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Abstract 

Objective: This study aimed to analyze the clinical characteristics, risk factors, and outcomes of rhabdomyolysis (RM) in both 

outpatient and inpatient settings to improve understanding and management of this condition. The study results lay the 

groundwork for developing targeted screening protocols and early intervention strategies to mitigate the risk of RM. Methods: A 

retrospective analysis was conducted on 723 RM patients, including 365 outpatients and 358 inpatients, over a 4-year 

observation period. Data on gender, age distribution, primary causes, risk factors, complications, and outcomes were collected 

and analyzed. Statistical analysis was performed using SPSS 30.0 software. Frequencies (n) and percentages (%) were used to 

describe categorical data, and the χ2 test was conducted using group comparisons. Continuous data were analyzed using the 

t-test, and multivariate logistic regression was employed to assess multiple influencing factors. Results: Among the 723 RM 

patients, 75.8% were male, with a median age of 26 years for outpatients and 49 years for inpatients. The primary causes of RM 

included infections (e.g., upper respiratory tract infections, sepsis), trauma, electrolyte disturbances (e.g., hypokalemia, 

hypocalcemia), and heat-related illnesses (e.g., heat stroke). Complications such as acute renal dysfunction (26.3% of inpatients) 

and abnormal liver function (44.1% of inpatients) were common. The mortality rate among inpatients was 2.51%, primarily due 

to trauma, myocardial infarction, and sepsis. Outpatient outcomes were generally favorable, with 91 cases requiring 

hospitalization and only one case progressing to uremia. Conclusion: RM predominantly affects males and younger individuals, 

with infections, trauma, and electrolyte imbalances being significant risk factors. Early diagnosis and management are critical to 

preventing complications, particularly acute renal dysfunction. Public health interventions targeting risk factors, such as heat 

exposure and infections, are essential to reduce the burden of RM. This study highlights the need for multidisciplinary care and 

standardized protocols to improve outcomes in RM patients. 
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1. Introduction 

RM is potentially a life-threatening group of symptoms that 

develops as a result of muscle cell destruction and the release 

of intracellular components into the bloodstream [1, 2]. It is 

characterized by an acute or subacute onset with associated 

muscle pain, muscle weakness, and dark colored urine [1, 3]. 

This is the classic triad of symptoms. However, it occurs in 

only about 10% of patients, while up to 50% of patients pre-

sent no clinical symptoms [3]. RM can be triggered by many 

causes, among which we can mention congenital causes like 

muscular dystrophies and acquired causes, such as trauma, 

infections, and some drugs [4]. RM often shows hyperkalemia, 

renal impairment, and hepatic insufficiency. Risk factors 

include hypokalemia, hypothyroidism, trauma, fracture, and 

excessive exercise. It is unclear whether clinical characteris-

tics and risk factors have changed in the past 4 years. This 

study tries to find the association between various risk factors 

and clinical manifestations and RM, to clarify which risk 

factors are necessarily associated with the onset, what are the 

most common risk factors, and which diseases are causative 

or etiology. These are of great significance for the prevention, 

early diagnosis and timely intervention of RM in the future, 

and provide a basis for controlling the occurrence and de-

velopment of the disease. Whether the clinical characteristics 

and risk factors of the patients have changed in the past 4 

years are one of the main contents of this study. 

2 Materials and Methods 

2.1. Data 

All the data of this study are collected from the medical 

record room and the information center of Taizhou Enze 

Medical Center Group. Inpatient or outpatients diagnosed 

with RM from 1 July 2020 to 30 June 2024 were included in 

the study. Through the analysis of the clinical data of RM 

patients in the past 4 years, the clinical characteristics and 

common risk factors of RM patients were summarized. Age, 

gender and primary disease of all patients with RM were 

analyzed. The age stage classification method adopts standard 

recommended by WHO in 2023: 0-17 years old are minors, 

18-65 years old are youth, 66-79 years old are middle-aged, 

80-99 years old are elderly, and ≥ 100 years old are long-lived 

seniors. 

2.2. Prognosis Judgment: 

Patients who were cured or showed significant improve-

ment were classified as having a favorable prognosis. While 

patients died or did not get better during hospitalization were 

classified as having a poor prognosis. All efficacy evaluations 

were based on the patient's condition at the time of last dis-

charge. 

