivariable regression adjusting for age, mecha-
nism, ISS, hypotension, total blood products ≥6 U, degree of
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Patient Demographics, Injury Characteristics, Operative Intervention, and Clinical Outcomes Per AAST Operative Grade

Total (n = 573) Grade 1 (n = 90) Grade 2 (n = 207) Grade 3 (n = 162) Grade 4 (n = 53) Grade 5 (n = 61) p*

Age, y 32 ± 13 34 ± 14 32 ± 12 30 ± 12 34 ± 14 34 ± 13 0.29

Male 88% 88% 87% 91% 85% 90% 0.74

Gunshot wound 79% 57% 77% 91% 79% 84% <0.01

ISS 10 (9–16) 6.5 (5–11) 10 (7–14) 10 (10–17) 12 (10–17) 14 (10–19) <0.01

Hypotension in ED 18% 6% 14% 19% 38% 26% <0.01

Transfusion ≥6 U 19% 6.7% 14% 21% 38% 28% <0.01

Primary repair 34% 82% 46% 23% 1.9% — <0.01

Resection and anastomosis 37% 16% 28% 46% 49% 57% <0.01

Ileostomy/colostomy 29% 1.6% 26% 32% 49% 43% <0.01

DCL 32% 14% 24% 40% 47% 52% <0.01

Intra-abdominal abscess 26% 2.2% 23% 30% 43% 46% <0.01

Wound infection 13% 5.6% 11% 11% 25% 21% <0.01

Anastomotic leak 5.6% — 2.4% 8.6% 11% 11% <0.01

Extra-abdominal infectious complications* 28% 5.6% 23% 31% 47% 51% <0.01

Acute kidney injury 19% 8.9% 15% 22% 32% 28% <0.01

ARDS 4.8% 1.1% 2% 5.6% 7.8% 15% <0.01

VTE 2.7% — 3.4% 3.1% — 5% 0.22

Length of stay, d 11 (7–19) 7 (4–10) 9 (6–16) 13 (7–21) 20 (9–31) 16 (11–22) <0.01

Mortality 2.1% 2.2% 1.5% 1.2% 1.9% 6.6% 0.14

*Infectious complications included bacteremia, urinary tract infection, pneumonia, and C. difficile infection.
ARDS, acute respiratory distress syndrome; ED, emergency department; VTE, venous thromboembolism.

J Trauma Acute Care Surg
Volume 95, Number 2 Zeineddin et al.

D
ow

nloaded from
 http://journals.lw

w
.com

/jtraum
a by V

1R
9qA

gW
99o5j886m

oF
dA

quIeS
7+

X
idaIrqw

gLX
gds5B

vm
R

C
x

O
V

/Q
iq3G

xt2sW
tpZ

K
U

P
U

ztB
Q

sLJd3yG
spH

9yB
U

bT
2O

bx3slE
88jR

hW
N

8m
2w

S
32D

a0A
tS

C
sg0ibA

LK
E

t on 11/06/2024
contamination/spillage, concomitant stomach or small bowel in-
jury, time to operative intervention, and damage control in a
stepwise selection model, higher OIS remained associated with
lower chance of primary repair and a higher rate of RA or diver-
sion, as well as a higher incidence of intra-abdominal abscess,
leak, and extra-abdominal infections (Table 2).

Infectious Complications
More than a third of the patients in our cohort developed

an infectious complication during their stay (36.8%). The most
common source of infection was an intra-abdominal abscess,
followed by wound infection, bacteremia, and pneumonia, all
of which were significantly associated with higher grades of in-
jury (Table 1). Infectious complications were also associated
with greater degrees of contamination and a longer postopera-
tive antibiotic course (Table 3). Superficial wound infection
was associated with age (odds ratio [OR], 1.03; 95% confidence
TABLE 2. Adjusted OR and 95% CIs of Operative Intervention and C

