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Abstract
BACKGROUND
[bookmark: OLE_LINK21]Rhabdomyolysis is a serious complication of heat stroke. Unlike that in acute kidney injury, the risk of muscle bleeding in rhabdomyolysis is often ignored and can substantially increase via the widespread use of anticoagulants, leading to the formation of intramuscular hematoma.

CASE SUMMARY
[bookmark: OLE_LINK22]During the summer, a middle-aged man and an elderly man were diagnosed with heat stroke, rhabdomyolysis, and acute renal impairment. Low-dose enoxaparin sodium was initiated for prophylaxis of deep vein thrombosis after the disease was stabilized with continuous renal replacement therapy. After that, the patients' hemoglobin decreased progressively, and no obvious intracranial, thoracic, digestive, or skin bleeding tendency was found. However, one of the patients had hip muscle pain, and computed tomography and color ultrasound confirmed that the patients separately had lumbar back and hip intermuscular hematoma. After discontinuation of anticoagulant drugs and monitoring of the steady increase in hemoglobin, the intermuscular hematomas were gradually absorbed. Following the use of prophylactic anticoagulation therapy, the patients' hemoglobin showed a progressive downward trend. Hematoma formation in the lumbosacral and buttock muscles was confirmed after excluding bleeding in typical regions (such as the digestive tract, thoracic cavity, and abdominal cavity). Anticoagulant drugs were discontinued immediately, and nutritional support was increased. Subsequently, the hemoglobin levels gradually increased, and the hematoma volumes gradually decreased.

CONCLUSION
[bookmark: OLE_LINK24][bookmark: OLE_LINK23]Patients with rhabdomyolysis have a risk of muscle bleeding, and inappropriate use of anticoagulants may lead to an increased risk or even to the formation of an intermuscular hematoma. When continuous blood loss is found in the body, the possibility of bleeding in the muscles and more typical sites should be considered.
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[bookmark: OLE_LINK20][bookmark: OLE_LINK19]Core Tip: We report two patients with rhabdomyolysis caused by heat stroke who developed an intermuscular hematoma during prophylactic anticoagulation therapy. We used heparinized continuous renal replacement therapy, and the patients’ conditions gradually stabilized after a few days. However, in the use of anticoagulants to prevent deep vein thrombosis, the two patients had a progressive decline in hemoglobin. After comprehensive examination, common blood loss was excluded, such as gastrointestinal bleeding, retroperitoneal hematoma, and pleural and abdominal hematoma, and the diagnosis of intramuscular hematoma of the lumbosacral region and buttock was finally confirmed.

INTRODUCTION
[bookmark: OLE_LINK26][bookmark: OLE_LINK25][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Rhabdomyolysis, a serious complication of heat stroke, is correlated with mitochondrial abnormalities, glucose and lipid metabolism, and inflammatory myopathy. Usually, it manifests as muscle soreness, stiffness, muscle weakness, brown urine, soy sauce urine, etc. Muscle swelling, compartment syndrome, and even acute kidney injury may occur in the later stage[1]. When rhabdomyolysis is encountered in clinical practice, our focus should be on clearing the accumulation of metabolites caused by the decomposition of myocytes after acute necrosis and on protecting organ function as soon as possible. However, the risk of muscle bleeding caused by rhabdomyolysis is often ignored. The risk of deep vein thrombosis in critically ill patients is of increasing concern, as it is associated with increased use of anticoagulants[2]. In rhabdomyolysis patients, the improper use of anticoagulants may lead to a significant increase in the risk of muscle bleeding, leading to the formation of intramuscular hematoma. At present, there are no reports of intermuscular hematoma caused by rhabdomyolysis due to heat stroke. We report two patients with rhabdomyolysis caused by heat stroke who presented with an intermuscular hematoma under anticoagulant therapy.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Case 1: A 49-year-old man visited our emergency room (ER) complaining of syncope and persistent high fever.

Case 2: A 66-year-old man visited the ER complaining of fever, fatigue, and syncope.

History of present illness
[bookmark: OLE_LINK30][bookmark: OLE_LINK29]Case 1: The patient fainted while working in the field and was taken to the ER by his family. The monitored vital signs showed a temperature of 40 °C, and his body temperature did not decline, even after conventional antipyretic drugs and physical methods were used.

