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Abstract
Aim: Crush syndrome–associated acute kidney injury is a major complication following earthquakes and may require renal replacement therapy (RRT). 
Early identification of patients at high risk for dialysis is essential in disaster settings. This study aimed to evaluate whether admission serum creatinine 
independently predicts RRT requirement in patients with crush syndrome following the 2023 Kahramanmaraş earthquake.
Methods: This retrospective single-center study included adult patients admitted with crush syndrome to the nephrology department of a tertiary hospital 
after the February 2023 earthquake. Admission serum creatinine levels and RRT requirement during hospitalization were recorded. Univariable logistic 
regression analysis was performed to assess the association between admission creatinine and RRT. Receiver operating characteristic (ROC) curve analysis 
was used to evaluate discriminative performance.
Results: Among 51 eligible patients, 48 had complete data and were included in the analysis. RRT was required in 10 patients (20.8%). Admission creatinine 
levels were significantly higher in the RRT group compared with the non-RRT group (4.46 [2.84–6.12] vs 0.70 [0.33–2.68] mg/dL; p<0.001). Each 1 mg/dL 
increase in admission creatinine was associated with a 2.85-fold increase in the odds of requiring RRT (OR, 2.85; 95% CI, 2.29–3.52; p<0.001). ROC analysis 
demonstrated excellent discriminative performance (AUC=1.00), with an optimal cut-off value of 2.84 mg/dL.
Conclusion: Admission serum creatinine was strongly associated with RRT requirement in patients with crush syndrome after the Kahramanmaraş earthquake. 
Admission creatinine may serve as a simple and practical early risk indicator in disaster-related crush injuries.
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Introduction
Crush syndrome (CS) is a severe systemic condition resulting 
from prolonged compression of skeletal muscle, most commonly 
observed following earthquakes and large-scale disasters. 
Extensive muscle injury leads to rhabdomyolysis, which may 
cause acute kidney injury (AKI) through myoglobin-induced 
tubular toxicity, intrarenal vasoconstriction, and hypovolemia.1,2

Disaster-related crush-associated AKI remains a major 
contributor to morbidity and mortality. Previous earthquake 
cohorts have demonstrated that a considerable proportion 
of crush victims develop dialysis-requiring AKI, particularly 
in cases of prolonged entrapment and delayed rescue.3,4 The 
demand for renal replacement therapy (RRT) during mass 
casualty events presents significant logistical challenges for 
nephrology services, emphasizing the importance of early risk 
stratification.5

Following the February 2023 Kahramanmaraş earthquakes, 
increased incidence of crush-related AKI and substantial 
dialysis requirements were reported across multiple centers in 
Türkiye. In our previously published single-center experience, 
we demonstrated the high burden of renal complications and 
dialysis demand in earthquake victims.6 However, although the 
clinical spectrum of crush-related AKI has been described, data 
specifically focusing on early predictors of RRT requirement 
remain limited.
Serum creatinine at admission is a simple and widely available 
laboratory parameter reflecting renal function. Its independent 
predictive role for subsequent RRT requirement in disaster-related 
crush cohorts has not been sufficiently clarified in single-center 
nephrology populations.
Therefore, the aim of this study was to determine whether 
admission serum creatinine independently predicts the need 
for renal replacement therapy in patients with crush syndrome 
following the February 2023 Kahramanmaraş earthquake.

Materials and Methods
Study Design and Setting
This study was designed as a retrospective observational 
analysis conducted at a tertiary referral center. The study 
population consisted of patients admitted following the 
February 2023 Kahramanmaraş earthquake.
The present study represents a secondary analysis of a 
previously approved retrospective dataset including crush 
syndrome patients treated at our center.

Study Population
All adult patients diagnosed with crush syndrome and admitted 
to the nephrology department during the post-earthquake 
period were evaluated. Crush syndrome was defined based on 
clinical findings consistent with prolonged muscle compression 
and laboratory evidence of rhabdomyolysis.
Patients with incomplete data for admission serum creatinine 
or renal replacement therapy (RRT) status were excluded from 
regression analysis. A total of 48 patients with complete data 
were included in the final statistical model.