AAST Grade 1 2 3

Primary repair Ref. 0.64 (0.2–2) 0.26* (0.08–0

Resection and anastomosis Ref. 2.12 (0.77–5.8) 4.6* (1.88–1

Ileostomy/colostomy Ref. 9.7* (3.7–26) 9.8* (2.3–42

Intra-abdominal abscess Ref 5.5* (2–15) 4.6* (1.2–17

Wound infection Ref. 1.84 (0.7–4.85) 1 (0.49–2

Anastomotic leak — Ref. 3.3* (1.31–8

Extra-abdominal infections Ref. 3.69 (0.93–15) 5.3* (1.39–2

*Statistically significant.
Models are adjusted for age, ISS, mechanism (gunshot wound vs. stab), hypotension on arrival

and DCL. Full regression models are available in Supplemental Digital Content, Supplementary
AUROC, area under the receiver operating curve; Ref., reference.

© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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interval [CI], 1.01–1.04) and severe contamination (OR, 1.44;
95% CI, 0.61–3.38) and was not found to be significantly asso-
ciated with the mechanism or degree of injury, or the use of a
skin vac or delayed primary closure (Supplementary Table 6,
http://links.lww.com/TA/C985).

Of postoperative cultures collected from 147 patients'
blood, wounds, abscess cavities, respiratory tracts, or urine, there
were 91 patients with positive growth on culture of abscess aspi-
rate (median day 10), 54 with positive wound cultures (median
day 9), 52 with positive blood cultures (median day 7), and 37
with positive respiratory/urine cultures (median day 9). Bacterial
growth in 36% of cultures exhibited resistance to at least one an-
tibacterial agent, with 19% of cultures growing multidrug resis-
tance organisms.

Most patients (94%) received preoperative antibiotic pro-
phylaxis. However, the duration of postoperative antibiotic
course varied. A longer antibiotic course was associated with
linical Outcomes Per AAST Grade

4 5 AUROC

.78) 0.01* (0.002–0.1) 0.06* (0.01–0.24) 0.85 (0.8–0.89)

1) 14.6* (2.58–82) 6.6* (1.64–26.7) 0.74 (0.69–0.8)

) 14* (1.65–119) 19* (2.6–135) 0.83 (0.77–0.88)

) 7.2* (1.7–31) 10* (2.1–48) 0.76 (0.7–0.82)

.02) 2.5 (0.66–9.7) 2.6 (0.89–7.8) 0.73 (0.65–0.81)

.13) 4.95* (2.09–11.7) 4.79* (1.78–12.9) 0.79 (0.7–0.88)

0) 9.7* (1.94–49) 9.4* (2.4–36) 0.77 (0.71–0.83)

, hours from presentation to OR, concomitant small bowel injury, concomitant stomach injury,
Tables 2–8, http://links.lww.com/TA/C985.
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Figure 1. Surgical management of penetrating colon injury by AAST grade.
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higher injury grade and higher rate of infectious complications
(p < 0.01).

Onmultivariable regression, AAST grade, severe contam-
ination, and days of open abdomen were significantly associated
with developing an infectious complication (Table 4).

Resection and Anastomosis Versus Ostomy
Examining outcomes following the different surgical man-

agement groups, that is, primary repair, resection and anastomosis,
TABLE 3. Infectious Complications

No Infectious Complications (n = 362) Intra-

Surgical intervention

Primary repair 84%

Resection and anastomosis 56%

Ileostomy/colostomy 42%

Damage control 45%

Transfusion ≥6 U 45%

Degree of contamination

None 79%

Mild 68%

Moderate 60%

Severe 42%

Duration of antibiotic prophylaxis

No postoperative antibiotics 67%

24 h 72%

48 h 58%

3–7 d 60%

>7 d 35%

Bacterial resistance

No resistance —

1 Agent —

2 Agents —

Multidrug-resistant organisms —

216
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and resection with ileostomy/colostomy, patients who received an
ostomy had higher ISS and were more likely to be hypotensive,
to receive 6 U of blood or more, and to undergo DCL. Those pa-
tients also had a higher rate of overall complications (Table 5).

