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Abstract
Previous studies have had conflicting results when comparing risk of mortality in patients with gunshot wounds (GSWs) 
treated at Level-I and II trauma centers. However, the populations studied were restricted geographically. We hypothesized 
that patients presenting after a GSW to the torso at Level-I centers would have a shorter time to surgical intervention (explora-
tory laparotomy or thoracotomy) and a lower risk of mortality, compared to Level-IIs in a national database. The Trauma 
Quality Improvement Program (2010–2016) was queried for patients presenting to Level-I or II trauma center after a GSW 
to the torso. A multivariable logistic regression analysis was performed. From 17,965 patients with GSWs, 13,812 (76.8%) 
were treated at Level-Is and 4153 (23.2%) at Level-IIs. There was no difference in the injury severity score (ISS) (p = 0.55). 
The Level-I cohort had a higher rate of laparotomy (38.9% vs. 36.5%, p < 0.001) with a shorter median time to laparotomy (49 
vs. 55 min, p < 0.001) but no difference in rate (p = 0.14) and time to thoracotomy (p = 0.62). After adjusting for covariates, 
only patients undergoing thoracotomy (OR = 0.66, CI = 0.47–0.95, p = 0.02) or those undergoing non-operative management 
(NOM) (OR = 0.85, CI = 0.74–0.98, p = 0.03) at a Level-I center had lower risk for death, compared to Level-II. Patients with 
torso GSWs managed with thoracotomy or NOM at a Level-I center have a lower risk of mortality, compared to a Level-II. 
Future prospective studies examining variations in practice, resources available and surgeon experience to account for these 
differences are warranted.
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Introduction

Trauma is the leading cause of death for Americans under 
the age of 45 years and the fourth leading cause of death 
overall for all ages [1]. As one of the leading public health 
epidemics in the United States, the American College of 
Surgeons (ACS) has assumed the responsibility to verify 
trauma centers across the country to allow a consistent and 
optimal national trauma system [2]. This has resulted in the 
delivery of timely, definitive and organized care to injured 
persons with multiple studies demonstrating a significant 
reduction in mortality since its inception [3–5]. The ACS 

does not designate trauma centers but does verify the pres-
ence of the resources required to achieve a verification 
level as described in the Resources for Optimal Care of the 
Injured Patient [6]. The ACS currently offers five levels of 
verification (Level I–V) depending on the resources avail-
able, the processes in place and the annual case-volume of 
the hospital. Level-I and II centers are required to provide 
definitive care for all trauma patients. Notable exceptions at 
Level-I centers include immediate coverage by subspecialty 
services, as well as a commitment to teaching and research 
efforts to help direct new innovations in trauma care [7]. 
Hospital outcomes such as mortality, complications and 
quality-improvement metrics are not currently used in the 
verification process.

Differences in outcomes between Level-I and II centers 
have been mixed. Demetriades et al. reported improved sur-
vival in severely injured patients treated at a Level-I center 
compared to a Level-II [8]. This finding was reaffirmed in 
subsequent studies [9–11]. Haas et al. demonstrated that 
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Level-II centers in close proximity to a Level-I center might 
perform at a lower than expected level suggesting differing 
roles depending on the local trauma system configuration 
[12]. Other studies report equal or improved outcomes at 
Level-II centers, compared to Level-I centers [13, 14]. Some 
authors propose total trauma center volume and indirectly, 
surgeon experience, and not trauma-level verification, is 
what drives improved outcomes and increased survival [15, 
16]. A recent analysis of the Los Angeles County Trauma 
and Emergency Medical Information System found that 
treatment at a Level-II center was associated with an overall 
risk-adjusted reduced mortality compared to Level-I cent-
ers. However, this difference did not persist in a subset of 
penetrating trauma patients [17].

