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ABSTRACT

BACKGROUND: The aim of our study is to assess the prognostic impact of the neutrophil-to-lymphocyte ratio (NLR), lymphocyte-
to-monocyte ratio (LMR), and platelet-to-lymphocyte ratio (PLR) on 28-day mortality in patients admitted to the intensive care unit
with crush syndrome following the Kahramanmaras earthquake in Tiirkiye.

METHODS: A total of 63 adult patients with crush syndrome admitted to the intensive care unit after the earthquake were enrolled
in this study. The medical records of the patients were examined using follow-up forms and the hospital data system.

RESULTS: The mean age of the patients was 38.9+17.3 years, and the median time under debris was 31.5 hours. The 28-day mortal-
ity rate was 27%. In univariate generalized estimating equations (GEE) and other analyses, variables that are significant (or candidate
variables) between 28-day mortality groups included age as a biological factor. These variables were included in the multivariate GEE
model. The effects of continuous renal replacement therapy (CRRT), serum sodium concentration, Sequential Organ Failure Assess-
ment (SOFA) score, and PLR on mortality were statistically significant.

CONCLUSION: Elevated SOFA scores, the necessity for CRRT, increased serum sodium levels, and decreased PLR values are as-
sociated with increased 28-day mortality in patients with crush syndrome after an earthquake.

Keywords: Crush syndrome; earthquake monocyte-to-lymphocyte ratio; neutrophil-to-lymphocyte ratio; platelet-to-lymphocyte ratio.

INTRODUCTION

On February 6, 2023, two earthquakes (7.8 Mw and 7.5 Mw)
occurred in Tiirkiye, nine hours apart, with epicenters in the
Pazarcik and Ekin6zii districts of Kahramanmaras, respectively.
Fourteen days later, another earthquake (6.4 Mw) struck with
the epicenter in Hatay. These earthquakes caused significant
damage across | | provinces in Tiirkiye. According to official
figures, approximately 9.1 million people in Tirkiye were af-
fected, around 50,000 people died, and at least | 15,000 were

injured.l'” Following the earthquakes, many patients were
treated for crush syndrome (CS) in various centers in the sur-
rounding provinces.

Crush syndrome is a life-threatening medical condition that
typically occurs when heavy objects or structures fall on or
compress a persons’ body, leading to continuous and pro-
longed muscle crushing. This syndrome is commonly seen in
victims of earthquakes, wars, terrorist attacks, or other ac-
cidents. The main underlying pathologies are cellular hypo-

Cite this article as: Tiirktan M, Dogan O, Gok MG, Aydin K, Giileg E, Hatipoglu Z, Arslan YK, Ozcengiz D. Mortality risk factors for crush syndrome
after an earthquake in Tiirkiye: Do systemic inflammatory parameters play any role? Ulus Travma Acil Cerrahi Derg 2024;30:588-595.

Address for correspondence: Mediha Tiirktan
Cukurova University Faculty of Medicine, Ankara, Tirkiye
E-mail: mediturktan@gmail.com

Ulus Travma Acil Cerrahi Derg 2024;30(8):588-595 DOI: 10.14744/tjtes.2024.09637 [=] 5 ]

Submitted: 19.03.2024 Revised: 27.06.2024 Accepted: 19.07.2024 Published: 02.08.2024 e

OPEN ACCESS This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

588 Ulus Travma Acil Cerrahi Derg, August 2024, Vol. 30, No. 8


https://orcid.org/0000-0002-7378-6265
https://orcid.org/0000-0002-7224-7737
https://orcid.org/0009-0003-5347-7718
https://orcid.org/0000-0002-7224-7737
https://orcid.org/0000-0002-4529-2778
https://orcid.org/0000-0002-7224-7737
https://orcid.org/0000-0001-5538-3692
https://orcid.org/0000-0002-7224-7737
https://orcid.org/0000-0002-8415-8571
https://orcid.org/0000-0002-7224-7737
https://orcid.org/0000-0001-7581-5966
https://orcid.org/0000-0002-7224-7737
https://orcid.org/0000-0003-1308-8569
https://orcid.org/0000-0002-7224-7737
https://orcid.org/0000-0002-2598-0127
https://orcid.org/0000-0002-7224-7737

Turktan et al. Systemic inflammatory parameters and mortality risk in crush syndrome post-earthquake

perfusion, hypovolemia, traumatic rhabdomyolysis, and isch-
emia-reperfusion injury.? When pressure is rapidly relieved,
substances such as myoglobin, potassium, uric acid, and phos-
phorus are released from the damaged tissue into the sys-
temic circulation.’! Major systemic problems can occur after
reperfusion and CS, leading to potentially fatal complications
such as rhabdomyolysis, acute renal failure (ARF), arrhyth-
mias, sepsis, disseminated intravascular coagulation (DIC), and
multi-organ dysfunction.*®! Treatment includes early fluid re-
suscitation, diuresis, renal replacement therapy, and surgical
intervention.!

