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Purpose: In patients with trauma, rhabdomyolysis (RM) can lead to fatal complications
resulting from muscle damage. Thus, RM must be immediately diagnosed and treated
to prevent complications. Creatine kinase (CK) is the most sensitive marker for diag-
nosing RM. However, relying on CK tests may result in delayed treatment, as it takes
approximately 1 hour to obtain CK blood test results. Hence, this study investigated
whether the neutrophil-to-lymphocyte ratio (NLR) could predict RM at an earlier time
point in patients with trauma, since NLR results can be obtained within 10 minutes.
Methods: This retrospective study included 130 patients with severe trauma who were
admitted to the emergency room of a tertiary institution between January 2017 and
April 2020. RM was defined as a CK level 21,000 U/L at the time of arrival. Patients
with severe trauma were categorized into non-RM and RM groups, and their charac-
teristics and blood test results were analyzed. Statistical analysis was performed using
SPSS version 26.0 for Windows.

Results: Of the 130 patients with severe trauma, 50 presented with RM. In the multi-
variate analysis, the NLR (odds ratio [OR], 1.252; 95% confidence interval [CI], 1.130—
1.386), pH level (OR, 0.006; 95% CI, 0.000—0.198), presence of acute kidney injury (OR,
3.009; 95% CI, 1.140-7.941), and extremity Abbreviated Injury Scale score (OR, 1.819;
95% CI, 1.111-2.980) significantly differed between the non-RM and RM groups. A re-
ceiver operating characteristic analysis revealed that a cut-off NLR value of 3.64 was the
best for predicting RM.

Conclusions: In patients with trauma, the NLR at the time of arrival at the hospital is a
useful biochemical marker for predicting RM.

Keywords: Rhabdomyolysis; Multiple trauma; Neutrophils; Lymphocytes; Acute
kidney injury
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INTRODUCTION

Rhabdomyolysis (RM) is caused by the breakdown of
skeletal muscle and subsequent leakage of its contents into
the blood circulation [1]. Common causes of this condi-
tion are trauma, overexertion, and drug use, and it can
lead to acute kidney injury (AKI), hyperkalemia, cardiac
arrhythmia, compartment syndrome, and disseminated
intravascular coagulation [1,2]. The clinical features of
RM include muscle pain, swelling, weakness, tea-colored
urine, nausea, and malaise [1]. Creatine kinase (CK) is the
most sensitive biomarker of muscle injury, and a baseline
CK value 21,000 U/L, which is five times the normal up-
per limit of CK in the blood, is used to diagnose RM [3].
The treatment of RM aims to minimize muscle damage,
prevent AKI, and immediately correct life-threatening
complications. In particular, proper renal perfusion must
be maintained with early and aggressive fluid resuscitation
to prevent AKI [3]. A peak CK value 25,000 U/L (severe
RM) indicates severe muscle injury and an elevated risk
of developing AKI. However, since CK can reach its peak
level within 1-3 days, relying on peak CK levels can result
in delays in providing proper treatment [4]. A previous
study showed that when the initial CK value was below
900 U/L, the peak CK value did not exceed 5,000 U/L [5].
Therefore, the initial CK value is effective for predicting
the peak CK value. It takes approximately 1 hour to ob-
tain CK values from a blood test. Hence, if RM can be
predicted before obtaining the CK test result, appropriate
treatment can be provided immediately.

The neutrophil-to-lymphocyte ratio (NLR) can be ob-

Table 1. Criteria for severe trauma team activation

tained within 10 minutes via a complete blood count ex-
amination, and it is used as an indicator of the inflamma-
tory response [6]. The NLR has been used as a predictor
of poor prognosis in various conditions, such as infection,
infarction, and tumors [7,8]. According to Sugama et al.
[9], muscle damage leads to neutrophil recruitment and
decreased lymphocyte levels during the acute phase. Based
on the abovementioned findings, this study aimed to
determine whether the NLR could be utilized as an early
predictor of RM in patients with acute trauma.