Case 2: Four days prior, the patient had symptoms of influenza, which led to fever and fatigue. While taking a bath, he fainted in the bathroom behind closed doors. After waking up, he could not climb out of the tub on his own. The next day, he was found by his family and was brought to the ER. This period lasted approximately 27 h.

History of past illness
[bookmark: OLE_LINK32][bookmark: OLE_LINK31]Case 1: Prior to this, the patient had no underlying disease.

Case 2: Four years previous, the patient had been diagnosed with hypertension and received 5 mg amlodipine tablets once a day. His blood pressure was consistently monitored and controlled. 

Personal and family history
There were no special circumstances in the patients' personal and family history.

Physical examination
[bookmark: OLE_LINK34][bookmark: OLE_LINK33]Case 1: In the ER, the monitored vital signs showed a temperature of 40 °C, heart rate of 93 bpm, respiratory rate of 32 breaths per minute, blood pressure of 98/61 mmHg, and oxygen saturation in room air of 98%. Physical examination revealed that all the skin of the body was red with scattered red spots and a Glasgow Coma scale of 3/15, without any other pathological signs.

Case 2: The patient’s vital signs were stable. On physical examination, it was found that the skin was bruised at compression sites such as the chest and knee, and wet rales were observed on auscultation at the bottom of both lungs.

Laboratory examinations
[bookmark: OLE_LINK36][bookmark: OLE_LINK35]Case 1: Blood analysis revealed mild leukocytosis (13.65 × 109/L) with predominant neutrophils (80.8%) with a platelet count of 96 × 109/L and normal hematocrit. Prothrombin and partial thromboplastin times were normal, and D-dimers were slightly increased at 1511.00 µg/L. Serum C-reactive protein was increased at 9.37 mg/L (normal range < 12 mg/L). Blood biochemistry revealed that peripheral blood glucose was 8.7 mmol/L, creatinine was 192 µmol/L, uric acid was 905 µmol/L, alanine aminotransferase was 67 IU/L, aspartate aminotransferase was 123 IU/L, creatine kinase (CK) was 5460 IU/L, CK myocardial isoenzyme was 162.2 IU/L, lactate dehydrogenase was 450 IU/L, and myoglobin was 56800 ng/L. Electrocardiogram revealed sinus tachycardia. Arterial blood was normal.

Case 2: Blood analysis revealed mild leukocytosis (16.12 × 109/L) with predominant neutrophils (90.1%) and normal hematocrit and platelet count. Prothrombin and partial thromboplastin times were normal, and D-dimers were slightly increased at 1535.00 µg/L. Serum C-reactive protein was increased at 247 mg/L, and procalcitonin was ≥ 100 ng/mL. Blood biochemistry revealed that peripheral blood glucose was 6.0 mmol/L, creatinine was 487.3 µmol/L, uric acid was 1446 µmol/L, alanine aminotransferase was 428.7 IU/L, aspartate aminotransferase was 2590.6 IU/L, CK was 179785 IU/L, lactate dehydrogenase was 4274.7 IU/L, and CK myocardial isoenzyme was 3925 IU/L. Electrocardiogram findings and arterial blood were normal.

Imaging examinations
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Case 1: In the ER, computed tomography (CT) of the head and lung showed no obvious abnormality.


Case 2: In the ER, CT of the head showed no obvious abnormality, but CT of the lung showed diffuse exudative lesions in both lower lobes and the medial segment of the right middle lobe.

Further diagnostic work-up
Case 1: In the intensive care unit (ICU), after several days of ICU treatment, the patient's vital signs were basically stable, and myocardial enzymatic indexes were significantly improved compared with those before treatment. To further effectively prevent deep vein thrombosis (DVT), low-molecular-weight heparin was used. However, subsequent monitoring of routine blood tests revealed a slow and progressive decline in hemoglobin levels. At this time, the patient did not complain of body pain and discomfort. We excluded digestive system diseases leading to blood loss through stomach content and fecal occult blood examinations, and no obvious pleural or peritoneal effusion was found by bedside ultrasound examination. In addition, the coagulation function was generally normal. We continuously monitored blood analysis and further refined CT examinations of the head, lungs, and whole abdomen. The CT results showed that the left lumbosacral muscles were locally swollen and less homogeneous in density, suggesting that the lumbosacral muscle hemorrhage had formed an intermuscular hematoma (Figure 1A).