Systemic Inflammatory Response Syndrome (SIRS), mediated
by neutrophils and cytokines, continues to be a serious issue
in CS.¥! Although the effects of the lymphocyte-to-monocyte
ratio (LMR), platelet-to-lymphocyte ratio (PLR), and neutro-
phil-to-lymphocyte ratio (NLR) on diagnosis and mortality in
critically ill patients have been investigated, no study has evalu-
ated the effect of these parameters on mortality in CS.""1 The
aim of this study was to investigate the effects of these param-
eters on mortality in patients admitted to the intensive care
unit (ICU) with CS. Our hypothesis was that they could help
determine the prognosis of patients with CS after an earth-
quake. The primary outcome was 28-day mortality, and the
secondary outcome was CS-related complications.

MATERIALS AND METHODS

Sixty-three |CU-admitted patients diagnosed with CS after
the Kahramanmaras earthquake were included in this ret-
rospective cohort study. Following approval from the local
ethics committee (Gukurova University Faculty of Medicine
Ethics Committee, date: June 2, 2023; decision number:
134/3), the patients’ medical records were reviewed using
the ICU follow-up forms and the hospital data system. Inclu-
sion criteria included patients with CS after the February 6
earthquake and aged over |8 years. Exclusion criteria were
patients younger than |8 years of age and those with CS due
to causes other than the earthquake.

ICU Treatment

Crush syndrome was diagnosed when the patient presented
with painful and swollen extremities and a history of com-
pression of any part of the body. Vital signs (heart rate, in-
vasive systolic, diastolic, and mean arterial blood pressure),
peripheral arterial oxygen saturation, and urine output were
monitored. Intravenous fluid therapy was initiated, and arte-
rial blood gas analysis, blood tests, and clinical, neurological,
and radiological examinations were performed upon admis-
sion to the ICU. Necessary surgical procedures were per-
formed. In the presence of pneumothorax, hemothorax,
pneumomediastinum, or subcutaneous emphysema, a thorax
tube was placed. Inotropic agents, vasopressors, vasodilators,
blood and blood products, diuretics, anticoagulants, oxygen
therapy, sedation, and analgesics were administered as need-
ed. Glucose-insulin infusion and renal replacement therapy
(either hemofiltration or hemodialysis) were used to treat
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hyperkalemia (serum potassium concentration > 6 mEq/L).
The Glasgow Coma Scale (GCS), Acute Physiology and
Chronic Health Evaluation Il (APACHE II), Sequential Organ
Failure Assessment (SOFA) scores, Revised Trauma Score
(RTS), and Injury Severity Score (ISS) were used to assess
patients’ clinical status on a daily basis.

Data Collection

Demographic and clinical data of the patients, daily laboratory
tests, time under debris, site of injury (lower limb, upper limb,
thorax, pelvis, abdomen, head, and neck), and surgical proce-
dures (amputation, fasciotomy, debridement, and others) were
recorded. Duration of ICU stay, oxygen demand, and damage-
related complications such as sepsis, DIC, and/or acute re-
spiratory distress syndrome (ARDS), and mortality at 7 days
were also noted. Oxygen demand was defined as low (room
air; face mask, or nasal cannula) and high (high-flow nasal can-
nula, continuous positive airway pressure, or invasive mechani-
cal ventilation). Mortality at 28 and 90 days was assessed by
calling the patients and their relatives by phone. Only the first
14 days of patients’ laboratory data were included in the study,
as we had to evacuate our hospital due to damage caused by
the Hatay earthquake on February 20, 2023.

Statistical Analysis

For data analysis, the Statistical Package for the Social Sciences
(SPSS) version 22.0 (IBM Corp.: Armonk, New York, USA)
was used. While summarizing the data, descriptive statistics
related to continuous variables were presented as median
(minimum-maximum) values. Categorical variables were sum-
marized as n (%). In the analysis of continuous variables, con-
formity to normal distribution was checked by the Shapiro-
Wilk test. For variables that were not normally distributed,
the Mann-Whitney U test was used for comparisons in two
groups. Variables at each time point of the [14-day follow-up
during the ICU stay were also compared in the 28-day mor-
tality groups. Generalized estimation equations (GEE) were
used to analyze the data due to non-normal data, changing
data availability for each subject, and the ability to assess both
time-varying and individual difference variables. The GEE
model was performed to investigate the association between
mortality and related risk factors. In univariate analyses, the
variables that were found to be significant (p<0.05) between
28-day mortality groups (survivors and non-survivors) and
that could be considered candidate variables (p<0.25) were
included in the GEE model. Correlation between variables
was assessed with Spearman correlation. Variables that were
related (r>0.4) with each other were not added to the GEE
model at the same time. With the NLR, PLR, and LMR, three
different models were created and odds ratios (ORs) were re-
ported with their 95% confidence intervals (Cls). A p-value of
<0.05 was considered statistically significant in the evaluations.

RESULTS

After the February 6 earthquake, a total of 1,096 earthquake
victims were admitted to our university hospital. Sixty-nine
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Patients who admitted to our university hospital after 6-February 2023
Kahramanmaras earthquake (n = 1096)

69 patients admitted to the ICU

63 patients diagnosed with CS

Lost to follow up data (n = 0)

28-day mortality (n = 63)
- Survivors (n = 46)
- Non-survivors (n = 17)

Figure 1. Study flow chart.

adult patients were admitted to the ICU after the earth-
quake, sixty-three of whom were diagnosed with CS and all
were included in the study (Fig. I).

