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This study aimed to determine the clinical impact of wound management technique on surgical site infection (SSI), hospital length

A prospective observational study (2021-2023) of urgent or emergent colorectal surgery patients at 15 institutions was conducted.
Pediatric patients and traumatic colorectal injuries were excluded. Patients were classified by wound closure technique: skin closed
(SC), skin loosely closed (SLC), or skin open (SO). Primary outcomes were SSI, hospital LOS, and in-hospital mortality rates.
Multivariable regression was used to assess the effect of wound closure on outcomes after controlling for demographics, patient
characteristics, intensive care unit admission, vasopressor use, procedure details, and wound class. A priori power analysis indi-

In total, 557 patients were included (SC, n = 262; SLC, n = 124; SO, n = 171). Statistically significant differences in body mass
index, race/ethnicity, American Society of Anesthesiologist scores, EBL, intensive care unit admission, vasopressor therapy, pro-
cedure details, and wound class were observed across groups. Overall, average LOS was 16.9 + 16.4 days, and rates of in-hospital
mortality and SSI were 7.9% and 18.5%, respectively, with the lowest rates observed in the SC group. After risk adjustment, SO
was associated with increased risk of mortality (OR, 3.003; p = 0.028) in comparison with the SC group. Skin loosely closed was

‘When compared with the SC group, the SO group was associated with mortality but comparable when considering all other out-
comes, while the SLC was associated with increased superficial SSI. Complete skin closure may be a viable wound management
technique in emergent colorectal surgery. (J Trauma Acute Care Surg. 2024;97: 73-81. Copyright © 2024 Wolters Kluwer Health,
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of stay (LOS), and mortality in emergent colorectal surgery.
METHODS:

cated that 138 patients per group were required to detect a 10% difference in mortality rates.
RESULTS:

associated with increased risk of superficial SSI (OR, 3.439; p = 0.014), after risk adjustment.
CONCLUSION:
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urgical site infections (SSIs) have a significant impact on

both patients and health care systems, as the most common
hospital-acquired infections in surgical patients account for
more than 3 billion dollars in direct costs.' Because of such
clinical and financial impacts, SSIs serve as an important quality
measure, with reporting required, and reimbursement dependent
on these outcomes.* In 2006, implementation of the Surgical
Care Improvement Program was initiated with the aim of provid-
ing a bundled intervention to significantly reduce SSIs and im-
prove the quality of care for surgical patients over the 5 years
of implementation.” Surgical Care Improvement Program mea-
sures focused on mitigating well-known risk factors of SSI, such
as contamination, temperature regulation, and glucose control.®
However, many risk factors cannot be modified, specifically pa-

tient characteristics and procedure indications. Colorectal sur-
gery carries a higher risk of SSI, with reported SSI incidences
ranging from 5% to 30%."” More importantly, indication for op-
eration can further influence the risk of SSI, as emergent proce-
dures have increased contamination rates, metabolic derange-
ments, hemodynamic changes, and longer operative times.® '°
Surgical Care Improvement Program measures were accepted
as practice guidelines but retired as reportable measures after
2015, as the literature showed a plateau in the incidence of SSI
but did not show a significant reduction of SSI among surgical
patients.' "'

Building on mitigation efforts established by Surgical
Care Improvement Program, the Centers for Disease Control
and Prevention established updated guidelines for preventing
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TABLE 1. Demographics and Clinical Presentation by Wound Closure Type

Patient Characteristic, Avg. + SD or n (%) All Patients (n = 557) SC (n =262) SLC (n =124) SO (n=171) )4
Demographics

Age,y 585+174 579+17.3 61.3+16.7 575+179 0.141
Female 261 (46.9) 117 (44.7) 66 (53.2) 78 (45.6) 0.268
Race/ethnicity

White 375 (67.3) 169 (64.5) 95 (76.6) 111 (64.9) 0.044
Black/African American 144 (25.9) 71 (27.1) 20 (16.1) 53 (31.0) 0.013
Asian 15(2.7) 8(.1) 6 (4.8) 1 (0.6) 0.053*
Native Hawaiian or other Pacific Islander 3(0.5) 2 (0.8) 0 (0.0) 1(0.6) 1.000*
Other 26 (4.7) 14 (5.3) 4(3.2) 8(4.7) 0.654
Hispanic ethnicity** 61 (11.7) 41 (16.1) 8 (6.6) 12 (8.2) 0.008
Past medical history

Diabetes mellitus 107 (19.2) 47 (17.9) 23 (18.5) 37 (21.6) 0.620
Liver disease 28 (5.0) 12 (4.6) 5(4.0) 11 (6.4) 0.584
Chronic kidney disease 68 (12.2) 33 (12.6) 11 (8.9) 24 (14.0) 0.395
Chronic steroid use 26 (4.7) 7(2.7) 10 (8.1) 9(5.3) 0.058
Congestive heart failure 42 (7.5) 15 (5.7) 11 (8.9) 16 (9.4) 0.307
Myocardial infarction 31 (5.6) 8(3.1) 8 (6.5) 15 (8.8) 0.036
Chronic pulmonary disease 72 (12.9) 33 (12.6) 15 (12.1) 24 (14.0) 0.866
Peripheral vascular disease 31 (5.6) 16 (6.1) 8 (6.5) 7(4.1) 0.596
Stroke 38 (6.8) 18 (6.9) 7 (5.6) 13 (7.6) 0.805
Chronic anticoagulation or dual antiplatelet therapy 67 (12.0) 37 (14.1) 13 (10.5) 17 (9.9) 0.355
Rheumatic or connective tissue disorder 17 (3.1) 934 5(4.0) 3(1.8) 0.471
Cancer 121 (21.7) 71 (27.1) 24 (19.4) 26 (15.2) 0.010
Chemotherapy 33(5.9) 20 (7.6) 6 (4.8) 7(4.1)