The overall colonic leak rate in our study was 5.6%, with
1.2% in patientswho underwent primary repair, and 8.4% in patients
who underwent RA. In patients with a destructive injury (grade 5),
the leak rate was 9.4%. The AAST grade and age (OR, 1.04; 95%
CI, 1.004–1.07) were independent predictors of anastomotic leak
All Infectious Complications (n = 211)

pabdominal Infection (n = 148) Extra-abdominal Infection (n = 177)

<0.01

7% 13%

29% 37%

48% 50%

41% 49% <0.01

40% 49% <0.01

<0.01

11% 16%

20% 26%

31% 36%

48% 54%

<0.01

18% 31%

22% 20%

30% 33%

31% 34%

45% 58%

(n = 95) (n = 75)

70.5% 57%

9.5% 15%

8.4% 4%

11.6% 24%

© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 4. Multivariate Regression for Predictors of Developing
Any Postoperative Infectious Complication

OR SE p 95% CI

Age 1.013 0.008 0.097 0.998–1.03

ISS 1.03 0.036 0.382 0.96–1.1

Mechanism (GSW vs. stab) 1.21 0.48 0.635 0.55–2.63

Hours from injury to operating room 0.98 0.03 0.604 0.92–1.05

Concomitant small bowel injury 0.96 0.39 0.921 0.44–2.12

DCL 1.73 0.63 0.136 0.84–3.55

Days of open abdomen 1.31* 0.13 0.007 1.08–1.59

AAST grade (vs. grade 1)

2 4.78* 1.92 <0.001 2.17–10.5

3 3.94* 1.78 0.003 1.62–9.59

4 7.54* 3.5 <0.001 3.1–18.6

5 6.26* 4.45 0.01 1.55–25.2

Degree of contamination (vs. none)

Mild 1.28 0.47 0.503 0.62–2.64

Moderate 1.74 0.54 0.07 0.95–3.19

Severe 4.27* 1.75 <0.001 1.91–9.55

Postoperative antibiotic duration (vs. none)

24 h 0.45 0.21 0.08 0.18–1.1

48 h 1.16 0.31 0.569 0.69–1.95

3–7 d 0.56 0.24 0.17 0.24–1.28

>7 d 1.38 0.78 0.57 0.46–4.19

*Statistically significant. Area under the receiver operating curve, 0.77 (0.648–0.893).
Hosmer-Lemeshow goodness of fit: χ2

8 = 6.77. Prob > χ2 = 0.562.
GSW, gunshot wound.
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on multivariable regression (Supplementary Table 7, http://links.
lww.com/TA/C985).

Independent predictors of diversion included higher
AAST grade, receiving 6 U of blood or more (OR, 3.27; 95%
CI, 1.58–6.78), and DCL (OR, 4.34; 95% CI, 2.16–8.7) (Sup-
plementary Table 4, http://links.lww.com/TA/C985). There
TABLE 5. Patient Demographics, Injury Characteristics, Operative Int

Primary Repair
(n = 195)

Resection andAnastomosis
(n = 212)

Ileos

Age, y 32 ± 14 31 ± 12

Male 88% 90%

ISS 9 (5–13) 10 (10–17)

Hypotension 10% 19%

Transfusion ≥6 U 8.7% 16%

Intra-abdominal abscess 7% 29%

Wound infection 7.6% 19%

Anastomotic leak 1.2% 8.4%

Extra-abdominal Infectious
complications*

8.7% 33%

Acute kidney injury 9.9% 20%

ARDS 3.5% 6.4%

VTE 1.2% 3.2%

Length of stay, d 7 (5–12) 11 (7–18)

Mortality — 1.6%

*Infectious complications included bacteremia, urinary tract infection, pneumonia, and C. dif
ARDS, acute respiratory distress syndrome; VTE, venous thromboembolism.

© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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was no significant difference between RA compared with
ileostomy/colostomy in the rate of total infectious complica-
tions (ostomy: OR, 0.94; 95% CI, 0.46–1.93), or in the rate
of intra-abdominal abscess formation (OR, 1.16; 95% CI,
0.69–1.95).

