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Abstract

AIM: To investigate the features of abdominal crush in-
juries resulting from an earthquake using multidetector
computed tomography (MDCT).

METHODS: Fifty-one survivors with abdominal crush
injuries due to the 2008 Sichuan earthquake underwent
emergency non-enhanced scans with 16-row MDCT.
Data were reviewed focusing on anatomic regions in-
cluding lumbar vertebrae, abdominal wall soft tissue,
retroperitoneum and intraperitoneal space; and types
of traumatic lesions.

RESULTS: Fractures of lumbar vertebrae and abdomi-
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nal wall soft tissue injuries were more common than
retro- and intraperitoneal injuries (P < 0.05). With
regard to the 49 lumbar vertebral fractures in 24 pa-
tients, these occurred predominantly in the transverse
process (P < 0.05), and 66.67% of patients (16/24)
had fractures of multiple vertebrae, predominantly
two vertebrae in 62.5% of patients (10/16), mainly in
L1-3 vertebrae in 81.63% of the vertebrae (40/49).
Retroperitoneal injuries occurred more frequently than
intraperitoneal injuries (P < 0.05), and renal and liver
injuries were most often seen in the retroperitoneum
and in the intraperitoneal space, respectively (all P <
0.05).

CONCLUSION: Transverse process fractures in two
vertebrae among L1-3 vertebrae, injury of abdominal
wall soft tissue, and renal injury might be features of
earthquake-related crush abdominal injury.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

An earthquake that registered 8.0 on the Richter scale
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devastated the mountainous region of Sichuan in China
at 2:28 pm Beijing time on May 12, 2008, and the epi-
focus was located at Wenchuan County in the Sichuan
Province of China. The widespread effect of the earth-
quake destroyed a significant number of schools, facto-
ries, apartments, office areas, and villages. The schools,
factories and villages were more vulnerable compared
with the other styles of buildings. Due to the high-force
impacts of building collapse or falling objects in this
earthquake, 374643 people were injured with 69227
killed and 17923 missing, In view of the massive morbid-
ity arising from this event, an undamaged key university
hospital 92 kilometers away from the epicenter, equipped
with 4300 beds, working as the largest-scale urgent care
center in the earthquake-affected areas, received the larg-
est number of injured people, and treated a total of 2728
cases over a period of 15 d. Of these patients, 2.05%
(56/2728) had sustained abdominal injury associated
with crush injury. Missed abdominal injury or delayed
treatment frequently results in preventable mortality, but
prompt localization of abdominal injuries in trauma pa-
tients can improve the efficacy of injury management“’z].

To localize suspected blunt abdominal injury, ultra-
sound is used as an initial tool in most European and
Asian-Pacific countries”. However, ultrasonography is
not sensitive in detecting hollow organ and retroperito-
neal injury”. Computed tomography (CT) scanning of
the abdomen can overcome the limitation of ultraso-
nography, and is currently considered the gold standard
for detecting intra- and retroperitoneal lesions in trauma
patients[sfsl. To our knowledge, the features of abdominal
crush injuries on CT due to massive earthquake damage
have not been reported in the literature, although some
relevant publications regarding crush injuries in other an-
atomic regions have been reportedww. Thus, our aim was
to retrospectively investigate the features of abdominal
crush injuries resulting from this earthquake using emer-
gency multidetector CT (MDCT) for better understand-
ing and treatment planning of abdominal crush trauma
survivors in similar future earthquakes.

MATERIALS AND METHODS

Patients
The local institutional ethic review board approved the
present study, and patient informed consent was waived.
Patients entered our study according to the following in-
clusion criteria: (1) victims had abdominal crush injuries
in combination with or without injuries in other systems
such as the thorax and pelvis; (2) clinical suggested ab-
dominal injuries were initially confirmed by CT; and (3)
the etiology of abdominal injuries was crush injury in the
2008 Sichuan earthquake on the basis of the history and
the findings of rescue. Patients with abdominal injuries
were excluded from the present study if the etiology of
the injuries was jumping or accidental falling from build-
ings based on the history of injury.