Current smoker 61 (11.0) 26 (9.9) 13 (10.5) 22 (12.9) 0.621
Prior abdominal surgery 156 (28.0) 72 (27.5) 36 (29.0) 48 (28.1) 0.951
ASA 23 166 (32.0) 58 (23.5) 34 (28.3) 74 (48.7) <0.001
Malnourished ¥ 143 (31.8) 59 (27.7) 35(33.0) 49 (37.4) 0.163
BMI, kg/m? 283+7.9 27.1+73 282 +6.7 30.2+9.0 <0.001

Surgery/hospitalization details
Procedure location(s)

Right colon 207 (37.2) 113 (43.1) 31(25.0) 63 (36.8) 0.003
Left colon 331(59.4) 146 (55.7) 83 (66.9) 102 (59.6) 0.111
Rectum 45 (8.1) 16 (6.1) 11 (8.9) 18 (10.5) 0.240
Other 79 (14.2) 38 (14.5) 16 (12.9) 25 (14.6) 0.898
Wound class

Clean 25 (4.5) 21 (8.0) 2 (1.6) 2(1.2) <0.001
Clean contaminated 169 (30.3) 119 (45.4) 26 (21.0) 24 (14.0) <0.001
Contaminated 117 (21.0) 52(19.8) 21 (16.9) 44 (25.7) 0.153
Dirty/infected 246 (44.2) 70 (26.7) 75 (60.5) 101 (59.1) <0.001
Estimated blood loss >500 mL 88 (15.8) 41 (15.6) 9(7.3) 38(22.2) 0.002
Prophylactic antibiotics 520 (93.5) 242 (92.7) 118 (95.2) 160 (93.6) 0.661
Intraoperative vasopressor therapy 273 (49.0) 102 (38.9) 57 (46.0) 114 (66.7) <0.001
Stoma created 353 (63.4) 144 (55.0) 84 (67.7) 125 (73.1) <0.001
Intraoperative hypothermia 139 (25.0) 65 (24.8) 22 (17.7) 52 (30.4) 0.046
ICU admission 288 (52.0) 109 (42.1) 53 (42.7) 126 (73.7) <0.001
Damage-control surgery 114 (20.5) 23 (8.8) 17 (13.7) 74 (43.5) <0.001

*Fisher's exact test was performed (assumptions of x? not met).

**Ethnicity data were recorded in 521 patients.

FAlbumin <3. Albumin was recorded in 450 patients.

p Values <0.05 in bold.

One-way analysis of variance was performed to compare continuous measures across groups; X~ was performed to compare categorical measures.
ICU, intensive care unit.
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SSIin 2017.* Currently, a combination of best practice recom-
mendations and a surveillance system of risk-adjusted SSI
rates are used to avoid and reduce SSI among surgery patients.’
Elements of this risk-adjusted score include patient-specific
clinical factors, infection present at the time of surgery,
and closure techniques, making management of skin closure
in colorectal procedures a critical decision for the operating
surgeon.’

Previous studies have also suggested that management of
skin closure according to patient risk factors can decrease the
rate of SSL.”'31> However, the clinical and economic burden
of different wound management strategies remains largely unex-
plored. Retrospective studies on wound management strategies
in colon surgery for trauma or EGS cases reveal that patients
with colonic injuries managed with open skin compared with
closed skin incisions had longer hospital stays, more postopera-
tive visits, and longer time to last outpatient follow-up compared
with those with closed incisions.'®!”

It is widely accepted in the surgical community that cer-
tain risk factors, such as contaminated wounds, the presence of
shock, emergent procedures, and colorectal surgery, increase
the likelihood of SSI.>*'*!> Consequently, managing the skin in-
cision differently in these circumstances has become frequent.
Some advocate to not close high-risk incisions to prevent infec-
tions and avoid adverse quality metrics. In contrast, others con-
tinue to close skin incisions with close follow-up in hopes of re-
ducing the clinical burden on the patient. However, the question
of the clinical impact of wound management strategy in emer-
gent nontraumatic colorectal surgery patients remains unan-
swered. The purpose of this study is to determine the clinical im-
pact of wound management techniques on SSI, hospital length
of stay (LOS), and mortality in emergent colorectal surgery.
We hypothesize that there will be no difference in SSI, LOS,
or mortality among patients with variable wound management
techniques.

