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Abstract

Background After the Kahramanmaras earthquake of February 6, 2023, the disaster of the century, a significant
number of victims were admitted to intensive care units (ICUs). In this study, we aimed to share the character-
istics and management of critical earthquake victims and shed light on our experiences as intensivists in future
earthquakes.

Methods The study included 62 earthquake victims in two tertiary ICUs. Demographic characteristics, labora-

tory findings, clinical characteristics, trauma and disease severity scores, treatments administered to patients,

and the clinical course of the patients were recorded retrospectively. The patients were divided into two groups,
survivors and nonsurvivors, according to 7-day mortality and into two groups according to the duration of their stay
under the rubble: those who remained under the rubble for 72 hours or less and those who remained under the rub-
ble for more than 72 hours. A receiver operating characteristic (ROC) curve analysis was used to determine the best
cutoff value for the ‘Circulation, Respiration, Abdomen, Motor, and Speech’ (CRAMS) score.

Results The median age of the 62 patients included in the study was 35.5 (23-53) years. The median length of stay
under the rubble for the patients was 30.5 (12-64.5) hours. The patient was transferred to the ward with a maximum
duration of 222 hours under the rubble. The limb (75.8%) was the most common location of trauma in patients
admitted to the ICU. Crush syndrome developed in 96.8% of the patients. There was a positive correlation

between the development of acute kidney injury (AKI) and myoglobin, serum lactate, and uric acid levels (r=0.372, p
=0.003;r=0307,p=0.016;r=0.428, p = 0.001, respectively). The best cutoff of the CRAMS score to predict in-7-day
mortality was < 4.5 with 0.94 area under the curve (AUC); application of this threshold resulted in 75% sensitivity

and 96.3% specificity.

Conclusion Search and rescue operations should continue for at least ten days after an earthquake. The CRAMS
score can be used to assess trauma severity and predict mortality in critically ill earthquake victims.
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Pazarcik and Elbistan districts of Kahramanmaras
[1]. On February 20, 2023, at 20:04 Turkiye time, an
earthquake with a magnitude of 6.4 Mw occurred, the
epicenter of which was Hatay Yayladagi [1]. The earth-
quakes in question caused great destruction in 11 prov-
inces in total. These earthquakes were unprecedented
disasters in recent history in terms of intensity and area
covered. In fact, as a result of earthquakes, more than
48 thousand people lost their lives [1]. During earth-
quakes, the most common cause of death is trauma. On
the other hand, people who survive the rubble usually
suffer multiple tissue and organ injuries as a result of
trauma. The most important way to reduce mortality
after these disasters is to know about traumatic compli-
cations, crush syndrome, and its treatments [2].

A significant portion of the survivors under the rub-
ble needed hospitalization in the intensive care unit
(ICU). In the literature, there are few studies show-
ing the clinical course of earthquake survivors and the
experience of clinicians in the ICU [3, 4]. Until now,
there has been no detailed study showing the labora-
tory, clinical characteristics, course of critical earth-
quake victims, and the treatments applied. There have
been earthquakes in our country and around the world
thus far, and they will continue to happen. The aim of
this study was to determine the clinical characteris-
tics of earthquake survivors in the ICU, their clinical
course, the treatments given to the patients, the com-
plications seen in the patients, the management of
complications, and the factors causing mortality and to
share our clinical experience. Our experience will shed
light on clinicians in future earthquakes.
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Materials and methods

Study design

This retrospective, single-center, cross-sectional study
was conducted with patients diagnosed with earthquake
victims in the two ICUs at Cukurova University Faculty
of Medicine Balcali Hospital. The local ethics commit-
tee approved the study protocol (Date: April 7, 2023;
Reference Number: 22/132). The research was carried
out in conformity with the ethical guidelines outlined
in the Helsinki Declaration of 1964 and its subsequent
amendments.

Setting

The study was carried out in the two ICUs after it was
approved by the local Clinical Research Ethics Commit-
tee. This retrospective study included patients > 18 years
old with patients diagnosed with earthquake victims
who were followed in the two ICUs between February
6 and February 21, 2023. The demographic and clinical
characteristics of the patients, treatments applied to the
patients, clinical courses, and 7-day mortality were col-
lected from the patient files and the hospital information
management system.

Participants

A total of 62 patients over 18 years of age who were
earthquake victims in the ICUs met the inclusion cri-
teria (Fig. 1). The exclusion criteria were patients under
18 years of age and nonearthquake victims. The patients
were divided into two groups according to 7-day mortal-
ity: survivors and nonsurvivors. The patients were also
divided into two groups according to the duration of

Patients with earthquake victims in the ICUs
(n=62)

]

Included patients
(n=62)

7-day mortality
(n=62)
* Survivors (n=54)
* Nonsurvivors (n=8)

Fig. 1 Flowchart of patients with earthquake victims in the ICUs

Duration under rubble
(n=62)
e <72 hours (n=48)
e >72hours (n=14)
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their stay in the rubble: those who stayed 72 hours or less
and those who stayed longer than 72 hours.