Baseline Characteristics of the Patients

The mean age was 38.9+17.3 (18-90 years) and the median
time under debris was 31.5 (1-220) hours. Of all the patients,
52.4% (n=33) were male and 47.6% (n=30) were female.
Crush syndrome was diagnosed in 53 of 63 patients with at
least one extremity trauma, and 10 patients had undamaged
extremities. Amputation was the most common surgical pro-
cedure. The affected body parts and the surgical procedures
are presented in Table |.

Twenty-two patients had comorbidities: 6 with hypertension,
5 with cardiac disease, 4 with malignancy, 3 with diabetes
mellitus, 3 with chronic obstructive pulmonary disease, and |
with a neurological disease. Seven patients (I |.1%) had a his-
tory of cardiac arrest due to hyperkalemia before admission
to the ICU. Four of them (57.1%) died at the 28-day follow-
up. The mean GCS score was 10.7+4.9 (3-15), the APACHE
Il score was 23.0+£10.3 (8-49), the SOFA score was 6.1£3.1
(I-13), the RTS was 5.5+3.6 (1-12), and ISS was 25.1+24.5
(0-75). While 32 patients (50.8%) required intubation, 25 pa-
tients were treated with a nasal/face mask or high-flow na-
sal oxygen (HFNO). Only 6 patients (9.5%) did not require
supplemental oxygen. The mean duration of mechanical ven-
tilation was 125.5+£105.3 (15-336) hours, duration of ICU
stay was 6.514.4 (1-14) days, and length of hospital stay was
10.2£4.3 (1-16) days. After 14 days, 27 patients (42.9%) were
transferred to the ward, 25 patients (39.7%) were transferred
to another hospital, 10 patients (15.9%) died, and one patient
(1.6%) was discharged.

It was found that the 7-day mortality rate was 12.7% (n=8),
the 28-day mortality rate was 27% (n=17), and the 90-day
mortality rate was 28.6% (n=18).
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Table I. Site of injuries and surgical procedures
n %
Site of Injury
Lower limb 44 69.8
Thorax 35 55.6
Abdomen 24 38.1
Upper limb 20 31.7
Head and neck 15 238
Pelvis 14 222
Surgical Procedures
Amputation 30 47.6
Fasciotomy 9 14.3
Debridement 7 1.1
Laparotomy 5 79
Internal fixation 4 6.3
Local flap 3 4.8
Thorax wall resection | 1.6
Orchiectomy | 1.6
Hemipelvectomy | 1.6

Data are presented as the number of patients (n) and percent (%).

Damage-Related Complications

The most common complications during the ICU admis-
sion were sepsis (74.6%), renal failure (69.8%), wound infec-
tion (54%), pneumonia (38.1%), and hemo/pneumothorax
(28.6%). Pulmonary embolism was observed in two patients,
and pericardial effusion, acute respiratory distress syndrome
(ARDS), gastrointestinal perforation, and bleeding were ob-
served in one patient each. Hemodialysis was used in 10 pa-
tients (15.9%), continuous renal replacement therapy (CRRT)
in 14 patients (22.2%), and a combination of both CRRT and
hemodialysis in |18 patients (28.6%).

Risk Factors of Mortality

When risk factors for 28-day mortality were analyzed in
univariate analyses, GCS, APACHE, and SOFA scores, RTS,
pneumonia, diabetes mellitus, CRRT, oxygen demand, white
blood cell (WBC) count, hemoglobin, hematocrit, C-reactive
protein, sodium (Na+), potassium, albumin, lactate, procal-
citonin, lactate dehydrogenase, creatine phosphokinase, glo-
merular filtration rate (GFR), blood urea nitrogen (BUN),
creatinine, uric acid, NLR, PLR, and LMR were found to be
statistically different between survivors and non-survivors, or
could be candidate variables (Table 2).

Time-dependent changes in the primary variables of our
study (NLR, PLR, and LMR) were also examined. These are
shown in Figure 2.

The GEE model was performed to investigate the associa-
tion between mortality and related risk factors. The variables
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Table 2. Comparison of variables in "28-day mortality" groups

