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Purpose: The aim of this study was to elucidate the prognosis, and other clinical fea-

tures, such as time to surgery and the amount of transfusion, of small bowel injury (SBI) 

accompanied by liver injury (LI).

Methods: We investigated 221 patients with SBI who visited an emergency center from 

October 2000 to March 2019. We excluded patients with injuries that directly led to 

mortality, and the remaining 149 patients were divided into the SBI alone (SBI-A) group 

and the SBI accompanied by LI (SBI-LI) group. Data were collected for preoperative and 

surgical outcome variables, and the treatment results were compared between groups.

Results: The SBI-LI group had a higher mortality rate than the SBI-A group (22.4% 

vs. 14.3%), but this difference was not statistically significant (p=0.061). There were no 

significant differences between the SBI-A and SBI-LI groups, except for the amount of 

red blood cell (RBC) transfusion (SBI-A: 3.53±0.1 vs. SBI-LI: 8.38±0.7 packs, p=0.035) 

and the length of intensive care unit (ICU) stay (SBI-A: 6.7±0.2 vs. SBI-LI: 11.1±0.5 days, 

p=0.047).

Conclusions: The SBI-LI group required more RBC transfusions and longer ICU stays 

than the SBI-A group. SBI accompanied by LI may show higher mortality than SBI 

alone; however, since the difference was not statistically significant in the present study, 

larger-scale follow-up research is needed.
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INTRODUCTION

The incidence of abdominal organ injuries is increasing 

due to traffic and industrial accidents [1]. In particular, 

small bowel injury (SBI) is frequently associated with 

blunt abdominal injury, occurring in 3% to 18% of cas-

es [2], and it can be associated with peritonitis or sepsis, 

which leads to increased morbidity and mortality [3]. The 

diagnosis of SBI is difficult because its clinical signs and 

symptoms vary widely among patients. The possibility 

of delayed perforation also makes the diagnosis of SBI 

difficult. In multiple trauma patients, the diagnosis of SBI 

is challenging because the symptoms and signs of SBI are 

masked, a problem that is even further exacerbated in pa-

tients rendered unconscious by shock or traumatic brain 

injury [4].

The liver is also one of the most frequently injured 

organs in blunt abdominal trauma. Previous studies 

have reported a 16% incidence of liver injury (LI) in pol-

ytrauma patients [5]. Most blunt LIs can be treated by 

conservative management [6]. However, the management 

of high-grade LIs with hemodynamic instability is excep-

tionally difficult.

When SBI is accompanied by LI, the diagnosis and 

treatment can be more complex and challenging than 

when it is not. For example, in a patient with LI but not 

SBI, transcatheter angioembolization can be performed, 

whereas when LI accompanies SBI, diagnostic laparotomy 

needs to be considered.

Notably, SBI with LI can appear with different clinical 

features specific to SBI and LI, thereby affecting the diag-

nosis, management, and prognosis. However, insufficient 

evidence has been reported regarding SBI accompanied 

by LI. This study aimed to elucidate the prognosis, and 

other clinical features of SBI accompanied by LI, includ-

ing time to surgery and the amount of red blood cell (RBC) 

transfusion.

METHODS

A retrospective cohort study including 221 blunt trauma 

patients was performed. These patients were diagnosed 

with SBI by emergency laparotomy at Ilsan Paik Hospital 

from October 2000 to March 2019. Patients whose cause 

of death was not SBI or LI (n=72) were excluded from 

this study, which included eight cases of stabbing, 11 cases 

of cerebral hemorrhage, seven cases of pneumothorax, 

five cases of hemothorax, nine cases of pelvic fracture, 

six cases of major vessel injury, six cases of gastric injury, 

five cases of duodenal injury, and 15 cases of colon injury. 

Finally, a total of 149 patients were enrolled in this study. 

These 149 patients were divided into two groups: 91 pa-

tients with SBI alone (SBI-A) and 58 patients with SBI 

Fig. 1. Exclusion criteria: patients whose cause of death was not SBI or LI (eight cases of stabbing, 11 cases of cerebral hemorrhage, seven cases of 
pneumothorax, five cases of hemothorax, nine cases of pelvic fracture, six cases of major vessel injury, six cases of stomach injury, five cases of duode-
nal injury, and 15 cases of colon injury). SBI-A: small bowel injury alone, SBI-LI: small bowel injury accompanied by liver injury.

Blunt small bowel injury (n=221)

Small bowel injury alone
(SBI-A) (n=91)

Small bowel injury with
liver injury (SBI-LI) (n=58)

Exclusion criteria (n=72):
- Stabbing (n=8)	 - Cerabral hemorrhage (n=11)
- Pneumothorax (n=7)	 - Hemothorax (n=5)
- Pelvic fracture (n=9)	 - Major vessel injury (n=6)
- Stomach injury (n=6)	 - Duodenal injury (n=5)
- Colon injury (n=15)
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accompanied by LI (SBI-LI) (Fig. 1). SBI and LI were di-

agnosed and classified by preoperative computed tomog-

raphy and operative findings. LI was classified according 

to the American Association for the Surgery of Trauma 

(AAST) liver trauma classification system.

