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Background and Significance: 
Surgical site infection (SSI) is one of the most common complications following emergent trauma laparotomy, with reported rates exceeding those seen in elective abdominal surgery which is as high as 20–40% depending on wound classification and closure strategy 1–4. These infections are associated with increased hospital length of stay, readmissions, long-term morbidity, and significantly higher healthcare costs5. In the trauma population, the challenge of preventing SSIs is compounded by urgent surgical indications, hemodynamic instability, massive transfusion, and contamination from hollow viscus injury. Despite advances in perioperative care and infection prevention, wound complications continue to represent a major source of postoperative morbidity in severely injured patients.
Multiple wound closure strategies have been described in this setting, including primary closure, delayed primary closure, skin-only closure, and leaving the wound open with delayed management6–9. Retrospective studies and randomized trials in contaminated abdominal wounds suggest that leaving wounds open may reduce infection rates, but this approach does not clearly improve overall patient outcomes- such as LOS, infection rates, and cost-and may increase wound care requirements and lengthen recovery.1,6,10 Conversely, several single-center studies have reported acceptable SSI rates with immediate primary closure, even in the setting of damage control laparotomy, challenging traditional reluctance to close contaminated wounds7–9,11. The absence of standardized practice is reflected in recent analyses demonstrating wide variability among surgeons, institutions, and regions, with no clear consensus on best practice12,13.
Systematic reviews and meta-analyses comparing closure techniques highlight that much of the available evidence derives from elective or emergency general colorectal surgery, limiting its applicability to trauma populations14–16. Moreover, risk stratification tools designed to guide wound management in emergency laparotomy patients remain unvalidated across diverse trauma cohorts13. A recent MCT in EGS patients concluded that complete skin closure might be a viable and potentially preferable wound management strategy in emergent general surgical population14. However, emergency general surgery (EGS) patients differ physiologically from trauma patients in that EGS disease processes are typically inflammatory or septic rather than mechanical, producing distributive shock and prolonged catabolic stress; they often present with delayed, infection-driven coagulopathy and are generally older with greater comorbidity, whereas trauma patients usually exhibit early hemorrhagic shock, acute traumatic coagulopathy, and a “two-hit” sterile inflammatory response in a typically younger, healthier population, necessitating distinct resuscitation and critical-care strategies. International guidelines from the World Society of Emergency Surgery and consensus from the Eastern Association for the Surgery of Trauma both emphasize the lack of trauma-specific, high-quality evidence and call for further study to inform practice. Given the ongoing uncertainty, persistent variability among surgeons in closure strategy, and the high clinical and economic burden of SSI, there is a clear need for a large multicenter study. Such a study would provide generalizable data to guide standardized decision-making, reduce wound complications, and improve outcomes for trauma patients requiring emergent laparotomy.

Specific Aims: 
	Primary Aim: To determine the clinical impact of skin closure techniques on surgical site infections (including superficial and deep space) in emergent bowel resection in trauma laparotomies.

	Secondary Aim:

 1. To describe the variability in practice of skin closure techniques in emergent bowel resection in trauma laparotomies.
2. To describe the relationship between wound management techniques and other quality of care metrics: superficial surgical site infection, need for additional interventions, mortality, outpatient wound care services, and 30-day readmissions.	Comment by Navpreet Dhillon: While there is a high chance of having issues with follow up, maybe 90 day follow up? 

Takes a while for EC fistulas to develop

Experimental Design/Methods: 
	Design: Retrospective Cohort Study 

	Inclusion Criteria: 
1. >18 years of age 
2. Trauma activation or consultation for blunt or penetrating trauma seen between June, 2023 – June, 2025
3. Patient went to the operating room within 24 hours after arrival 
4. Colon, rectal, or small bowel injuries requiring resection or repair of part of the small or large intestine 

	Exclusion Criteria: 
1. Pregnant patients
2. Received an elective surgical intervention  
3. Fascia never closed or died before fascia was closed 
4. Died within the first 24 hours index surgery or in the operating room 


Outcome measures: 
	Primary Outcome: Surgical Site Infection (SSI) = superficial and/or deep organ space infection within 30 days of the index operation 
	Secondary Outcomes: 30-day superficial surgical site infection, deep organ space infection, fascial dehiscence, abdominal wall hernia, need for additional interventions (drain/return to OR/delayed primary closure), number of clinic visits, time to last follow-up, 90-day enterocutaneous fistula rate, length of stay, mortality, and 30-day readmission 

Variables (please see data dictionary for detailed information):

General Trauma Center Information 
1. De-identified enrolling center ID 
2. Trauma Center designation 
a. Level I
b. Level II
c. Level III
3. What is your center’s practice around skin closure for traumatic colorectal injuries? 