Mortality (28 days) P
Survivors (n=46) Non-survivors (n=17)
Gender (male/female) 24 (52.2)/22 (47.8) 9 (52.9)/8 (47.1) 0.957
Age (years) 32 (18-68) 46 (19-90) 0.116
Site of Injury
Lower extremity 32 (69.6) 12 (70.6) 0.937
Thorax 25 (54.3) 10 (58.8) 0.751
Abdomen 18 (39.1) 6 (35.3) 0.781
Upper extremity 14 (30.4) 6 (35.3) 0.713
Head and neck 12 (26.1) 3(17.6) 0.485
Pelvis 9 (19.6) 5(29.4) 0.404
Time under debris (hours) 30 (1-220) 36 (10-155) 0.114
GCS score 14 (3-15) 3 (3-15) <0.001
APACHE |l score 18 (8-49) 27 (8-47) 0.034
SOFA score 5(1-11) 9 (4-13) <0.001
Revised trauma score 4(1-12) 3(1-11) 0.011
Injury severity score 12 (0-75) 17 (0-75) 0.393
Complications
ARDS 0 (0) 1 (5.9 0.270
Sepsis 34 (73.9) 13 (76.5) 0.836
Pericardial effusion 1(2.2) 0(0) 0.540
Pulmonary embolism 2 (43) 0 (0) 0.382
Perforation 0(0) 1 (5.9) 0.270
Cellulite 23 (50) 11 (64.7) 0.299
Kidney failure 31 (67.4) 13 (76.5) 0.486
Gastrointestinal bleeding 1 (2.2) 0 (0) 0.540
Pneumonia 13 (28.3) 11 (64.7) 0.008
Comorbidity
HT 3 (6.5) 3(17.6) 0.330
DM 0 (0) 3(17.6) 0.017
COPD 2 (43) 1 (5.9 0.800
Cardiac disease 4(8.7) 1 (5.9) 0.714
Neurological disease 1(2.2) 0(0) 0.540
CRRT 19 (41.3) 13 (76.5) 0.013
Hemodialysis 23 (50) 5(29.4) 0.144
Oxygen demand (low/high) 24 (52.2)/22 (47.8) 1 (5.9)/16 (94.1) 0.001
Duration of mechanical ventilation (hours) 84 (20-288) 73 (15-336) 0.985
Length of ICU stay (days) 5.5 (1-15) 5 (1-15) 0.762
White blood cells (103/pL) 11 (5.1-31.8) 21.1 (8.5-37) 0.018
Hemoglobin (g/dL) 8.6 (7.8-9.3) 7.7 (6.3-8.3) 0.038
Hematocrit (%) 27.3 (19.5-33.9) 24 (19.4-27.9) 0.197
Albumin (g/dL) 2.16 (1.67-3.33) 1.87 (1.49-2.38) 0.082
C-reactive protein (mg/L) 133 (15.4-421) 213 (83.8-464) 0.039
Procalcitonin (ug/L) 3 (0.1-68.2) 24.2 (0.4-97.7) 0.062
Potassium (mmol/L) 4.8 (3-7.3) 5.3 (3.2-7.5) 0.183
Sodium (mmol/L) 139 (116-168) 145 (131-167) 0.119
Lactate (mmol/L) 1.2 (0.8-2.9) 2.2 (1.5-34) 0.003
Blood urea nitrogen (mg/dL) 27.2 (5.2-108) 43.6 (12.3-121.3) 0.035
Creatinine (mg/dL) 3.8 (04-5.7) 2.1 (0.3-4.2) 0.093
Myoglobin (ng/mL) 1045 (22-3978) 2687.5 (351-4007) 0.257
Lactate dehydrogenase (U/L) 635.5 (53-5450) 874 (366-12850) 0.216
Creatine phosphokinase (U/L) 16203 (103-965000) 6990 (117-102898) 0.215
Alanine aminotransferase (U/L) 81 (27-739) 51 (17-289) 0.250
Aspartate aminotransferase (U/L) 259 (20-5343) 739 (38-2711) 0.341
Uric acid (mg/dL) 8.9 (0.9-19) 10.5 (3.9-17.4) 0.080
Glomerular filtration rate (mL/min/1.73 m2) 36.5 (8-145) 28 (9-138) 0.039
Neutrophil-to-lymphocyte ratio 10 (2.7-48.5) 12.7 (4.6-41.5) 0.186
Platelet-to-lymphocyte ratio 142 (58.1-301.8) 67.4 (32.5-290) 0.048
Lymphocyte-to-monocyte ratio 1.25 (0.55-2.11) 1.93 (0.17-4) 0.181

Data are presented as median (minimum-maximum), number of patients (n) and percent (%). APACHE: Acute Physiology and Chronic Health Evaluation; ARDS: Acute
Respiratory Distress Syndrome; CRRT: Continuous Renal Replacement Therapy; COPD: Chronic Obstructive Pulmonary Disease; DM: Diabetes Mellitus; GCS: Glasgow

Coma Scale; HT: Hypertension; ICU: Intensive Care Unit; SOFA: Sequential Organ Failure Assessment.
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28-day
mortality
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LMR

Day in ICU

Figure 2. Trends in primary outcomes during intensive care unit
stay.

found to be significant (or candidate variables) between 28-
day mortality groups in univariate GEE or other analyses, and
age as a biological factor, were included in the multivariate
GEE model. The variables that were related to each other
(r>0.4) were not included in the GEE model. Three differ-
ent models were created with NLR, PLR, and LMR. All three
models included CRRT, pneumonia, age, CRP, sodium (Na+),
GFR, and SOFA scores on mortality were statistically signifi-
cant. In Model | and Model 3, the effects of the NLR and
LMR parameters on mortality were not statistically signifi-
cant (p=0.138, p=0.204, respectively) (Table 3). In the second
model, which included the PLR among the examined ratios,
PLR was found to have a statistically significant effect on mor-
tality (p=0.006) (Table 3). Receiving CRRT, high Na+ level,
and high SOFA score increased mortality. Additionally, when
Model 2 was evaluated, low PLR levels also increased mortal-
ity (Table 3).

DISCUSSION

In this retrospective cohort study, our findings suggest that
higher SOFA scores, higher serum sodium concentrations,
lower PLR values, and the need for CRRT are predictive fac-
tors for 28-day mortality in ICU patients with CS after the
earthquake.