2.3. Inpatients 

Any patient with multiple consecutive admissions was only 

recorded as one inpatient, and repeated counting of hospital-

ization times and visits were excluded. The inpatients in-

cluding outpatients who were transferred to the hospital, and 

other inpatients who were diagnosed RM after admission 

were up to a total of 358. 

2.4. Outpatients 

The patient who had multiple consecutive visits for the 

same disease was calculated as 1 outpatient, and the outpatient 

whose visiting time was more than 1 month apart was calcu-

lated as another patient. There were 365 outpatients in all. 

2.5 Grouping Criteria 

2.5.1. Primary RM 

RM without a clear cause or other primary diseases is 

classified as primary one. When RM is main diagnosis, it was 

classified as primary one, except for those with a definite 

diagnosis of secondary diagnosis. Patients with RM who are 

seriously life-threatening complications such as abnormal 

liver function, abnormal renal function, et al., or abnormal 

tests such as elevated creatine kinase and hyperkalemia are 

also included in the list of patients with primary RM. When 

the serious complication of RM, such as abnormal liver 

function, abnormal renal function, hyperkalemia, et al. was 

the main diagnosis, RM is also listed as primary one. 

2.5.2. Secondary RM 

When the secondary diagnosis is RM, and the main diag-

nosis is other diseases, the case will be classified as secondary 

RM. 

2.6. Statistics Methods 

SPSS30.0 software were used to analyzed the data. Fre-

quency (n) and percentage (%) were used to describe the 

counting data, the χ2 test was used to compare the groups, and 

the t test was used to compared the measurement data. The 

multiple influencing factors were analyzed by logistic multi-

variate regression analysis. A pre-determined significance 

level (α=0.05) was employed for hypothesis testing, wherein 

any observed P-value less than 0.05 constituted statistically 

significant evidence. 
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3 Results 

3.1. Clinical General Characteristics (Details Are Shown in the Table 1) 

Table 1. Characteristics of the outpatients and Inpatients. 

program 

outpatient inpatient 

N Studied group N Studied group 

Age (median) 365 49 358 26 

Sex (%)     

Male 276 75.62% 272 75.98% 

Female 89 24.38% 86 24.02% 

Infection 17 4.66% 144 40.22% 

Trauma 1 0.27% 23 6.42% 

Fracture 0 0.00% 29 8.10% 

Diabetes 1 0.27% 52 14.53% 

Hypertension 4 1.10% 90 25.14% 

Electrolyte Disturbance (in all) 0 0.00% 102 28.49% 

Hypercalcemia 0 0.00% 15 4.19% 

Hypocalcemia 0 0.00% 1 0.28% 

Hypernatremia 0 0.00% 6 1.68% 

Hyponatremia 0 0.00% 8 2.23% 

Hypochloridemia 0 0.00% 1 0.28% 

Hypokalemia 0 0.00% 41 11.45% 

Hyperkalemia 0 0.00% 20 5.59% 

Hyperphosphatemia 0 0.00% 2 0.56% 

Hypophosphatemia 0 0.00% 1 0.28% 

Unclassified Electrolyte Disturbance 0 0.00% 7 1.96% 

Metabolic Acidosis 0 0.00% 22 6.15% 

Metabolic Alkalosis 0 0.00% 1 0.28% 

Abnormal Liver Function 9 2.47% 160 44.69% 

Abnormal Renal Function 23 6.30% 117 32.68% 

Acute 19 5.21% 112 31.28% 

Chronic 4 1.10% 5 1.40% 

Non Survivors 0 0.00% 9 2.51% 

 

3.1.1. Gender Distribution 

Among the 723 RM patients, 548 cases were male, 175 

cases were female, and 75.8% were male (shown in the Figure 

1). Among the 358 inpatients, 272 cases were male, and 86 

cases were female (shown in the Figure 2). Among the 365 

outpatients, 276 cases were male, and 89 cases were female 

(shown in the Figure 3). A total of ninety-one outpatients were 

transferred to the hospital, comprising 70 men and 21 women. 
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Figure 1. Gender Distribution. 

 
Figure 2. Gender Distribution of Inpatients. 

3.1.2. Age Distribution 

Patients were between 2 years and 95 years, the median age 

of inpatients was 49 years, and the mean age was 45.97 years. 

Outpatients were 5 years old-87 years old, the median age is 

26 years and mean 33.56 years, the age of 91 patients of 

whom was 6-86 years, median age 21 years and mean age 

29.75 years. We found that most RM occurred in minors and 

youth. More details about age distribution of outpatients and 

inpatients with RM are shown in the Figure 4 and Figure 5. 