Patient Information 
4. De-identified patient ID
5. Admit date
6. Age
7. Sex
8. Race
9. Ethnicity
10. BMI 
11. Past medical history (select all that apply) 
a. Diabetes mellitus (TQIP)
b. Cirrhosis 
c. AIDS 
d. ESRD on dialysis 
e. Steroid use (TQIP)
f. Anticoagulant or antiplatelet use 
g. Current smoking (TQIP)
h. Previous abdominal surgery 
i. Currently receiving chemotherapy for cancer/disseminated cancer (TQIP)
12. Charlson Comorbidity Index (CCI) score 
13. Albumin 
14. Prealbumin 
15. Frailty

Admission information 
16. Mechanism of injury 
17. AIS 
a. Head 
b. Chest
c. Abdomen 
18. ISS 
19. GCS

Pre-operative information 
20. Lowest pre-operative SBP (mmHg)
21. Highest pre-operative HR (beats/min)
22. Lowest pre-operative body temperature (Fahrenheit)
23. ASA PS classification 
24. Highest pre-operative lactate
25. Lowest pre-operative pH 
26. Highest pre-operative base deficit 
27. TXA given?
28. Total transfusions (pre-operative + intra-operative) 
a. Whole blood
b. PRBC
c. FFP
d. Platelets 
e. Cryopercipitate 
29. Total amount of crystalloid given (pre-operative + intra-operative) (mL)
30. Length of time between arrival and OR 

Intra-operative information 
31. Was there a colon/rectum injury?
32. If yes, AAST colon and rectum injury grade 
33. Where was the colon injury (check all that apply)?:
a. Right colon/terminal ileum 
b. Transverse colon
c. Left colon 
d. Rectum 
e. Other – please explain
34. What was the final reconstructive result of the colon/rectum injury (check all that apply)?:
a. Primary repair
b. Ileocolonic anastomosis 
c. Colocolonic anastomosis 
d. Colorectal anastomosis 
e. Colostomy (not for proximal diversion)
f. Ileostomy (not for proximal diversion)
g. Other – please explain 
35. If there was an anastomosis/primary repair, was the patient proximally diverted? 
36. Was there a small bowel injury? 
37. If yes, AAST small bowel injury grade
38. What was the final reconstruction of the small bowel injury (check all that apply)?:
a. Primary repair 
b. Anastomosis 
c. Small bowel ostomy
d. Other – please explain 
39. Colon/rectum/small bowel injury plus (intra-abdominal): 
a. none 
b. Stomach/esophagus
c. Solid organ 
d. Major vessels
e. Other – please explain 
40. Degree of contamination 
41. Antibiotics given within 1 hour of skin incision 
42. Did pre-op antibiotics include gram-positive coverage?
43. Did pre-op antibiotics include gram-negative coverage?
44. Did pre-op antibiotics include anaerobic coverage?
45. Wound classification 
46. Length of index operation (min)
47. Estimated blood loss (cc)
48. Vasopressors in the OR 
49. Hypothermia in the OR (body temperature <36C/96.8F)
50. Hypotension in the OR (single measurement <90mmHg) 
51. Was the abdomen left open (i.e. temporary wound closure) at the index operation  
a. If yes, number of operations before abdominal closure (does not include delayed primary closure (DPC))
52. Indication for open abdomen (select all that apply): 
a. Second-look
b. Coagulopathy/bleeding 
c. Shock (transfusion requirement/vasopressors/lab values) 
d. Other – please explain 

Skin Closure Technique Variable 
53. Skin closure technique 
a. Skin closed 
b. Skin loosely closed + packed
c. Skin open 
d. Other – please explain 

Post-operative information 
54. If skin closed, was an incisional vac used?
55. If skin open, was there a delayed primary closure? 
a. If yes, how many days after the index operation?
56. If skin open, was a negative pressure wound therapy device applied over fascia? 
57. Post-operative steroid use 
58. Post-operative transfusion requirement in the first 72 hours after the index operation 
59. Post-operative crystalloid requirement in the first 72 hours of the index operation
60. How many days was the patient on vasopressors in the first 72 hours after the index operation
61. Duration of post-operative antibiotics 
a. </= 24 hours 
b. 24 hours – 4 days 
c. >/= 7 days