PATIENTS AND METHODS

This study was approved by the Eastern Association for
the Surgery of Trauma Multi-Institutional Trials Committee. It
was deemed exempt under 45 CFR § 46.104(d)(4) and received
a waiver of informed consent by the Western Institutional Re-
view Board. Before the initiation of the study, local institutional
review board exemption was obtained at all participating sites. A
prospective observational study of adult patients undergoing ur-
gent or emergent colorectal surgery from March 1, 2021, to
March 1, 2023, was conducted at 15 institutions. Patients youn-
ger than 18 years at the time of surgery, pregnant women, pris-
oners, and those undergoing elective surgery or surgeries for
traumatic colorectal injuries were excluded. This study was per-
formed in alignment with the Equator Network’s STROBE
guidelines for cohort studies.'®

Independent Variables

Patients were classified by wound closure technique: skin
closed (SC), skin loosely closed (SLC), or skin open (SO). Skin
closed was defined as primary closure with staples or suture at
fascial closure, SLC was defined as skin closed incompletely
to allow for packing or drainage at fascial closure, and SO was
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defined as no portion of the skin being closed at fascial closure.
Additional covariates assessed included demographics (includ-
ing age, body mass index [BMI], sex, and patient-reported
race/ethnicity), past medical history (including comorbidities,
history of anticoagulation use, smoking status, BMI, American
Society of Anesthesiologist [ASA] score, and history of prior
abdominal surgery), surgical details (including procedure loca-
tion, wound class, and estimated blood loss), antibiotic prophy-
laxis, intraoperative vasopressor therapy, stoma creation, intra-
operative hypothermia, intensive care unit (ICU) admission,
and damage control surgery. Damage control surgery was de-
fined as multiple operations prior to fascial and skin closure. A
complete list of variables evaluated is presented in Table 1.

Outcomes

The primary outcomes of interest were SSI, hospital LOS
days, and in-hospital mortality. Surgical site infection was de-
fined as the occurrence of a superficial, deep-incisional, or
organ/space infection within 30 days of surgery, based on Cen-
ters for Disease Control definitions. Secondary outcomes in-
cluded enteric fistula, fascial dehiscence, home discharge, un-
planned return to the operating room (OR), and 30-day un-
planned readmission rates.

Statistical Analysis

Univariable analyses were performed to compare patient
characteristics and outcomes across the SC, SLC, and SO
groups. One-way analysis of variance and X* tests were per-
formed to compare continuous and categorical measures, re-
spectively, across groups. Fisher's exact test was performed
when the %2 assumptions were unmet. Post hoc pairwise com-
parisons were Bonferroni adjusted. Multivariable linear and lo-
gistic regression models were constructed to assess the relation-
ship between closure type and outcomes after adjusting for age,
sex, race (white vs. other), BMI, ASA 23, history of myocardial
infarction, history of cancer, procedure location (right colon vs.
other), wound class (1/2 vs. 3/4), EBL>500 ml, ICU admission,
damage control surgery, intraoperative vasopressor therapy, in-
traoperative hypothermia, and stoma creation. All demographic
variables were used as covariates in the multivariable models.
Given the large number of past medical history and surgical/hos-
pitalization detail variables assessed, only those that demon-
strated statistically significant differences across closure tech-
nique groups were included as covariates. Odds ratios (3 value
for the hospital LOS linear regression model) and 95% confi-
dence intervals were calculated to present the odds of each out-
come for patients with SLC or SO in relation to the SC reference
group. The details of each model constructed are presented in
Supplemental Digital Content 1, Appendix (http://links.lww.
com/TA/D657). Univariable subgroup analyses comparing out-
comes of SC and SLC closed patients with or without placement
of a negative pressure wound vacuum (NPWYV) and of SO pa-
tients with or without delayed primary closure (DPC) were per-
formed. A priori power analysis was performed based on previ-
ously published mortality rates of 15% after nonelective colo-
rectal surgery.'® At a = 0.05 and 80% power, 138 patients per
group were deemed necessary to detect a 10% point difference
in mortality rates between groups. All statistical analyses were

© 2024 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Outcomes by Wound Closure Type

All Patients SC SLC SO
Outcome Measure, Avg. £+ SD or n (%) (n=557) (n=262) (n=124) (n=171) P
Any SSI 103 (18.5) 36 (13.7), 26 (21.0)ap 41 (24.0), 0.020
Superficial SSI 33 (5.9) 11 (4.2), 15 (12.1), 7 (4.1), 0.004
Deep SSI 13 (2.3) 4 (1.5) 1(0.8) 8 (4.7) 0.068*
Organ/space SSI 70 (12.6) 30 (11.5), 10 (8.1), 30 (17.5), 0.040
Enteric fistula 9 (1.6) 1(0.4) 3(24) 5(2.9) 0.056*
Fascial dehiscence 24 (4.3) 6(2.3) 6(4.8) 12 (7.0) 0.050
In-hospital mortality 44 (7.9) 7 (2. 7)a 6 (4.8), 31 (18.1), <0.001
Home discharge** 343 (66.9) 185 (72.5), 85 (72.0), 73 (52.1), <0.001
Hospital LOS, d 169+ 16.4 14.5 + 12.0, 16.4 = 15.5, 21.0+£21.3, <0.001
Unplanned return to OR 49 (8.8) 18 (6.9) 9(7.3) 22 (12.9) 0.078
30-d Unplanned readmission 90 (16.2) 37 (14.1) 21 (16.9) 32 (18.7) 0.431
Follow-up time, d 51.3+73.5 50.5+743 552+674 49.7+76.9 0.798

*Fisher's exact test was performed (assumptions of % not met).
**Excludes in-hospital mortalities (n = 513).
p Values <0.05 in bold.