3.1.3. Length of Hospital Stay (days) 

Length of hospital stay of most inpatients were between 4 

days and 14 days, with more detailed data shown in Figure 6. 

3.2. Main Diagnosis of Outpatients 

Among the 365 outpatients, there were 287 patients whose 

main diagnosis was RM or its serious complications, of which 

258 cases main diagnosis were RM and 29 patients were 

mainly diagnosed with hyperkalemia, renal insufficiency, and 

abnormal liver function. 

 
Figure 3. Gender Distribution of Outpatients. 

 
Figure 4. Distribution of Outpatients in Different Age-stages. 

3.3. Main Diagnosis of Inpatients 

Among the 358 inpatients, 176 patients were mainly di-

agnosis RM or its serious complications, of which 143 pa-

tients’ main diagnosis were RM, and 33 were main diagnosed 

with hyperkalemia, renal insufficiency, and liver function 

abnormalities. Myocardial infarction or myocarditis or myo-

cardial damage was also classified as primary RM. 

3.4. Other Primary Causes or Risk Factors or 

Clinical Characteristic of Outpatient RM 

3.4.1. Poisoning 

There were no poisoned patients among the outpatients, 

while 3 patients were poisoned among the inpatients, all of 

whom were pesticide poisoning, including 1 case of organo-

phosphate pesticide poisoning and 2 cases of insecticide 

poisoning. There were only three cases of RM caused by 

carbon monoxide poisoning, which was much lower than the 

incidence rate of the Taizhou Area during from 2005 to June 

2020. Extrusion syndrome occurred in 1 outpatient. 
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Figure 5. Distribution of Inpatients in Diferrent Age-stages. 

Notes: none had RM in nonagenarian. RM most happened to minors 

and youth people by WHO method, who may be divided into minors, 

youth or middle-aged group by Chinese method. 

 
Figure 6. Length of Hospitalization. 

3.4.2. Infection 

There were 16 outpatients involved in infection, of which 

11 patients had upper respiratory tract infection or bronchitis, 

2 patients had fever or infectious fever, 2 patients had urinary 

tract infection, 1 patient had acute gastroenteritis, and 1 pa-

tient had streptococcal infection. 

3.4.3. Pain 

There were 20 outpatients with pain as the main diagnosis, 

including 11 cases of simple pain and lower limb pain, 2 cases 

of myalgia, 2 cases of abdominal pain, 2 cases of low back 

pain, 1 case of chest pain, 1 case of foot pain, and 1 case of 

shoulder joint pain. In this study, chest pain was classified as 

the primary diseases causing RM, and other pain was regarded 

as clinical manifestations of RM. 

3.4.4. Hypothyroidism 

Among the outpatients, 2 cases of hypothyroidism were 

used as the primary cause of RM, while no hyperthyroidism 

was found. other chronic diseases were generally not used as 

the primary cause of RM. 

3.4.5. Muscle injury 

Among the outpatients, there were 5 cases of muscle injury 

in all, including 2 cases of myositis and 1 case of myocardial 

injury, which were used as primary diseases causing RM. 

3.5. Other Primary Causes or Risk Factors or 

Clinical Characteristic of Inpatient RM 

3.5.1. Electrolyte Disturbance (Shown in the Table 

1) 

There were 15 cases of hypocalcemia, 2 cases of hyper-

phosphatemia, and 1 case of hypercalcemia (co-occurrence 

with hyperphosphatemia). There was 1 patient with hypo-

chloremia and no patient with hyperchloremia. Among inpa-

tients, 41 were hypokalemia, accounting for 11.45%, while no 

hypokalemia was found in outpatients. 8 cases had hypo-

natremia, and 2 cases had heat stroke, which may indicate that 

heat stroke is prone to hyponatremia. Hypernatremia occurred 

in 6 cases. And 4 patients had hypocalcemia and hyper-

calcemia in 1 patient in 176 patients with the main diagnosis 

of RM or its serious complications. All 102 electrolyte dis-

turbances occurred in 57 hospitalized patients, Primary eti-

ology covers a wide range of patients, including infections, 

wound, Heat radiation sickness et al. No diagnosis of elec-

trolyte disorder was found in the outpatients, which may be 

related to the short outpatient retention time and the doctor's 

missing diagnosis. In addition, among the hospitalized pa-

tients, 43 patients with gout or hyperuricemia were found, 

which was related to the pathophysiological changes of RM. 