Between May 12 and May 26, 2008, fifty-one con-
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secutive survivors (22 men and 29 women; mean age,
41.92 years; age range, 7-86 years) with abdominal crush
injuries resulting from the 2008 Sichuan earthquake, who
were admitted into this university hospital and met the
inclusion criteria, were enrolled in the present study. In
the cohort, 49 patients with abdominal crush injuries in
combination with crush injuries in one or more other an-
atomic regions including the thorax, pelvis, extremity and
neck were confirmed by MDCT scans in 39, 40, 11 and
4 patients, respectively. In addition, 36 patients including
27 patients with retro- or intraperitoneal visceral injuries
had acute renal failure confirmed by the measurement
of myoglobin in blood and urine shortly after the CT
scans. In order to timely detect the injuries for appropti-
ate emergency treatments in a great number of injured
patients, two of five MDCT scanners in the university
hospital were utilized to image the abdominal injuries as
soon as possible. The mean time from injury to imaging
was 5.4 d with a range of 6 h to 14 d. In patients who
waited a long time from injury to rescue, few dangerously
il patients survived before being conveyed to the uni-
versity hospital to receive effective treatments, although
some had received antibiotics in the field hospital to pre-
vent infection in the disaster areas. Based on the image
findings and clinical data, 37 patients with retro- or intra-
peritoneal visceral injuries, fracture of lumber vertebra,
or severe injury of abdominal wall soft tissue underwent
surgery, and the remaining victims received conservative
treatment. Owing to appropriate treatments, 49 patients
were cutred, and 2 patients died of fatal crush injury.

CT

Thirty-eight and thirteen victims with abdominal crush
injuries underwent CT scanning with a Philips Brilliance
16-row MDCT (Philips Healthcare, Eindhoven, the
Netherlands) and a Siemens Somatom Sensation 16-row
MDCT (Siemens Medical Systems, Forchheim, Ger-
many), respectively. An emergency abdominal CT' scan
without intravenous contrast material was obtained as
soon as possible from the right diaphragmatic dome to
the pelvic basement. Because we suspected all victims to
have abdominal injuries in combination with acute renal
failure due to the massive earthquake, the patients did
not undergo contrast-enhanced abdominal CT scans in
the earthquake situation. The following scanning param-
eters were used for both scanners to image the injuries:
120 kV, 250 mAs, 0.5-s gantry rotation time, pitch of
0.85, collimation of 16 mm X 0.75 mm, 5-mm recon-
structed section thickness, 380-mm field of view, and
matrix of 512 mm X 512 mm. When fractures of the
lumbar vertebrae were found, the reconstructed section
thickness was 1 mm.

Image data analysis

Image data were transferred to a picture archiving com-
munication system (Syngo-Imaging, Siemens Medical So-
lutions, Forchheim, Germany). Data were retrospectively
analyzed by an experienced radiological Associate Profes-
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sor (the first author, who had 12 years of experience in
radiology) and one expetienced radiologist (the third au-
thor with 11 years of experience in radiology) working in
consensus with emphasis on trauma in anatomic regions
including the retroperitoneum, intraperitoneal space,
lumbar vertebrae, and abdominal wall soft tissue. Because
of lumbar vertebral fractures related to pathological
changes in abdominal wall soft tissue, the fractures were
reviewed in detail by multiplanar reconstruction with a
slab of 5-7 mm and three-dimensional reconstruction.
In order to better understand overall types of abdominal
injuries, traumatic lesions in parenchymal organs together
with peritoneal pathological changes (seroperitoneum
and pneumoperitoneum) and injuries of abdominal aorta
were reviewed.

Statistical analysis

Statistical analysis was performed with the SPSS statistical
package (version 13.0 for Windows, SPSS Inc., Chicago,
1L, USA). We compared incidences of lumbar vertebrae
and abdominal wall soft tissue crush injuries with those
of retro- and intraperitoneal visceral crush injuries using
the Chi-square test. If significant differences were found,
comparisons in incidences between fractures of lumbar
vertebrae and abdominal wall soft tissue injuries, or be-
tween retro- and intraperitoneal injuries were performed
using similar tests. Additionally, comparisons between
incidences of renal and perirenal injuries and incidences
of other organ injuries in the retroperitoneal space, or
between incidences of liver injuries and incidences of
other organ injuries in the intraperitoneal region were
also performed using these tests. A P-value of less than
0.05 was considered significant.

RESULTS

Predominant anatomic distributions of abdominal crush
injuries

In this cohort, lumbar vertebrae or abdominal wall soft
tissue injuries occurred in 33.33% (17/51) of victims; ret-
ro- or intrapetitoneal injuries occutred in 11.76% (6/51)
of victims; and both lumbar vertebrae or abdominal wall
soft tissue injuries and retro- or intraperitoneal injuries
occurred in 54.91% (28/51) of victims. Lumbar vertebrae
or abdominal wall soft tissue injuries were more common
than retro- or intraperitoneal injuries (P = 0.017).