One-way analysis of variance was performed to compare continuous measures across groups; X~ was performed to compare categorical measures.
Subscripts describe post hoc Bonferroni adjusted differences between groups. Different letters represent statistically significant differences between groups.

performed in SPSS v. 26 (IBM Inc., Armonk, NY). Statistical
significance was assessed at p < 0.05.

RESULTS

Patient and Procedure Characteristics

In total, 557 patients were included in the study (SC,
n=262; SLC, n=124; SO, n=171). On average, patients were
58.5 + 17.4 years old and had a BMI of 28.3 + 7.9 kg/m”. Ap-
proximately 47% of patients were female, 67% were of White
race, and 12% were of Hispanic ethnicity; significant differences
in BMI and race/ethnicity distributions existed across groups.
The most prevalent comorbidities were malnourishment (de-
fined as albumin <3.0) in 31.8% of patients, cancer (21.7%),
and diabetes mellitus (19.2%). Twenty-eight percent of patients
had a history of prior abdominal surgery, and 32% had an
ASA score of 23. A trend toward higher ASA scores in the
SO group (SC, 23.5%; SLC, 28.3%; SO, 48.7%; p < 0.001)
was observed (Table 1).

Surgeries were most commonly performed on the left co-
lon (59.4%), followed by the right colon (37.2%), other locations
(14.2%), and rectum (8.1%). Rates of right colon procedures
were significantly different across groups and were most com-
monly performed in SC patients (SC, 43.1%; SLC, 25.0%; SO,
36.8%; p = 0.003). The most common wound classification
was dirty/infected (type IV, 44.2% of patients), followed by clean
contaminated (type II), contaminated (type III), and clean (type I)
in 30.3%, 21.0%, and 4.5% of patients, respectively. Significant
differences in rates of clean, clean contaminated, and dirty/
infected wound classifications were observed between groups
(all p < 0.001), with a trend toward higher rates of dirty/
infected wounds in the SLC and SO groups. Overall, 15.8% of
patients had an EBL of >500 mL, and rates ranged from 7.3%
in the SLC group to 22.2% in the SO group (p = 0.002). Signif-
icant differences in rates of intraoperative vasopressor therapy
(» <0.001), stoma creation (p < 0.001), intraoperative hypother-
mia (p = 0.046), ICU admission (p < 0.001), and damage con-

© 2024 Wolters Kluwer Health, Inc. All rights reserved.

trol surgery (p < 0.001) were also observed across groups. For
each of these measures, a trend toward higher rates among SO
patients was observed (Table 1).

Unadjusted Outcomes

Overall, 103 of 557 patients (18.5%) experienced an SSI,
with a significant difference in rates observed across groups
(p = 0.020). The lowest SSI rate (13.7%) occurred in the SC
group, which was significantly lower than the rate of 24.0% in
the SO group (p < 0.0167) but statistically similar to that of
the SLC group (21.0%). Surgical site infection rates were statis-
tically similar between the SLC and SO groups. The overall rates
of superficial, deep, and organ/space SSIs were 5.9%, 2.3%, and
12.6%, respectively. Superficial SSI rates were significantly dif-
ferent across groups (p = 0.004) and significantly higher rates
in the SLC group (12.1%) compared with the SC (4.2%) or SO
groups (4.1%). The average LOS was 16.9 + 16.4 days on aver-
age. Patients in the SO group required longer hospitalizations
(21.0 + 21.3 days) than those in the SC (14.5 + 12.0 days) and
SLC groups (16.4 £ 15.5 days) (p < 0.0167). Furthermore, pa-
tients with SO had higher rates of in-hospital mortality (18.1%)
than those with SC (2.7%) or SLC (4.8%) (p <0.0167) (Table 2).

Of the secondary outcomes examined, only significant
differences in rates of home discharge existed across groups
(p <0.001). Compared with SC and SLC patients, SO patients
were less likely to be discharged home (SC, 72.5%; SLC,
72.0%; SO, 52.1%; p < 0.0167). No significant differences in
rates of enteric fistula, fascial dehiscence, unplanned return to
OR, or 30-day unplanned readmissions were observed. Overall
average follow-up time was 51.3 £+ 73.5 days and was similar
across groups (Table 2).

Risk-Adjusted Outcomes

In comparison with patients with SC, those with SO were
at increased risk of in-hospital mortality (OR, 3.003; p = 0.028),
after controlling for demographics, past medical history, and sur-
gical/hospitalization details. Patients with SLC were at increased
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risk for superficial SSI (OR, 3.439; p = 0.014) only after control-
ling for these factors. No significant relationships between closure
type and any deep SSI, organ/space SSI, enteric fistula, fascial
dehiscence, home discharge, hospital length of stay, unplanned
return to the OR, or 30-day unplanned readmission were ob-
served in the risk-adjusted models (Table 3).