3.5.2. Surgery 

143 had a primary diagnosis of RM, none of which had 

surgery. There were 215 patients whose main diagnosis was 

not RM, and 88 cases had surgery or operation, accounting for 

41.40%, including 2 cases of hyperbaric oxygen administra-

tion and 7 cases of hemodialysis. 

3.5.3. Acid-base Imbalance 

There were 22 cases of metabolic acidosis, of which 1 case 

was combined with respiratory alkalosis, but there was no 

respiratory acidosis and metabolic alkalosis. There were 6 

cases of diabetic ketoacidosis and 2 cases of hyperosmolar 

diabetic hyperglycemic coma. 

3.5.4. Heat Radiation Sickness 

There were 18 cases of heat radiation sickness or heat 

stroke. 

3.5.5. Infection 

Among the 358 hospitalized patients, there were 138 in-

fected patients, including 69 cases of pneumonia or pulmo-

nary infection, 1 case of pulmonary aspergillosis, 25 cases of 
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sepsis, 11 cases of septic shock, 4 cases of septic shock, 14 

cases of new coronavirus infection (9 cases with pneumonia, 1 

case with septic shock, 1 case with myocarditis). 

3.5.6. Myositis and Other Inflammation 

There were 8 cases of myositis, 3 of whom were myocar-

ditis, including 1 case of infectious myocarditis and 1 case of 

fulminant myocarditis), 1 case of acute hepatitis E, 1 case of 

acute pancreatitis, and 1 case of new bunyavirus infection. 

3.5.7. Fractures 

There were 29 fractures, and only 4 were female. There 

were 24 cases of trauma, including 14 cases with fractures. 

There were 4 cases of crush injury, 2 of whom were females. 

3.5.8. Carbon Monoxide Poisoning and Alcoholism 

RM occurred in 1 case of acute alcoholism,and 4 cases of 

carbon monoxide poisoning, of whom there were 2 women 

and 2 men. 

3.5.9. Thyroid Dysfunction 

It also occurred in nine patients with hypothyroidism and 

two patients with hyperthyroidism. 

3.5.10. Other Primary Causes 

One case was injured by electric shock. Burns happened in 

2 cases. Two patients were stung by bees. Four patients had 

malignant tumors, five had personal history of malignancy, 

and three had elevated carcinoembryonic antigen. Multiple 

organ failure occurred in 14 patients, all of whom were 

non-infectious and only 4 did not involve cardiac insuffi-

ciency or arrhythmia or myocardial damage. Six patients had 

diabetic ketoacidosis and two patients had diabetic hyper-

glycemic status in coma. 

3.6. Complications 

Among 358 inpatients, 158 cases developed abnormal liver 

function, and 94 cases developed acute renal dysfunction as 

the main clinical manifestation of RM. A total of 21 cases of 

chronic renal disease or chronic renal failure (including hy-

pertensive renal failure) were not considered as the cause of 

RM. 

3.7. Outcome of Outpatients 

91 patients of the 365 outpatients were transferred to the 

hospital, and the other 274 outpatients were improved or 

cured by the outpatient treatment. Among the 91 patients 

transferred to hospital, only 1 patient was transferred to ure-

mia and underwent long-term hemodialysis, and the other 

patients were all improved or cured after treatment, and 1 case 

was cured after being transferred to a higher-level hospital for 

treatment, and there was no death. 

 
Figure 7. Outcome of Inpatients. 

3.8. Outcome of the 358 Inpatients (Shown in the 

Figure 7) 

6 cases were cured, accounting for 1.68%. 319 cases were 

improved, accounting for 89.11%. 24 cases were uncured 

(based to the situation at discharge in our medical center), 

accounting for 6.70%, of whom 1 case was transferred to 

superior hospital, cured, 1 case was discharged automatically, 

2 cases were transferred to uremia and hemodialysis treatment. 

Three of the 24 uncured patients were discharged automati-

cally (an 83-year-old man with poor treatment effect returned 

home, then transferred to long-term hemodialysis, 1 patient 

returned home for long hospitalization for 112 days, and a 

23-year-old male was discharged automatically for 1 day), 

and 1 patient was transferred to a higher hospital and cured. 