Previous reports have shown that CS and subsequent ARF
are the main causes of hospital death after earthquakes!'®'!!
The mortality rate for CS is approximately 20% (ranging from
13% to 25%), which may increase if treatment is not initi-
ated promptly or in the presence of multi-organ failure.[>!2!3!
Risk factors for mortality in earthquake trauma patients in-
clude age, time under debris, GCS, and comorbidities, par-
ticularly chronic renal disease.>'] The risk of mortality in-
creases when time under debris exceeds 24 hours; however,
the longest survival time reported in the literature is 14 days

Table 3. Generalized estimating equations analysis of the association between 28-day mortality and risk factors
Model | Model 2 Model 3
OR (95% CI) P OR (95% CI) p OR (95% CI) p

CRRT 6.29 (1.29-30.3) 0.017° CRRT 6.91 (1.33-35.9) 0.022" CRRT 7.30 (1.38-38.5) 0.025
Pneumonia 1.10 (0.25-4.90) 0.900 Pneumonia 1.09 (0.24-4.97) 0913 Pneumonia 0.99 (0.19-5.0) 0.990
Age 1.02 (0.97-1.07) 0.385 Age 1.02 (0.98-1.07) 0.388 Age 1.02 (0.98-1.07) 0.327
CRP 1.0 (0.99-1.00) 0.062 CRP 1.0 (0.99-1.00) 0.078 CRP 1.0 (0.99-1.01) 0.541
Sodium 1.01 (1.01-1.03) 0.016 Sodium 1.01 (1.00-1.02) 0.014" Sodium 1.01 (1.00-1.02) 0.029"
GFR 0.99 (0.99-1.01) 0.148 GFR 0.99 (0.99-1.0) 0.063 GFR 0.99 (0.99-1.00) 0.117
SOFA 1.75 (1.22-2.49) 0.002 SOFA 1.75 (1.20-2.56) 0.004" SOFA 1.77 (1.21-2.61) 0.004"
NLR 0.99 (0.99-1.0) 0.138 PLR 0.99 (0.99-0.99) 0.006" LMR 1.02 (0.98-1.07) 0.204

Data are presented as odds ratio (OR) and 95% confidence interval (Cl). CRP: C-Reactive Protein; CRRT: Continuous Renal Replacement Therapy; GFR:
Glomerular Filtration Rate; LMR: Lymphocyte-to-Monocyte Ratio; NLR: Neutrophil-to-Lymphocyte Ratio; PLR: Platelet-to-Lymphocyte Ratio; SOFA: Se-
quential Organ Failure Assessment.
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after an earthquake.l''! While severe thoracic and abdomi-
nal trauma leading to CS is another potential cause of death,
the limbs are the most commonly injured body parts.[>!*'¢l
Another important problem in earthquake victims is ARDS
and/or respiratory failure. Erek et al. found that ARDS and/
or respiratory failure associated with sepsis was a risk fac-
tor for mortality in earthquake victims.['® In our patients, we
observed prolonged time under debris due to the impossi-
bility of transport to the earthquake zone because of dam-
aged roads. However, there was no difference in time under
debris between survivors and non-survivors (1-220 hours vs.
10-155 hours, respectively). Ve observed a higher incidence
of lower extremity trauma in both groups; however, the site
of injury did not differ between survivors and non-survivors.
Consistent with the literature, mortality was higher in our
patients who required CRRT, had diabetes mellitus, had lower
GFR, higher BUN, and higher GCS, APACHE II, SOFA and
Revised Trauma Scores, had pneumonia, required higher oxy-
gen demand, and had higher WBC counts.

Electrolyte imbalances are common in earthquake victims
with CS, and hyperkalemia is one of the life-threatening con-
ditions.['"™! In our study, the mortality rate was 57.1% in pa-
tients with a history of cardiac arrest due to hyperkalemia
before ICU admission. However, the potassium levels of sur-
vivors and non-survivors were not different at the time of
ICU admission (3-7.3 mmol/L, 3.2-7.5 mmol/L, respectively)
and during the |4-day follow-up. Studies investigating serum
Na+ concentration in patients with CS are limited in the liter-
ature. Zhang et al. found hyponatremia (serum Na+ concen-
tration <I35 mmol/L) to be an independent risk factor after
the Wenchuan earthquake; however, they excluded hyper-
natremic patients (serum Na+ concentration >145 mmol/L)
and evaluated only normonatremic and hyponatremic pa-
tients in their study.l'] Another study found the incidence of
hyponatremia to be 52.5% after the Bam earthquake.['¥ In our
study, 20 patients had hyponatremia (31.7%), 23 patients had
normonatremia (36.6%), and 20 patients had hypernatremia
(31.7%) at the time of ICU admission; however, serum Na+
concentration did not differ between survivors (139 mmol/L)
and non-survivors (145 mmol/L) (p=0.119). Serum Na+ con-
centration was included in our GEE model because it was
considered a candidate variable and was found to be associat-
ed with mortality. Ve observed hyponatremia less frequently
than reported in the literature. This may be explained by the
fluid therapy given to our patients prior to ICU admission
(we could not obtain clear information on this issue) or the
small sample size of our study.

