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1. Abstract 

1.1. Introduction 

Penetrating injuries to the trunk in polytrauma are associated 

with high mortality and require a timely, differentiated treatment 

strategy. In contrast to stab wounds, gunshot wounds show high- 

er mortality in the literature. 

The aim of this study is to analyse this patient cohort with regard 

to mortality and functional outcome. 

1.2. Methods 

This retrospective study included patients treated between 2021 

and 2023 in the surgical trauma bay at a Level-1-trauma centre 

in Hamburg, Germany (Asklepios Klinik St. Georg) for penetrat- 

ing truncal stab or gunshot injuries sustained as part of polytrau- 

ma. Mortality was defined as survival until hospital discharge. 

Functional outcome was assessed using the Glasgow Outcome 

Scale (GOS). 

1.3. Results 

A total of 53 patients were included. Of these, 45 patients 

(84.9%) sustained thoracic or abdominal stab wounds and 7 

(13.2%) sustained gunshot wounds. Overall, 49 patients (92.5%) 

survived. Prehospital cardiopulmonary resuscitation (CPR) had 

been performed in 5 patients (9.4% of cases). During prehos- 

pital management, 10 patients (18.9%) had already received a 

chest tube. The majority of injuries (72.2%) occurred at night 

(defined as 8:00 pm–08:00 am). Immediate operative interven- 

tion in the trauma bay was required for 6 (11.3%) patients, while 

37 (69.8%) underwent surgery within the first 12 hours after ad- 

mission. 

The mean hospital length of stay among survivors was 9.5 ± 5.6 

days, of which 4.1 ± 4.1 days were spent in the intensive care 

unit. The mean GOS of survivors was 4.9 ± 0.4. The mean Injury 

Severity Score (ISS) was 20.3, with survivors demonstrating a 

significantly lower ISS of 15.9 (p = 0.0039). 

1.4. Conclusion 

The data from this study show that penetrating injuries can be 

associated with high survival rates and good functional out- 

comes. Further prospective studies are needed for differentiation 

and improved outcome prediction. 

2. Introduction 

Penetrating trunk injuries (involving the opening of the thora- 

coabdominal body cavity), which are most commonly caused by 

stab or gunshot wounds, represent a major challenge in trauma 

care and require immediate and decisive surgical intervention 

to optimize mortality [1,2]. Traumatic injuries remain a leading 

cause of death in individuals under 44 years of age, highlighting 

the importance of effective trauma management [3]. The con- 

temporary approach to penetrating thoracoabdominal trauma 

increasingly emphasizes a tailored combination of non-opera- 

tive management, dedicated imaging (eFAST, CT), and, when 

indicated, minimally invasive surgical techniques such as lapa- 

roscopy, adapted to the specific clinical presentation and injury 
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pattern of each patient. 

The urgency and complexity of managing penetrating trunk in- 

juries necessitate a multifaceted approach, including rapid in- 

terdisciplinary assessment, potential manual or mechanical re- 

suscitative measures, and definitive surgical intervention. The 

integration of advanced diagnostic modalities into trauma bay 

management, such as focused assessment with sonography for 

trauma (eFAST), computed tomography, and rapidly obtainable 

laboratory parameters, plays a crucial role in promptly determin- 

ing the extent of injury and guiding subsequent surgical strate- 

gies [4]. Mortality can be reduced through rapid diagnosis, cir- 

culatory stabilization, and timely surgical intervention [5]. 

Over the past decades, an increase in violent crimes and associ- 

ated penetrating injuries has been observed [6]. Gunshot wounds 

exhibit higher mortality than stab wounds [7], as they are gener- 

ally associated with more extensive damage to vital structures. 

In penetrating trauma, damage-control surgery (DCS), a staged 

surgical approach that initially addresses life-threatening inju- 

ries and delays definitive reconstruction until physiological sta- 

bility is restored, is of central importance [8]. 

3. Methods 

This retrospective study included patients who were presented 

between 2021 and 2023 with penetrating trunk injuries to the 

surgical trauma bay/resus room at a Level-1-trauma Centre in 

Hamburg, Germany (Asklepios Klinik St. Georg), as part of pol- 

ytrauma management. For the purposes of this study, the “trunk” 

was defined as the body excluding extremities, head, and neck. 