Nine inpatients died, with a mortality rate of 2.51%. Six pa-

tients over 60 years of age died, including 2 women. Among 
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nine deaths, the primary cause of 3 cases were trauma, 2 cases 

of myocardial infarction, 2 cases of pesticide poisoning (1 

organophosphorus pesticide poisoning, 1 insecticide poison-

ing), 1 case of heat sickness and 1 case of sepsis. More details 

about the patients who died during hospitalization were 

shown in the Table 2. 

Table 2. Clinical Characteristic of 9 Patients Who Died during Hospitalization. 

Patients Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 

Gender male female male male female male male male male 

Age (years) 62 60 16 68 70 65 44 29 60 

Discharge De-

partment 
ICU 

Emer-

gency 

Emer-

gency 
ICU 

Emer-

gency 
Emergency 

Emergen-

cy 
ICU 

Emergen-

cy 

Length of Stay 

(days) 
15 10 8 8 7 5 4 2 1 

Primary Diagno-

sis 

Myo-

cardial 

Injury 

Trau-

matic 

Shock 

Traumatic 

Sub-

arachnoid 

Hemor-

rhage 

Organo-

phosphorus 

Poisoning 

Intracra-

nial 

Injury 

Organo-

phosphorus 

Poisoning 

Acute 

Myocardi-

al Infarc-

tion 

Heat 

Stroke 

Acute 

Myocardi-

al Infarc-

tion 

Secondary Di-

agno-

sis/Complication

s 

MOF, 

Acute 

Pancre-

atitis 

Liver 

Dys-

function 

Lipid 

Metabo-

lism Dis-

order, 

Respira-

tory Fail-

ure 

Rhabdomy-

olysis, My-

ocardial 

Enzyme 

Elevation 

Prostate 

Hyper-

plasia, 

Renal 

Stones 

COPD, 

Rhabdomy-

olysis, Acute 

Renal Fail-

ure 

Hyperu-

ricemia, 

Renal 

Stone, 

Hyperten-

sion 

MOF 

Hyperten-

sion, Ath-

erosclero-

sis 

Key Procedures 

/Treatments 

Me-

chanical 

Ventila-

tion, 

CRRT, 

Trache-

al Intu-

bation, 

PICCO 

Moni-

tor, 

BAL 

Me-

chanical 

Ventila-

tion 

(≥96h), 

CRRT, 

Plasma 

Trans-

fusion, 

Ab-

dominal 

Drain-

age. 

Craniot-

omy, 

Mechani-

cal Venti-

lation 

(≥96h), 

Trache-

ostomy, 

Central 

Venous 

Catheter-

ization 

CRRT, 

Blood Perfu-

sion, Femo-

ral Catheter-

ization, Tra-

cheal Intuba-

tion, CPR 

External 

Fixation, 

Arterial 

Punc-

ture, 

Plas-

ma/RBC 

Transfu-

sion 

Mechanical 

Ventilation 

(≥96h), 

CRRT, 

Femoral 

Venous 

Catheteriza-

tion 

ECMO, 

PCI, 

CRRT, 

Central 

Venous 

Catheteri-

zation 

ECMO, 

Mechani-

cal Venti-

lation 

(≥96h), 

Bron-

choscopy, 

CRRT, 

ECMO, 

Coronary 

Stent Im-

plantation, 

CRRT, 

Aortical 

Stent 

Placement 

Notes: 

**Secondary Diagnoses/Symptoms: Includes comorbidities, complications, or lab abnormalities. 

**abbreviations: 

MOF=Multiple Organ Failure 

CRRT= Continuous Renal Replacement Therapy 

PICCO=Pulse Contour Cardiac Output 

BAL= Bronchoalveolar Lavage 

ECMO= Extracorporeal Membrane Oxygenation 

PCI= Percutaneous Coronary Intervention 

Procedures are abbreviated for brevity but retain clinical relevance. 

**All patients died during hospitalization. 
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3.9. Distribution of Outpatient and Inpatient 

Departments for Patients with RM 

The largest number of patients with RM were diagnosed in 

the nephrology outpatient department, and among all the 

inpatient departments, the emergency department and neph-

rology department received the largest number of patients 

with RM. The other detailed data are shown in Figure 8 and 

Figure 9. 

 
Figure 8. Department Distribution of Outpatients. 

 
Figure 9. Department Distribution of Inpatients. 

4. Discussion 

RM is a state of skeletal muscle destruction as a result of 

the breakdown and necrosis of striated muscle tissue. In this 

process, a significant number of intracellular enzymes enter 

the bloodstream, ultimately leading to various systemic 

complications [2, 4, 5, 8]. 

