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Abstract

Purpose: This study aimed to investigate the
characteristics of abdominal crush injuries using
multidetector computed tomography (MDCT) in

survivors of earthquakes centered in Kahramanmaras.
Materials and Methods: Retrospective evaluation was
conducted on 255 patients who sustained injuries due to
an carthquake centered in Kahramanmaras and were
treated at our hospital. Patients clinically suspected of
having abdominal crush trauma underwent MDCT
examinations. The presence of abdominal wall injuries,
solid organ injuries, free fluid in the abdomen,
pneumoperitoneum, and emphysema
findings were examined.

Results: The median time between injury and MDCT
examination was 3 days, ranging from 4 hours to 8 days.
Among pediatric and adult age groups, males constituted
42.6% (52/122) and 47.4% (63/133), while females were
57.4% (70/122) and 52.6% (70/133), respectively. The
mortality rates for pediatric and adult age groups were
0.4% (1/122) and 4.3% (11/133), respectively. Among
patients with fatal outcomes, rates of acute kidney injury,
subcutaneous  emphysema, spleen  injuries, and
renal/petirenal injuries were 8.3% (1/12), liver and
abdominal wall injuries were 16.7% (2/12), and free fluid
in the abdomen was observed at a rate of 33.3% (4/12).
Conclusion: Abdominal wall injuries were the most
frequently observed manifestations of crush injuries, with
renal/ perirenal injuries being the most common among
solid organs, and liver injuries being commonly seen
among intraperitoneal organs. These findings underscore
important characteristics of abdominal crush trauma
related to earthquakes.
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Amag: Bu calismanin amaci, Kahramanmaras merkezli
depremler sonrast abdominal crush gelisen hastalarin
multidetekt6tlt bilgisayarlt tomografi (MDBT) bulgularin
aragtirmaketit.

Gere¢ ve Yontem: Bu calismada, Kahramanmaras
merkezli deprem nedeniyle yaralanan ve hastanemizde
tedavi edilen 255 hasta retrospektif olarak degerlendirildi.
Klinik olarak abdominal crush travmast siiphesi olan
hastalara MDBT ile tetkik yapildi. Hastalar karin duvari
yaralanmasi, solid organ yaralanmasi, karin i¢inde serbest
sivi, pnémoperitoneum ve deri altt amfizemi bulgular
acisindan incelendi.

Bulgular: Yaralanma ile MDBT tetkiki arasindaki
ortalama sire 3 gin olup, 4 saat ile 8 gln arasinda
degismekteydi. Pediatrik ve yetiskin hastalarin sirastyla,
%42,6'st (52/122) ve %47,4'a (63/133) etkek, %5740
(70/122) ve %52,6'st (70/133) ise kadin idi. Pediatrik ve
yetiskin yas gruplarinda Olim oranlart sirastyla, %0,4
(1/122) ve %4,3 (11/133) idi. Oliim gergeklesen hastalarda
akut bobrek hasart, deti altt amfizemi, dalak yaralanmalari,
renal/petitenal  yaralanmalari  sirastyla  %8,3  (1/12),
karaciger ve katin duvatt yaralanmalart %16,7 (2/12), ve
karin icinde serbest sivt %33,3 (4/12) oranlarinda gozlendi.
Sonug: Karin duvari yaralanmasi, karin ezilmesinin en
yaygin gortlen belirtisi iken katt organlar arasinda
renal/petitenal  yaralanma en stk gorileni  ve
intraperitoneal organlar arasinda ise karaciger yaralanmast
sikea goriilmektedir. Bu bulgular, depremle iliskili karin
ezilme travasinin énemli 6zelliklerini vurgulamaktadir.

Anahtar kelimeler: Multidetektorlii bilgisayarli tomografi,
depremler, karin ezilmesi, travma
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INTRODUCTION

On February 6, 2023, at 04:17 local time, a powerful
earthquake with a magnitude of 7.8 Mw on the
Richter scale struck the southeastern region of
Turkey and the northern parts of Syria, with its
epicenter in Nurdagi, Gaziantep. Subsequently, 9
hours later, at 13:24 local time, another significant
earthquake measuring 7.7 Mw occurred 95 km away
from the epicenter of the first earthquake!. These
seismic events caused widespread devastation across
an area of approximately 350,000 km2, comparable
to the size of Germany. Roughly 14 million people,
constituting around 16% of Turkey's population,
were impacted by these earthquakes?. The disaster
resulted in a tragic loss of over 57,000 lives (50,000 in
Turkey and 7,000 in Syria)®. Our university hospital
situated approximately 200 km away from the
epicenter, with a capacity of 1150 beds, offered
medical care to about 3,000 individuals affected by
the earthquake. Most patients reached our hospital
through road transportation.