Variables
In order to ensure the robustness and appropriateness of
the study questionnaires, we convened an expert panel
consisting of 2 intensivists, 3 internists, and 1 pulmonol-
ogist from the study team, along with 2 intensivists from
outside the study. These experts were selected based on
their extensive experience and expertise in the relevant
field. The initial phase involved a comprehensive review
of the existing literature, utilizing reputable databases
such as PubMed, Cochrane Central, Web of Science, and
Google Scholar. This literature review served as the foun-
dation for identifying potential variables. Subsequently,
the expert panel conducted a thorough examination of
the identified parameters, assessing their relevance and
significance to the research objectives. The variables that
emerged from this scrutiny were then presented to the
expert panel for approval. Any discrepancies or concerns
were addressed during this process. The variables that
had been selected as study questionnaires were approved
collectively by the experts in the field. Ultimately, the var-
iables selected as study questionnaires received collective
approval from the assembled experts in the field, ensur-
ing the validity and reliability of our chosen parameters.
The demographic characteristics of the patients (age,
sex), the place of admission to the ICU (emergency
department, inpatient service), comorbidities, the city
in which the patient was trapped under the rubble, the
duration from emergency service to ICU admission for
all patients, and the duration of the patient’s stay under
the rubble were recorded on the study form. The Charl-
son comorbidity index (CCI), injury severity score (ISS),
Glasgow coma scale (GCS) score, acute physiology and
chronic health evaluation (APACHE) II score, sequen-
tial organ failure assessment (SOFA) score, ‘Circulation,
Respiration, Abdomen, Motor, and Speech’ (CRAMS)
score, modified nutrition risk in the critically ill (mNU-
TRIC) score, and revised trauma score (RTS) were calcu-
lated [5-8]. If the intra-abdominal pressures of patients
were measured, they were recorded on the study form
[9]. Vital findings, peripheral arterial oxygen saturation
(SpO,) and laboratory results at admission to the ICUs
were recorded on the form. Trauma sites (limb, thoracic,
abdominal, head, pelvic, spinal); presence of trauma
surgery, fracture, compartment syndrome, fasciotomy,
and amputation; presence of pneumothorax, pneumo-
mediastinum, hemothorax, or subcutaneous emphy-
sema; whether a tube thoracostomy was performed; and
whether trauma-related complications developed [acute
kidney injury (AKI), crush syndrome, infection, sep-
sis, septic shock, deep vein thrombosis, disseminated
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intravascular coagulation, trauma-related coagulopathy]
were recorded. The fluids given to the patients and the
type of fluids, whether the patients needed blood trans-
fusion (type of blood product), whether the patients
needed vasopressors, inotropic agents, furosemide, intra-
venous nitroglycerin, anticoagulants, sedation, and anal-
gesia, the type of oxygen treatments administered to the
patients at admission to the ICUs and during the ICU
stay, the 24-hour fluid volume and urine output of the
patients, the need for renal replacement therapy (RRT),
7-day mortality, and the duration of hospital and ICU
stay were analyzed.

Statistical analysis

Continuous data are summarized as the mean and
standard deviation or median and quartiles (Q1-Q3),
and categorical variables are expressed as numbers and
percentages. The patients were divided into two groups
according to 7-day mortality: survivors and nonsurvi-
vors. The patients were also divided into two groups
according to the duration of their stay in the rubble:
those who stayed 72 hours or less and those who stayed
longer than 72 hours. To compare categorical variables
between the groups, the chi-square or Fisher’s exact test
was performed. The Kolmogorov-Smirnov test was used
to confirm the normality of the distribution for continu-
ous variables. Student’s t test or the Mann-Whitney U
test was performed to compare continuous variables
between two groups. Variables significant at the p<0.25
level in the univariate analysis were included in the logis-
tic regression analysis. In a multivariate analysis, logistic
regression analysis was used to examine independent
predictors of survival using potential factors identified
in previous analyses. A receiver operating characteristic
(ROC) curve analysis was performed to identify the opti-
mal cutoff point for the CRAMS score. In the presence
of a significant cutoff, the sensitivity, and specificity of
these limits were calculated. Correlation coefficients and
statistical significance were calculated with the Spearman
test for relationships between variables that were ordinal
or at least one of which was not normally distributed. All
analyses were performed using IBM SPSS 20.0 (Armonk,
NY: IBM Corp.). The statistical level of significance for all
tests was set at 0.05.

Results

The study involved 62 patients, and 28 (45.2%) of them
were female (Table 1). The median age of the patients
was 35.5 (23-53) years. Fifty-five (88.7%) of our patients
came from Hatay, where the earthquake caused great
damage. The median length of stay under the rubble for
the patients was 30.5 (12-64.5) hours. The patient who
remained under the rubble for the maximum time (222
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Table 1 Demographic characteristics of earthquake victims
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Characteristics 7-day mortality

Duration under the rubble

All patients (1=62) Survivor (h=54) Nonsurvivor (n=8) p-value

<72 hours (n=48) >72hours (n=14) p-value

Median (Q1-Q3) or n (%)