Despite the wide spectrum of causes of RM, the mechanism 

of RM is the same in each case and comes down to an increase 

in the amount of ionized intracellular calcium. As a result of 

damage to the cell membranes of muscle cells, transmem-

brane proteins are destroyed, including ion channels and 

pumps, the most important of which are the Na-K-ATP pump 

and the Na
+
/Ca

2+
 exchanger, which allow the cell to maintain 

a negative ionic potential and low calcium concentration [2, 

5]. The depletion of cellular ATP reserves also impairs the 

proper functioning of pumps and ion channels also leading to 

an uncontrolled increase in calcium concentration in myo-

cytes [6]. As a consequence, calcium homeostasis is disturbed 

and excessive amounts of ionized calcium accumulates in the 

cells, which activates proteolytic enzymes, ultimately leading 

to apoptosis and the release of large amounts of CK, potas-

sium, and myoglobin into the bloodstream [2, 5]. 

After exposure to the causative agent, symptoms of RM 

develop within hours/days in the form of a classic triad of 

symptoms including brown urine pigmentation, muscle pain 

and weakness [1-5]. However, the above-mentioned symp-

toms occur in less than 10% of patients [3]. In addition, pa-

tients may present swelling and muscle cramps, scant urina-

tion, and a number of other nonspecific symptoms, including 

dysrhythmias due to dyselectrolytemia [1-5]. Importantly, 

nearly 50% of patients may present no symptoms [3]. 

There are many methods for diagnosing RM. Laboratory 

tests play a key role in the diagnosis, among them serum CK 

measurements or urine myoglobin determinations are the 

most common. RM is characterized by a gradual increase in 

CK concentration, reaching its peak 24-72 h after the trig-

gering factor. Measurement of CK concentration appears to 

be the most reliable biochemical marker of skeletal muscle 

damage, with the CK-MM subtype having the highest sensi-

tivity and its five-fold increase above the upper limit of nor-

mal being the gold standard for diagnosis. Myoglobinuria 

results from the rapid renal excretion of myoglobin released 

from damaged muscle, and a visible change in urine color 

occurs at values >100 mg/dL of myoglobin in urine [4, 5]. UA, 

which can detect hematuria and proteinuria, may be a helpful 

tool in making the diagnosis. Electrolyte testing also provides 

us with a lot of relevant information, in which hyperkalemia, 

hyperphosphatemia, hypercalcemia or hypocalcemia, in-

creased creatinine and bilirubin, increased anion gap and 

hyperuricemia may be present [5]. In addition to the methods 

mentioned above, there are other methods that are less com-

mon but allow for the differential diagnosis of acquired causes 

from genetic causes of RM. Among these methods, we can 

mention the forearm exercise test (FET), acylcarnitine profile, 

graded exercise testing, muscle biopsy, and genetic testing 

[4]. 

The findings from this study provide a comprehensive 

overview of the clinical characteristics, risk factors, and out-

comes of RM in both outpatient and inpatient settings. The 

results highlight several key points that warrant further dis-

cussion. 

4.1. Gender and Age Distribution 

The study revealed a significant gender disparity, with 75.8% 

of RM patients being male. This aligns with previous research 

suggesting that males are more prone to RM due to factors 

such as higher muscle mass, greater engagement in strenuous 

physical activities, and higher rates of trauma or substance use. 

The age distribution further indicated that RM predominantly 

affects minors and young adults, with a median age of 26 
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years for outpatients and 49 years for inpatients. This suggests 

that younger individuals may be more susceptible to RM due 

to lifestyle factors (e.g., exercise, trauma) or infections, while 

older patients may experience RM as a complication of 

chronic conditions or medication use [9-18, 20-24]. 

4.2. Primary Causes and Risk Factors 

The study identified a wide range of primary causes and 

risk factors for RM, including infections, trauma, electrolyte 

disturbances, burns, and heat-related illnesses [9, 11, 16, 20, 

22, 24]. Notably, infections (e.g., upper respiratory tract in-

fections, sepsis) were a significant contributor, particularly 

among inpatients. This underscores the importance of early 

diagnosis and management of infections to prevent RM. Ad-

ditionally, electrolyte imbalances, such as hypokalemia and 

hypocalcemia, were prevalent among inpatients, highlighting 

the need for careful monitoring and correction of electrolytes 

in high-risk patients. 