METHODS

In this retrospective study, the data of patients with
trauma who were admitted to the emergency room of a
tertiary institution in South Korea between January 2017
and April 2020 were collected. This study was approved
by the Institutional Review Board of Chosun University
Hospital (IRB No. CHOSUN 2020-03-004). All data were
extracted from the electronic medical records of Chosun
University Hospital. This study was conducted on injured
patients aged =18 years who met Chosun University
Hospital's criteria for severe trauma team activation, as
shown in Table 1, and the severe trauma team was ac-
tivated when one or more of the criteria were met [10].
The exclusion criteria were patients aged <18 years, those
for whom excessive time had passed after the accident
because of transfer from another hospital, those who died
within 24 hours of presenting to the hospital, those with
known chronic kidney disease, and those with incomplete

Physiological parameters

Injury patterns

Mechanism of injury

Systolic blood pressure <90 mmHg after trauma
Glasgow Coma Scale score <9 after trauma

Breathing disturbance/need for intubation
after trauma

Open cranial injury
Burns >20%

Penetrating injuries of the neck and trunk
Gunshot injuries of the neck and trunk

Fractures of at least two proximal bones

Unstable thorax, unstable pelvic fracture
Amputation proximal to heads/feet

Injuries with neurological signs of paraplegia

Fall from height >3 m
Road traffic accident

Frontal collision with intrusion of more than 50 to
75¢cm

Changes in velocity of delta >30 km/h
Pedestrian/motorcycle collision
Death of a passenger

Ejection of a passenger
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medical records, including blood test results. A total of
228 patients who met the criteria for severe trauma team
activation were admitted to Chosun University Hospital
emergency room during the study period. Finally, 130 pa-
tients were enrolled and 98 were excluded. According to
the blood test results performed immediately upon arrival
at the hospital, patients with CK levels 21,000 U/L were
diagnosed with RM. Data were analyzed for a wide range

Table 2. Patients’ characteristics according to RM
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of parameters, including age, sex, Glasgow Coma Scale
(GCS) score, blood pressure, heart rate, Acute Physiology
and Chronic Health Evaluation II (APACHE II) score,
Injury Severity Score (ISS), Abbreviated Injury Scale (AIS)
score, trauma mechanism, the presence of acute kidney
injury (AKI), continuous renal replacement therapy
(CRRT), emergency surgery, mortality, and laboratory
values (complete blood count, electrolyte, lactate, blood

Total (n=130) Non RM (n=80) RM (n=50) p-value

Age (years) 55.71+18.09 5725+18.36 532441758 0.220
Male 89 (68.5) 51 (57.3) 38(427) 0.144
Female 41 (31.5) 29 (70.7) 12 (29.3)
GCS 11.08+3.84 1119+£3.80 10924395 0701
SBP (mmHg) 91.38+52.69 9700+52.66 8240+52.00 0125
DBP (mmHg) 53.54+30.78 55.37+29.16 50.60+33.28 0392
MAP (mmHg) 66.04+37.32 69.10£36.16 61.14+38.99 0.238
HR (beat/min) 88.68+29.77 88.83+2762 8844+33.22 0943
APACHE Il 1447+8.56 13.82+762 15.50+9.88 0.279
ISS 3097+10.55 29.84+11.36 32.78+892 0.121
Head and neck AIS 2184142 2.29+145 2004136 0.262
Face AIS 1.38+0.68 151£0.73 1.38+0.523 0.559
Chest AIS 3.02+1.24 3.01+1.25 3024124 0973
Abdomen AIS 2461131 2.24+1.29 2.8241.27 0017
Extremity AlS 245+092 2.30+0.88 2.68+094 0.021
External AIS 1.18+040 1224042 110+£0.36 0076
Trauma mechanism

Pedestrian TA 27 (20.8) 18 (66.7) 9(333)

Passenger TA 38(29.2) 24 (63.2) 14 (36.8)

Motorcycle or bicycle TA 16 (12.3) 9 (56.3) 7(437) 0409

Fall 35(269) 20 (571) 15 (429)

Stab wound 5(3.9) 5 (100) 00

Crushiinjury 9(69 4 (44.4) 5(55.6)

AKI 34(26.2) 15 44.) 19 (55.9) 0015

CRRT 16 (12.3) 6 (375) 10 (62.5) 0.035

Emergency OP 96 (73.8) 61 (63.5) 35(36.5) 0430

Mortality 34(26.2) 18 (52.9) 16 (471) 0.230

Values are presented as meantstandard deviation or number (%)