Age (years) 35.5(23-53) 33(23-50.3) 52(34.3-713) 0.038 36.5(23-55.3) 33.5(28-49.3) 0.853
Gender
Female 28(45.2) 25(46.3) 3(37.5) 22(45.8) 6(42.9) 1.000
Male 34(54.8) 29(53.7) 5(62.5) 0.719 26(54.2) 8(57.1)
Admission to ICU
From emergency 45(72.6) 37(68.5) 8(100) 0.094 31(64.6) 14(100) 0.007
service
From inpatient 17(27.4) 17(31.5) 17(35.4)
service
Duration from 7.7(44-15.2) 7.7(44-16.1) 8(3-14.2) 0.809 10(4.6-21.7) 5(2.1-8) 0.012
emergency service to
ICU admission for all
patients (hours)
City
Hatay 55(88.7) 47(87) 8(100) 0.760 45(93.8) 10(71.4) 0.012
Kahramanmaras 4(6.5) 4(7.4) 12.1) 3(214)
Adiyaman 1(1.6) 1(1.9) 1(7.1)
Osmaniye 2(3.2) 2(3.7) 2(4.2)
Duration underthe 30.5(12-64.5) 29(11.5-64.5) 41.5(30.5-78.3) 0.284
rubble (hours)
Comorbidities
Diabetes mellitus ~ 4(6.5) 3(5.6) 1(12.5) 4(8.3)
Hypertension 5@8.1) 3(5.6) 2(25) 4(8.3) 1(7.1)
CAD&HF 5(8.1) 4(7.4) 1(12.5) 4(8.3) 1(7.1)
Asthma 1(1.6) 1(1.9) 1(7.1)
Malignancy 23.2) 101.9) 1(12.5) 1(2.1) 1(7.1)
Chronic kidney 1(1.6) 1(1.9) 1(7.1)
disease
CcCl 0(0-1) 0(0-1) 0(0-3.75) 0.270 0(0-1) 0(0-0.25) 0.508
GCS score 14(3-15) 14(10-15) 3(3-3) <0.001  14(7-15) 11(3-114) 0.139
APACHE Il score 20.1(15-29.3) 19.5(15-29) 28(23-37.8) 0.057 18(15-26.8) 30.5(20-39.3) 0.005
Revised trauma 55(3-11) 8(3-12) 3(3-7.8) 0.099 8(3-12) 3.5(3-8.8) 0.223
score
Injury severity score 24.5(11.8-38) 27(11-38.8) 16.5(12-29.3) 0.429 22(11.3-38) 26.5(15-47.3) 0.600
CRAMS score 7.5(5-9) 8(6-9) 4(2.3-4.8) <0.001  8(6-9) 6(4.5-9.3) 0454
SOFA score 6(4-8) 6(4-6.5) 9(4.5-11.5) 0.027 5(4-6) 7(6-10.5) 0.010
mNUTRIC score 3(1.75-4) 3(1-4) 5(2-5.75) 0.012 3(2-4) 3(1-5) 0.726

ICU Intensive care unit, CAD&HF Coronary artery disease &heart failure, CC/ Charlson comorbidity index, GCS Glasgow coma scale, APACHE Il Acute Physiology and
Chronic Health Evaluation, CRAMS Circulation, Respiration, Abdomen, Motor, and Speech, SOFA Sequential Organ Failure Assessment, nNUTRIC Modified Nutrition

Risk in the Critically Il

hours) had thoracic trauma, brachial plexus injury and
the highest observed serum sodium level (168 mmol/L);
however, AKI was not observed in this patient. A weak
positive correlation was observed between the dura-
tion of stay under the rubble and APACHE II and SOFA
scores (r=0.257, p=0.044; r=0.263, p=0.039, respec-
tively), but no correlation was observed with other
scores. A high level of positive correlation was observed

between the duration of exposure to rubble and serum
sodium, and a moderate level of positive correlation was
observed between the duration of exposure to rubble and
blood urea nitrogen (BUN) level (r = 0.782, p<0.001; r =
0.667, p<0.001, respectively). A moderately positive cor-
relation was observed between the duration of exposure
to rubble and creatinine kinase (CK) levels (r = 0.394, p
= 0.002). There was no correlation between the duration
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of exposure to rubble and AKI, the development of crush
syndrome, or 7-day mortality. There was a moderately
positive correlation between the duration of exposure to
rubble and amputation (r = 0.432, p<0.001).

The CRAMS score was clinically and significantly
lower in the nonsurvivors than in the survivors (p<0.001).
The SOFA and mNUTRIC scores were clinically and
significantly higher in the nonsurvivors than in the sur-
vivors (p<0.05). There was a moderately positive corre-
lation between the ISS and the need for RRT (r=0.321,
p=0.001). There was a negative correlation between
the CRAMS score and the development of AKI and
crush syndrome (r = -0.387, p = 0.002; r = -0.278, p =
0.028, respectively). There was a weak positive correla-
tion between the mNUTRIC score and the development
of crush syndrome (r = 0.290, p = 0.022).

Table 2 shows the vital signs of earthquake victims
upon ICU admission. The nonsurvivors were hypo-
thermic compared to the survivors (p<0.05). Systolic,
diastolic, and mean blood pressures and SpO, were sta-
tistically and clinically significantly lower in nonsurvivors
than in survivors (p<0.05). Table 3 demonstrates the lab-
oratory results of earthquake victims on ICU admissions.
Blood gas pH and bicarbonate levels were significantly
lower and lactate levels were higher in nonsurvivors than
in survivors (p<0.05).

As shown in Table 4, the limb (75.8%) was found to be
the most common location of trauma in patients admit-
ted to the ICU, followed by the thorax (46.3%), abdomen
(33.9%), and head (32.3%). Compartment syndrome was
observed in 38.7% and fractures in 61.3% of the patients.
There was a weak negative correlation between limb
trauma and age (r=-0.297, p=0.029). There was no cor-
relation between limb injury and the development of

Table 2 The vital signs of earthquake victims
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crush syndrome and AKI or CK levels. However, there
was a weak positive correlation between limb trauma and
RRT (r=0.256, p=0.045). There was a moderately positive
correlation between limb trauma and the transfusion of
packed red blood cells (r=0.335, p=0.008). Pneumotho-
rax was observed in 24.2% of the patients, necessitating
tube thoracostomy.

As presented in Table 4, of the patients, 87.1% had an
infection, 87.1% had sepsis, and 35.5% had septic shock.
Oliguria or anuria was present in 32.3% of the patients.
Acute kidney injury developed in 55 (88.7%) of the
patients, of whom 20 (36.4%) had oliguria or anuria, 36
(65.5%) had hyperpotassemia, and 38 (69.1%) patients
had an indication for RRT. There was a positive correla-
tion between the development of AKI and myoglobin,
serum lactate, and uric acid levels (r = 0.372, p = 0.003;
r = 0.307, p = 0.016; r = 0.428, p = 0.001, respectively).
Crush syndrome developed in 96.8% of the patients. Of
the patients with crush syndrome, 54 (90%) had AKI,
20 (33.3%) had oliguria or anuria, and 40 (66.7%) had
an indication for RRT. A moderately positive correla-
tion was observed between the presence of crush syn-
drome and infection and sepsis (r = 0.443, p<0.001; r =
0.474, p<0.001). Two patients had inhalation injury on
admission to the ICU. One patient with trauma in all four
extremities developed a fat embolism during ICU follow-
up. Abdominal compartment syndrome developed in
two patients (Table 5). Small bowel necrosis developed
in one of these patients, and segmental resection of the
small bowel was performed. The other patient underwent
emergency decompression surgery and was followed up
as an open abdomen.