Injuries of lumbar vertebrae appeared as fractures.
Fractures of lumbar vertebrae, injuries of abdominal wall
soft tissue, and both fractures of lumbar vertebrae and
injuries of abdominal wall soft tissue occurred in 33.33%
(17/51), 41.18% (21/51) and 11.76% (7/51) of patients,
respectively. No statistical differences were found be-
tween fractures of lumbar vertebrae and injuries of ab-
dominal wall soft tissue (P = 0.484).

In this cohort, patients with retro- or intraperitoneal
injuries were composed of retroperitoneal injuries in

35.29% (18/51), intraperitoneal injuries in 9.8% (5/51),
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Table 1 Cases of crush lumbar vertebral fractures according

to the involved anatomic sites of vertebrae (7 = 24) n (%)

Cases of lumbar
vertebral fractures

Anatomic sites of vertebrae involved

Transverse process 15 (62.5)
The body 1(4.17)
Transverse process + the body 4 (16.67)
Transverse process + spinous process 1(4.17)
Transverse process + the body + spinous process 1(4.17)
Transverse process + the body + vertebral plate 1(4.17)

Figure 1 In a 41-year-old woman with crush fractures of the transverse
process of lumbar vertebrae, the fractures were in combination with a
right perirenal hematoma (arrow) and swelling of bilateral psoas muscles
(arrowheads).

and both retro- and intraperitoneal injuries in 21.57%
(11/51). Retroperitoneal injuries wete more common
than intraperitoneal injuries (P = 0.008).

Lumbar vertebrae fractures vs injuries of abdominal wall
soft tissue

Lumbar vertebral crush fractures were detected in a total
of 49 vertebrae in 47.06% (24/51) of patients. The frac-
tures occurred in the transverse process (Figure 1), the
body, spinous process or vertebral plate of lumber verte-
brae. These crush fractures are listed in Table 1. Factures
of the transverse process were more common than those
of any other anatomic sites of a lumber vertebra (P <
0.001).

In this cohort, the mean number of lumbar vertebrae
involved per patient with lumbar vertebral crush fractures
was 2 vertebrae with the peak prevalence between 1 and
2 of the number affected which ranged from 1 to 5. The
cohort was composed of 33.33% of patients (8/24) with
fractures of single vertebra and 66.67% (16/24) with
fractures of multiple vertebrae. Multiple fractures oc-
curred in two vertebrae in 62.5% of patients (10/16) and
in more than two vertebrae in 37.5% (6/16) of patients.

According to the lumbar levels involved, the fractures
occurred in L1 vertebra in 26.53% (13/49) of verte-
brae, in L2 vertebra in 34.69% (17/49), in L3 vertebra in
20.41% (10/49), in L4 vertebra in 12.24% (6/49), and in
L5 vertebra in 6.12% (3/49).
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Table 2 Cases of crush retroperitoneal injuries according to

the viscera involved and types of lesions (7 = 14) n (%)

Cases of crush
retroperitoneal injuries

Retroperitoneal injuries

Renal and perirenal injuries

Perirenal hematoma 4 (28.57)

Subcapsular hematoma 1(7.14)

Fluid collection in perirenal space 2 (14.29)

Air collection in perirenal space 1(7.14)

Hemorrhage of renal cyst 1(7.14)
Pancreatic injury

Traumatic pancreatitis 2 (14.29)

Pancreatic rupture with hematoma 1(7.14)
Renal injuries + pancreatic injury

Renal contusion + pancreatic contusion 1(7.14)
Renal injuries + injury of abdominal aorta

Rupture of abdominal aortic aneurysm + 1(7.14)

perirenal hematoma

Table 3 Cases of crush intraperitoneal injuries according to

the viscera involved and types of lesions (7 = 9) n (%)

Cases of crush
intraperitoneal injuries

Intraperitoneal injuries

Liver injuries

Hepatorrhexis 3(33.33)

Hepatorrhexis with hematoma 3(33.33)

Hepatorrhexis with subcapsular hematoma 1(11.11)
Splenic rupture

With hematoma 1(11.11)

With subcapsular hematoma 1(11.11)

With regard to injuries of abdominal wall soft tissue,
these occurred in a total of 28 patients. Intramuscular he-
matoma, muscular swelling or fatty edema were detected
in 64.29% of patients (18/28), and 35.71% of patients
(10/28) had both subcutaneous air collection and swell-
ing of abdominal wall soft tissue. According to the ana-
tomic regions involved, injuries of abdominal wall soft
tissue occurred in the anterior abdominal wall in 10.71%
of patients (3/28), in the postetior abdominal wall in
14.29% (4/28), in the flank abdominal wall in 24.43%
(6/28), in both the antetior and postetior abdominal wall
in 14.29% (4/28), in the flank and anterior abdominal
wall in 10.71% (3/28), in the flank and posterior abdomi-
nal wall in 10.71% (3/28), and in the flank and anterior
and postetior abdominal wall in 17.86% (5/28).