Information on demographic, preoperative, and surgi-

cal outcome variables was collected from patients’ medi-

cal records. The demographic and preoperative variables 

included age, sex, underlying disease, trauma mecha-

nisms, Abbreviated Injury Scale (AIS), presence of initial 

hypotension (initial systolic blood pressure <90 mmHg), 

coexistence of LI, and grade of LI. The injury mechanisms 

were classified as follows: passenger traffic accidents (TAs), 

pedestrian TAs, falls, and others.

The surgical outcome variables included time to sur-

gery, operation time, the amount of RBCs transfused 

during the operation, small bowel perforation, and type of 

surgery. The time to surgery was defined as the time taken 

from presenting at the emergency room to beginning the 

operation. The types of surgery included primary repair, 

small bowel resection and anastomosis, and bleeding con-

trol. Length of intensive care unit (ICU) stay, length of 

hospital stay, morbidity, and mortality were investigated 

as outcome variables in this study. Morbidity was catego-

rized according to the Clavien-Dindo classification, and 

the mortality rate was defined based on in-hospital mor-

tality.

The primary endpoint of this study was the mortality 

rate of each group. The secondary endpoints were the 

length of ICU stay, the length of hospital stay, and mor-

bidity.

All continuous data were presented as mean±standard 

deviation, unless otherwise noted. The chi-square test 

or Fisher exact test was used for categorical or nominal 

variables. For continuous variables, the Student t-test was 

used. A p-value of <0.05 (two-tailed) was considered to 

indicate statistical significance. All statistical analyses were 

performed with SPSS version 19.0 for Windows (IBM 

Corp., Armonk, NY, USA).

RESULTS

The demographic and preoperative characteristics of each 

group are shown in Table 1. There were no statistically 

significant differences between the two groups, except in 

AIS scores, which were significantly higher in the SBI-

LI group than in the SBI-A group (22.4±4.1 vs. 14.3±5.7, 

p=0.041). The number of patients with AAST LI grades I, 

II, III, IV, and V were 19 (32.7%), 22 (37.9%), 15 (25.8%), 

2 (3.4%), 0 (0%), respectively.

Regarding the surgery-related variables, there was no 

Table 1. Demographics

SBI-A (n=91) SBI-LI (n=58) p-value

Age 49.2±8.2 47.5±9.1 0.149

Male 62 (68.1) 40 (69.0) 0.213

Underlying disease

Heart failure 2 (2.2) 1 (1.7) 0.241

Chronic renal failure 4 (4.4) 2 (3.4) 0.521

Liver cirrhosis 7 (7.7) 4 (6.9) 0.385

Chronic lung disease 2 (2.2) 0 (0.0) 0.249

Trauma mechanism

Passenger TA 30 (33.0) 16 (27.6) 0.218

Pedestrian TA 27 (29.7) 22 (37.9) 0.345

Fall 25 (27.5) 14 (24.1) 0.418

Others 9 (9.9) 6 (10.3) 0.311

AIS 14.3±5.7 22.4±4.1 0.041

Initial hypotension 23 (25.3) 19 (32.8) 0.069

Values are presented as mean±standard deviation or number (%).
SBI-A: small bowel injury alone, SBI-LI: small bowel injury accompanied by 
liver injury, TA: traffic accident, AIS: Abbreviated Injury Scale.

Table 2. Surgery related variables 

SBI-A (n=91) SBI-LI (n=58) p-value

Time to surgery (min) 175±21.4 140±18.1 0.271

Operation time (min) 371±32.8 415±30.7 0.061

RBC transfusion (pack) 3.53±0.1 8.38±0.7 0.035

Small bowel perforation 49 (53.8) 36 (62.1) 0.382

Operation

Primary repair 26 (28.6) 18 (31.0) 0.419

Small bowel R & A 71 (78.0) 40 (69.0) 0.390

Bleeding control 11 (12.1) 6 (10.3) 0.201

Values are presented as mean±standard deviation or number (%).
SBI-A: small bowel injury alone, SBI-LI: small bowel injury accompanied by 
liver injury, RBC: red blood cell, R & A: resection and anastomosis.
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significant difference between the groups, except in the 

amount of RBC transfusion. The SBI-LI group had sig-

nificantly more RBC packs transfused than the SBI-A 

group (8.38±0.7 vs. 3.53±0.1 packs, p=0.035; Table 2).

The only significant difference in the outcome vari-

ables between the two groups was found for the length 

of ICU stay, which was significantly longer in the SBI-

LI group than in the SBI-A group (6.7±0.2 vs. 11.1±0.5 

days, p=0.047; Table 3). The mortality rate of the SBI-LI 

group was higher than that of the SBI-A group (22.4% vs. 

14.3%), but this difference was not statistically significant 

(p=0.061; Table 3).