Mortality was defined as survival to hospital discharge. 

Prehospital care includes the “on scene” time and transport time. 

All patients were initially evaluated and managed according to 

Advanced Trauma Life Support (ATLS®) guidelines by an inter- 

disciplinary team led by trauma surgery in a major trauma cen- 

tre. Patients of all ages were included. Clinical and demographic 

data were extracted from the internal trauma centre database and 

supplemented with information from electronic medical records. 

The primary endpoints of this study were in-hospital mortality 

and functional outcome among survivors. Functional outcomes 

were assessed using the Glasgow Outcome Scale (GOS). Sec- 

ondary variables included demographic characteristics (age, sex, 

time of injury), Injury Severity Score (ISS), mechanism of inju- 

ry, and laboratory parameters. 

Statistical analysis was performed using one-way ANOVA with 

non-parametric post hoc Kruskal-Wallis testing in Prism 10 

(GraphPad Software). A p-value <0.05 was considered statisti- 

cally significant. Ethical approval was obtained from the local 

ethics committee (2025-101630-BO-ff). 

4. Results 

4.1. Demographics 

A total of 53 patients were included in this single-centre study. 

Basic study characteristics are shown in Table 1. The mean age 

was 33.66 ± 13.48 years. The distribution of age groups among 

the injured is shown in Figure 1. The cohort was predominantly 

male (50:3; 94%), and all deceased patients were male. 

 

 

Figure 1: Age distribution- Bar chart showing the age distribution of all patients treated with a penetrating trunk injury. Values are presented as 

mean, n=53. 
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Table 1: Basic study characteristics. This table demonstrates the parameters of the study. It is divided in three groups (all, survived, dead). The 

subgroups are tested against each other stating the significance level. statistical significance was determined using Kruskal Wallis multiple com- 

parison test; n=53. 
 

  All (n=53) Survived Deceased p 

Age (years) 
 33.66 +/- 

13.48 
33.08 +/-12.67 40.75 +/-22.62 

ns 

0.5307 

Sex-Distribution (M:F) 

male (%) 
50:3 46:3 4:0 

 

CPR pre-hospital 5/53 1/49 4/4  

Cause of accident      

 Stab wounds 

- thoracic 

- abdominal 

- thorakoabdominal 

45 

17 

16 

12 

44 

16 

16 

12 

 
1 

1 

 

 Gun shot wounds 

- thoracic 

- abdominal 

- thorakoabdominal 

7 

3 

3 

1 

5 

1 

3 

1 

 
2 

2 

 

 Thoracic impalement 1  1  

Time of accident      

 Day (8:00 a.m. – 8:00 p.m.) 10 10 0  

 Night (8:00 p.m. – 8:00 a.m.) 26 24 2  

Vital sign pre-hospital     

 BP (mmHg)  125.2+/-25.63   

 RR (/min)  18.52+/-4.512   

 HR (/min)  96.44+/-23.12   

 GCS 
13.5 +/- 
2.82 13.82+/-2.157 3+/-0 Ns (0.1246) 

 SpO2 (%)  95.53+/-7.907   

BGA      

 BE (mmol/l) 
-2.275+/- 
7.229 -1.576+/-6.429 -19.40+/-4.243 Ns (0.0806) 

Treatment time (min)      

 Pre-hospital 
13.22+/- 
8.462 12.91+/-7.837 18.5+/-20.51 Ns (0.9976) 

 Time to thoracotomy 
83.54 +/- 
40.39 89.42+/-36.91 35.0+/-38.96 Ns (0,1365) 

Chest tube 
 10/53 

6/49 
4/4  

Vital signs Trauma Bay     

 BP (mmHg) 
136.6+/- 
30.85 138.3+/-29.02 60+/-0 Ns (0.2331) 

 HR (/min) 
95.75+/- 
20.39 95.23+/-20.29 120+/-0 Ns (0.3666) 