RM: rhabdomyolysis, GCS: Glasgow Coma Scale, SBP: systolic blood pressure, DBP: diastolic blood pressure, MAP: mean arterial pressure, HR: heart rate,
ISS: Injury Severity Score, APACHE II: Acute Physiology and Chronic Health Evaluation Il, AlS: Abbreviated Injury Scale, TA: traffic accident, AKI: acute kidney

injury, CRRT. continuous renal replacement therapy, OP: operation.
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urea nitrogen, and creatinine levels, arterial blood gas
analysis findings, and NLR) (Tables 2, 3). Emergency sur-
gery was performed according to the surgeon’s discretion.
AKI was defined as an increase in serum creatinine level
of >0.3 mg/dL within 48 hours, a 1.5-fold elevation from
the baseline, or urine output <0.5 mL/kg/h for 6 hours
according to the Kidney Disease Improving Global Out-
comes (KDIGO) guidelines. CRRT was provided in cases
of kidney injury (a greater than twofold increase in the
serum creatinine level, a >50% decrease in the glomer-
ular filtration rate, or urine output <0.5 mL/kg/h for
12 hours) or renal failure (a greater than threefold in-
crease in the serum creatinine level, a >75% decrease in
the glomerular filtration rate, a serum creatinine level
>4 mg/dL, urine output <0.3 mL/kg/h for 24 hours, or
anuria for 212 hours) based on the risk, injury, failure,
loss, end-stage kidney disease (RIFLE) criteria or in cases
of refractory acidosis or hyperkalemia.

Statistical analysis was performed using SPSS version
26.0 (SPSS, IBM Corp., Armonk, NY, USA). Continuous
variables were presented as meantstandard deviation,

Table 3. Univariable analysis of laboratory values

and categorical variables were reported as the frequency
and percentage of each item. To evaluate statistical signif-
icance, the student’s ¢-test was used for continuous vari-
ables, and the chi-square test was utilized for categorical
variables. Logistic regression analysis was performed using
variables that were significant in the univariate analysis.
A receiver operating characteristic (ROC) curve was used
to determine the appropriate NLR cut-off value for pre-
dicting RM. A p-value <0.05 was considered to indicate
statistical significance.

RESULTS

During the study period (from January 2017 to April
2020), 130 patients with severe trauma who met the cri-
teria were included in the analysis. Based on the initial
blood test, 50 patients (38.5%) were diagnosed with RM
(Fig. 1). Significant differences between the patients in the
non-RM and RM groups were observed in the abdomen
AIS score (2.24+1.29 vs. 2.82+1.27; p=0.017), extremity

Total (n=130) Non-RM (n=80) RM (n=50) p-value

WBC (x1,000/uL) 16.62+11.38 1591+13.34 17.77+7.20 0.367
Hb (g/dL) 12074262 12.23+2.77 11.80+£2.38 0.365
PLT (x1,000/uL) 205.80+65.80 213.31462.20 193.78+70.16 0.100
Na (mEg/L) 13991+3.87 139.66+2.58 140.30+5.33 0433
K (mEg/L) 393+0.73 3911073 396+0.74 0.690
Cl (mEag/L) 104.57+4.62 104.43+4.05 104.80+£544 0675
BUN (mg/dL) 1740+8.84 16.69+9.78 18.53+702 0.250
Cr (mg/dL) 1.25+1.76 1334223 112+0.39 0.523
pH 734+0.13 7362011 730%0.15 0016

Pa0, (mmHg) 74.52+12.32 76.52+6.79 73.27+14.67 0.090
PaCO, (mmHag) 36.99+11.07 374441249 36.28+8.39 0.566
HCO; (mmol/L) 2043+4.87 21.08+4.40 19.37+£543 0.047
BE (mmol/L) -5.86£5.54 -4.78+4.81 -761+6.22 0.004
Lactate (mg/dL) 44.03+£3545 40.31£2998 50.35+42.79 0.128

NLR 534+4.71 4.00+4.01 7474491 <0.001

Values are presented as meantstandard deviation.

RM: rhabdomyolysis, WBC: white blood cell, Hb: hemoglobin, PLT: platelet, BUN: blood urea nitrogen, Cr: creatinine, BE: base excess, NLR: neutro-

phil-to-lymphocyte ratio.
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AIS score (2.30+0.88 vs. 2.68+0.94; p=0.021), the presence
of AKI (15 [44.1%] vs. 19 [55.9%]; p=0.015), and CRRT
(6 [37.5%] vs. 10 [62.5%]; p=0.035) (Table 2). However,
the two groups did not significantly differ according to
age, sex, GCS score, blood pressure, heart rate, APACHE
IT score, ISS score, AIS score (head and neck, face, chest,
and external), trauma mechanism, emergency surgery sta-
tus, and mortality (Table 2). Based on the initial blood test
results, the two groups significantly differed in terms of
pH level (p=0.016), bicarbonate level (p=0.047), base ex-
cess (p=0.004), and NLR (p<0.001) (Table 3). A multivar-
iate logistic regression analysis was performed using vari-
ables with significant differences in the univariate analysis