Case 2: Similar to case 1, we started prophylactic anticoagulant therapy when the patient's condition became stable after treatment in the ICU. A similar progressive decrease in hemoglobin occurred, and the patient complained of obvious buttock muscle soreness. We immediately improved CT and bedside color Doppler examination of the buttocks. CT revealed a new uneven density in the soft tissues of both hips (Figure 2A). Bedside color Doppler ultrasound indicated the formation of bilateral gluteal intermuscular hematoma.

FINAL DIAGNOSIS
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Case 1
The final diagnoses were heat stroke, rhabdomyolysis, acute kidney disease injury, and lumbosacral intermuscular hematoma.

Case 2
The final diagnoses were heat stroke, rhabdomyolysis, acute kidney disease injury, pulmonary infection, hypertension, and buttock intermuscular hematoma.

TREATMENT
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]Both patients were diagnosed with rhabdomyolysis and acute kidney disease injury. We immediately performed continuous renal replacement therapy (CRRT) to remove accumulated metabolites, manage volume, etc. Heparinized anticoagulation was used, and the activated partial thromboplastin time was monitored to adjust the heparin dose. After admission to the ICU, we continued to monitor vital signs, provide organ function and nutritional support, prevent DVT, and perform other measures. In addition, we dynamically monitored the indicators of blood inflammation, liver and kidney function, electrolytes, and coagulation function and adjusted the drug regimen in a timely manner. Case 1's core body temperature remained high on admission to the ICU, and we added a variety of physical cooling methods to rapidly reduce and maintain the core body temperature to a normal range. At the time of admission to the ICU, case 2 showed clear evidence of pulmonary infection, and his procalcitonin level was significantly elevated, so he was given additional broad-spectrum antibiotic therapy. The procalcitonin levels were continuously monitored to guide antibiotic therapy. After treatment, the condition of the two patients gradually stabilized, and CRRT was stopped on the 3rd and 8th d for cases 1 and 2, respectively. To continue prophylactic anticoagulant therapy, enoxaparin sodium (0.3 mL) was added once a day for case 1 and subcutaneously every other day for case 2. However, subsequent monitoring of routine blood tests revealed a slow and progressive decline in hemoglobin levels. Initially, we thought that the cause of the hemoglobin reduction might have been related to inadequate nutrient intake and high body fat consumption caused by infection. At this time, we excluded digestive system diseases leading to blood loss through stomach content and fecal occult blood examinations, and no obvious pleural or peritoneal effusion was found by bedside ultrasound examination. No obvious damage was found in the dynamic monitoring of coagulation function. We offered an enhanced enteral nutrition regimen, but continued monitoring of routine blood tests still indicated a persistent decrease in hemoglobin. To this end, we needed to consider additional possibilities. We then performed CT scans of the head, chest, and whole abdomen. The cause of the persistent blood loss was finally found to be the formation of a lumbosacral intermuscular hematoma and buttock intermuscular hematoma. When the cause of hemorrhage was clear, we immediately stopped using anticoagulant drugs and infused suspended red blood cells appropriately to correct the anemia. CT and bedside color Doppler ultrasonography were used to check the absorption of the intramuscular hematoma, and we continued to monitor routine blood tests until the condition was stable. Follow-up monitoring of the patients routinely found that the hemoglobin steadily increased, and CT and color Doppler ultrasound suggested a gradual decrease in the volume of the intramuscular hematoma (Figure 1B and C and Figure 2B and C).

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]The two patients were transferred to the general ward after hemoglobin stabilization. A few weeks later, color Doppler ultrasonography showed that the lumbosacral and gluteal intermuscular hematoma was basically absorbed.