Trauma and muscle injury were also prominent causes, 

particularly in younger patients, emphasizing the role of 

physical activity and accidents in RM development [10, 11, 

16, 17, 24]. Heat-related illnesses, such as heat stroke, were 

another critical factor, especially in regions with high tem-

peratures, suggesting the need for public health interventions 

to reduce heat exposure. 

4.3. Complications and Outcomes 

The study reported a high rate of complications, particu-

larly acute renal dysfunction (26.3% of inpatients) and ab-

normal liver function (44.1% of inpatients). These findings 

are consistent with the known pathophysiology of RM, where 

myoglobin release can lead to renal tubular injury and mul-

ti-organ dysfunction. The mortality rate of 2.51% among 

inpatients, primarily driven by trauma, myocardial infarction, 

and sepsis, highlights the severe consequences of RM in 

critically ill patients. 

The outcomes for outpatients were generally favorable, 

with most patients improving or being cured through outpa-

tient treatment. However, the transfer of 91 outpatients to 

inpatient care suggests that early identification of severe cases 

is crucial to prevent complications and improve outcomes. 

4.4. Clinical Implications 

The findings have several clinical implications: 

1. Early Diagnosis and Monitoring: Clinicians should main-

tain a high index of suspicion for RM in patients presenting 

with muscle pain, weakness, or dark urine, particularly in 

the context of trauma, infection, or heat exposure [16, 17, 

24]. Routine monitoring of renal function and electrolytes 

is essential to prevent complications. 

2. Preventive Measures: Public health initiatives should 

focus on reducing risk factors such as heat exposure, 

promoting safe physical activity, and managing chronic 

conditions that predispose to RM. 

3. Multidisciplinary Care: The management of RM often 

requires a multidisciplinary approach, involving neph-

rologists, emergency physicians, and intensivists, to 

address the complex and varied etiologies and compli-

cations. 

4. The primary diagnosis of RM does not mean that the 

patient is a primary RM, and the secondary diagnosis 

cannot rule out that RM is a primary disease. In current 

research, we did not perform the genetic examination 

[13]. One male patient developed the disease 2 years 

apart and should be alert for primary RM and recom-

mended genetic testing if necessary. More example of 

causes of muscle damage are shown in Table 3. Alt-

hough this study was only conducted in the Taizhou 

Region and could not completely replace the national 

epidemiological survey, it can be used as a clue for 

in-depth survey of RM in other regions. 

Table 3. Examples of causes of muscle damage [2, 4-7]. 

Acquired Genetic 

Consumption of alcohol and illegal 

substances 
Metabolic myopathies 

Prescription medications such as 

antipsychotics 
Channelopathies 

Electrolyte and metabolic disturb-

ances 
Muscular dystrophies 

Pesticide and toxin ingestion Mitochondria disorders 

Injury including crush syndrome 
Disorders of lipid metabo-

lism 

Exposure to extreme temperatures 

e.g., malignant neuroleptic syn-

drome, heat stroke 

Disorders of glycolysis 

Exertion including intense physical 

exertion, seizures, epileptic status 
Disorders of glycogenolysis 

Viral/bacterial infections  

5. Conclusion 

This study has confirmed that RM is becoming common, 

early detection and early treatment mean mostly good prog-

nosis, suggesting that we should focus on outpatient screening. 

For severely ill patients with RM, admission as soon as pos-

sible and active treatment can avoid serious adverse outcomes. 

While rhabdomyolysis generally carries a low mortality risk, 

patients with severe comorbidities may not achieve survival 

benefit from hemodialysis monotherapy. Adjunctive ap-

proaches targeting pathogenic factors, such as extracorporeal 

myoglobin adsorption, should be considered to improve 

clinical outcomes [19]. 
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This study provides valuable insights into the clinical 

characteristics, risk factors, and outcomes of rhabdomyolysis 

in both outpatient and inpatient settings. The predominance of 

male patients and younger individuals, along with the signif-

icant role of infections, trauma, and electrolyte disturbances, 

underscores the need for targeted preventive and therapeutic 

strategies. While outpatient outcomes are generally favorable, 

the high rate of complications and mortality among inpatients 

highlights the importance of early diagnosis and aggressive 

management. Future research should focus on developing 

standardized protocols for RM management and exploring 

interventions to reduce risk factors, particularly in high-risk 

populations. 

By addressing these challenges, healthcare providers can 

improve outcomes for patients with RM and reduce the bur-

den of this potentially life-threatening condition [25]. 
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