 SpO2 (%) 
96.02+/- 
4.502 95.96+/-4.529 99+/-0 Ns (0.7724) 

 GCS  14.03+/-1.924   

Duration of stay      

 Trauma Bay 
61.66+/- 
34.74 64.56+/-34.53 30.50+/-19.94 Ns (0.0084) 

 Hospital  9.49+/-5.576   

 ICU (intensive care unit)  4.07+/-4.073   

ISS  20.34 +/- 
17.35 15.88+/-7.54 75 +/-0 ** (0.0039) 

GOS   4.898+/-0.3677   
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4.2. Mechanism of Injury 

84.9% of patients suffered a stab wound to the thoracic or ab- 

dominal region, and only 13.2% a gunshot wound. Among the 

stab wound subgroup only one patient was deceased after suf- 

fering a thoracic stab wound. Regarding gunshot wounds, both 

thoracic and abdominal injuries were observed. In this patient 

group, only those who died had thoracic gunshot wounds. Stab 

wounds had a higher survival rate (97%) than gunshot wounds 

(71.4%). One patient suffered a thoracic impalement injury. The 

dominant time period for penetrating injuries was nighttime (de- 

fined as the period between 8 PM and 8 AM). 

4.3. Clinical and Laboratory Parameters 

Prehospital vital signs were recorded only in survivors: The sur- 

vivors showed a shorter pre-hospital rescue time, minimal base 

excess, and tended to have more physiological blood pressure 

and heart rate values. 

4.4. Prehospital and In-Hospital Management 

Prehospital cardiopulmonary resuscitation (CPR) was required 

in 9.4% of patients. All patients undergoing cardiopulmonary re- 

suscitation died after hospital admission. The mean prehospital 

treatment time was 13.22 ± 8.46 minutes, with no significant 

difference between survivors and non-survivors (12.91 ± 7.84 

vs. 18.5 ± 10.51 min; p = 0.9976). Prehospital chest drains were 

placed in 18.9% of patients. 

In-hospital, 11.3% of patients underwent immediate surgery in 

the trauma bay, while 69.8% required operative management 

within 12 hours of admission. The mean “time to thoracotomy/ 

laparotomy” was 83.54 ± 40.39 minutes, with non-significant- 

ly shorter times in deceased patients (35.0 ± 38.96 min; p = 

0.1365). Thoracostomy was performed in 18.87% of in-hospital 

cases, including all deceased patients. 

Treatment time of the survivor-subgroup in the trauma bay/ re- 

sus room was non-significantly longer (64,56 +/- 34,53 min vs. 

30,50 +/- 19,94 min, p= 0,0084). 

4.5. Outcome 

Of the 53 patients included, 49 survived (92.5%). Among sur- 

vivors, the mean hospital length of stay was 9.49 ± 5.58 days, 

including 4.07 ± 4.07 days in the intensive care unit (ICU). The 

mean Glasgow Outcome Scale (GOS) score among survivors 

was 4.9 ± 0.38. The mean Injury Severity Score (ISS) for the 

cohort was 20.34, with survivors having a significantly lower 

ISS of 15.88 (p = 0.0039; Figure 2). 

 

 

Figure 2: Injury Severity Score (ISS). Bar chart showing the Injury Severity Score (ISS) for all patients and separated by survival status. Values are 

presented as mean ± standard error, * indicates experimental groups that are significantly different from the control group (** = p < 0.01, statistical 

significance was determined using Kruskal Wallis multiple comparison test; n=53. 
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5. Discussion 

This 3-year case series demonstrates that penetrating trunk inju- 

ries, despite their potential severity, can be associated with high 

survival rates and favourable functional outcomes. In our cohort, 

92.5% of patients survived, and the mean Glasgow Outcome 

Scale (GOS) among survivors was 4.9, indicating near-complete 

functional recovery. These findings are consistent with interna- 

tional studies reporting high survival rates with rapid, standard- 

ized trauma care (5,9,10). 