Table 6 demonstrates the treatments and clinical
courses for earthquake victims in the ICU. Twenty-six

Characteristics 7-day mortality

Duration under the rubble

All patients (n=62)

Survivor (1=54) Nonsurvivor (1=8) p-value

<72 hours (n=48) >72hours (1=14) p-value

Median (Q1-Q3) or Mean+SD

Fever (°C) 36.4(36-36.8) 36.6(36-36.9) 35.8(35.1-36) 0.005 36.5(36-37) 36.3(36-36.7) 0.378

Heart rate (beats/ 11594181 1159+174 115.8423.7 0.975 1176175 110.1+£194 0.175
min)

Respiratory rate 224449 224447 22.5+6.3 0.953 23.2+44 19.74£5.6 0.047
(breaths/min)

Systolic blood pres-  120(105.8-137) 120(110-137) 99.5(90-112) 0.008 120(107.8-137) 120(99-133.8) 0.667
sure (mmHg)

Diastolic blood 68.5+£15.2 704+14.2 55.5+16.1 0.008 68.1£15.3 69.7£15.2 0.726
pressure (mmHg)

Mean arterial pres-  84.9+155 87.2+145 69.4+14.3 0.002 85.1t£16.1 84.2+14.2 0.856
sure (mmHg)

SpO0, (%) 98(92.8-100) 98(94-100) 87.5(83.5-97.5) 0.010 95.5(92-98) 98.5(97.8-100) 0.016

SpO, Peripheral arterial oxygen saturation
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Table 3 Laboratory results of earthquake victims
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Characteristics

7-day mortality

Duration under the rubble

All patients Survivor (n=54) Nonsurvivor p-value <72hours (n=48) >72hours(n=14) p-value
(n=62) (n=8)

Median (Q1-Q3), mean=SD or n (%)

White blood cell 18.9(13.8-28.5) 18.9(14.2-28.5) 15.1(7.8-33.0) 0.549 18.9(12.8-30.5) 18.9(14.3-24.2) 0.906
(103/uL)

Hemoglobin 128432 129432 116435 0253 129433 124229 0587
(g/dL)

Platelet (103/pL) 213(152.5-256.3) 215.5(159.8-256.3)  188(92.8-261.5) 0.339 215.5(164-262.3) 183(117.8-243) 0213

pH 7.28(7.2-7.36) 7.3(7.25-7.36) 7(7-7.05) <0.001  7.28(7.2-7.33) 7.35(7.28-7.44) 0.039

PCO, (mmHg) 38(34-47) 38.5(34-48.3) 38(30-41.5) 0.540 38(32.3-45.2) 42(34.5-49) 0.274

HCO; (mmol/L)  185+46 19.2+4.2 114430 <0.001 176+44 21.9+4 0.003

Lactate 3.7(1.8-5.2) 3.2(1.5-4.8) 6.2(3.9-7.9) 0.010 4.1(2-6.6) 2(1.1-2.9) 0.003
(mmol/L)

Blood urea 50(30.9-96.8) 47(28-92.9) 74.5(36-102) 0.235 40(28-65.4) 119.5(89.5-164.3) <0.001
nitrogen (mg/dL)

Serum creati- 2(14-3.2) 2(1.2-3) 2.6(1.8-4.7) 0.166 2(14-2.9) 2.6(0.8-4.7) 0.409
nine (mg/dL)

Serum sodium 1419495 141.749.6 143+9.3 0.729 138.5+7.1 153.6+7.1 <0.001
(mmol/L)

Serum potasium 52+1.0 52411 54+0.5 0312 53411 49+0.8 0.378
(mmol/L)

Serum albumin  245+63 25.5+6 17.9429 0.001 251469 225428 0.241
(g/L)

Serum calcium  8.9(8.2-9.2) 8.9(7.9-9.2) 8.8(8.3-9.4) 0.842 8.7(7.8-9.2) 9.1(8.7-9.4) 0.045
(mg/dL)

Serum phos- 6.742.9 6.142.6 10.5+2.1 <0001 6.8+29 6.1+2.7 0413
phate (mg/dL)

Creatine kinase  7949(562.5-38309.5) 7949(562.5- 6652(535.25-66208) 0.801 3205.5(509.5- 11583.5(5736.8- 0.195
(U/L) 38137.5) 41140.8) 21243.5)

Myoglobin (ng/ 4007(2488.5-4007)  4007(2554.8-4007)  4003(2282.3-4007)  0.785 4003.5(2360.3-4007) 4007(2583.3-4007)  0.214
mL)

AST (U/L) 247.5(132-926.5) 239.5(129.8-926.5)  280(208.8-995) 0413 249.5(92.3-1015.8) 229(132-292) 0.359

ALT (U/L) 153.5(75-304.8) 153.5(76.8-315.5) 165(75-305.3) 0.925 160(68.5-411.5) 153.5(107.8-172.8) 0814

Lactate dehy- 732(343.8-1043.5) 732(332-1043.5) 712(407.5-2161) 0529 552(285-1125.3) 836.5(549-982.8) 0.229
drogenase (U/L)

Uricacide (mg/  10.3(7.1-14) 9.9(6.9-13.6) 12.6(9.6-14) 0.099 9.9(6.8-13.9) 11(7.6-14.8) 0.228
dL)