In trauma cases, abdominal injuries rank as the third
most injured region, contributing to approximately 7-
10% of trauma-related fatalities®. Blunt abdominal
organ injuries result from three primary mechanisms:
deceleration, external compression, and crush
injuries®. Crush injuries involve force compressing
the intra-abdominal organs between the abdominal
wall and the posterior spine. This excessive
compression leads to heightened intraabdominal
pressure, which can cause various types of injuries to
the abdominal organs®.

Missed diagnoses of abdominal injuries are a well-
recognized contributor to increased morbidity and
mortality in patients initially surviving multiple
traumas. Computed tomography (CT) is a highly
sensitive and rapid imaging modality for identifying
trauma-related injuries’. Multi-Detector CT' (MDCT)
is particularly effective in detecting injuties involving
lumen-filled organs and retroperitoneal regions.
Consequently, CT is considered the gold standard for
identifying intraperitoneal and retroperitoneal injury
findings in trauma patients®. To our knowledge, there
are very few studies in the literature that address
MDCT findings of abdominal crush injuries resulting
from earthquakes.>!® In their study, Chen et al.
identified that abdominal earthquake-related crush
injuries might be characterized by a high incidence of
abdominal-wall soft tissue injury, retroperitoneal
kidney injury, and a combination of injuries in the
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thorax and pelvis. Our hypothesis was that in patients
developing abdominal crush syndrome, MDCT
provides important imaging findings, and if well-
established, it can serve as a significant guiding tool
in future disaster situations.

The objective of this study was to explore the
characteristics of abdominal crush injuries utilizing
MDCT in survivors of earthquakes centered in
Kahramanmaras, with the aim of enhancing the
diagnosis and treatment of patients in the aftermath
of such catastrophic disasters.

MATERIALS AND METHODS

Sample

The study received approval from our university's
ethics committee. Given the retrospective nature of
the study, a waiver of patient informed consent was
granted. Among the individuals seeking treatment at
our hospital (Cukurova University Balcali Hospital),
a total of 2809 had sustained injuries in the
earthquake.

The majority of these individuals were rescued from
debris. The study's inclusion criteria encompassed: a)
clinical suspicion of crush abdominal trauma findings
verified through MDCT, b) inclusion of patients with
concurrent thoracic, spinal, and extremity injuries
alongside abdominal crush trauma findings. Patients
who had jumped from heights and those involved in
road traffic accidents were excluded from the study.
Within the timeframe of February 6th to 13th, a total
of 255 patients who met the criteria and presented at
our university hospital were enrolled in the study. The
median duration between the occurrence of injury
and the MDCT examination was 3 days, ranging from
4 hours to 8 days.

CT scan

Scanning with a Siemens Somatom Go-up 128-row
MDCT (Siemens, Forchheim, Germany) were
conducted. An emergency CT scan without
intravenous contrast material was obtained as soon as
possible from the upper thorax 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
parameters were used for both scanners to image the
injuries: 120 kV, 250 mAs, 0.5-s gantry rotation time,
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pitch of 0.85, collimation of 16 mm X 0.75 mm, 5-
mm reconstructed section thickness, 380-mm field of
view, and matrix of 512 mm X 512 mm. In patients
suspected of solid organ injury, after exclusion of
acute kidney injury, additional imaging was
performed by intravenous contrast material.

Image analysis

The acquired images were transferred to the Picture
Archiving ~ Communication  System  (PACS).
Subsequently, the images were independently
assessed by two radiologists with 5 and 8 years of
experience, respectively. In cases where differences in
interpretations arose between the radiologists, a
consensus was reached through discussions. The
patient cohort was categorized into two groups: those
aged below 18 years and those aged 18 years and
above. Trauma-related findings were examined
separately for both age groups, based on imaging
results for intra and retroperitoneal organs. Patients
were evaluated for indications of abdominal wall
injury, the presence of free fluid in the abdomen,
pneumoperitoneum, and subcutaneous emphysema.
Additionally, alongside abdominal traumas, injuries

Computed tomogtraphy in abdominal crush trauma

identified in other bodily systems were also
documented.

Statistical analysis

The relationship between types of trauma and
parameters such as acute kidney injury (AKI)
development and mortality was investigated in
patients with abdominal crush injuries. Chi-square
analysis was performed for age-gender, age-
abdominal wall injury, age-subcutaneous
emphysema, and age-free fluid in the abdomen
parameters. The presence of a relationship in groups
with significant differences was tested using the Phi
coefficient. p<0.05 was considered statistically
significant. Due to the inadequate distribution of
other group numbers, the frequency distribution was
provided instead of the 'p' value. Initially, a frequency
distribution table was created for all parameters. The
analyses were conducted using IBM SPSS v.20.