Damage-Control Laparotomy
Patients who underwent DCL had more severe injuries,

were much more likely to receive ≥6 U of blood products, had
a significantly lower rate of primary repair, and had a signifi-
cantly higher rate of ostomy formation. All clinical outcomes
were significantly worse in DCL patients (Table 5). Damage-
control laparotomy patients with infectious complications had
a longer time with open abdomen than those without infectious
complications (median days 1 [IQR, 1–2] vs. 1 [IQR, 1–1],
p = 0.004). There was a large variation in the antibiotic course
for patients who underwent DCL: 17% had no antibiotics after
index operation, 7.5% stopped antibiotics before abdomen clo-
sure, 18% stopped antibiotics the day of abdomen closure,
11.6% stopped antibiotics 24 hours after closure, and 46% con-
tinued the antibiotic course for more than 24 hours after abdo-
men closure.

In our regressionmodels, DCLwas associatedwith higher
rate of colostomy formation (OR, 4.34; 95% CI, 2.16–8.7),
higher rate of intra-abdominal abscess (OR, 2.47; 95% CI,
1.35–4.51), and higher rate of extra-abdominal complications
(OR, 2.3; 95% CI, 1.1–3.8).

OIS Grade Validation
As described previously, OIS operative grade was highly

predictive of outcomes in patients with penetrating colon injury,
with area under the receiver operating curve ranging from 0.68
for wound infection up to 0.90 for acute respiratory distress syn-
drome. Our secondary aimwas to determine the utility of the im-
aging and pathology criteria of the new OIS grade.
ervention, and Clinical Outcomes per Surgical Intervention

tomy/Colostomy
(n = 166) p

Single Laparotomy
(n = 389)

Damage Control
(n = 184) p

32 ± 12 0.66 31 ± 12 34 ± 14 0.12

90% 0.91 88% 89% 0.91

14 (10–21) <0.01 10 (6–14) 16.5 (10–24.5) <0.01

30% <0.01 12% 30% <0.01

33% <0.01 7% 43% <0.01

48% <0.01 19% 41% <0.01

14% <0.01 11% 17% 0.03

8.1% <0.01 4.1% 8.7% <0.01

48% <0.01 19% 47% <0.01

28% <0.01 14% 30% <0.01

5.4% 0.45 2.8% 8.9% <0.01

4.1% 0.26 1.3% 5.5% <0.01

17 (11–30) <0.01 8 (6–15) 18 (11–29.5) <0.01

3.4% 0.054 0.8% 4.9% <0.01

ficile infection.
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Preoperative imaging was performed in 152 (27%) of
cases. Imaging grade was found to have a low correlation with
operative grade (κ coefficient, 0.13). Imaging grade was found
to be higher than the operative grade in 43 patients (28%), lower
in 50 patients (33%), and matched the operative grade in 59 pa-
tients (39%). In 28% of patients where imaging grade
overestimated the injury, this was mainly due to contrast extrav-
asation, which is designated a grade 5 on the imaging criteria
with subsequent operative findings of a nondestructive injury.
The reason for underestimation of operative grade was not able
to be clearly elucidated in this retrospective study and will re-
quire further analysis.

Pathology reports were available for 377 patients (66%).
Pathology grade was to have a high correlation with operative
grade (κ coefficient, 0.61). Pathology grade was higher than op-
erative grade in 69 patients (18%), lower in 40 patients (11%),
and matched the operative grade in 266 patients (71%).

DISCUSSION

In this study, we validate the new OIS for penetrating in-
jury, which showed high correlation with clinical outcomes with
higher OIS operative grades. The new OIS operative grade was
significantly associated with the type of surgical management
and infectious outcomes, which remained significant after
adjusting for severity of injury, degree of contamination, con-
comitant injuries, blood loss, transfusion requirement, antibiotic
prophylaxis, and delay to operative intervention. However, in the
subset of patients who underwent preoperative computed to-
mography, the imaging grade did not correlate well with the op-
erative findings, was not as strongly associated with clinical out-
comes, and may require revision before clinical implementation.