5.1. Interdisciplinary Trauma Management 

Due to the complexity of penetrating trunk injuries, interdisci- 

plinary trauma management plays a critical role. Trauma surgery 

is central to acute intervention, with nearly 60% of polytrauma 

patients requiring operative management [11]. Early recognition 

and proactive management of physiological derangements are 

essential for survival. Successful treatment relies on coordinated 

expertise from trauma surgery, anaesthesiology, radiology, and 

other surgical specialties, including general/visceral and vascu- 

lar surgery. This multidisciplinary approach ensures rapid, struc- 

tured, and solution-oriented care for complex injury patterns 

[12]. 

5.2. Trends in Penetrating Trauma 

In Europe, penetrating trauma is less common than in North 

America or Africa. A systematic review by Van Breugel et al. 

[13]. Reported a prevalence of approximately 4% in Europe, 

compared to ~16% in North America [13]. In Germany, the av- 

erage prevalence of penetrating trauma is also ~4%, but our cen- 

tre reports ~10% among emergency cases, including extremity 

injuries. Studies show, that penetrating injuries occur more often 

in the past years – even in Germany [14]. Urban areas such as 

Berlin, Frankfurt, and Hamburg have seen a rising incidence of 

penetrating trunk injuries between 2010 and 2019 with a overall 

mortality of 10-12%, with gunshot wounds being particularly 

lethal [15-17]. In our cohort, overall mortality was 7.5%, lower 

than previously reported, whereas gunshot wounds exhibited a 

mortality of 28.6%. 

Up to 38% of penetrating injuries are located in the abdomen. 

In the United States, 35% of patients in urban trauma centres 

and up to 12% in suburban or rural centres sustain penetrating 

abdominal trauma [18-20. Consistent with the literature, 36.54% 

of patients in our cohort presented with an abdominal penetrat- 

ing injury. 

In men under the age of 45, penetrating abdominal trauma oc- 

curs five times more frequently and represents one of the leading 

causes of morbidity and mortality in low- and middle-income 

countries [21,22]. The demographic distribution in our study co- 

hort closely mirrors these previously reported findings. 

5.3. Mechanism of Injury and Mortality 

Gunshot wounds demonstrated significantly higher mortality 

than stab wounds, consistent with prior literature [7,10,23]. In 

our cohort, the mortality associated with gunshot wounds was 

28.57%, compared with only 2% for stab wounds. This substan- 

tial difference underscores the markedly higher lethality of bal- 

listic trauma, which is typically associated with greater tissue 

destruction. The increased lethality is attributable to the kinetic 

energy transfer, tissue cavitation, and injury to vital organs along 

the projectile path [24]. Thoracic gunshot injuries were particu- 

larly fatal, emphasizing the importance of rapid diagnosis and 

surgical intervention as described beforehand [15-17,25]. 

5.4. Current Management Algorithms 

Time to surgical intervention is a critical determinant of out- 

come. Early transfer to specialized trauma centres and prompt 

surgery are associated with improved survival, with some stud- 

ies reporting a 66% reduction in mortality when patients are rap- 

idly handed over to the operating team [26-28]. In our cohort, 

prehospital treatment time was shorter among survivors, where- 

as deceased patients exhibited a shorter “time to thoracotomy/ 

laparotomy,” reflecting that hemodynamically stable patients 

with isolated injuries may not require immediate surgery. 

5.5. Timing of Surgery 

Most patients underwent operative management within 12 

hours, with 11.3% operated on directly in the trauma bay. Early 

surgical intervention is crucial, particularly for unstable patients, 

and aligns with recommendations from established trauma cen- 

tres [26-28]. The mean “time to thoracotomy/laparotomy” of 83 

minutes in our cohort demonstrates the efficiency of local trauma 

and operative workflows, even during the COVID-19 pandemic, 

when preoperative testing sometimes caused minor delays. 

5.6. ICU and Hospital Stay 

Survivors spent a mean of 4.1 days in the ICU and 9.5 days 

in the hospital, consistent with literature reports [5,9,18]. These 

data underscore that rapid, targeted care, including early surgery 

and intensive therapy, positively impacts functional outcomes. 

5.7. ISS and Functional Outcome 

The significant difference in Injury Severity Score between sur- 

vivors (15.88) and non-survivors (75.0) highlights the prognos- 

tic relevance of overall injury burden (p = 0.0039) [5,21,22]. 