Data Collection
Demographic characteristics and laboratory parameters at 

admission were obtained from electronic medical records. The 
primary laboratory variable of interest was admission serum 
creatinine level.
The primary outcome of the study was the requirement for 
renal replacement therapy (intermittent hemodialysis).

Outcome Definition
Renal replacement therapy (RRT) was defined as the initiation of 
hemodialysis during hospitalization based on standard clinical 
indications, including severe metabolic acidosis, refractory 
hyperkalemia, fluid overload, or uremic complications.

Ethical Approval
Ethical approval was obtained from the Institutional Ethics 
Committee of Bakirkoy Dr. Sadi Konuk Training and Research 
Hospital (Date: 2023.04.17, No: 2023-08-06).

Statistical Analysis
Continuous variables were assessed for distribution using 
visual inspection and descriptive statistics. Data are presented 
as median (min–max) or mean ± standard deviation where 
appropriate.
The association between admission serum creatinine and RRT 
requirement was evaluated using univariable logistic regression 
analysis. Odds ratios (ORs) with 95% confidence intervals (CIs) 
were calculated.
The discriminative performance of admission creatinine for 
predicting RRT requirement was assessed using receiver operating 
characteristic (ROC) curve analysis. The optimal cut-off value was 
determined using the Youden index. The area under the ROC 
curve (AUC) was calculated with 95% confidence intervals.
A complete case analysis approach was applied. Statistical 
significance was defined as p<0.05. All statistical analyses 
were performed using SPSS version 22.0 (IBM Corp., Armonk, 
NY, USA).

Reporting Guidelines
This study is reported in accordance with the STROBE 
guidelines.

Results
A total of 51 patients with crush syndrome were evaluated. 
Of these, 48 patients had complete data for admission serum 
creatinine and RRT status and were included in the regression 
analysis. RRT was required in 10 patients (20.8%), while 38 
patients (79.2%) did not require dialysis.
Admission serum creatinine levels were significantly higher in 
patients requiring RRT compared to those who did not. The 
median admission creatinine level was 4.46 mg/dL (2.84–6.12) 
in the RRT-positive group and 0.70 mg/dL (0.33–2.68) in the 
RRT-negative group (p<0.001) (Table 1).

Variable RRT (-) 
(n=38)

RRT (+) 
(n=10)

p 
value

Admission creatinine 
(mg/dL)

0.70 
(0.33–2.68)

4.46 
(2.84–6.12) <.001

Values are expressed as median (min–max).
P value was calculated using the Mann–Whitney U test.

Table 1. Admission creatinine levels according to RRT status
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In univariable logistic regression analysis, admission creatinine 
was strongly associated with the need for RRT. Each 1 mg/dL 
increase in admission creatinine was associated with a 2.85-fold 
increase in the odds of requiring RRT (OR, 2.85; 95% CI, 2.29–3.52; 
p<0.001).
ROC curve analysis demonstrated excellent discriminative 
performance of admission serum creatinine for predicting RRT 
requirement, with an AUC of 1.00. The optimal cut-off value 
determined by the Youden index was 2.84 mg/dL (Figure 1). 

Although the ROC analysis demonstrated an AUC of 1.00, this 
result should be interpreted with caution. In small cohorts with 
a limited number of outcome events, statistical phenomena 
such as complete separation may occur, potentially leading to 
overestimation of discriminative performance. The relatively 
small sample size and limited number of RRT cases in our study 
may have contributed to the observed perfect discrimination. 
Therefore, the AUC value likely reflects the specific distribution 
of creatinine levels within this cohort rather than definitive 
universal predictive performance. External validation in larger, 
multicenter populations is necessary to assess the robustness 
and generalizability of these findings.
Patients with admission creatinine levels above 2.84 mg/dL had 
a markedly increased likelihood of requiring renal replacement 
therapy during hospitalization.