RESULTS

The distribution of patients' age and gender, along
with the types and patterns of injuries in individuals
with abdominal crush injuries, is depicted in Table 1.

Table 1. The types and distributions of injuries in patients with abdominal crush injuries

Parametres Frequencies, n (%)
Age, years

<18 122 (47.8%)
>18 133 (55.2%)
Death 12 (4.7%)
Acute kidney injury 18 (7.1%)
Gender

Woman 140 (54.9%)
Man 115 (45.1%)
Renal or Perirenal injury 24 (9.4%)
Pancreas injury 2 (0.8%)
Liver injury 15 (5.9%)
Spleen injury 5 (2%)
Abdominal wall injury 57 (22.4%)
Intraabdominal Free fluid 58 (22.7%)
Pneumoperitoneum 6 (2.4%)
Subcutaneous Emphysema 41 (16.9%)
Age, years

<18 122 (47.8%)
>18 133 (55.2%)
Death 12 (4.7%)
Acute kidney injury 18 (7.1%)
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Within the pediatric and adult age groups, 42.6%
(52/122) and 47.4% (63/133) were males, while
57.4% (70/122) and 52.6% (70/133) wete females,
respectively. In the pediatric and adult age groups, the
rates of mortality (fatal outcomes) were 0.4% (1/122)
and 4.3% (11/133), with rates of acute kidney injury
(AKI) at 0.4% (1/122) and 6.7% (17/133), and
renal/petirenal injury rates at 6.6% (8/122) and 12%
(16/133), respectively.

While pancreas injuries were absent in the pediatric
group, they wetre observed in 0.8% (2/133) of the
adult group. Liver injuries occutred in 4.9% (6/122)
of the pediatric group and 6.8% (9/133) of the adult

group, whereas spleen injuries were documented in
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2.5% (3/122) of the pediattic group and 1.5%
(2/133) of the adult group. Pneumopetitoneum was
identified in 1.6% (2/122) of the pediattic group and
3% (4/133) of the adult group, with subcutaneous
emphysema obsetved in 12.5% (15/122) of the
pediatric group and 13.7% (17/133) of the adult
group. The presence of free fluid in the abdomen was
16.4% (20/122) in the age group below 18, while it
was 28.6% (38/133) in the age group above 18, with
a statistically significant  difference  (p<0.02).
Similatly, abdominal wall injuries were noted as
15.6% (19/122) in the age group below 18 and 28.6%
(38/133) in the age group above 18, with this
difference also  being = statistically  significant

(p<0.015).

Figure 1 (A-C) A 55-year-old female patient, extracted from under debris and brought to our hospital 32 hours
after the earthquake. Due to elevated blood creatinine levels, a non-contrast multidetector computed
tomography examination was performed. The obtained images revealed the presence of hematomas (blue
arrow) consistent with renal injury in the perirenal fat tissue around both kidneys.

Figure 2 (A-B). A 60-year-old male patient, brought to the hospital 25 hours after the earthquake. Due to the
patient's poor general condition and the presence of open wounds on the anterior and posterior abdominal
walls, a non-contrast multidetector computed tomography examination was conducted. A. Intraperitoneal and
right retroperitoneal free air was observed, likely due to penetrating injury to a hollow organ (stomach or
duodenom). B. Additionally, fluid consistent with hematoma related to duodenal injury was obsetved around

the duodenum (White arrow).
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Among patients with fatal outcomes, AKI,
subcutaneous emphysema, spleen injuries, and
renal/petirenal injuties (Figure 1) were observed at
rates of 8.3% (1/12), liver and abdominal wall injuties
at rates of 16.7% (2/12), and free fluid in the
abdomen at a rate of 33.3% (4/12). Within this
group, 58.3% (7/12) were females, and 41.7% (5/12)
were males. However, pancreas injuries and
pneumoperitoneum findings were not present.

Computed tomogtraphy in abdominal crush trauma

In patients with AKI, renal/perirenal injuries and
liver injuries were observed at equal rates of 16.7%
(3/18), abdominal wall injuries at a rate of 55.6%
(10/18), free fluid in the abdomen at a rate of 44.4%
(8/18), pneumoperitoneum (Figure 2) at a rate of
5.6% (1/18), and subcutaneous emphysema at a rate
of 16.7% (3/18). Notably, spleen and pancteas
injuries were not detected among patients with AKI.