Subgroup Analysis SC and SLC

A total of 386 patients had either SC or SLC. Of this
group, 90.9% (n = 351) did not have a subsequent NPWV ap-
plied within 24 hours, while 9% (n = 35) did have an NPWV ap-
plied. Patients with NPWV had significantly shorter follow-up
times compared with patients without NPWV (38.5 = 32.6 days
vs. 53.3 + 74.6 days, p = 0.036).

No significant relationships between NPWV use and any
SSI, superficial SSI, deep SSI, organ/space SSI, enteric fistula,

hospital LOS, home discharge, unplanned return to the OR, or
30-day unplanned readmission were observed (Table 4).

Subgroup Analysis SO

A total of 171 patients had their skin left open. Of this
group, 66.7% (n = 114) did not have a DPC, while 33.3%
(n=57) did undergo DPC. No significant relationships between
DPC use and any SSI, superficial SSI, deep SSI, organ/space
SSI, enteric fistula, hospital LOS, home discharge, unplanned
return to the OR, 30-day unplanned readmission, or follow-up
time were observed (Table 5).

DISCUSSION

The decision to close skin or not is challenging for surgeons as
they try to balance concerns for adverse quality outcomes with

TABLE 3. Risk-Adjusted Outcomes by Wound Closure Type in Relation to SC Reference

‘Wound Closure Odds Ratio Odds Ratio 95% CI P
Outcome: any SSI

SLC 1.427 0.742-2.745 0.287
SO 1.875 0.989-3.557 0.054
Outcome: superficial SSI

SLC 3.439 1.289-9.172 0.014
SO 1.086 0.325-3.625 0.893
Outcome: deep SSI

SLC 0.374 0.034-4.149 0.423
SO 1.933 0.336-11.120 0.460
Outcome: organ/space SSI

SLC 0.567 0.241-1.334 0.194
SO 1.509 0.748-3.043 0.250
Outcome: enteric fistula

SLC 9.732 0.603-156.950 0.109
SO 1.765 0.134-23.252 0.666
Outcome: fascial dehiscence

SLC 2.663 0.763-9.291 0.124
SO 2.828 0.886-9.030 0.079
Outcome: in-hospital mortality

SLC 1.094 0.274-4.379 0.899
SO 3.003 1.125-8.019 0.028
Outcome: home discharge*

SLC 1.408 0.740-2.677 0.297
SO 0.722 0.392-1.329 0.295
Outcome: hospital LOS days (5)

SLC 0.511 —3.062 to 4.084 0.779
SO —0.970 —4.543 to 2.603 0.594
Outcome: unplanned return to OR

SLC 1.150 0.451-2.935 0.770
SO 1.168 0.495-2.756 0.724
Outcome: 30-d unplanned readmission

SLC 1.522 0.785-2.952 0.213
SO 1.580 0.816-3.061 0.175

*Excludes in-hospital mortalities.
p Values <0.05 in bold.

Controlling for age, sex, race (white vs. other), BMI, ASA 23, history of myocardial infarction, history of cancer, procedure location (right colon vs. other), wound class (1/2 vs. 3/4),
EBL >500 mL, ICU admission, damage-control surgery, intraoperative vasopressor therapy, intraoperative hypothermia, and stoma creation.

ICU, intensive care unit.
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TABLE 4. Negative Pressure Wound Vacuum Versus No NPWV in SC and SLC Patients

Outcome Measure, Avg. = SD or n (%) No NPWYV (n = 351) NPWYV (n =35) )4
Any SSI 57 (16.2) 5(14.3) 0.764
Superficial SSI 23 (6.6) 3(8.6) 0.719*
Deep SSI 3(0.9) 2(5.7) 0.067*
Organ/space SSI 36 (10.3) 4(114) 0.773%*
Enteric fistula 4 (1.1) 0 (0.0 1.000*
Fascial dehiscence 12 (3.4) 0(0.0) 0.612%*
In-hospital mortality 11 (3.1) 2(5.7) 0.333*
Home discharge®* 251 (72.5) 19 (57.6) 0.070
Hospital LOS, d 152+ 13.6 143 +£8.5 0.726
Unplanned return to OR 24 (6.8) 3 (8.6) 0.725%
30-d Unplanned readmission 50 (14.2) 8(22.9) 0.174
Follow-up time, d 533 +74.6 38.5+32.6 0.036
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*Fisher's exact test performed (assumptions of %2 not met).
**Excludes in-hospital mortalities (n = 379).
p Values <0.05 in bold.