Discussion
In this single-center cohort of patients with crush syndrome 
following the 2023 Kahramanmaraş earthquake, admission 
serum creatinine was strongly associated with the requirement 
for RRT. Each 1 mg/dL increase in admission creatinine 
significantly increased the likelihood of dialysis requirement. 
Furthermore, admission creatinine demonstrated excellent 
discriminative performance for predicting RRT. These findings 
highlight the clinical importance of early renal function 
assessment in disaster-related crush injuries.
Crush syndrome-associated AKI remains one of the most serious 
and resource-intensive complications observed after large-scale 
earthquakes. Previous disaster experiences, including the Bam 

and Wenchuan earthquakes, have demonstrated substantial 
dialysis demand among crush victims, particularly in cases of 
prolonged entrapment and delayed rescue.7,8 In such scenarios, 
rapid identification of high-risk patients is essential to optimize 
limited dialysis capacity and improve clinical outcomes.
Although creatine kinase (CK) is widely used as a marker of 
rhabdomyolysis severity, its ability to predict dialysis requirement 
is inconsistent. CK levels may peak later during hospitalization 
and may not adequately reflect early renal functional impairment 
at presentation.9,10 In contrast, serum creatinine directly 
represents glomerular filtration status and may capture the 
cumulative effects of hypovolemia, myoglobin-mediated tubular 
toxicity, intrarenal vasoconstriction, and systemic inflammatory 
responses already present at admission.11 Therefore, admission 
creatinine may serve as an integrated and immediate marker of 
clinically significant renal injury.
Recent analyses of the 2023 Türkiye-Syria earthquakes have 
further emphasized the burden of crush-related AKI. Pediatric 
and adult cohorts from affected regions have demonstrated 
substantial variability in renal outcomes and dialysis 
requirements, underscoring the importance of early laboratory 
indicators in identifying severe cases.12,13 These contemporary 
reports reinforce the need for practical and readily available 
predictors that can assist clinicians during disaster response.
From a logistical perspective, disaster nephrology requires 
efficient triage tools. Sudden increases in dialysis demand may 
overwhelm institutional capacity, particularly in the early days 
following mass casualties. Simple and universally available 
laboratory parameters, such as admission creatinine, may 
provide critical support for early stratification and monitoring 
intensity decisions. Unlike complex scoring systems, creatinine 
measurement is inexpensive, rapidly obtainable, and widely 
accessible even in resource-constrained environments.
Our findings extend prior descriptive earthquake cohort analyses 
by focusing specifically on the predictive value of admission 
creatinine within a nephrology-managed population. While 
earlier studies have primarily described AKI incidence and overall 
dialysis rates, fewer have evaluated early independent predictors 
of RRT requirement in single-center disaster cohorts.8,9 The clear 
separation observed between RRT and non-RRT groups in our 
cohort suggests that admission creatinine may have practical 
prognostic utility.
Taken together, these results support the integration of 
admission serum creatinine into early evaluation algorithms 
for crush syndrome patients in disaster settings. Larger 
multicenter studies are warranted to validate these findings 
and to determine whether creatinine-based thresholds could 
contribute to standardized triage protocols in future mass 
casualty events.

Limitations
This study has several limitations. First, it was conducted at a 
single tertiary center, which may limit the generalizability of 
the findings to other institutions or disaster settings. Second, 
the sample size was relatively small, and the number of RRT 
events was limited. Although a clear association between 
admission creatinine and RRT requirement was observed, the 
discriminative performance should be interpreted cautiously in 

Figure 1. ROC curve for admission creatinine predicting RRT
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light of the cohort size. The observed perfect ROC discrimination 
may partly reflect the limited event number and sample size. 
Third, due to the retrospective design, residual confounding 
cannot be excluded. Only admission creatinine was evaluated in 
the regression model, and other potential predictors of dialysis 
requirement were not included in multivariable analysis because 
of the limited number of events. Therefore, the independent 
predictive role of creatinine should be confirmed in larger 
cohorts with comprehensive multivariable modeling.
Finally, the study represents a secondary analysis of an existing 
dataset, and dynamic changes in laboratory parameters during 
hospitalization were not evaluated. Future prospective and 
multicenter studies are needed to validate the optimal creatinine 
threshold for early risk stratification in disaster-related crush 
syndrome.

Conclusion
In conclusion, admission serum creatinine was strongly 
associated with renal replacement therapy requirement in 
patients with crush syndrome following the 2023 Kahramanmaraş 
earthquake. Admission creatinine demonstrated excellent 
discriminative ability for predicting dialysis need and may serve 
as a simple and readily available early risk indicator in disaster 
settings. Early identification of high-risk patients using routine 
laboratory parameters may contribute to improved triage 
strategies and optimized allocation of dialysis resources during 
mass casualty events.
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