Numerous studies in the past two decades have provided
sufficient evidence to change practice management of penetrat-
ing colon injuries and recommend primary repair or resection
and anastomosis of the injured colon, even in the severely in-
jured patient with a destructive colonic injury. In the most recent
Eastern Association for the Surgery of Trauma practice manage-
ment guidelines (2019) for intraperitoneal colon injuries, colon
repair or RAwas strongly recommended for stable patients with-
out severe spillage or delay in intervention and conditionally rec-
ommended for high-risk patients and patients undergoing DCL.5

Most recently, a large retrospective study from Mitchao et al.14

found liberal use of primary anastomosis in patients with de-
structive injuries to be safe with favorable outcomes, including
high-risk patients with high ISS and transfusion requirement.

Our cohort included patients with all grades of injury and
describes type of surgical intervention by grades and is the larg-
est to date study that we are aware of in penetrating colon injury
patients. Surgical management did differ widely between cen-
ters, with a DCL rate ranging from 6% to 57%, and a colostomy
rate ranging from 11% to 74%. The leak rate in our study was
consistent with that reported in the literature7,15–17; however,
we noted a high rate of intra-abdominal abscess formation.

Damage-control laparotomy was used in a third of our pa-
tients and in more than half of those with destructive injuries.
Previous studies show conflicting evidence on the outcomes of
colon repairs in the setting of DCL. Weinberg et al.6 reported
colon-related complications in 30% versus 12% and a leak rate
218

Copyright © 2023 Wolters Kluwer H
of 12% versus 3% compared with single laparotomy. This was
contrasted with another study by Tatebe et al.,11 which reported
no difference in leak or abscess rates and concluded the safety of
a delayed anastomosis after DCL. In this study, DCL patients
had worse injury and fared worse in all outcomes. Damage-
control laparotomy was independently predictive of intra-abdominal
abscess formation, extra-abdominal infections, and colostomy
formation.

There are no current guidelines on antibiotic prophylaxis
for open abdomen after traumatic colon injury. A previous
study by Goldberg et al.18 showed wide variation in practice
with prolonged postoperative antibiotics being associated with
higher infectious complications. We also noted significant
variation in antibiotic practice, but the duration of antibiotic
prophylaxis was not significantly associated with infectious
outcomes. In all patients, however, both DCL and single lapa-
rotomy, longer antibiotic course was associated with higher rate
of intra-abdominal and extra-abdominal infections. This did
not persist though on multivariable regression. The high resis-
tance rate on postoperative cultures is worrisome and calls for
careful antibiotic stewardship and limited use to only proven
infections. This study was not powered to detect independent
predictors for antibiotic resistance, but we noted a trend to-
ward higher resistance with higher grade, higher degree of
contamination, and DCL, although this did not reach statistical
significance.

The study has inherent limitations given its retrospective
design. Despite its large sample size, this study was not powered
to find statistical difference in some of our low incidence out-
comes like mortality, venous thromboembolism, and antibiotic
resistance. Some confounding comorbidities that may have in-
fluenced decision making or outcomes may have been missed
in these often critically ill patients. There were center level vari-
ations in the rates of DCL utilization. Our analysis did not adjust
for intra-abdominal injuries outside colon, small bowel, and
stomach, which may have contributed to outcomes. Given the
number of outcomes evaluated, there is a concern for increased
false positive findings with multiple testing. Lastly, injury grade
was determined by the authors for determination of imaging, op-
erative, and pathologic criteria. It is possible, particularly for the
imaging grades, that authors could have overestimated or
underestimated the OIS grade.
CONCLUSION

This is the largest study of penetrating colon injuries and
the first multicenter validation of the new OIS specific to these
injuries, expanding on a previously reported single-center
study.19 This study adds to the increasing evidence of the safety
of an ostomy-sparing approach while highlighting the persistent
variation in surgical management of penetrating colon injuries.
Infectious complications remain high in this patient population
regardless of surgical approach or antibiotic prophylaxis. Liberal
use of DCL is not without its complications and may be best
used judiciously in the setting of colon injuries. The imaging
criteria lacked strong predictive value and was incongruent with
operative criteria. A modification of imaging criteria may be
necessary before its introduction into practice for preoperative
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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prognostication and planning. However, the new operative OIS
for penetrating injuries correlated well with outcomes.
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