In the appropriate environment and setting, some civilian 
abdominal gunshot-wounds (GSWs) can be managed with 
nonoperative management (NOM), particularly tangential or 
when limited to the right upper quadrant [18, 19]. Successful 
NOM depends on the treating hospital’s facilities, resources, 
and surgeon or trainees’ experience [20–22]. Thus, some 
variability exists, and the dogma of mandatory laparotomy 
has now ended. Most trauma surgeons would agree that there 
is less variability in the management of transthoracic GSWs. 
However, Bozdag et al. reported on the NOM of 13 select 
cases of thoracoabdominal gunshot injuries [23]. Clarifying 
outcomes depending on the treatment strategy provides the 
best prospect for improved survival. This can help ensure 
that optimal care is being delivered to patients with GSWs 
to the torso.

Many of the previous studies on differing outcomes 
between trauma centers was restricted geographically. The 
purpose of this study was to evaluate the differences among 
Level-I and II centers across the country in treating patients 
with GSWs to the torso. We hypothesized that patients pre-
senting after a GSW to the torso at a Level-I center would 
have a shorter time to surgical intervention (exploratory 
laparotomy or thoracotomy), compared to a Level-II. We 
also hypothesized that patients with torso GSWs managed 
operatively at a Level-I center would have a lower risk of 
mortality.

Methods

This study was approved by the Institutional Review Board 
at the University of California, Irvine. A retrospective analy-
sis of the Trauma Quality Improvement Program (TQIP) was 
performed over a 7-year period (2010–2016). International 
Classification of Diseases (ICD) Version-9 event codes 
were used to select for patients presenting after a gunshot 
wound. Patients without a documented treating hospital ACS 
designation level, and those with a Level-III designation 
or transferred from another hospital were excluded. TQIP 

does not enroll patients from hospitals with Level-IV or V 
trauma designation. Additionally, we excluded all patients 
with a severe, critical or maximum grade for the abbrevi-
ated injury scale (AIS) of the head, neck or extremities to 
select for patients with isolated torso GSWs. Two groups 
were compared: patients with torso GSWs treated at Level-I 
vs. Level-II trauma centers. The primary outcome was time 
to surgical intervention, defined by ICD-9 procedure codes 
for laparotomy (54.11) and thoracotomy (34.02). The sec-
ondary outcome was all-cause mortality during the index 
hospitalization.

Demographic information collected included age, gender 
and comorbidities including cardiac disease, chronic renal 
failure, diabetes, chronic obstructive pulmonary disease and 
smoking. The injury profile consisted of AIS for the thorax 
and abdomen, hypotension on admission (systolic blood 
pressure ≤ 90 mmHg), as well as injuries to the lung, heart, 
spleen, liver, pancreas, small bowel, colon or rectum. These 
were defined by the appropriate ICD-9 diagnosis codes. 
Other outcomes measured included total hospital length of 
stay (LOS), intensive care unit (ICU) LOS, ventilator days, 
blood products transfused, thoracotomy for hemorrhage 
control, and in-hospital complications including venous 
thromboembolism, wound or deep space infection, acute 
kidney injury (AKI), acute respiratory distress syndrome 
and pneumonia.

Frequency statistics were performed for all variables. 
Continuous variables were analyzed with a Student’s t test 
or Mann–Whitney-U test, while categorical variables were 
analyzed with the Chi-squared test. A review of the literature 
was performed to identify independent predictors of mor-
tality in trauma [24–26]. The magnitude of the association 
between predictor variables and mortality was first meas-
ured using a univariable logistic regression model. Covari-
ates were then controlled for in a hierarchical multivariable 
logistic regression model and the adjusted risk for mortality 
was reported with an odds ratio (OR) and 95% confidence 
intervals (CI). All p values were two-sided, with a statisti-
cal significance level of < 0.05. All analyses were performed 
with IBM SPSS Statistics for Windows (Version 24, IBM 
Corp., Armonk, NY, USA).