The immune response to various factors plays a crucial role
in critically ill patients, and many cell types, including neu-
trophils and lymphocytes, release cytokines into the circula-
tion. Trauma, sepsis, and SIRS are associated with elevated
plasma cytokine levels. Ischemia-reperfusion injury in crush
syndrome triggers an inflammatory cascade, with neutro-
phils being the first to increase.l'"?2 Conversely, there is a
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decrease in total lymphocytes.?®] Recently, the effects of the
LMR, PLR, and NLR on mortality and clinical outcomes in
critically ill patients have been explored, with higher NLR
associated with poorer outcomes.?'*! Heffernan et al. sug-
gested that lymphopenia, developing after trauma, typically
resolves within 72 to 96 hours, with delayed normalization
potentially leading to worse outcomes.?? Ke et al. found that
a higher lymphocyte count, lower platelet count, and con-
sequently, lower PLR play a crucial role in mortality among
ICU-admitted trauma patients.”?®! Van Helmond et al. pos-
ited that relative leukocytosis (especially neutrophil-based)
in non-surviving patients may result from hypovolemia.l?”
Dilektasli et al. demonstrated that elevated NLR on days 2
and 5 is an independent risk factor for mortality in trauma
patients, mostly with blunt injuries.®! Lee et al. reported that
lower PLR and NLR at 6 hours after admission to the emer-
gency department were associated with in-hospital mortality
in trauma patients.”! Riché et al. observed that septic shock
patients with lower NLR at ICU admission had an increased
risk of early death, while an increase in NLR from day | to day
5 was linked to late mortality.l?®!

In our study, the victims could reach and be admitted to our
hospital after the first 24 hours following the earthquake, so
we compared the laboratory values at ICU admission and
during the |4-day period. In accordance with the literature,
we observed that NLR values were lower in non-survivors
at ICU admission and gradually increased. However, in GEE
Model I, NLR was not a predictor of 28-day mortality
(p=0.138). Similarly, PLR values were lower in non-survivors
at ICU admission, and in GEE Model 2, emerged as a predic-
tive factor for 28-day mortality (p=0.006). Although LMR val-
ues were higher in non-survivors, in GEE Model 3, they were
not predictive of 28-day mortality (p=0.204).

To our knowledge, this is the first study to clearly investi-
gate the effect of NLR, LMR, and PLR values on mortality
in patients with CS. Furthermore, our study cohort repre-
sents a relatively homogeneous group, specifically comprising
earthquake victims with CS who were admitted to the ICU.
However, there are several limitations to our study. First, it
was conducted as a single-center investigation, restricting our
sample to patients admitted solely to our ICU and excluding
those treated in nearby hospitals or on the ward. Second, the
sample size was small; confirmation of our findings by other
centers would have strengthened our results. Third, cru-
cial data regarding the time elapsed from rubble removal to
hospital arrival and from the emergency department to ICU
admission were unavailable for all patients, thus limiting the
comprehensiveness of our analysis. Fourth, the fluid therapy
that all patients received until admission to the ICU was un-
clear, so this information was not included in the study data.

CONCLUSION

In conclusion, our study highlights several predictive factors
for 28-day mortality in ICU patients with CS after an earth-
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quake, including elevated SOFA scores, increased serum Na+
levels, decreased PLR values, and the necessity for CRRT. No-
tably, among these markers, the PLR emerges as a simple and
cost-effective parameter that could serve as a valuable tool
for assessing outcomes following an earthquake. Neverthe-
less, to validate these findings and ensure their generalizabil-
ity, additional prospective studies conducted across multiple
centers are warranted. Such endeavors will provide a more
comprehensive understanding of the prognostic significance
of these factors in earthquake-related CS cases.

Ethics Committee Approval: This study was approved by
the Cukurova University Faculty of Medicine Ethics Commit-
tee (Date: 02.06.2023, Decision No: 134).

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept: M.TE.G., Z.H., D.O,
KA., OD, MG.G, YKA, Design: M.T,, YK.A, EG., ZH,
M.G.G, OD, KA, D.O; Supervision: M.T, O.D, M.G.G,,
E.G., KA, ZH., YKA., DO, Data collection and/or pro-
cessing: M.T,, O.D,, M.G.G,, K.A; Analysis and/or interpreta-
tion: YK.A, KA, Literature search: M.T,, K.A, D.O, O.D,
M.G.G.; Writing: M.T,, YK.A. K.A; Critical review: KA,
E.G.,ZH, DO.

Conflict of Interest: None declared.

Financial Disclosure: The author declared that this study
has received no financial support.

REFERENCES

1. World Health Organization. Tiirkiye earthquake: external situation re-
port. Regional Office for Europe: 2023.

. Gonzalez D. Crush syndrome. Crit Care Med 2005;33:34—41. [CrossRef]

3. LiuY,YuM, Chen L, LiuJ, Li X, Zhang C, et al. Systemic review of ani-
mal models used in the study of crush syndrome. Shock 2022;57:469—
78. [CrossRef]

4. LiN, Wang X, Wang P, Fan H, Hou S, Gong Y. Emerging medical thera-
pies in crush syndrome—progress report from basic sciences and potential
future avenues. Ren Fail 2020;42:656—66. [CrossRef |

5. Long B, Liang SY, Gottlieb M. Crush injury and syndrome: A review for
emergency clinicians. Am ] Emerg Med 2023;69:180—7. [CrossRef ]