patient centric care. Our multi-institutional, prospective obser-
vational data suggest that complete skin closure is a viable
wound management option in patients who undergo urgent or
emergent colorectal surgery for nontraumatic indications. Surgi-
cal site infection, LOS, fascial dehiscence, and in-hospital mor-
tality among patients with SC were favorable compared with SO
in the unadjusted analyses. After adjusting for significant differ-
ences between groups, SO was associated with increased risk of
mortality when compared with SC. These findings demonstrate
the multitude of factors influencing closure technique selection
and outcomes and highlight the importance of risk stratification
when attempting to identify which patients would benefit from
leaving skin open. In addition, the results bring into question
the utilization of the SLC technique in this patient population,
as superficial skin infections were higher in the SLC group com-
pared with SC and SO. This large multicenter study also demon-
strated no relationship between wound management technique
and other clinically important outcomes after risk adjustment,
including overall SSI rates, deep and organ space SSI, fascial

dehiscence, home discharge, hospital length of stay, readmis-
sion, unplanned return to OR, and total follow-up time.
Throughout the last century, generations of surgeons have
debated the best management of wounds after emergency ab-
dominal surgery.”!'*** Traditional dogma in colon surgeries,
where the peritoneum is heavily contaminated, has been to leave
the skin open to avoid the possibility of SSL.'**! Today, propo-
nents of SO management techniques use a variety of protocols,
including the application of dressings changed daily or vacuum-
assisted closure devices, followed by wound closure under anes-
thesia several days later. Theoretically, delaying primary wound
closure may decrease bacterial burden via irrigation and dressing
changes and increase wound strength via increased oxygen levels,
blood flow, protein synthesis, and tissue remodeling.”” Interest-
ingly, our subgroup analysis of the 157 patients with SO tech-
nique shows no significant difference in clinical outcomes for pa-
tients who underwent DPC compared with those who did not.
Over the last decade, several meta-analyses of recent ran-
domized controlled trials of SO versus SC techniques for

TABLE 5. Delayed Primary Closure Versus No DPC in SO Patients

Outcome Measure, Avg. = SD or n (%) No DPC (n =114) DPC (n=57) P
Any SSI 25(21.9) 16 (28.1) 0.375
Superficial SSI 3(2.6) 4(7.0) 0.224*
Deep SSI 3(2.6) 5(8.8) 0.119*
Organ/space SSI 21 (184) 9 (15.8) 0.670
Enteric fistula 54.4) 0(0.0) 0.171*
Fascial dehiscence 10 (8.8) 2(3.5) 0.341%*
In-hospital mortality 20 (17.5) 11(19.3) 0.779
Home discharge** 49 (52.1) 24 (52.2) 0.996
Hospital LOS, d 219 +24.0 192 + 14.6 0.450
Unplanned return to OR 18 (15.8) 4(7.0) 0.106
30-d Unplanned readmission 18 (15.8) 14 (24.6) 0.166
Follow-up time, d 50.6 £ 784 47.6 +74.4 0.813

*Fisher's exact test performed (assumptions of X2 not met).

**Excludes in-hospital mortalities (n = 140).

p Values <0.05 in bold.
© 2024 Wolters Kluwer Health, Inc. All rights reserved. 79
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contaminated and dirty abdominal operations have been per-
formed. No meta-analysis demonstrated a clear benefit of one
technique over another because of high bias levels, small partic-
ipant numbers, heterogeneity, and discordant results between
fixed and random effects models.**2*

Focus on SSI remains steadfast for the consequences for
the patient and the financial implications on the healthcare sys-
tem. The measurement of LOS as a health system metric began
in the 1980s with the introduction of the diagnosis-related group
payments model by the Centers for Medicare and Medicaid Ser-
vices, which introduced fixed-rate payments to hospitals. Before
introducing the diagnosis-related group payment model, hospi-
tals were reimbursed using a days-of-care model.>> Since then,
Centers for Medicare and Medicaid Services has increasingly
implemented financial disincentive programs such as the
Hospital-Acquired Condition Reduction Program and Hospital
Value-Based Purchasing to attempt to control health care costs
by holding back reimbursements to low-performing hospitals.*®
In response, health care systems have increased pressure on sur-
geons to control SSI rates. Surgeons have naturally responded
by preferentially adopting open wound care management tech-
niques for high-risk cases to avoid penalties. While potentially
decreasing the risk of SSI, the net effect of these policies has
shown some indications of added clinical burden by increasing
LOS via more prolonged hospitalizations, more unplanned oper-
ations, increased consumption of nondurable medical supplies,
decreased patient quality of life, increased readmissions, and in-
creased overall costs.?”

Interestingly, after adjusting for confounding variables,
our data did not show a significant relationship between leaving
skin open and increasing length of stay, with comparable length
of stay data among all wound management techniques. How-
ever, the absence of a difference in length of stay among wound
management type highlights the importance of looking at other
clinical factors or wound management decisions that may be
contributing to financial and clinical implications to the patient
and health care system. Further investigation regarding subse-
quent management decisions along the path to complete wound
healing will be important to better describe how to best mitigate
risk with consideration of patient-centered outcomes.

In support, our data show a relationship between the SO
technique and increased LOS. Intuitively, the SO group may have
experienced an increased hospital LOS because of the increased
time required to manage more complex wounds. Beyond the di-
rect effect of the increased time needed for open wound care,
other factors theoretically contributing to the increased LOS in
the SO group identified in our unadjusted analysis include an in-
creased proportion of patients with ASA> 3 scores, dirty/infected
wounds, higher operative blood loss, fascial dehiscence, and in-
hospital mortality. Although many of these variables are included
in our risk-adjusted analysis that supports continued findings of
increased LOS in the SO group, further data on the critically ill
patient population with a higher disease burden are needed to de-
termine if this relationship persists.

