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Abstract: To summarize characteristics of delayed intestinal necrosis following blunt abdominal trauma seen in 
the past 10 years, to improve diagnostic accuracy and curative effects. We retrospectively analyzed clinical data 
from patients with delayed intestinal necrosis following blunt abdominal trauma, who were admitted to Shanghai 
Changhai Hospital affiliated with Second Military Medical University, China, between January 2004 and December 
2014. All cases of intestinal necrosis were diagnosed surgically and pathologically. Clinical records from 19 delayed 
intestinal necrosis cases (1.82%) out of a total of 1043 patients with blunt abdominal trauma were reviewed. Inju-
ries comprised 11 jejunum, 10 ileum and 5 colon injuries and the average length of intestinal injuries was 26.47 ± 
34.26 cm. Eight patients had grade I or II surgical complications, and three patients developed abdominal bleeding 
and anastomotic leakage, which were treated by conservative or surgical management. Three patients developed 
severe intraperitoneal sepsis and died within one month after surgery. All patients with severe blunt abdominal 
trauma should be followed closely with repeated physical examinations to detect any signs of peritonitis. Tests for 
plasma fatty acid binding protein (FABP) levels, serial abdominal CT scans and timely exploratory laparotomy should 
be performed if necessary.
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Introduction

Trauma is a leading cause of death and disabil-
ity in developing countries and it is the most 
common cause of death in people under the 
age of 45 years [1]. The World Health 
Organization estimates that, by 2020, trauma 
will be the worldwide leading cause of lost pro-
ductive years. The abdomen is one of the most 
commonly injured areas, with abdominal trau-
ma requiring surgery in about 25% of all cases, 
and trauma characterized as blunt trauma in 
85% of cases [2]. Blunt abdominal trauma 
remains a challenging problem, causing signifi-
cant morbidity and mortality despite improve-
ments in diagnosis and clinical management. 
Delayed treatment of intestinal necrosis is a 
main concern after blunt abdominal trauma, 
with various symptom manifestations that 

often leads to a faulty diagnosis and treatment 
plan. Here, we review our experience with cases 
of abdominal trauma over the past 10 years to 
better understand the clinical manifestations 
of abdominal trauma, the causes of delayed 
intestinal injuries following blunt abdominal 
trauma and the best methods for accurate and 
timely diagnosis to guide clinical management 
of delayed intestinal necrosis. 

Material and methods

Patients

Written informed consent was obtained from 
patients for publication of their individual infor-
mation and accompanying images in this manu-
script. The consent form is held by the authors’ 
institution and is available for review by the 
Editor-in-Chief.
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Patients were eligible for inclusion in our review 
if they had delayed intestinal injuries that had 
not been diagnosed or surgically treated within 
72 hours after blunt abdominal trauma. 
Patients with central nervous system diseases 
were excluded. All patients were treated at 
Shanghai Changhai Hospital between January 
2004 and December 2014. The Shanghai 
Changhai Hospital is affiliated with Second 
Military Medical University, China, a tertiary 
care teaching hospital with more than 2,400 
beds, which serves over 55,000 inpatients, 
2,100,000 outpatients and 400,000 emergen-
cy cases each year. All data were collected ret-
rospectively with appropriate consent from 
patients involved in the study.

Diagnosis

All patients with blunt abdominal trauma under-
went careful physical examination, laboratory 
examination (including complete blood count, 
biochemical profile, plasma concentration of 
fatty acid binding protein (FABP) tests and uri-
nalysis) and focused abdominal ultrasonogra-
phy (US). Erect abdominal radiography and 
computed tomographic (CT) scans were per-
formed if the diagnosis was not confirmed or  
if intestinal perforation was suspected. Dia- 
gnostic abdominal paracentesis or peritoneal 
lavage was performed if necessary. 

Treatment 

Patients with heteropathy fasted before labora-
tory tests during the observation period. 
Emergency surgery was performed if intestinal 
injuries or peritonitis was confirmed.

Results

Patients

Between January 2004 and December 2014, 
the clinical records of 19 patients with delayed 
intestinal necrosis (1.82%) out of a total of 
1043 patients with blunt abdominal trauma 
were reviewed. These patients comprised 13 
men and 6 women with a mean age of 52.89 ± 
11.03 years (range, 33-74 years).

Mechanism of injury 

The mechanisms of the blunt abdominal trau-
ma included crush injuries in six patients (five 

of whom were injured by structural collapse 
while one patient was injured in a stampede), 
vehicle accidents in six patients, high fall inju-
ries in four patients (three patients fell from 
scaffolds at construction sites while one patient 
fell down a flight of stairs), impact injuries in 
three patients (two patients were struck in 
abdomen by blunt tools while working, and one 
patient was hit in the abdomen by a hammer 
during a fight).

Anatomic distribution of injuries

Injuries comprised 11 jejunum, 10 ileum and 
five colon injuries in the 19 patients and the 
average length of intestinal injuries was 26.47 
± 34.26 cm (range, 2-150 cm; 4 patients had 
only small intestinal or colon perforation). In our 
study, the largest amount of intestinal ischemic 
necrosis was over 150 cm (Figure 1).