Table 4. Association of rhabdomyolysis with clinical variables
by multivariable logistic regression analysis

Variables OR 95% Cl p-value
NLR 1.252 1.130-1.386 <0.001
pH 0.006 0.000-0.198 0.004
AKI 3.009 1.140-7941 0.026
Extremity AIS 1.819 1111-2.980 0.017

OR: odds ratio, Cl: confidence interval, NLR: neutrophil-to-lymphocyte
ratio, AKI: acute kidney injury, AlS: Abbreviated Injury Scale.

Total

n=228
Exclusion patients
1. <18 years old 16
2. Transfer from other hospital 36
3. Died within 24 hours 26
4. Known chronic kidney disease 8
5. Insufficient medical records 12

Enrolled patients
n=130
RM Non-RM
CK>=1000 U/L CK <1000 U/L
n=50 n=80

Fig. 1. Flow diagram of patient enrollment. RM; rhabdomyolysis, CK;
creatine kinase.
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(Tables 2, 3). The results showed significant be-
tween-group differences in NLR (odds ratio [OR], 1.252;
95% confidence interval [CI], 1.130-1.386; p<0.001), pH
level (OR, 0.006; 95% CI, 0.000—0.198; p=0.004), presence
of AKI (OR, 3.009; 95% CI, 1.140-7.941; p=0.026), and
extremity AIS score (OR, 1.819; 95% CI, 1.111-2.980;
p=0.017) (Table 4). A ROC analysis was performed to de-
termine the most appropriate cutoff value of the NLR for
diagnosing RM. The best cutoft value was found to be 3.64
(sensitivity, 0.780; specificity, 0.662), and the area under
the curve was 0.741 (Fig. 2). Using the chi-square test, an
analysis of the non-RM and RM groups based on an NLR
value of 3.64 (p<0.001) revealed that the NLR was a sig-

ROC curve
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Fig. 2. Receiver operating characteristic curve for the neutro-
phil-to-lymphocyte ratio in predicting rhabdomyolysis in patients with
severe trauma (area under the curve=0.741).

Table 5. Correlations between NLR and rhabdomyolysis

Non-RM RM Total p-value
Low NLR (<3.63) 53(40.7) 11(8.5) 64 (49.2) <0001
High NLR (>3.64) 27 (20.8) 39300 66 (50.8)

80 (61.5) 50(38.5) 130 (100)

Variables are presented as number (%).
RM: rhabdomyolysis, NLR: neutrophil-to-lymphocyte ratio.
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nificant biomarker for predicting RM (Table 5).

DISCUSSION

In this study, patients with trauma who visited the
emergency room of Chosun University Hospital were
diagnosed with RM based on their initial CK values. We
assessed whether other initial blood test values could be
used to predict RM. Result showed that the NLR value
and pH level significantly differed between the RM and
non-RM groups. When muscle damage occurs, leukocytes
(particularly neutrophils) are activated, and they move to
the site of damage and act as early responders [11,12]. In
a previous study, the blood neutrophil count significantly
increased within 6 hours after muscle damage in patients
with a CK value 21,000 U/L compared with patients with
a CK value <1,000 U/L [11]. In another study, the neu-
trophil count increased within 3 hours of muscle damage,
while the lymphocyte count decreased [9]. The NLR only
increases when the neutrophil count increases and/or the
lymphocyte count decreases. An elevated NLR is caused
by an increase in serum cortisol levels, which is a stress
response that can be used as a biochemical index to de-
termine the balance between the body’s immune system
and immune suppression during inflammation [6]. An
elevated NLR is an indirect and simple indicator of the
imbalance between these two responses, and it is caused
by a combination of increased neutrophil production and
lymphocyte cell death due to stresses (e.g., infection and
trauma) [13]. Taken together, if RM occurs due to muscle
damage, the NLR will increase with an initial elevation
in the neutrophil count and reduction in the lymphocyte
count due to an inflammatory reaction. In accordance
with the aforementioned studies, the results of this study
confirm that there is an increase in the initial NLR in pa-
tients with RM who present with significant muscle dam-
age.