Retro- vs intraperitoneal injuries

In this cohort, 29 patients had retroperitoneal injuries.
The injuries were composed of renal or perirenal inju-
ries (Figure 1), traumatic pancreatitis or pancreatic injury
(Figure 2), rupture of abdominal aortic aneurysm, fluid
collection in perirenal space and air collection in the pos-
terior perirenal space in a total of 14 patients, and the
remaining patients had swelling of perirenal fascia. The
detailed results are listed in Table 2. Renal or perirenal
injuries were more often seen than injuries of the other
organs in the retroperitoneal space (P < 0.001).
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Figure 2 Computed tomography scan obtained at the level of the renal
hilum in a 13-year-old girl with crush abdominal injuries demonstrates
pancreatic rupture (arrow) and hepatorrhexis (arrowhead) with hematoma.

As for intraperitoneal injuries, 16 patients had intra-
peritoneal injuries. Intraperitoneal parenchymal injuries
were composed of liver injuries (Figure 2) and splenic
injuries with or without seroperitoneum and pneumo-
peritoneum in a total of 9 patients, and the remaining
patients were composed of seroperitoneum in 5 patients
and pneumoperitoneum in 2 patients. Detailed cases of
these results are listed in Table 3. Liver injuries were more
often seen than splenic injuries (P < 0.001).

Additionally, parenchymal polytraumatism (Figure 2)
associated with the earthquake was found in 7.84% (4/51)
of patients including injury in bilateral kidneys, in unilat-
eral kidney and liver, in liver and pancreas, and in unilat-
eral kidney and liver and pancreas each in 1 patient.

DISCUSSION

During the past 20 years, natural disasters have claimed
Pl With respect
to loss of life, an earthquake is the most harmful disas-
ter among all types of natural disasters'"!. In the 2008
Sichuan earthquake, 374643 people were injured. Based
on the patients presenting in the university hospital, ab-
dominal crush injuries were one type of injury which
occurred in 2.05% (56 of 2728), which was higher than
the morbidity (1%) in the 2005 Kashmir earthquake"”.
Based on the largest number of injured people treated in
the hospital in the earthquake-affected area, we proposed
that the CT features of abdominal crush injuries might
be helpful in better understanding and treatment plan-
ning of survivors with abdominal crush injuries in similar
future earthquakes.

As an emergency imaging tool for diagnosing ab-
dominal crush injuries, MDCT helps to image the injuries
as soon as possible in a great number of injured patients
due to an increased speed of image acquisition, and sig-
nificantly reduces the time requirements for initial diag-
nostic evaluation"”. We, therefore, focused on the emet-
gency assessment of abdominal injuries using 16-row
MDCT scanners in this earthquake setting. Because of
the suspicion of acute renal failure associated with crush

more than three million lives worldwide'
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syndrome in the massive earthquake, use of iodinated
contrast might presumably potentiate the development
of renal failure in some patients, and the emergency CT
scans of the abdomen were performed without intrave-
nous contrast material.

Clinically, we found that fractures of lumbat vertebrae
and injury of abdominal wall soft tissue were more often
seen than retro- and intraperitoneal injuries, which may
be explained by the fact that some victims with retro-
and intraperitoneal injuries may have died before a rescue
could be carried out, whereas most victims with fractures
of lumbar vertebrae or injury of abdominal wall soft tis-
sue survived long enough to be transported to the hospi-
tal to receive effective treatments.

Additionally, we found that retroperitoneal injuries
were more common than intraperitoneal injuries. Ac-
cording to Chen ef al'" most victims fell down and were
trapped in the prone position when the earthquake oc-
curred, and the high-force impacts of collapsed build-
ings and falling objects frequently struck the lower back,
which eventually results in a high frequency of retroperi-
toneal injuries.