Results

Demographics and primary outcomes of torso GSWs

From 17,965 patients with torso GSWs, 13,812 (76.8%) were 
treated at a Level-I and 4153 (23.2%) at a Level-II center. 
Compared to those at a Level-II, the Level-I cohort had a 
higher rate of smokers (22.8% vs. 19.7%, p < 0.001). There 
was no difference in other patient demographics as well 
as the injury profile except for a higher rate of pancreatic 
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injuries in patients treated at a Level-I center (4.8% vs. 
3.8%, p = 0.01). The median ISS was similar (14, p = 0.08). 
(Table 1). The Level-I group had a higher rate of laparotomy 
(38.9% vs. 36.5%, p < 0.001) with a shorter median time to 
laparotomy (49 vs. 55 min, p < 0.001) but no difference in 
the rate (Level-I 7.6% vs. Level-II 6.9%, p = 0.14) or time 
to thoracotomy (Level-I 46 vs. Level-II 41 min, p = 0.62).

Mortality in trauma patients with torso GSWs

In a univariable logistic regression model, patients treated at 
a Level-I center had a lower risk of mortality (OR 0.89, CI 
0.81–0.98, p = 0.02), compared to those treated at a Level-
II. This finding persisted after adjusting for covariates (OR 
0.85, CI 0.74–0.97, p = 0.02). The strongest independent 
risk factor was hypotension on admission (OR 8.11, CI 
7.19–9.14, p < 0.001) (Table 2). Patients at a Level-I center 
managed with laparotomy (11.5% vs. 13.8%, p = 0.02) or 
thoracotomy (50.8% vs. 61.5%, p = 0.01) and those that 
underwent non-operative management (12.8% vs. 14.0%, 
p = 0.04) all had a lower rate of mortality. On multivariable 
logistic regression analysis, only patients that underwent 
thoracotomy (OR 0.66, CI 0.47–0.95, p = 0.02) or NOM 

(OR = 0.85, CI = 0.74–0.98, p = 0.03) at a Level-I center had 
lower risk for death, compared to those treated at a Level-
II. The risk of mortality in patients with torso GSWs man-
aged with a laparotomy at Level-I and II centers was similar 
(p = 0.08) (Table 3). We also looked at patients older than 65 
years, and in this patient group there was no statistical differ-
ence between Level-I and II centers with regard to mortality 
rate (LI 30.7% vs. LII 40.0%, p = 0.08) and adjusted mortal-
ity risk (OR 0.62, 0.35–1.09, p = 0.10). In patients younger 
than 65 years of age, there was no statistical difference 
between Level-I and II centers with regard to mortality rate 
(LI 13.6% vs. LII 14.7%, p = 0.06) but there was a decreased 
adjusted mortality risk (OR 0.86, 0.75–0.99, p = 0.04).

Other clinical outcomes in torso GSWs

Compared to patients at a Level-II, those treated at a Level-I 
center had a longer median ICU LOS (4 vs. 3 days, p = 0.01) 
but no difference in total hospital LOS or ventilator days 
(p > 0.05). The Level-I cohort had a higher rate of AKI 
(2.4% vs. 1.6%, p = 0.01) and pneumonia (5.5% vs. 4.3%, 
p = 0.01) (Table 4).

Table 1   Demographics of adult 
trauma patients presenting after 
a torso gunshot-wound

ACS American College of Surgeons, ISS  injury severity score, IQR interquartile range, SBP systolic blood 
pressure, AIS abbreviated injury scale, COPD chronic obstructive pulmonary disease

Characteristic Gunshot wounds

ACS Level-I (n = 13812) ACS Level-II (n = 4153) p value

Age, year, median (IQR) 27.0 (21, 37) 27.0 (21, 37) 0.15
Male, n (%) 12311 (89.1%) 3658 (88.1%) 0.08
ISS, median (IQR) 14.0 (9, 24) 14.0 (9, 22) 0.55
Lowest SBP within 24 h, 

median (IQR)
84.0 (56, 108) 85.0 (60, 107) 0.57

Comorbidities, n (%)
 Congestive heart failure 39 (0.3%) 9 (0.2%) 0.47
 End-stage renal disease 14 (0.1%) 7 (0.2%) 0.27
 Smoker 3152 (22.8%) 773 (19.7%) <0.001
 Diabetes 351 (2.5%) 98 (2.4%) 0.51
 Hypertension 1010 (7.3%) 306 (7.4%) 0.90
 COPD 567 (4.1%) 154 (3.7%) 0.25
 AIS (grade > 3), n (%)
 Thorax 2246 (16.3%) 631 (15.2%) 0.10
 Abdomen 2890 (20.9%) 857 (20.6%) 0.69