Figure 3 (A-B). A 34-year-old female patient, extracted from under debris and brought to our hospital 12 hours
after the earthquake. The obtained images revealed the presence of subcutaneous edema (blue arrow) in the

left hemithorax and abdominal wall.

Figure 4 (A-B). A 64-year-old female patient, extracted from under debris and brought to our hospital 32 hours
after the earthquake. Due to suspect of solid organ injury, a contrast multidetector computed tomography
examination was performed. The obtained images revealed the parenchymal of contusion (white arrow) in the

right hepatic lob.
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DISCUSSION

In earthquakes centered in Kahramanmaras, a total of
122,007 individuals were injured. Most crush injuries
occurred due to collapsing buildings, falling rocks,
bricks, or other objects. Among the injured
individuals who sought care at our university hospital,
abdominal crush injury findings were present in 14%
(255/1809) of cases. When compared to the 2008
Sichuan earthquake (2%), 2005 Kashmir earthquake
(1%), and the Hanshin-Awaji earthquake (4.3%),
abdominal crush injuries were detected at a higher
rate in our study °-'2. The relatively higher prevalence
observed in our study could be attributed to the
extensive impact of the Kahramanmaras-centered
earthquakes, which affected densely populated cities
across a vast area. The disruption of transportation
networks and delayed search and rescue operations
due to severe winter conditions might have
contributed to this situation.

In patients with suspected severe abdominal trauma,
such as abdominal pain, guarding, rebound
tenderness, bruising, abdominal distension, and
absent bowel sounds, an MDCT (Multi-Detector
Computed Tomography) scan was performed. The
use of MDCT in the evaluation of abdominal crush
injuries significantly reduces the initial diagnostic
assessment time due to its rapid image acquisition
rate!®. In the initial phase, to assess the possibility of
acute kidney injury and considering the potential for
triggering renal failure, MDCT scans were conducted
without the use of iodinated contrast material.

In this study, abdominal wall injuries were more
frequently detected than retroperitoneal and
intraperitoneal organ injuries. This could be
attributed to the possibility that patients with
abdominal wall injuries might have longer survival or
that patients with solid organ injuries might have died
before reaching the hospital. The most common solid
organ injury obsetrved was renal/petirenal injury. In a
similar  study conducted by Chen et al,
retroperitoneal organ injuries were found to be more
frequent than intraperitoneal organ injuries among
patients with crush abdominal trauma due to
earthquakes’. In the Marmara earthquake,
renal/petirenal injuries were emphasized to be of
vital importance not only for predicting the outcome
but also for guiding medical treatments'4
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Furthermore, another study indicated that
retroperitoneal organ injuries were more commonly
observed among patients with abdominal crush
trauma caused by earthquakes compared to those
with  non-earthquake-related crush  abdominal
traumal©,

Among the intraperitoneal organs, liver injuries have
been observed more frequently than spleen injuries.
Free fluid in the abdomen stands out as the most
observed parameter among all findings. Intestinal
perforation or vascular injuries have not been
observed in the patient population, which could be
explained by the possibility that these patients may
have died before rescue was performed. In this study,
a mortality rate of 4.7% was found among patients
with abdominal crush trauma in the 2023
Kahramanmaras-centered earthquakes. This rate is
lower compared to the Marmara earthquake!®. This
difference might be attributed to the exclusion of
severely injured patients from our study or successful
medical interventions recorded in the intervening
years due to medical advancements. When comparing
the adult age group with the pediatric age group, there
is no statistically significant difference reported in the
literature for parameters such as abdominal wall
injury and free fluid in the abdomen.

Our study has certain limitations. Firstly, due to the
approximately =~ 200-kilometer distance of our
university hospital from the earthquake epicenter,
some findings such as intestinal injury, petforation,
and vascular injuries might not have been obsetrved,
and the incidence of other injuries could be lower.
Additionally, the initial absence of contrast material
use in MDBT scans might have made it more difficult
to detect certain injured organs. Our university
hospital was evacuated on the 16th day following the
earthquakes due to damage sustained. Some patients
were referred to other hospitals and consequently
could not be followed up.

In conclusion, crush abdominal trauma is a life-
threatening injury of significant concern in
earthquakes centered in Kahramanmaras. Abdominal
wall injury is the most observed manifestation, while
among solid organs, renal/petirenal injury is the most
frequent, and among intraperitoneal organs, liver
injury is commonly seen. These findings highlight
important characteristics of earthquake-related crush
abdominal trauma. In future studies, determining the
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