DISCUSSION
[bookmark: OLE_LINK45]Heat stroke is a life-threatening clinical syndrome characterized by an increase in core temperature of > 40 °C and abnormalities in the central nervous system, such as altered mental status, convulsions, or coma, and is associated with multiple organ damage due to an imbalance in body heat production and dissipation caused by exposure to a thermal environment and/or intense exercise[1]. According to the different causes and susceptible populations, heat stroke can be divided into classical heat stroke and exertional heat stroke. Due to the involvement of thermal injury factors, rhabdomyolysis caused by heat stroke is significantly different from general exercise rhabdomyolysis. The increase in CK within 24 h of onset of the former is often not prominent and then gradually increases, often peaking 5-7 d after onset, but its peak value is higher than that of exercise rhabdomyolysis, reaching up to 400000 U/L. Myoglobin is often > 1000 ng/mL, and the peak can reach 70000-80000 ng/mL[3]. According to the classification of heat stroke, cases 1 and 2 were diagnosed with exertional heat stroke and classical heat stroke, respectively. CK and myoglobin in case 1 peaked on the second day of admission, with the highest values reaching 61400 IU/L and 77847 ng/mL, respectively. Case 2 showed peak CK and myoglobin values of 264600 IU/L and 326376 ng/mL, respectively, on the day of admission. We used continuous renal replacement therapy in time after the patient entered the ICU; otherwise, these values would have been higher.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Venous thromboembolism, including DVT and pulmonary embolism, is a disease with high morbidity and mortality[4]. In recent years, increasing attention has been given to the prevention of VTE, which means that the use of anticoagulants has become increasingly frequent, especially for critically ill patients in the ICU. However, we know that anticoagulants and antiplatelet drugs lead to a certain risk of bleeding. Common bleeding-related risks include thrombocytopenia[5], active gastrointestinal bleeding[6], retroperitoneal hematoma[7], etc., but muscle bleeding is easily ignored because it is relatively rare. A retrospective study by Hiraga et al[8] showed that the incidence of muscle hematoma was 0.4% among 694 patients with ischemic stroke who received antithrombotic therapy. The initial symptoms of hematoma included pain (n = 3) and syncope (n = 1), and the patients were not correctly diagnosed at the onset of hematoma formation. Artzner et al[9] conducted a two-center retrospective study to analyze the incidence of spontaneous iliopsoas muscle hematoma among 40 ICU inpatients, of whom 50% received dialysis and 95% received prophylactic or therapeutic doses of heparin. Watanabe et al[10] reported a patient treated with warfarin for atrial fibrillation complicated with bilateral lumboiliac hematoma, rhabdomyolysis, and acute kidney injury, which was attributed to improper use of warfarin. The two cases reported here were both heat stroke patients who had rhabdomyolysis and acute kidney injury and were treated with heparin-based CRRT. After CRRT treatment was completed and no coagulation dysfunction was found, an appropriate dose of enoxaparin sodium prophylactic anticoagulant therapy was used. Subsequently, the levels of hemoglobin continued to decrease, and no obvious bleeding sites were found. For one patient, the formation of a left psoas major intermuscular hematoma was observed when examining the bleeding sites. The other patient complained of right gluteal pain, which was confirmed by CT and color Doppler ultrasound. Immediately after the discovery of the intramuscular hematoma, the patient was discontinued from enoxaparin sodium anticoagulation therapy and transfused to correct the anemia. Subsequently, his hemoglobin level stabilized, and the extent of the intramuscular hematoma decreased.

CONCLUSION
[bookmark: OLE_LINK47][bookmark: OLE_LINK46]Given the diagnosis of and treatment experience with case 1, we used prophylactic anticoagulation with subcutaneous enoxaparin with a further dose reduction of 0.3 mL every other day. However, muscle bleeding remained at the noninjected site. Given the results with the above two cases, we have reason to believe that rhabdomyolysis patients have a risk of muscle bleeding and that improper use of anticoagulants may increase this risk or even lead to the formation of intramuscular hematomas. In addition, when continuous blood loss is found in the body, the possibility of bleeding in the muscles and more typical sites should be considered.
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Figure Legends
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[bookmark: OLE_LINK51][bookmark: OLE_LINK50]Figure 1 Outcome of lumbosacral intramuscular hematoma in case 1. A: For the first time, it was demonstrated that the left lumbosacral muscle was swollen and less homogeneous in density; B and C: Subsequent computed tomography reexamination revealed that the volume of the left lumbosacral intramuscular hematoma was significantly smaller than before.
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Figure 2 Outcome of buttock intramuscular hematoma in case 2. A: For the first time, it was demonstrated that the density of soft tissue on both sides of the buttocks was uneven; B and C: Subsequent bedside color Doppler reexamination revealed that the volume of the buttock intramuscular hematoma was significantly smaller than before.
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