The Injury Severity Score (ISS) is an established and interna- 

tionally recognised metric for the objective quantification of 

traumatic injury severity. It correlates strongly with mortality, 

morbidity, and the duration of hospital stay in severely injured 

patients. In our study, a marked and statistically significant dif- 

ference in mean ISS was observed between survivors (15.88) 

and non-survivors (75.0), underscoring the powerful prognostic 

value of this scoring system. This finding aligns with previous 

studies that similarly identified the ISS as a robust predictor of 

survival following penetrating thoracic and abdominal trauma 

[13,29]. 

The pronounced discrepancy in ISS between both groups il- 

lustrates that not only the mechanism but more importantly the 

extent of injury and the number of involved organ systems are 

decisive for survival. An ISS exceeding 50 is repeatedly associ- 
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ated in the literature with mortality rates above 80%, particular- 

ly in cases involving combined thoracoabdominal trauma and 

massive haemorrhage. A comparable pattern was observed in 

our cohort: all patients presenting with an ISS ≥ 50 died despite 

adherence to established trauma management principles, under- 

scoring the inherent limits of modern acute care in the context of 

extreme injury patterns. Pre-Hospital surgery is related to high 

intra-hospital mortality – in this study 100%. This is also coher- 

ent to already published data with some studies claiming mor- 

tality rate of 95% [30]. This shows the very limited indication 

width [31]. 

Functional outcome was assessed using the Glasgow Outcome 

Scale (GOS). The mean score of 4.9 ± 0.38 among survivors 

reflects an almost complete functional recovery at the time of 

discharge. This favourable outcome suggests effective acute 

trauma care, timely surgical management, and high-quality post- 

operative and intensive care within our centre. When compared 

with outcomes reported in international cohorts [32-34], these 

results appear notably positive, which may be attributable to rap- 

id operative intervention and adherence to standardised trauma 

protocols such as ATLS®. 

6. Limitations 

This study has limitations that have to be considered while inter- 

preting results. First, it is a retrospective, single-centre analysis, 

introducing potential selection and information bias. Prehospi- 

tal data were sometimes incomplete, including exact transport 

times and transfusion management. Second, the sample size (n = 

53) is relatively small, limiting statistical power and generaliz- 

ability, particularly for subgroup analyses (e.g., stab vs. gunshot 

injuries). Third, long-term follow-up was not performed; func- 

tional and psychosocial outcomes beyond hospital discharge re- 

main unknown. Operative heterogeneity was not fully captured, 

as intraoperative parameters such as surgical approach, duration, 

blood loss, transfusion volumes, and postoperative complica- 

tions were not analysed. Finally, these data originate from an 

urban, high-volume trauma centre, and findings may not gener- 

alize to facilities with different resources. Despite these limita- 

tions, this study provides valuable insights into penetrating trunk 

trauma care and outcomes in a specialized urban setting and can 

inform future multicentre prospective studies. 

7. Conclusion 

Penetrating trunk injuries represent a significant challenge to 

healthcare systems but are associated with good clinical out- 

come with adequate time and treatment management. 

Our case series demonstrates that, with rapid and standardized 

trauma management, penetrating trunk injuries are associated 

with high survival rates and favourable functional outcomes. 

Gunshot wounds remain a significant risk factor for mortality. 

Early operative intervention, adherence to damage-control prin- 

ciples, and selective minimally invasive procedures are critical 

to reducing mortality and promoting functional recovery. Inter- 

disciplinary care and structured treatment algorithms are key de- 

terminants of successful patient outcomes. 

The aim of this study is to emphasize the importance of coordi- 

nated, interdisciplinary trauma management and to raise aware- 

ness of optimal strategies for the treatment of patients presenting 

with penetrating injuries. 

8. Conception and Study Design 

GA, NP; Literature Review: GA, CF; Data acquisition: GA, CF; 

Data Analysis and Interpretation: GA, CF; Drafting of the manu- 

script: GA, CF; Critical revision: NP, MH; All authors approved 

the final manuscript and consented to its publication. 
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