With regard to fractures of lumbar vertebrae, frac-
tures of multiple vertebrae were more often seen than
fractures of single vertebra, and occurred most frequent-
ly in two vertebrae. Regarding the involved anatomic sites
of a vertebra, fractures of the transverse process were
more common than those of the body, spinous process
and vertebral plate. Based on the vertebral levels involved,
LL1-3 fractures were more common in patients with crush
fractures of lumbar vertebrae, which was consistent with
a previous report”,

As for retroperitoneal parenchymal injuries in the mas-
sive earthquake, renal and perirenal injuries were more
often seen than injuries to other organs in the retroperi-
toneal space. According to Sever ¢ al'?, the renal victims
were of vital importance since they could predict the fi-
nal outcome as well as be directive for medical therapies.
We presumed that the CT findings could help us to better
understand renal injuries from the earthquake for effec-
tive treatments to improve therapeutic outcome.

As for intraperitoneal parenchymal injuries arising
from this earthquake, they were composed of liver and
splenic injuries. Liver injuries were more often seen than
injuries of any other parenchymal viscera. In addition,
seroperitoneum occurred frequently in patients with ab-
dominal crush injury. Full thickness bowel disruption was
not represented in the population under study, which may
be explained by the fact that victims with lethal injuries
died before a rescue was carried out.

In view of the severity of abdominal crush injuries,
abdominal parenchymal polytraumatism may be a good
indicator. According to Ersoy e al'"”', multiple injuries
were more frequent in nonsurvivors than in survivors
during the Marmara earthquake, and polytraumatism was
one of the main factors which increased mortality risk
in dialyzed injuries after the earthquake. In our study, we

found that 7.84% (4/51) of patients had parenchymal
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polytraumatism. Although the morbidity of victims with
abdominal parenchymal polytraumatism was not signifi-
cant, attention should be paid clinically to prevent high
mortality.

There were two inevitable limitations in our study.
Firstly, contrast-enhanced abdominal CT scanning could
not be performed in the earthquake situation due to
suspicion of acute renal failure associated with crush
syndrome, however, these non-enhanced CT scans could
still image the injury patterns as illustrated in the present
study. Secondly, this university hospital was 92 kilometers
away from the epicenter, which could cause selection bias
in the sampling of patients. Despite the limitations, this
study illustrates the features of abdominal crush injury
in survivors using MDCT focusing on the predominant
anatomic distributions, which may be helpful in better
understanding abdominal crush injury resulting from an-
other earthquake to provide effective treatments.

In conclusion, the high incidence of lumbar verte-
bral fractures occurring predominantly in the transverse
process of two vertebrae among 1.1-3 vertebrae, and in
injuries of abdominal wall soft tissue; and a relatively
high incidence of retroperitoneal parenchymal injury
predominantly in kidney compared to intraperitoneal
parenchymal injury predominantly in liver, might be fea-
tures of abdominal crush injuries in an earthquake. We
hope that these features of abdominal crush injuries may
be helpful for the treatment of survivors in similar future
earthquakes.

COMMENTS

Background

In the 2008 Sichuan earthquake, some patients sustained abdominal trauma
associated with crush injury. Computed tomography (CT) scanning of the abdo-
men is currently considered the gold standard for detecting intra- and retroperi-
toneal lesions in trauma patients. However, the CT features of crush abdominal
trauma in an earthquake have not been reported in the literature in detail.

Research frontiers

Abdominal crush injuries resulting from the 2008 Sichuan earthquake shown
on emergency non-enhanced multidetector CT (MDCT) images were reviewed
focusing on the anatomic regions which included the lumbar vertebrae, abdomi-
nal wall soft tissue, retroperitoneum and intraperitoneal space; and the types of
traumatic lesions.

Innovations and breakthroughs

A high incidence of abdominal wall soft tissue injuries and in fractures of lumbar
vertebrae predominantly in the transverse process of two vertebrae among
L1-3 vertebrae, and a relatively high incidence of retroperitoneal parenchymal
injury predominantly in kidney compared to intraperitoneal parenchymal injury
predominantly in liver may be features of abdominal crush injuries in an earth-
quake.

Applications

The features of abdominal crush injuries in the 2008 Sichuan earthquake would
be helpful for better understanding and treatment planning of abdominal crush
trauma survivors in similar future earthquakes.

Terminology

Emergency non-enhanced MDCT is a rapid and valuable procedure to dem-
onstrate abdominal crush injuries in an earthquake in detail, and is helpful for
clinicians to better understand the features of abdominal crush injuries.

Peer review

In this manuscript, the authors described the features of abdominal crush inju-
ries in an earthquake, which is interesting.
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