As recent literature suggests a state of clinical equipoise,
this study, with its large sample size and prospective multicenter
design, aims to answer the question of the best wound manage-
ment technique after emergency nontraumatic colorectal surgery.
Clinically, surgeons should attempt to control for their own cogni-
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tive bias and exercise their best judgment to risk stratify the skin
wound, considering variables such as higher ASA class, degree of
peritoneal contamination, and procedure location to maximize the
best possible outcome for the patient and mitigate the consequences
of SSI to the healthcare system. However, the results of this study
strongly support an SC technique as a reasonable option for wound
management in nontraumatic emergency colorectal surgery.

CONCLUSION

Several limitations to this study should be considered.
First, this is a prospective observational study, relying on the de-
cision of the operating surgeon for wound management deci-
sions. Although we attempted to control for confounding vari-
ables in our analysis, it is possible that additional unmeasured
clinical and psychosocial factors such as insurance status and
domicile status confounded our results. In addition, some covar-
iates included in the models, such as ASA score, are inherently
limited by their subjective nature and thus present the potential
lack of inter-rater reliability. Further, the inclusion of multiple
demographic and clinical covariates in the multivariable models
was purposefully performed given the breadth of factors
influencing closure types and outcomes. However, this may have
led to model overfitting, particularly for outcomes with low oc-
currence rates. Second, although indication for surgery was lim-
ited to nontraumatic colorectal surgery, indications for proce-
dure were not accounted for, introducing further bias for wound
management by the operating surgeon. Given the multitude of
factors that influence both closure technique selection and out-
comes, the results of this study demonstrate the need for future
randomized controlled trials to mitigate these sources of bias. Fi-
nally, we recognize that initial management of skin closure may
be just one step to final wound healing. Although we did per-
form subgroup analysis for patients who received subsequent
wound management strategies, namely, incisional VAC and
DPC, the total number of patients in these groups was small.
Further studies considering incisional VAC and DPC in this pa-
tient population could prove beneficial to boosting the surgeon's
algorithm for decision making in nontraumatic emergent colo-
rectal surgery.

AUTHORSHIP

C.B.F., ).T., and ).R.K. contributed to the literature search, study design,
data collection, data analysis, data interpretation, writing, and critical revi-
sion. S.R. and R.A. contributed to the data collection, data analysis, data
interpretation, writing, and critical revision. N.B., EM.K., D.C.C., C.R.F,,
B.B., AAM,, SS., AR, G.AB., D.B., J.L.P, D.S,, N\W,, J.L.,, B.N,, FA,
LAT, J.N.,, M.M., R.T., S.B.K, M.C.,, M.K,, K.S., and A.P.S. contributed
to data collection and manuscript editing.

DISCLOSURE

Conflicts of Interest: Author Disclosure forms have been supplied and are
provided as Supplemental Digital Content (http://links.Iww.com/TA/
D658).

REFERENCES
1. de Lissovoy G, Fraeman K, Hutchins V, Murphy D, Song D, Vaughn BB.
Surgical site infection: incidence and impact on hospital utilization and treat-
ment costs. Am J Infect Control. 2009;37(5):387-397.
2. Badia JM, Casey AL, Petrosillo N, Hudson PM, Mitchell SA, Crosby C. Im-
pact of surgical site infection on healthcare costs and patient outcomes: a sys-
tematic review in six European countries. J Hosp Infect. 2017;96(1):1-15.

© 2024 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.


http://links.lww.com/TA/D658
http://links.lww.com/TA/D658

¥202/82/90 U0 13X TVqI0ASOSIVORAZESMZWBNMUYHIBEIISEXG0Z LANEAEHASDAEPLISOEIZNANHZAIMSZIXDEDIO/AO
x2ywaggspbx16mbirepix+,sainbyp4owogglgoeeMBybeHdTA Aq ewunenljwod mm| sfeusnoly/:dny wouy papeojumoq

J Trauma Acute Care Surg
Volume 97, Number 1

Feather et al.

10.

11.

. Centers for Disease Control and Prevention, National Healthcare Safety

Network, Surgical Site Infection (SSI) Events [Internet]. Published
September 25, 2023. Available at: https://www.cdc.gov/nhsn/psc/ssi/index.
html. Accessed October 27, 2023.

. Berrios-Torres SI, Umscheid CA, Bratzler DW, et al. Centers for Disease

Control and Prevention guideline for the prevention of surgical site infection,
2017. JAMA Surg. 2017;152(8):784.

. Munday GS, Deveaux P, Roberts H, Fry DE, Polk HC. Impact of implemen-

tation of the surgical care improvement project and future strategies for im-
proving quality in surgery. Am J Surg. 2014;208(5):835-840.

. Rosenberger LH, Politano AD, Sawyer RG. The surgical care improvement

project and prevention of post-operative infection, including surgical site in-
fection. Surg Infect (Larchmt). 2011;12(3):163-168.

. Pendlimari R, Cima RR, Wolff BG, Pemberton JH, Huebner M. Diagnoses

influence surgical site infections (SSI) in colorectal surgery: a must consider-
ation for SSI reporting programs? J Am Coll Surg. 2012;214(4):574-580 dis-
cussion 580-581.