Time between blunt abdominal trauma and 
confirmation diagnosis of intestinal injuries 

All the patients were diagnosed with intestinal 
injuries more than 72 hours after blunt abdomi-
nal trauma. The average time to confirmed 
diagnosis of intestinal injuries and surgical 
treatment following blunt abdominal trauma 
was 161.89 ± 66.52 hours (range, 96-336 
hours).

Clinical manifestation and physical examina-
tion 

Mild to moderate abdominal pain was the first 
symptom in all patients, and abdominal disten-
tion was the most common clinical finding (in 
19/19 patients), which increased with progres-
sion of injuries. The symptoms of peritonitis 
including tenderness, rigidity and fever in 
11/19 patients immediately before surgery, 
and these symptoms were not present in any 
patients at the time of admission. Other diges-
tive symptoms including nausea, vomiting, diar-
rhea and melena were only seen in less than 
half of patients (42.11%, 26.32%, 21.05% and 
21.05%, respectively). 

Diagnostic examinations

Plasma concentration of fatty acid binding pro-
tein (FABP) gradually increased in 14/19 
patients, and the values varied greatly in differ-
ent patients. White blood cell counts were 
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found to increase during intestinal necrosis, 
but this was not a sensitive indicator in predict-
ing intestinal necrosis and could be confound-
ed by multiple associated injuries. Other labo-
ratory tests were not helpful in prediction of 
intestinal necrosis. Diagnostic abdominal para-
centesis or peritoneal lavage was performed in 
seven patients, and the results were positive 
for only two patients.

All patients underwent focused abdominal 
ultrasonography (US) at least two times (range, 
2-5 times), and seroperitoneum was found in 
six patients; this was diagnosed as an alimen-
tary tract injury in these patients. Erect abdomi-
nal plain radiographs were performed on 15 
patients and only 2 (13.33%) were found to 

have pneumoperitoneum. A total of nine 
patients underwent CT scans on the first hospi-
tal day but no abnormalities were found. Later 
CT scans were performed in 16 patients and 
13 (81.25%) were found to have abdominal free 
gas, abdominal effusion, abdominal abscess or 
omentum edema caused by inflammation. 
Diagnostic laparoscopic exploration was per-
formed in 2 patients, both of whom were found 
to have intestinal necrosis. 

Surgical management

All the patients underwent emergency surgery 
when diagnosis of alimentary tract injuries or 
peritonitis was confirmed. The surgeries includ-
ed resection of necrotic intestine, removal of 

Figure 1. A 40-year-old male patient presented at our hospital after a vehicle accident and complained of abdominal 
pain during his first visit to the emergency department. The first abdominal computed tomography (CT) scan was 
performed four hours after blunt abdominal trauma, but there were no positive findings. The patient had heteropa-
thy and was discharged after five days of observation; he had no fever and was tolerating a regular diet at the time 
of discharge. The patient returned to our hospital 12 days after discharge (17 days post-trauma), complaining of ab-
dominal pain and severe distention with vomiting and symptoms of intestinal obstruction. A. CT scan before surgery 
showed signs of severe intestinal obstruction. B. During the operation, we found the range of intestinal ischemic 
necrosis reached over 150 cm. C, D. Large necrotic lesions along with macrophage infiltration were observed in the 
intestinal mucosa and collagen fiber hyperplasia was present on submucosal membrane. (×200 magnification).
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necrotic tissue and peritoneal lavage and drain-
age. Patients with intestinal injuries underwent 
primary anastomosis, and patients with colon 
injuries underwent ileostomy or colostomy. 

Complications and mortality

An uncomplicated postoperative course was 
only experienced by 5 patients (26.32%). A total 
of 8 patients (42.11%) had grade I or II surgical 
complications post-operation (according to the 
Clavien-Dindo Classification of Surgical Com- 
plications) including incision infection, pleural/
peritoneal effusion, pneumonia, catheter-relat-
ed infection or stomal bleeding (accompanied 
by severe liver cirrhosis) and were treated by 
conservative management.

Abdominal bleeding occurred in one patient 
and was confirmed as a small mesenteric 
artery hemorrhage during a second surgery. 
Two patients developed anastomotic leakage; 
one patient’s leakage was resolved by percuta-
neous drainage, but the other underwent a sec-
ond operation to remove the former intestinal 
anastomosis, proximal intestinal colostomy 
and close the distal small intestine enterosto-
my after percutaneous drainage. One patient 
developed whole intestinal necrosis caused by 
superior mesenteric artery embolism after the 
first operation, and died of a severe fungal 
infection on the 17th day after excision of the 
whole small intestine in a second operation. 
Two patients developed severe sepsis and died 
within 72 hours after surgery.