Metabolic acidosis, which is caused by oxygen depletion
in the involved tissue or organ, is an important complica-
tion of RM [14]. In patients with RM, when muscles are
destroyed and toxic substances are released from the cells,
local edema and ischemia occur, and ischemia results
in energy depletion and metabolic acidosis [15]. In this

study, the pH level was significantly lower (reflecting aci-
dosis) in the RM group with more severe muscle damage
than in the non-RM group.

This study showed that abdominal AIS and extremity
AIS scores significantly differed according to initial RM
status in the univariate analysis; however, the abdominal
AIS score did show a significant relationship with RM in
the multivariate analysis. According to the results of a re-
cent study, the ISS, chest AIS, abdominal AIS, and extrem-
ity AIS scores significantly differed in a univariate analysis
performed according to severe RM (peak CK value 25,000
U/L). However, the only significant relationship identified
in the multivariate analysis was the extremity AIS score
[16]. Moreover, that previous study targeted only patients
with blunt trauma, whereas this study included all severe
trauma patients, and the previous study used a different
cutoff value for CK (1,000 vs. 5,000 U/L). These factors
may have caused the discrepancies in the findings of the
univariate analysis between the two studies. However, the
multivariate analysis revealed similar results, and the con-
sistent relationship of the extremity AIS score with RM
may be less affected by other variables because there are
numerous skeletal muscles in the extremities. To predict
the long-term complications and risk factors of RM, a
previous study used the peak CK level as a cutoff value to
diagnose RM, and found this value to be more accurate
than other predictors. However, CK levels take 1-3 days
to reach their peak, which can result in a delay in provid-
ing proper treatment. Therefore, this study is meaningful
in that it identified a factor that can predict RM at its
early stages and can facilitate the immediate provision of
appropriate treatment.

AKT is a potentially fatal complication that can occur in
patients with RM due to trauma. AKI is a complex syn-
drome characterized by a decrease in renal function that
is defined based on the RIFLE and Acute Kidney Injury
Network classifications. Moreover, the KDIGO classifica-
tion is often used [17]. In this study, AKI was diagnosed
based on the KDIGO classification. The incidence of AKI
due to RM varies between 13% and 50% according to
previous studies, and 19 of 50 patients (38%) had AKI due
to RM in our study. In this condition, when muscle injury
occurs, myoglobin accumulates in the kidney, leading to
intrarenal vasoconstriction, direct and ischemic tubule
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injury, and tubular obstruction, which result in AKI [18].
When AKI occurs, volume overload, electrolyte disorders,
uremic complications, and drug toxicity may develop [19],
and the incidence of AKI increases with elevated blood
CK values [20]. According to Arulselvi et al. [21], there
was a significant difference in the relationship between the
CK level and the incidence of RM on the first, third, and
fifth days after trauma. This result was consistent with the
finding of our study that the CK value in the early stage of
trauma was significantly correlated with the occurrence
of AKI. Based on these results, if RM caused by trauma
is immediately diagnosed after a patient presents to the
hospital, treatment can be immediately started and the
occurrence of AKI will then be prevented. The treatment
of RM patients in the acute phase should aim to preserve
renal function and restore metabolic derangements. The
early administration of large volumes of normal saline is
the most important intervention to prevent AKI. Volume
expansion increases renal blood flow and glomerular
filtration [22]. However, in older patients with cardio-
pulmonary risk factors, cautious observation is necessary
because high-volume fluid therapy can exacerbate con-
gestive heart failure and cause pulmonary edema [22]. In
relation to this, the risk of RM should be predicted upon
arrival at the hospital should be predicted to provide ade-
quate fluid therapy to patients with trauma.

This study had several limitations that should be ac-
knowledged. Specifically, it was conducted at a single cen-
ter, the number of participants was small, and peak CK
values could not be analyzed, as several patients did not
undergo serial testing for CK values after the initial as-
sessment. Therefore, factors associated with the peak CK
value and whether it predicted complications could not
be evaluated. In addition, other factors that could cause
acidosis (hypovolemia and drug use) were not consid-
ered. Hence, a prospective study considering these factors
should be conducted in the future.

CONCLUSION

In patients with trauma, RM can cause fatal complica-
tions. Hence, immediate diagnosis and treatment are
important. However, the most sensitive CK value for
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RM diagnosis can be only obtained after approximately
1 hour. In contrast, since NLR results can be obtained
within 10 minutes via a complete blood count, the NLR
can help predict RM at an earlier time point in patients
with trauma. Then, appropriate treatment can be provid-
ed. Therefore, the NLR is a predictive factor of RM in pa-
tients with trauma, and immediate treatment of RM can
reduce complications, including AKL
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