. Blumetti J, Luu M, Sarosi G, et al. Surgical site infections after colorectal sur-

gery: do risk factors vary depending on the type of infection considered?
Surgery. 2007;142(5):704-711.

. Seamon MJ, Smith BP, Capano-Wehrle L, et al. Skin closure after trauma

laparotomy in high-risk patients: opening opportunities for improvement. .J
Trauma Acute Care Surg. 2013;74(2):433-440.

Cheng H, Chen BP, Soleas IM, Ferko NC, Cameron CG, Hinoul P. Prolonged
operative duration increases risk of surgical site infections: a systematic re-
view. Surg Infect (Larchmt). 2017;18(6):722-735.

Pastor C, Artinyan A, Varma MG, Kim E, Gibbs L, Garcia-Aguilar J. An in-
crease in compliance with the surgical care improvement project measures
does not prevent surgical site infection in colorectal surgery. Dis Colon Rectum.
2010;53(1):24-30.

. Hawn MT, Vick CC, Richman J, et al. Surgical site infection prevention: time

to move beyond the surgical care improvement program. Ann Surg. 2011;
254(3):494-499 discussion 499-501.

. Velmahos GC, Vassiliu P, Demetriades D, et al. Wound management after co-

lon injury: open or closed? A prospective randomized trial. Am Surg. 2002;
68(9):795-801.

. Cohen SP, Galvagno SM, Plunkett A, et al. A multicenter, randomized, con-

trolled study evaluating preventive etanercept on postoperative pain after in-
guinal hernia repair. Anesth Analg. 2013;116(2):455-462.

. Watanabe M, Suzuki H, Nomura S, et al. Risk factors for surgical site infec-

tion in emergency colorectal surgery: a retrospective analysis. Surg Infect
(Larchmt). 2014;15(3):256-261.

© 2024 Wolters Kluwer Health, Inc. All rights reserved.

20.

21.

22.

24.

25.

26.

27.

28.

29.

. Acker A, Leonard J, Seamon MJ, et al. Leaving contaminated trauma lapa-

rotomy wounds open reduces wound infections but does not add value. J
Surg Res. 2018;232:450-455.

. Turcotte JJ, Boord A, Antognoli L, Klune JR, Feather CB. Does wound man-

agement technique impact surgical site infection in open emergency colon
procedures? Am Surg. 2022;88(1):140-145.

. Visser BC. Death after colectomy: it's later than we think. Arch Surg. 2009,

144(11):1021.

. Cohn SM, Giannotti G, Ong AW, et al. Prospective randomized trial of two

wound management strategies for dirty abdominal wounds. Ann Surg.
2001;233(3):409-413.

ElHawary H, Covone J, Abdulkarim S, Janis JE. Practical review on delayed
primary closure: basic science and clinical applications. Plast Reconstr Surg
- Glob Open. 2023;11(8):¢5172.

Ban KA, Minei JP, Laronga C, et al. Executive summary of the American
College of Surgeons/Surgical Infection Society Surgical Site Infection
Guidelines—2016 update. Surg Infect (Larchmt). 2017;18(4):379-382.
Bhangu A, Singh P, Lundy J, Bowley DM. Systemic review and meta-
analysis of randomized clinical trials comparing primary vs delayed primary
skin closure in contaminated and dirty abdominal incisions. JAMA Surg.
2013;148(8):779.

. Siribumrungwong B, Srikuea K, Thakkinstian A. Comparison of superficial

surgical site infection between delayed primary and primary wound closures
in ruptured appendicitis. Asian J Surg. 2014;37(3):120-124.

Tang S, Hu W, Hu L, Zhou J. Primary versus delayed primary incision clo-
sure in contaminated abdominal surgery: a meta-analysis. J Surg Res.
2019;239:22-30.

Tulchinsky TH, Varavikova EA. Chapter 15 — Health Technology, Quality,
Law, and Ethics. In: Tulchinsky TH, Varavikova EA, eds. The New Public
Health (Third Edition). San Diego: Academic Press; 2014:771-819.

Ross SW, Reinke CE, Ingraham AM, et al. Emergency general surgery qual-
ity improvement: a review of recommended structure and key issues. J Am
Coll Surg. 2022;234(2):214-225.

Mullen MG, Hawkins RB, Johnston LE, et al. Open surgical incisions after
colorectal surgery improve quality metrics, but do patients benefit? Dis Co-
lon Rectum. 2018;61(5):622—628.

Iskandar K, Sartelli M, Tabbal M, et al. Highlighting the gaps in quantifying
the economic burden of surgical site infections associated with
antimicrobial-resistant bacteria. World J Emerg Surg WJES. 2019;14:50.
Hou Y, Collinsworth A, Hasa F, Griffin L. Incidence and impact of surgical
site infections on length of stay and cost of care for patients undergoing open
procedures. Surg Open Sci. 2022;11:1-18.

81

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.


https://www.cdc.gov/nhsn/psc/ssi/index.html
https://www.cdc.gov/nhsn/psc/ssi/index.html