Discussion

While perforating intestinal tract injuries are 
often associated with penetrating abdominal 
trauma, the incidence of intestinal injury was 
less than 1% in all blunt abdominal trauma 
patients. However, delayed intestinal necrosis 
often resulted in devastating complications. 
Since Samuel Annan reported the first case of 
intestinal injury secondary to blunt trauma in 
1837, few publications on this subject exist in 
the literature and most of them are case reports 
[1-3]. We reviewed the clinical characteristics of 
delayed intestinal necrosis following blunt 
abdominal trauma over the past 10 years and 
aimed to improve the medical diagnostic accu-
racy and efficiency of treatments.

Some authors have argued that these injuries 
should be called “intestinal perforation with a 

delayed diagnosis”; however, no direct injury 
mechanisms [4] could explain the patients in 
whom intestinal perforation occurred many 
days after blunt abdominal trauma. There are 
various pathophysiological mechanisms res- 
ponsible for delayed intestinal injuries after 
blunt abdominal trauma. Gong et al. [5] sug-
gested that intestinal necrosis diagnosed 
12-22 days after abdominal trauma in three 
patients may have been strongly associated 
with mental stress from the trauma. Mesenteric 
injuries have been proposed as the most com-
mon cause of delayed intestinal necrosis after 
blunt abdominal trauma [3, 6]. Shilyansky et al. 
[7] reported that mesenteric injuries occurred 
at almost three times the rates of other intesti-
nal injuries. Traumatic mesenteric injuries are 
potentially severe complications of blunt 
abdominal trauma, which could cause life 
threatening hemorrhage from disruption of 
mesenteric vessels or/and fatal peritonitis from 
intestinal ischemic necrosis. Moreover, some 
authors described stenotic segments of intes-
tine adjacent to mesenteric tears, which could 
induce delayed intestinal necrosis. Chatzis et 
al. [8] proposed that an impaired blood supply 
that results in mucosa ischemic ulceration and 
healing by fibrosis or cicatricial stenosis may 
compromise blood flow to this intestinal seg-
ment. In our study, the largest range of intesti-
nal ischemic necrosis was over 150 cm, which 
may be caused by mesenteric vessel injury or 
mesenteric hematoma after blunt abdominal 
trauma.

Delayed treatment of intestinal necrosis is a 
main concern in blunt abdominal trauma 
patients, because this type of injury remains 
difficult to diagnose in a timely manner [1, 2, 9]. 
In most cases, none or only subtle physical find-
ings of intestinal injury could be detected dur-
ing the initial clinical examinations, and the 
classic clinical trial of intestinal injuries-weak-
ened bowel sounds, abdominal tenderness and 
rigidity-was absent in nearly two-thirds of 
patients [10]. Our research lends further sup-
port to these views and finds that abdominal 
distention is the most common finding at the 
onset of intestinal necrosis and should be 
noted with care during the observation period. 
Although diagnostic abdominal paracentesis 
and peritoneal lavage were valuable and effec-
tive in detecting hemorrhage after blunt abdom-
inal trauma, both examinations were of relative-
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ly limited use in patients with delayed intestinal 
necrosis [11]. Because intestinal seroperitone-
um was difficult to identify by diagnostic 
abdominal paracentesis, the accuracy of peri-
toneal lavage also had low and false-positive 
lavage results, which may lead to nontherapeu-
tic laparotomy rates of 6% to 25% and associ-
ated morbidity [12]. Therefore, we do not  
suggest performing diagnostic abdominal par- 
acentesis or peritoneal lavage in patients in the 
absence of a definitively positive finding by 
ultrasound or CT examination.

The use of CT scans to diagnose intestinal inju-
ries following blunt abdominal trauma still 
remains controversial. In previous studies, 
most authors have discouraged the use of CT 
scans to diagnose intestinal injuries because 
CT scans may not specifically recognize this 
kind of injury [13]. However, with progress in 
imaging techniques, CT scans have been 
shown to be the most sensitive and accurate 
method for detecting intestinal and mesenteric 
injuries caused by blunt abdominal trauma and 
they have been found to be useful in guiding 
surgical or conservative medical management 
[14]. An optimal CT technique is essential for 
the diagnosis of many subtle traumatic intesti-
nal injuries. In our studies, the detection rate 
by eventual CT scans was higher than that in 
other examinations; we therefore recommend 
that when possible, CT scans should be used 
with intravenous contrast to improve yield and 
they should be performed repeatedly to 
improve diagnostic accuracy. According to our 
results, we suggest that FABP, which was 
released by epithelial cells of the intestinal 
mucosa into the circulation after mucosal dam-
age, could serve as a specific marker of intesti-
nal damage [15]. FABP could be deemed to be 
a routine test marker for patients with severe 
trauma, which would aid in early abdominal 
exploration and facilitate early diagnosis of 
intestinal necrosis after blunt abdominal 
trauma.

It is essential to be aware of delayed intestinal 
necrosis after blunt abdominal trauma and the 
limitations of current diagnostic techniques. 
Diagnostic challenges resulting in delayed sur-
gical treatment can eventually increase mor-
bidity and mortality. All patients with severe 
blunt abdominal trauma should be followed 
closely using repeated physical examinations, 

plasma concentration of FABP tests and serial 
abdominal CT scans if necessary, to detect any 
signs of delayed intestinal necrosis. 
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