DISCUSSION

The small bowel, which occupies the widest space of the 

hollow viscus, is the most frequently injured organ in hol-

low viscus injuries [4]. Several scenarios may lead to an 

SBI with abdominal blunt trauma. First, a shearing force 

can easily be applied due to acceleration and deceleration 

in fixed areas, such as the ligament of Treitz, the ileocecal 

valve, or mesenteric vessels. Second, compression between 

the abdominal wall and the vertebral column may crush 

the small bowel. Third, a sudden increase in the intra-

luminal pressure in the small bowel during abdominal 

blunt trauma may cause a bursting injury [2,7-9].

With the increasing frequency of TAs, abdominal blunt 

trauma caused by motor vehicle accidents has come to ac-

count for the majority of small bowel perforations [2]. In 

our study, approximately 64% of traumatic small bowel 

injuries were caused by TAs, followed by falls (26%), and 

other causes (10%).

In the current study, the most frequent injury mecha-

nism was passenger TAs in the SBI-A group, but pedestri-

an TAs in the SBI-LI group. SBI can be frequently caused 

by seat-belt injury [10], while LI can be easily caused by 

direct blunt trauma.

We investigated several prognostic factors, such as AIS 

scores, the initial hemodynamic status, time between the 

accident and surgery, operation time, amount of trans-

fusion, and small bowel perforation. Higher AIS scores 

indicate multiple, severe trauma, which may be associated 

with more blood transfusions during the operation, a lon-

ger ICU stay, and higher morbidity rates [11,12]. The cur-

rent study showed higher AIS, higher amounts of RBCs 

transfused, and longer ICU stays in the SBI-LI group than 

in the SBI-A group, which is a reasonable result. Regard-

ing mortality, no significant difference was found. How-

ever, a study using a larger number of patients may show 

a significant difference between groups in this regard.

Initial hypotension is a known significant prognostic 

factor of blunt trauma [13,14]. However, its effect in this 

study was inconclusive, as no significant between-group 

difference was noted.

In SBI, surgical delay is known to be a poor prognostic 

factor [15]. However, it was difficult to elucidate the effect 

of surgical delay because the results of this study showed 

no significant difference between the two groups.

Although operation time is considered a prognostic fac-

tor for mortality, little research has been published on this 

matter. In our study, we investigated operation time as a 

possible factor related to mortality and morbidity. It was 

nearly identical in both groups, possibly because there 

were no cases of high-grade LI, and liver-related treat-

ments were therefore almost never required.

There are several surgical techniques for traumatic 

bowel injury, and the preferred method has changed over 

the years. In the 1940s, stoma construction was preferred 

for traumatic bowel injury, but primary repair is now 

the preferred method [16]. In our study, resection of the 

injured bowel was the most frequently performed sur-

gical procedure. In cases of bowel perforation or severe 

damage, primary repair alone may cause complications 

or require re-operation, which is why bowel resection was 

Table 3. Treatment results

SBI-A (n=91) SBI-LI (n=58) p-value

ICU stay (day) 6.7±0.2 11.1±0.5 0.047

Hospital stay (day) 26.9±1.5 33.5±2.7 0.092

Morbidity

1, 2, 3 90 (98.9) 51 (87.9) 0.215

4, 5 24 (26.4) 27 (46.6) 0.031

Mortality 13 (14.3) 13 (22.4) 0.061

Values are presented as mean±standard deviation or number (%).
SBI-A: small bowel injury alone, SBI-LI: small bowel injury accompanied by 
liver injury, ICU: intensive care unit.
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mainly performed.

In patients with traumatic bowel injury, LI can cause 

massive bleeding. Some research has investigated the 

transfusion amount as a prognostic factor in cases of trau-

ma. Mostafa et al. [17] suggested that the Injury Severity 

Score, Glasgow Coma Scale, and packed-cell transfusion 

volume were independent predictors of mortality. We 

found that the SBI-LI group had significantly more RBCs 

transfused than the SBI-A group, which may have been 

the result of LI bleeding or other injuries associated with a 

higher AIS score. This may have affected the difference in 

morbidity between the two groups, but not the mortality.

The affected organ, such as the small bowel or colon, 

is related to the degree of peritoneal contamination and 

the specific risk of surgical intervention [2]. Furthermore, 

intraperitoneal contamination following bowel perfora-

tion can be an important prognostic factor. However, as 

this study was a retrospective study, we only investigated 

the presence of small bowel perforation and not the range 

and grade of contamination.

There are three limitations of this study. First, this study 

was limited by its retrospective design. In particular, we 

could not determine the effect of small bowel perforation 

because it was not possible to analyze the grade of con-

tamination caused by bowel perforation. Second, it was 

difficult to investigate the true effect of LI because there 

were not many high-grade LI cases. If more cases of high-

grade LI had been included, the results of this study may 

have been different. Third, this study was performed us-

ing data collected from a general hospital and not trauma 

centers; if data from trauma centers had been analyzed, 

the patient characteristics, treatments, and study results 

may have differed.

CONCLUSION

The SBI-LI group required more RBC transfusions and 

had longer ICU stays than the SBI-A group. The SBI-LI 

group had a higher mortality rate than the SBI-A group, 

although this difference was not statistically significant; 

thus, larger-scale follow-up research is needed.
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