C-reactive pro-  135.5(75.8-193) 129(74.8-193) 162(91.8-238) 0.339 141.5(79.8-212.5) 111.5(62.9-169.5) 0.350
tein (mg/L)

Procalcitonin 9.4(2.4-25.2) 8.5(2.2-25.2) 11.6(3.1-25) 0.667 11.6(3.1-26.8) 3.2(1.15-6.6) 0.010
(ng/mL)

INR 1.2(1-1.6) 1.2(1-1.5) 2.2(1.5-3.5) 0.002 1.2(1-1.7) 1.3(1.2-1.5) 0.281

aPTT (sn) 30(24.4-36.5) 28.5(23.9-35.3) 35.5(33.1-42.5) 0.017 31.5(25.5-38) 21.8(18.8-33.1) 0.025

Fibrinogen (mg/ 499.1+206.1 510.5+206.9 412.9+191.9 0.242 496+219 510+149 0.799
dL)

D-dimer (mg/L)  9.8(5-20) 9.8(5-20.2) 10.3(4.9-30.5) 0812 9(5-15) 17.5(6.3-21.3) 0.220

Urine pH 5.5(5-5.85) 5.5(5-5.925) 5(4.75-5.5) 0.054 5.5(5-6) 5(5-5.5) 0437

Urine density 1018.3+10.6 1018.2+10.6 1019.6+11.9 0.777 1018+11.7 1016.9+7.1 0.599

PCO, Partial pressure of carbon dioxide, HCO; Bicarbonate, AST Aspartate aminotransferase, ALT Alanine aminotransferase, INR International normalized ratio, aPTT
Activated partial thromboplastin time
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Table 4 Trauma findings and associated complications for earthquake victims

Characteristics 7-day mortality

Duration under the rubble

All patients (1=62) Survivor (1=54) Nonsurvivor p-value =<72hours(n=48) >72hours(n=14) p-value

(n=8)
n (%)
Trauma locations
Limb 47(75.8) 42(77.8) 5(62.5) 0.388 35(74.5) 12(85.7) 0484
Thorax 25(46.3) 21(38.9) 4(50) 0.703 19(39.6) 6(42.9) 0.826
Abdominal 21(33.9) 18(33.3) 3(37.5) 1.000 18(37.5) 3(214) 0.346
Head 20(32.3) 18(33.3) 2(25) 14(29.2) 6(42.9) 0.349
Pelvic 12(19.4) 11(20.4) 1(12.5) 8(16.7) 4(28.6) 0442
Spinal 16(25.8) 14(25.9) 2(25) 11(22.9) 5(35.7) 0.488
Thorax
Pneumothorax 15(24.2) 12(22.2) 3(37.5) 10(20.8) 5(35.7) 0.296
Right 2(3.2) 2(3.7) 12.1) 1(7.1)
Left 7(11.3) 6(11.1) 1(12.5) 5(10.4) 2(14.3)
Bilateral 6(9.7) 4(7.4) 2(25) 4(8.3) 2(14.3)
Hemothorax 7(11.3) 6(11.1) 1(12.5) 5(10.4) 2(14.3) 0.651
Pneumomediastinum 10(16.1) 9(16.7) 1(12.5) 7(14.6) 3(21.4) 0.681
Subcutaneous 9(14.5) 8(14.8) 1(12.5) 7(14.6) 2(14.3) 1.000
emphysema
Lung contusion 14(22.6) 10(18.5) 4(50) 0.069 9(18.8) 5(35.7) 0.274
Compartment syndrome  24(38.7) 22(40.7) 2(25) 18(37.5) 6(42.9) 0.717
Fracture 38(61.3) 34(63) 4(50) 0.700 29(60.4) 9(64.3) 0.794
Crush syndrome 60(96.8) 52(96.3) 8(100) 1.000 46(95.8) 14(100) 1.000
Acute kidney injury 55(88.7) 47(87) 8(100) 0.580 44(91.7) 11(78.6) 0.184
Oliguria/anuria 20(32.3) 15(27.8) 5(62.5) 0.098 18(37.5) 2(14.3) 0.192
Deep venous thrombosis  1(1.6) 1(1.9) 1(2.1)
Trauma-induced 2(3.2) 2(3.7) 2(4.2)
coagulopathy
Infection 54(87.1) 47(87) 7(87.5) 1.000 41(85.4) 13(92.9) 0.670
Sepsis 54(87.1) 47(87) 7(87.5) 1.000 41(85.4) 13(92.9) 0.670
Septic shock 22(35.5) 15(27.8) 7(87.5) 0.002 16(33.3) 6(42.9) 0.539

ICU Intensive care unit

(41.9%) patients needed invasive mechanical ventila-
tion (MV) during ICU admission. More than half of the
patients required a blood transfusion. Renal replacement
therapy was performed in 40 (64.5%) patients. Trauma-
associated operations were performed in 56.5% of the
patients, amputation in 41.9%, and fasciotomies in 21%.
Amputation was performed in 26 (55.3%) patients with
limb trauma.

The 7-day mortality rate was 12.9%. All of the nonsur-
vivors had crush syndrome and AKI. According to mor-
tality, in univariate analysis, parameters affecting survival
were evaluated with logistic regression analysis. There
was no factor affecting survival according to multivariate
analysis.

A ROC analysis was performed to determine the diag-
nostic accuracy of the CRAMS score (Fig. 2). The best

cutoff of the CRAMS score to predict in-7-day mortality
was < 4.5 with 0.94 area under the curve (AUC); appli-
cation of this threshold resulted in 75% sensitivity and
96.3% specificity (p<0.001). The Youden index was 0.713.