Injuries, n (%)
 Lung 7784 (56.4%) 2336 (56.4%) 0.90
 Heart 652 (4.7%) 215 (5.2%) 0.23
 Liver 3362 (24.3%) 1013 (24.4%) 0.95
 Spleen 1270 (9.2%) 353 (8.5%) 0.17
 Small bowel 3122 (22.6%) 943 (22.7%) 0.89
 Colorectal 2910 (21.1%) 912 (22.0%) 0.22
 Pancreas 659 (4.8%) 158 (3.8%) 0.01
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Discussion

This retrospective analysis using 7 years of national data 
demonstrates the mortality rate of patients with GSWs to 
the torso managed either operatively or non-operatively 
to be lower when treated at Level-I vs. Level-II trauma 
centers. However, after adjusting for known predictors of 
mortality in trauma, only patients managed with thora-
cotomy or non-operatively at Level-I centers had a reduced 
risk of death, compared to Level-IIs. The median time to 
laparotomy was shorter at a Level-I but there was no dif-
ference in the time to thoracotomy between the two trauma 
centers.

Previous authors have demonstrated improved survival 
in trauma patients treated at Level-I centers. However, 

most of the previous literature has focused on select 
trauma populations [27, 28]. Demetriades et al. reported 
on trauma patient ≥ 14 years old with ISS > 15 and found 
Level-I centers to have considerably better survival out-
comes compared to Level-II centers [8]. Cudnik et al. 
performed a multicenter, retrospective analysis of Level-I 
and II trauma centers in the state of Ohio and found those 
treated at a Level-I center to have improved survival and 
were more likely to be discharged home [10]. A 10-year 
analysis of the Pennsylvania Trauma Outcomes Study reg-
istry also found a lower risk of mortality at Level-I vs. 
Level-II centers [29]. Similar results have been reported in 
head-injured patients [11, 28]. Norwood et al. studied dif-
ferences between Level-I and II trauma centers in patients 
with major torso vascular injuries. They found a signifi-
cant reduction in those with penetrating thoracic trauma 
treated at Level-I centers (30% vs. 73%, p < 0.001) but no 
difference in those with major abdominal vascular injuries 
[30]. More recently, an analysis using the Los Angeles 
Country Trauma and Emergency Medical Information Sys-
tem found no differences in mortality between Level-I and 
II centers treating penetrating trauma. However, they did 
not differentiate outcome differences between those with 
stab-wounds or GSWs or between body compartments 
injured. Our study is the first to demonstrate up to a 15% 
reduced risk of death when patients with torso GSWs are 
treated at a Level-I center. Level-I centers are largely at 
academic institutions which often have surgical residents. 
Centers with a general surgery training program have 
been demonstrated to have higher observed survival than 
predicted models, compared to centers without trainees 
[31]. Additionally, Level-I centers with trainees engaged 
in critical care or trauma research may lead to modified 
institutional practices and protocols leading to improved 
outcomes [32–34]. Institutions involved in research may 
also be better able to recruit experienced and qualified 
faculty and intensivists which may be in-house and imme-
diately available.