6. Sgarbi MWM, Junior BAS, Pires DA, Velasco I'T. Comparison of the
effects of volemic reposition with 7.5% NaCl or blood in an experimental
model of muscular compression and hemorrhagic shock. Rev Bras Ortop
2018;53:614-21. [CrossRef]

7. Hou SK, Lin HA, Chen SC, Lin CE Lin SE. Monocyte distribution
width, neutrophil-to-lymphocyte ratio, and platelet-to-lymphocyte ra-
tio improves early prediction for sepsis at the emergency. ] Pers Med
2021;11:732. [CrossRef |

8. Dilektasli E, Inaba K, Haltmeier T, Wong MD, Clark D, Benjamin ER,
et al. The impact of neutrophil-to-lymphocyte ratio on mortality in criti-
cally ill trauma patients. ] Trauma Acute Care Surg 2016;81:882-8.

9. Lee DH, Lee BK, Lee SM, Cho YS, Yun SW. Association of neutrophil-
to-lymphocyte and platelet-to-lymphocyte ratios with in-hospital mor-
tality in the early phase of severe trauma. Ulus Travma Acil Cerrahi Derg
2021;27:290-5. [CrossRef]

10. He Q, Wang E Li G, Chen X, Liao C, Zou Y, et al. Crush syndrome
and acute kidney injury in the Wenchuan Earthquake. ] Trauma
2011;70:1213-8. [CrossRef]

11. Wen J, Shi YK, Li YP, Wang L, Cheng L, Gao Z, et al. Risk factors of

594

Ulus Travma Acil Cerrahi Derg, August 2024, Vol. 30, No. 8

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

earthquake inpatient death: a case control study. Crit Care 2009;13:R24.
Sever MS, Vanholder R. Management of crush victims in mass disas-
ters: highlights from recently published recommendations. Clin ] Am Soc
Nephrol 2013;8:328-35. [CrossRef |

Demirkiran O, Dikmen Y, Utku T, Urkmez S. Crush syndrome patients
after the Marmara earthquake. Emerg Med J 2003;20:247—50. [CrossRef]
Hu H, Lai X, Tan C, Yao N, Yan L. Factors associated with in-patient
mortality in the rapid assessment of adult earthquake trauma patients.
Prehosp Disaster Med 2022;37:299-305. [CrossRef |

Macintyre AG, Barbera JA, Smith ER. Surviving collapsed structure en-
trapment after earthquakes: a "time-to-rescue” analysis. Prehosp Disaster
Med 2006;21:4—-19. [CrossRef ]

Erek E, Sever MS, Serdengecti K, Vanholder R, Akoglu E, Yavuz M, et al.
An overview of morbidity and mortality in patients with acute renal fail-
ure due to crush syndrome: the Marmara earthquake experience. Nephrol
Dial Transplant 2002;17:33-40. [CrossRef |

Zhang L, Fu P, Wang L, Cai G, Zhang L, Chen D, et al. Hyponatrae-
mia in patients with crush syndrome during the Wenchuan earthquake.
Emerg Med ] 2013;30:745-8. [CrossRef ]

Safari S, Eshaghzade M, Najafi I, Baratloo A, Hashemi B, Forouzan-
far MM, et al. Trends of serum electrolyte changes in crush syndrome
patients of bam earthquake; across sectional study. Emerg (Tehran)
2017;5:e7.

Haruta Y, Kobayakawa K, Saiwai H, Hata K, Tamaru T, Iura H, et al.
Zinc chelator treatment in crush syndrome model mice attenuates isch-
emia-reperfusion-induced muscle injury due to suppressing of neutrophil
infiltration. Sci Rep 2022;12:15580. [CrossRef ]

Ear T, Mc Donald PP. Cytokine generation, promoter activation, and
oxidant-independent NF-kappa B activation in a transfectable human
neutrophilic cellular model. BMC Immunol 2008;9:14. [CrossRef |
Djordjevic D, Rondovic G, Surbatovic M, Stanojevic I, Udovicic I, An-
djelic T, et al. Neutrophil-to-lymphocyte ratio, monocyte-to-lymphocyte
ratio, platelet-to-lymphocyte ratio, and mean platelet volume-to-platelet
count ratio as biomarkers in critically ill and injured patients: which ratio
to choose to predict outcome and nature of bacteremia? Mediators In-
flamm 2018:2018:3758068. [CrossRef ]

Heffernan DS, Monaghan SE Thakkar RK, Machan JT, Cioffi WG,
Ayala A. Failure to normalize lymphopenia following trauma is associ-
ated with increased mortality, independent of the leukocytosis pattern.
Crit Care 2012;16:R12. [CrossRef]

Soulaiman SE, Dopa D, Raad ABT, Hasan W, Ibrahim N, Hasan AY,
et al. Cohort retrospective study: the neutrophil to lymphocyte ratio as
an independent predictor of outcomes at the presentation of the multi-
trauma patient. Int | Emerg Med 2020;13:5. [CrossRef]

Duchesne JC, Tatum D, Jones G, Davis B, Robledo R, De Moya M, et
al. Multi-institutional analysis of neutrophil-to-lymphocyte ratio (NLR)
in patients with severe hemorrhage: a new mortality predictor value. J
Trauma Acute Care Surg 2017;83:888—93. [CrossRef]