Discussion

These earthquakes that occurred in our country have
been labeled the ‘disaster of the century, which is unprec-
edented in history in terms of severity and area covered.
Thousands of people were left under the rubble. Our hos-
pital was also damaged after the earthquake’s epicenter in
Yayladagi on February 20, 2023, and our patients had to
be evacuated immediately. Earthquakes have happened
thus far in the world and in our country and unfortu-
nately will continue to occur. In this study, we aimed to
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Table 6 Treatments and clinical courses for earthquake victims
Characteristics 7-day mortality Duration under the rubble
All patients (n=62) Survivor (n=54) Nonsurvivor (n=8) p-value <72 hours (n=48) >72 hours (n=14) p- value
n (%) or median (Q1-Q3)
Isotonic saline 62(100) 54(100) 8(100) 48(100) 14(100)
5% dextrose 46(74.2) 40(74.1) 6(75) 1.000 34(70.8) 12(85.7) 0322
Human serum albumin  37(59.7) 36(66.7) 1012.5) 27(56.3) 10(71.4) 0.308
Blood transfusions 45(72.6) 42(77.8) 3(37.5) 36(75) 9(64.3) 0.502
Packed red blood cells  42(67.7) 40(74.1) 2(25) 34(70.8) 8(57.1) 0.349
Platelet transfusions 9(14.5) 9(16.7) 8(16.7) 1(7.1)
Fresh frosen plasma 7(11.3) 6(11.1) 1(12.5) 5(10.4) 2(14.3)
Cryoprecipitate 1(1.6) 1(12.5) 12.1)
Fluid input 4.8(3.1-5.8) 4.8(3-5.7) 5.6(4.5-9) 0.143 4.7(2.9-5.6) 4.8(3.7-6.4) 0.370
Urine output 1.8(0.3-2.6) 1.8(0.4-2.9) 04(0.2-1.9) 0.053 1.8(0.2-2.6) 1.9(1.9-3.1) 0.220
Renal replacement 40(64.5) 38(70.4) 2(25) 0.019 33(68.8) 7(50) 0219
therapy
Furosemide 44(71) 43(79.6) 1(12.5) 35(72.9) 9(64.3) 0.524
Intravenous nitro- 14(22.6) 14(25.9) 11(22.9) 3(21.4) 1.000
glycerin
Vasopressor 24(38.7) 16(29.6) 8(100) <0.001 17(35.4) 7(50) 0.324
Inotropic agent 12(194) 8(14.8) 4(50) 0.039 7(14.6) 5(35.7) 0.121
Anticoagulant therapy  38(61.3) 36(66.7) 2(25) 31(64.5) 7(50) 0.324
Sedation 30(484) 22(40.7) 8(100) 0.002 23(47.9) 7(50) 0.891
Analgesia 61(98.4) 53(98.1) 8(100) 1.000 47(97.9) 14(100) 1.000
Sympathetic nerve 3(4.8) 101.9) 2(25) 3(6.3)
blocks
Oxygen therapy on ICU admission
No 9(14.5) 9(16.7) 6(12.5) 3(214)
Nasal cannula 18(29) 18(33.3) 15(31.3) 3(21.4)
Mask with small 3(4.8) 3(5.6) 3(6.3)
diffuser
Nonrebreathing mask ~ 5(8.1) 5(9.3) 5(10.4)
High flow nasal can- 1(1.6) 101.9) 12.1)
nula oxygen
Invasive mechanical 26(41.9) 18(33.3) 8(100) 18(37.5) 8(57.1)
ventilation
Oxygen therapy during ICU
High flow nasal can- 15(24.2) 14(25.9) 1(12.5) 14(29.2) 1(7.1)
nula oxygen
Noninvasive mechani-  12(19.4) 9(16.7) 3(37.5) 7(14.6) 5(35.7) 0.121
cal ventilation
Invasive mechanical 26(41.9) 20(37) 6(75) 0.059 18(35.7) 8(57.1) 0.190
ventilation
Tube thoracostomy 15(24.2) 12(22.2) 3(37.5) 9(18.8) 6(42.9) 0.082
Fasciotomy 13(21) 12(22.2) 1(12.5) 10(20.8) 3(24.4)
Amputation 26(41.9) 26(48.1) 16(33.3) 10(71.4) 0.011
Trauma associated 35(56.5) 34(65) 1012.5) 26(54.2) 9(64.3) 0.502
operation
ICU length of stay 5.5(2-1) 7(3.8-11) 1.5(1-2) <0.001 5.5(2-10.8) 5(2.8-9) 0.776
(days)
Hospital length of stay  11(7.8-14) 11(9-14) 1.5(1-2) <0.001 11(8-14) 9(6.8-11) 0.074
(days)
7-day mortality 8(12.9) 6(12.5) 2(14.3)

ICU Intensive care unit
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ROC Curve

0,64

Sensitivity

0,44

ROC for CRAMS Score

AUC (95% C1)=0.94 (0.872-1.000) p<0.001
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1 - Specificity
Fig. 2 ROC analysis of the CRAMS score in order to predict 7-day
mortality

guide clinicians in future earthquakes by sharing our
experiences in the disaster of the century.

The majority of the earthquake victims in the study
came from Hatay Province, one of the cities particularly
affected by the earthquake. As in the study by Koyuncu
et al.,, the earthquake victims in this study were young
[10]. Comorbidities in elderly patients may reduce the
survival rate under the rubble. We observed that the
earthquake victims who died remained under the rubble
for a longer period of time. This period was longer than
that in previous studies [10, 11]. However, there was no
statistically significant difference between the duration
of being under the rubble and mortality. While hyperna-
tremia developed in the patient, who was under the rub-
ble for a maximum of 222 hours, no AKI was observed,
and the patient was transferred to the service. Based
on this finding and a previous study, search and rescue
efforts should be continued for at least ten days, and it
should not be forgotten that people may still be alive
under the rubble [2].