Not all patients with abdominal GSWs are managed oper-
atively. Over the past 2 decades, there has been a concerted 
effort to better identify patients that would benefit from 
non-operative management. Factors favoring successful 

Table 2   Multivariable logistic regression analysis for risk of mortal-
ity after a torso gunshot-wound

ACS American College of Surgeons, ISS injury severity score, PRBC 
packed red blood cell transfusion, VAP ventilator associated pneumo-
nia, AIS abbreviated injury scale

Risk factor OR CI p value

ACS Level-I vs II 0.85 0.74–0.97 0.02
Age 1.02 1.01–1.02 < 0.001
Hypotensive on admission 8.11 7.19–9.14 < 0.001
ISS ≥ 25 2.48 2.16–2.86 < 0.001
PRBC transfusion ≥ 6 units within 4 h 2.52 2.06–3.09 < 0.001
Severe AIS-thorax (grade > 3) 2.72 2.34–3.16 < 0.001
Severe AIS-abdomen (grade > 3) 2.37 2.04–2.76 < 0.001
Smoker 0.12 0.09–0.16 < 0.001
Spleen injury 0.46 0.37–0.56 < 0.001
Colorectal injury 1.01 0.86–1.17 0.95
Pancreas injury 2.15 1.70–2.71 < 0.001
Heart injury 4.46 3.56–5.58 < 0.001
Acute kidney injury 3.44 2.47–4.79 < 0.001
Superficial infection 0.20 0.08–0.49 0.001
Organ space infection 0.06 0.03–0.14 < 0.001
Deep vein thrombosis 0.20 0.12–0.32 < 0.001
Pulmonary embolus 0.17 0.07–0.37 < 0.001
Pneumonia/VAP 0.39 0.30–0.51 < 0.001

Table 3   Adjusted* analysis for 
risk of mortality after a torso 
gunshot-wound at Level-I vs. II

*Each model controlled for: age, hypotension on admission, injury severity score ≥ 25, packed red blood 
cell transfusion ≥ 6 units within 4 h, spleen, heart, pancreas or colorectal injury, severe abbreviated injury 
scale-thorax and abdomen (grade > 3), smoker, deep vein thrombosis, pulmonary embolus, pneumonia, 
acute kidney injury, superficial infection or organ space infection

Risk factor Mortality, n (%) p value OR CI p value

All patients 14.0% vs. 15.4% 0.02 0.85 0.74–0.97 0.02
Managed with exploratory laparotomy 11.5% vs. 13.8% 0.02 0.83 0.67–1.02 0.08
Managed with exploratory thoracotomy 50.8% vs. 61.5% 0.01 0.66 0.47–0.95 0.02
Managed non-operatively 12.8% vs. 14.0% 0.04 0.85 0.74–0.98 0.03
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non-operative management include patients that are hemo-
dynamically stable and without signs of diffuse peritonitis or 
evisceration. In patients selected for non-operative manage-
ment, the most important principal is the abdominal exam 
performed multiple times by qualified surgeons or trainees. 
In a systematic review and meta-analysis, the pooled esti-
mate of the risk of failure for non-operative management 
in abdominal GSWs was 7% [22]. In our study, patients 
with torso GSWs undergoing non-operative management at 
Level-I centers had a lower risk of mortality, compared to 
those treated at Level-II centers. This may be due to patients 
receiving serial abdominal examinations by the same person, 
often a surgical resident, which has been demonstrated to be 
associated with less patients failing non-operative manage-
ment, compared to other hospital personnel [22].

Time to intervention and definitive care is vital for 
patients with high-velocity injuries. Our study found that 
Level-I centers performing thoracotomies had more than a 
30% reduced risk of mortality, compared to Level-II cent-
ers. Massive hemorrhage can occur in more than 90% of 
transthoracic penetrating trauma and is associated with high 
mortality [35]. Our findings support this as hemodynamic 
instability as a result of hemorrhagic shock was the most sig-
nificant predictor of mortality in torso GSWs. These patients 
often require a massive transfusion protocol. Hamidi et al. 
noted that patients receiving massive transfusion at Level-I 
centers have up to a 25% reduced risk of mortality, compared 
to patients receiving massive transfusion at Level-II centers 
[36]. Other possible explanations include earlier involve-
ment of in-house surgeons, multiple surgeon and resident 

availability at Level-I centers, and increased trauma sur-
geon’s experience with GSW management.