Outcomes
62. Superficial surgical site infection 
a. If yes, did it require (select all that apply): 
i. Opening of wound 
ii. Antibiotics 
iii. Drain 
iv. Return to the operating room 
v. None of the above
vi. Other – please explain 
63. Deep organ space infection 
a. If yes, did it require (select all that apply): 
i. Antibiotics 
ii. Drain 
iii. Return to the operating room 
iv. None of the above
v. Other – please explain 
64. Enterocutaneous fistula within 90 days after discharge 
65. Fascial dehiscence 
a. If yes, how was the fascial dehiscence managed? 
66. Incisional hernia 
67. Did the patient return to the operating room and have their abdomen re-opened within the first 30 days after the index operation? 
68. Hospital length of stay 
69. ICU length of stay 
70. Discharge disposition 
a. If home, was home nursing services required? 
71. Discharged with wound packing or negative pressure wound therapy? 
72. Mortality 
a. If yes, Cause of death 
73. Number of follow-up visits
74. Time to last follow-up 
75. 30-day unplanned readmission 


Statistical Analysis Plan: 
	Statistical Analysis/Plan: All participating institutions will require institutional IRB approval. All de-identified data will be collected and shared using the Research Electronic Data Capture (REDCap) system. Statistical significance will be defined as a p value <0.05. All analyses will be completed using SAS version 9.4 (SAS Institute Inc., Cary, NC). 

Descriptive and univariate analyses: Baseline characteristics by exposure group will be summarized using medians (IQR), means (SDs) and counts (%s). Groups differences will be assessed with Chi-squared/Fischer’s exact tests for categorical variables and t-tests/ANOVA or Wilcoxon/Kruskal-Wallis tests for continuous variables, as appropriate. 

Multivariate analyses/Propensity method: 
We will estimate propensity scores for closure strategy using logistic regression as a sensitivity analysis including patient demographics/hemodynamics, injury, and operative level covariates. The primary analytic target is the average treatment affect (the expected difference in outcome if all patients received each closure strategy) averaged across the entire study population. To estimate this, we will use inverse probability of treatment weighting based on propensity scores to create a weighted sample in which baseline covariates are balanced across treatment groups. For the primary outcome, we will use weighted regression models that estimate the relative risk and absolute difference in risk between closure strategies, along with 95% confidence intervals. Any variables that remain unbalanced after weighting will be included as additional adjustments. Any continuous outcomes will be analyzed using weighted linear models and any time-to-event outcomes will be analyzed using weighted Cox models as appropriate. 

Accounting for hospital levels effects:
Because participating hospitals may differ in patient mix and closure practices, all analysis will account for clustering by hospital using mixed-effects modeling. A secondary model will evaluate whether the effect varies between hospitals. We will also calculate observed-to-expected SSI ratios for each hospital using risk-adjusted models to test whether the effect of closure technique differs by hospital O:E category. 

Sensitivity analyses: Several propensity-score sensitivity analyses will be completed (overlap weighting, matching, stratification by quintiles). 

Subgroup analysis: A separate subgroup analysis will be completed to include patients with isolated small bowel injuries with the same methods outline above. 

	Justification of methods: This study will be conducted retrospectively, as the time required to accrue a sufficient number of patients to meet the power calculation would not be feasible in a prospective design. Moreover, because the study does not alter clinical care or follow-up in any way, even prospectively enrolled patients would ultimately undergo chart review and data abstraction in a retrospective fashion. The study period will begin in June 2024, chosen deliberately to avoid the COVID-19 pandemic era, when clinical management practices and patient follow-up may have been significantly influenced by the public health crisis.

	Sample size and power calculation: A sample size calculation was performed to determine the number of patients required to detect a difference in the rate of any SSI between wound closure groups. Based on prior data in the Emergency General Surgery literature, the expected incidence of SSI was 13% in the skin closure group and 24% in the skin open group. Using a two-sided chi-squared test for proportions with a significance level α of 0.05 and 80%, we estimated that we would need abut 195 patients per group (390 patients total) to detect this difference.  If a large number of exclusions or missing outcome data is encountered, the sample size should be increased by 10%. 

	Handling of missing data: Missing data are anticipated to be minimal. Patients with missing data for the primary outcome will be excluded from the analysis. Sensitivity analyses will be conducted to ensure that exclusion of these cases do not significantly alter the results. 

	Consent: This is a retrospective cohort study with data collected primarily by chart review. No interventions will be done and all patients will be managed according to institutional protocol and surgeon preference. Therefore, a waiver of informed consent will be requested and required by each participating site. A Data Use Agreement will be obtained and signed between each site and the primary investigatory site. All recorded data will be de-identified and inputted into REDCap. 

Risk/benefit Analysis: There appears to be significant practice variation and equipoise in the trauma community regarding skin closure in traumatic colorectal injury. Each option, skin closure versus skin open, has its own potential risks and benefits. This study will attempt to determine the optimal skin closure technique while balancing infection outcomes and patient quality of life. These potential benefits outweigh any minimal risk to patients in this retrospective chart review study. 
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