To determine the prognosis of trauma and ICU
patients, many scoring systems are used [2, 3, 5, 6]. It
was observed that the APACHE II score was statistically
higher in patients who spent more than 72 hours under
the rubble. Mortality rates were 12.5% and 14.3% for
those who were trapped under the rubble for 72 hours
or less and for longer than 72 hours, respectively. Stud-
ies have shown that the CRAMS score is one of the best
predictors of trauma severity, as in this study [5, 12, 13].
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In a recent study, RTS and CRAMS scores were shown
to predict mortality better than the Early Warning Score
in high-energy trauma patients [5]. Looking at the lit-
erature, there are few studies of the CRAMS score in
earthquake victims [12-15]. He et al. found that it can
be used for rapid assessment of trauma severity in earth-
quake victims [12]. Tang et al. showed that the CRAMS
score gave consistent results in assessing the injury status
of individuals [14]. In this study, it was observed that a
low CRAMS score was associated with the development
of AKI and crush syndrome. In other words, the more
severe the trauma, the more damage-related crush syn-
drome and one of its complications, AKI, can develop.
Considering the results of our study and previous studies,
the CRAMS score is a scoring system that can be used
to evaluate trauma severity and complications related to
earthquakes [5, 12-14].

Crush injuries occur as a result of direct trauma to
the tissue and compression of the body in one place
[2]. Edema resulting from bleeding and tissue dam-
age may increase intracompartmental pressure, which
can cause the development of compartment syndrome
[16]. Compartment syndrome was observed in 38.7%
of our patients. Increased intracompartmental pressure
causes hypoperfusion, resulting in tissue hypoxia and
ischemi. This causes mitochondrial dysfunction and,
ultimately, cellular damage. As a result of the destruc-
tion of the damaged muscle, intracellular components
enter the systemic circulation. As in this study, potas-
sium, phosphorus, uric acid, myoglobin, CK, lactate
dehydrogenase, and aspartate aminotransferase lev-
els increased in the blood [2, 11, 17]. Injured cells can
also cause platelet aggregation and vasoconstriction.
Inflammatory mediators are released, increasing vascu-
lar permeability. Hypovolemia and shock may develop
as a result of fluid passage into the intracellular space,
low or no fluid intake as a result of being under rub-
ble, or bleeding due to trauma [2]. It is therefore very
important to begin fluid therapy for victims as soon
as their limbs are seen at the scene. If adequate fluid
therapy could not be given beforehand to those rescued
from the rubble, damage would occur as a result of the
reperfusion of hypoperfused tissues. Crush syndrome
is seen in approximately 40—70% of patients with crush
injuries [2]. This rate was higher in this study compared
to the literature. This result may have resulted from
the long duration of being under the rubble due to the
consequences of the severity of the earthquake. Crush
syndrome is an ischemia-reperfusion injury. Systemic
findings occur as a result of damage, and organ dys-
function can be seen. As also found in our study, these
systemic manifestations are bleeding, hypovolemic
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shock, metabolic disorders, AKI, acute respiratory dis-
tress syndrome, sepsis, arrhythmia, disseminated intra-
vascular coagulation, and psychological trauma [2, 11,
17]. Consumption coagulopathy may occur as a result
of trauma, systemic inflammation, and increased tissue
thromboplastin levels.

Many metabolic disorders can be seen in earthquake
victims. Patients may develop metabolic acidosis due to
cellular necrosis, shock, uremia, and lactic acid secre-
tion. Lactate was higher and pH and bicarbonate levels
were lower in the group of patients who stayed under
the rubble for a shorter time. Although not statistically
significant in our results, AKI, need for RRT and blood
transfusion rates were higher in earthquake victims who
stayed under the rubble for a shorter time. Patients may
have developed hypoperfusion, lactic acidosis and AKI
due to hemorrhage. Lactic acidosis, AKI and the need
for RRT may have developed as a result of ischemia—
reperfusion injury due to inadequate fluid replacement
at the time of rescue in patients rescued in the early
period. While lactate was significantly higher in nonsur-
vivors, pH and bicarbonate were lower. Lactic acidosis
may have developed as a result of the anaerobic glycoly-
sis that occurred due to the high severity of trauma, the
high rate of organ dysfunction, and the high rate of sep-
tic shock in the nonsurvivors. Severe acidosis can reduce
myocardial contractility and cardiac output, and patients
may require hemodialysis. Hyponatremia, thought to be
due to many pathophysiologies, has been observed in
previous studies [11, 18]. In this study, the mean serum
sodium level of all patients was found to be within the
normal range. Unlike other studies, hypernatremia was
observed in earthquake victims who remained under
rubble for more than 72 hours. This was different from
Zhang et al’s study and suggests that our patients had
hypovolemic hypernatremia because the duration of
their stay under the rubble was longer than that in previ-
ous earthquake studies [18].