Locoregional hospital features may be more appropriate 
predictors of morbidity and mortality in trauma patients. 
Additionally, there appears to be variation in clinical out-
comes even among designated Level-I centers suggesting 
a quality chasm in trauma care. In patients with mild inju-
ries, survival may differ in up to 11% of designated Level-I 
centers while in patients with severe injuries, 21% of cent-
ers had outcome disparities [37]. Other reports have sug-
gested the volume of patients treated has a direct impact on 
clinical outcome [31]. Minei et al. found that as the patient 
volume increased at a trauma center, there was an associ-
ated increased survival, more ventilator-free days and less 
severe organ dysfunction [15]. Furthermore, annual trauma 
volume may be a surrogate for surgeon experience. Using 
a statewide trauma registry, Konvolinka et al. were able to 
demonstrate normalized survival for the institution when 
trauma surgeons treated a minimum number of adults with 
blunt trauma annually. However, in patients with penetrating 
trauma, surgeon experience did not contribute significantly 
to mortality [16]. Trauma volume may be less important 
in patients with minor injuries. Nathens et al. found high-
volume trauma centers to have improved mortality when 
treating patients presenting with hemodynamic instability 
after penetrating abdominal injuries but no difference in 
those with normal vitals [38].

This study is a retrospective database analysis and inher-
ently limited by reporting and coding errors. The TQIP data-
base only offers data from the index hospitalization and so 

Table 4   Clinical outcomes in adult trauma patients presenting after a torso gunshot wound

ACS American College of Surgeons, LOS length of stay, IQR interquartile range, ICU intensive care unit, PRBC packed red blood cells

Outcome Gunshot wounds

ACS Level-I (n = 13812) ACS Level-II (n = 4153) p value

LOS, days, median (IQR) 7.0 (4, 13) 7.0 (4, 12) 0.11
ICU, days, median (IQR) 4.0 (2, 8) 3.0 (2, 6) 0.01
Ventilator, days, median (IQR) 2.0 (1, 6) 2.0 (1, 5) 0.70
PRBC units transfused within 4 h, median (IQR) 4.0 (2, 9) 4.0 (2, 9) 0.49
Exploratory laparotomy, n (%) 5367 (38.9%) 1514 (36.5%) 0.01
Minutes to laparotomy, median (IQR) 49 (31, 70) 55 (35, 82) <0.001
Exploratory thoracotomy, n (%) 1053 (7.6%) 288 (6.9%) 0.14
Minutes to thoracotomy, median (IQR) 46 (18, 113) 41 (14, 75) 0.62
Complications, n (%)
 Acute kidney injury 334 (2.4%) 65 (1.6%) 0.01
 Acute respiratory distress syndrome 321 (2.3%) 90 (2.2%) 0.55
 Deep vein thrombosis 398 (2.9%) 101 (2.4%) 0.12
 Pulmonary embolism 183 (1.3%) 39 (0.9%) 0.05
 Superficial infection 225 (1.6%) 46 (1.1%) 0.02
 Organ space infection 378 (2.7%) 86 (2.1%) 0.02
 Pneumonia 763 (5.5%) 179 (4.3%) 0.01
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long-term results are lacking from this study. Other impor-
tant variables that would be pertinent to our study that are 
missing in the database include surgeon experience, trauma 
center volume, subspecialty services available and adjuncts 
used in the non-operative management of patients (e.g., 
computed-tomography or ultrasound). There may also be 
a selection bias and an effect from unknown confounding 
variables on the risk of mortality between Level-I and II 
trauma centers.

Conclusion

Patients with GSWs managed with thoracotomy or non-
operatively at a Level-I center have a lower risk of mortality, 
compared to a Level-II. This may illustrate an opportunity 
to improve outcomes through trauma system structure and 
emergency-medical-service triage of patients with torso 
GSWs. Future prospective studies examining variations 
in practice, resources available and surgeon experience to 
account for these differences are warranted and to determine 
optimal pre-hospital trauma designation for this population.
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