Younan D, Richman J, Zaky A, Pittet JE. An increasing neutrophil-to-
lymphocyte ratio trajectory predicts organ failure in critically-ill male
trauma patients. An exploratory study. Healthcare 2019;7:42. [CrossRef ]
Ke RT, Rau CS, Hsieh TM, Chou SE, Su WT, Hsu SY, et al. Association
of platelets and white blood cells subtypes with trauma patients’ mortality
outcome in the intensive care unit. Healthcare (Basel) 2021;9:942.

van Helmond N, Johnson BD, Curry TB, Cap AP, Convertino VA,
Joyner MJ. White blood cell concentrations during lower body negative
pressure and blood loss in humans. Exp Physiol 2016; 101:1265-75.
Riché F, Gayat E, Barthélémy R, Dorze ML, Matéo J, Payen D. Reversal
of neutrophil-to-lymphocyte count ratio in early versus late death from
septic shock. Crit Care 2015;19:439. [CrossRef]


https://doi.org/10.1097/01.CCM.0000151065.13564.6F
https://doi.org/10.1097/SHK.0000000000001911
https://doi.org/10.1080/0886022X.2020.1792928
https://doi.org/10.1016/j.ajem.2023.04.029
https://doi.org/10.1016/j.rbo.2017.06.015
https://doi.org/10.3390/jpm11080732
https://doi.org/10.1097/TA.0000000000000980
https://doi.org/10.14744/tjtes.2020.02516
https://doi.org/10.1097/TA.0b013e3182117b57
https://doi.org/10.1186/cc7729
https://doi.org/10.2215/CJN.07340712
https://doi.org/10.1136/emj.20.3.247
https://doi.org/10.1017/S1049023X22000693
https://doi.org/10.1017/S1049023X00003253
https://doi.org/10.1093/ndt/17.1.33
https://doi.org/10.1136/emermed-2012-201563
https://doi.org/10.1038/s41598-022-19903-0
https://doi.org/10.1186/1471-2172-9-14
https://doi.org/10.1155/2018/3758068
https://doi.org/10.1186/cc11157
https://doi.org/10.1186/s12245-020-0266-3
https://doi.org/10.1097/TA.0000000000001683
https://doi.org/10.3390/healthcare7010042
https://doi.org/10.3390/healthcare9080942
https://doi.org/10.1113/EP085952
https://doi.org/10.1186/s13054-015-1144-x

Turktan et al. Systemic inflammatory parameters and mortality risk in crush syndrome post-earthquake

ORIJINAL CALISMA - 6Z

Tiirkiye'de deprem sonrasi ezilme sendromu i¢in mortalite risk faktorleri: Sistemik
inflamatuvar parametrelerin herhangi bir rolii var m1?

Mediha Tiirktan,' Omer Dogan," Mehmet Gokhan Gok," Kaniye Aydin,? Ersel Giileg," Zehra Hatipoglu,’
Yusuf Kemal Arslan,® Dilek Ozcengiz'

"Cukurova Universitesi Tip Fakiiltesi, Anesteziyoloji ve Reanimasyon Anabilim Dali, Adana, Tiirkiye

2Gukurova Universitesi Tip Fakiltesi, I¢ Hastaliklar Anabilim Dali, Adana, Tirkiye

3Cukurova Universitesi Tip Fakiltesi, Biyoistatistik Anabilim Dali, Adana, Tiirkiye

AMAC: Calismamizin amaci, Tirkiye'de Kahramanmaras depremi sonrasi yogun bakimda takip edilen crush sendromu tanili hastalarda nétrofil-
lenfosit orani (NLR), lenfosit-monosit orani (LMR) ve trombosit-lenfosit oraninin (PLR) 28 giinliik mortalite lzerindeki prognostik etkisini deger-
lendirmektir.

GEREC VE YONTEM: Bu calismaya deprem sonrasi crush sendromu tanisiyla yogun bakim iinitesine yatirilan toplam 63 yetiskin hasta dahil edildi.
Hastalarin tibbi kayitlari takip formlari ve hastane veri sistemi kullanilarak incelendi.

BULGULAR: Hastalarin ortalama yasi 38.9%17.3 yil ve enkaz altinda gegen ortanca stire 31.5 saat idi. 28 giinlik mortalite orani %27 idi. Tek degis-
kenli genellestirilmis tahmin denklemleri (GEE) veya diger analizlerde, 28 giinliik mortalite gruplari arasinda anlamli bulunan degiskenler (veya aday
degiskenler) ve biyolojik bir faktor olarak yas, cok degiskenli GEE modeline dahil edildi. Stirekli renal replasman tedavisi (CRRT), serum sodyum
konsantrasyonu, sirali organ yetmezligi degerlendirme (SOFA) skoru ve PLR'nin mortalite Uzerindeki etkisi istatistiksel olarak anlamliyd.

SONUC: Yiiksek SOFA skorlari, CRRT gerekliligi, artmis serum sodyum seviyeleri, ve azalmig PLR degerleri deprem sonrasi crush sendromu tanil
hastalarda 28 giinliik mortaliteyi artirmaktadir.

Anahtar sozclikler: Crush sendromu; deprem; notrofil-lenfosit orani; monosit-lenfosit orani; trombosit-lenfosit orani.
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