The severity of crush-related AKI depends on the
extent of muscle damage, the degree of hypovolemia,
underlying comorbidities, and the development of com-
plications. Insufficient fluid intake or trauma-related
hemorrhage due to prolonged exposure of victims to
rubble may result in decreased intravascular volume. In
salvage, there is volume loss in the intravascular space
as a result of fluid leaking into the reperfused interstitial
space. For these reasons, patients may develop prerenal
AKI. In the current study, there was a significant corre-
lation between lactate level, which is a global perfusion
indicator, and the development of AKI. AKI may also
develop as a result of myoglobin, uric acid, and phos-
phorus, which occur as a result of tissue damage, causing
tubular damage, as shown in this study [10, 17, 19].
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Fluid management is very important in these patients,
and both hypovolemia and hypervolemia are harmful.
As most patients are hypovolemic, loop diuretics may
not be beneficial or may even be harmful in AKI [2]. If
the patient is hypervolemic, loop diuretics may be tried
[2]. With the technological developments in ICUs, ultra-
sound, which is described as the new stethoscope of
ICUs, has made it easier for us to perform our fluid man-
agement correctly. The rates of loop diuretics, intrave-
nous nitroglycerin administration, and the need for RRT
were high in survivors. How much fluid replacement is
important during recovery, while giving more fluid than
needed afterwards may also contribute to the develop-
ment of compartment syndrome. For these reasons, cor-
rect fluid management is lifesaving for critical earthquake
victims. Intra-abdominal pressure monitoring should be
performed in patients with suspected increased intra-
abdominal pressure, as in our study. The low diameter of
the inferior vena cava may be misleading in this patient
group, and other methods should be used to help evalu-
ate the fluid status.

As in this study, the most commonly injured areas
are the limbs and thorax [2]. A positive correlation was
observed between limb trauma and blood transfusion.
This may have been due to blood loss due to vascular
damage caused by limb injury. Patients should be closely
monitored for compartment syndrome (6P sign). Early
diagnosis and treatment reduces the risk of compartment
syndrome and limb loss. In the event of compartment
syndrome, a fasciotomy is performed, and amputation
may be necessary in some patients [16]. As a result of
trauma, lung contusion, pneumothorax, hemothorax,
pneumomediastinum, heart contusion, rib fracture, pel-
vic fracture, liver injury, spleen injury, and spinal cord
damage can be seen in patients. Inhalation injury may
occur as a result of the inhalation of gases released at the
site of the rubble, as seen in two of our patients [2]. As
in one of our patients, a fat embolism can be observed,
especially after long bone fractures. Invasive mechani-
cal ventilation support may be required in patients who
develop acute respiratory failure as a result of trauma-
related pulmonary events.

Tissue damage results in damage to the protective bar-
rier of the skin. Open wounds may become infected as
a result of the patient being under the rubble for a long
time [2, 20, 21]. Causes such as fasciotomies or having
to perform amputations at the site of rubble may cause
contamination and infection. A wound infection may
require debridement. Yalin and Golgelioglu showed
that the number of fasciotomy incisions in earthquake
patients who acquired sepsis after the Kahramanmaras
earthquake was statistically considerably greater than
in those who did not develop sepsis [17]. The rates of
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infection and sepsis were quite high in our study. There
was also a positive correlation between infection and
sepsis in earthquake victims who developed crush syn-
drome. However, we did not observe a significant differ-
ence between the duration of the stay under rubble and
the rate of infection and sepsis. This may have resulted
from the removal of damaged tissues, as the amputation
rate was higher in patients who had been under rubble
for a long time. In their study, Keven et al. showed that
the mortality rate was high in patients with infection
and sepsis [22]. In our study, the rate of septic shock was
higher in nonsurvivors. While amputation of severely
crushed limbs saves the patient’s life (3-58%), delays in
fasciotomies may lead to limb loss [2, 16].

Mortality was observed only in patients from Hatay
in this study. In Hatay, a significant number of health
institutions were rendered unusable as a result of
earthquake-related damage, and a significant number
of health workers died or were injured. In previous
studies, while the mortality rate in crush syndrome was
20%, it was higher in multiorgan failure [2]. The SOFA
score, which is used as an indicator of organ dysfunc-
tion, and the mNUTRIC score, which indicates disease
severity and malnutrition, were found to be signifi-
cantly higher in the nonsurvivors. In this study, the7-
day mortality rate was 12.9%. We could not evaluate
the 28-day mortality because our hospital was dam-
aged after the Hatay earthquake of February 20, 2023,
and we had to evacuate the hospital. We think that our
mortality is low as a result of correct fluid management
by dynamic measurements.

One of the strengths of this study is that it deals in
detail with the clinical characteristics and management
of critical earthquake survivors after the catastrophic
earthquakes of the century and has real-life data. Second,
when the literature was analyzed, while the experiences
at the scene were mostly shared, no study was observed
in which the patient data in the ICU were discussed in
such detail. Of course, this study has some limitations.
First, the single-center and retrospective nature of the
study may have affected its quality. Second, we could not
evaluate 28-day mortality because our hospital was evac-
uated during the second major earthquake.

Conclusions

The CRAMS score can be used to assess the severity of
trauma and predict mortality in critically ill earthquake
victims. The severity of the trauma affects the survival
of the victim more than the duration of being under
the rubble. For this reason, search and rescue opera-
tions should continue for at least one week and ten days
after an earthquake. The most commonly injured areas
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among earthquake victims were the limbs. Hyperna-
tremia and high BUN levels secondary to hypovolemia,
high CK levels, and higher amputation rates due to
crush injuries have been observed in earthquake vic-
tims who have been under the rubble for more than 72
hours. AKI can develop due to myoglobin, lactate and
uric acid released from the cell into the circulation as
a result of muscle crush injury. Infection, sepsis, and
septic shock were observed at high rates in earthquake
victims as a result of tissue damage. It is vital to start
treating earthquake victims with fluids low in potas-
sium as soon as limbs are seen at the scene. This may
prevent the development of ischemia-reperfusion
injury, the development of crush syndrome, and its
complications. For these reasons, management of crush
syndrome and complications is life-saving. Perform-
ing fasciotomies and amputations at the right time
can reduce morbidity and mortality. If there is a sus-
picion of increased intra-abdominal pressure in earth-
quake victims, monitoring of intra-abdominal pressure
may reduce the complications that may occur. Both
hypovolemia and hypervolemia can cause dangerous
consequences for critically ill earthquake victims. Nor-
movolemia should be ensured by hemodynamic moni-
toring with dynamic measurements.
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