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Abstract: In recent years, healthcare systems worldwide have faced the challenge of the severe COVID-19 pandemic. However, cases
of severe rhabdomyolysis, acute myocardial damage, and multiple organ dysfunction syndrome (MODS) caused by COVID-19 are
currently rare. This report presents a case of severe rhabdomyolysis, acute myocardial damage, and MODS caused by COVID-19. The
patient was treated at The University of Hong Kong-Shenzhen Hospital. The purpose of this report is to aid clinicians in quickly
identifying and treating similar cases, ultimately improving patient outcomes.

Keywords: COVID-19, pneumonia, rhabdomyolysis syndrome, acute myocardial damage, multiple organ dysfunction syndrome

Background

Since the emergence of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) in 2019, leading to COVID-
19 disease, it has been linked to various complications, such as respiratory and thromboembolic events, and acute kidney
injury (AKI)."* Rhabdomyolysis is a multifactorial disease caused by various congenital and acquired factors. Statin
therapy is considered one of the most common acquired factors. The association between COVID-19 and rhabdomyo-
lysis is not yet clear, and only a few case reports have described this link so far. It is known that viral infections can cause
rhabdomyolysis,® which is defined as damage to striated muscle cells. This damage causes intracellular substances,
including myoglobin, to escape from creatine kinase into the bloodstream, resulting in acute kidney injury. This condition
is life-threatening and has a high mortality rate.* Based on current literature, it is possible to conclude that myocardial
injury is a complication related to COVID-19 and may lead to myocarditis, myocardial infarction, Takotsubo syndrome,
and other conditions. Myocardial injury is primarily caused by direct viral invasion or indirect downregulation of the
angiotensin-converting enzyme 2 (ACE-2) receptor expression. This results in an immune-mediated overresponse,
cytokine storm, and activation of the prethrombotic pathway through the interaction between viruses, myocardium,
and endothelial cells.” In addition to acute respiratory distress syndrome (ARDS), COVID-19 can induce an inflamma-
tory cytokine storm, oxidative stress, and disseminated intravascular coagulation (DIC), which have been shown to cause
organ damage and ultimately MODS in patients.® This report presents a case of severe rhabdomyolysis, acute myocardial
damage, and MODS in a COVID-19 patient to raise awareness among clinicians and prompt timely treatment measures.

Case Presented

A male migrant aged 53 presented with a fever and cough for one week. The patient started coughing on December 25th,
2022 and produced a small amount of yellow sticky sputum. This was followed by intermittent fever, with a maximum
body temperature of 39.3°C, and dyspnea. The patient did not experience chills, vomiting, chest pain, or headache. Self-
testing for new crown antigen was positive. The patient self-administered ibuprofen and other drugs, but their body
temperature continued to rise. A chest CT scan conducted in the emergency department of the hospital revealed double
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lung viral pneumonia. Blood inflammation indicators also increased significantly. The patient was treated with moxi-
floxacin combined with cefoperazone sulbactam for anti-infection, as well as nebulized expectorant and other sympto-
matic treatments. During treatment, the patient experienced sudden cyanosis of the lips and shortness of breath at night.
Their blood oxygen levels dropped to 80—-85%, and coarse breath sounds were heard in both lungs. The patient had no
history of smoking or drinking. He was admitted to our hospital with a positive nucleic acid test. The patient had
undergone percutaneous coronary intervention (PCI) for coronary heart disease over 2 years ago and had a history of
hypertension and diabetes for more than 20 years. The prescribed medication included oral aspirin, Lipitor, amlodipine,
valsartan, and dapaglifiozin. In March, the patient received the first dose of the inactivated Vero cell vaccine from the
Beijing Institute of Biological Products Co., Ltd.

Upon admission, the patient’s physical examination showed a temperature of 37.5°C, a pulse rate of 104 beats
per minute, a respiratory rate of 15 breaths per minute, and a blood pressure of 131mmHg/76mmHg. The patient was
sedated and given analgesics and was assisted with breathing using a ventilator (SIMV (PS 10cmH,O, PEEP 5¢cmH,0,
VT 420mL, F 15bpm, FiO, 50%)). The patient had slightly coarse breath sounds in both lungs, and crackles and sputum
sounds were heard in both lower lungs. No bulge was observed in the precordial area, and the dullness boundary was
normal. There was no tremor or pericardial friction. The heart rate was 104 beats per minute, with sinus rhythm and
normal heart sounds. P2 was less than A2, and no pathological murmur was heard in the auscultation area of each valve.
Additionally, no pericardial friction rub was detected. Please refer to Figure 1-2 for the admission CT and cardiac
ultrasound.

Regarding treatment, the patient received sedation and analgesia, as well as ventilator-assisted breathing with a lung-
protective ventilation strategy to reduce ventilator-related lung injury. Additionally, antiviral and anti-infection medica-
tions have been administered, along with bedside bronchoscopy, cleaning of airway secretions, bronchoalveolar lavage,
and other related pathogenic detection. Symptomatic treatment also included blood glucose control, antiplatelet therapy,
blood lipid-lowering, blood pressure control, heart rate management, and improvement of the internal environment.
During the treatment, the patient continued to test positive for nucleic acid and did not show significant improvement in
arterial oxygen saturation. Intermittent treatment with prone ventilation, antivirals, hormones, and other therapies was
administered. On the tenth day of hospitalization, the CT value of the new coronavirus nucleic acid remained low, and
inflammatory factors such as white blood cells, C-reactive protein (CRP), and ferritin remained high. As a result, the
treatment plan was adjusted. Please refer to Tables 1-2 for specific test results and treatment plans.

On the 13th day of hospitalization, the patient’s daytime test results showed abnormal indicators for blood routine,
biochemical examination, interleukin-6, ferritin, procalcitonin, and CRP, as shown in Table 1. Atorvastatin was
discontinued due to its potential influence on the results. Additionally, the patient reported having dark urine at night,
similar to soy sauce. On the 14th day of hospitalization, the patient’s liver and kidney function deteriorated further. The
patient developed oliguria, and critical values were reported for creatine kinase (CK), Troponin T (TnT), and myoglobin
(MYO). As a result, the patient was immediately given continuous renal replacement therapy (CRRT) (CVVHDF mode,
citrate anticoagulation) supportive treatment. Simultaneously, the patient received antibiotic treatment, anticoagulation

Figure | Chest CT screenshot upon admission.
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Figure 2 Echocardiographic screenshot of the heart.

therapy, antiviral medication, gamma globulin support, and other necessary treatments. Additionally, the patient under-
went improved ECG, bedside cardiac ultrasound, and limb skeletal muscle ultrasound, as shown in Figure 3-4. The
electrocardiogram and cardiac ultrasound did not reveal any abnormalities, while the limb skeletal muscle ultrasound
showed increased echo thickening, uneven echo, a small amount of fluid in the muscle space, and suspected striated
muscle damage. A muscle biopsy was not carried out due to personal reasons. Following treatment with anti-infection,
anti-viral medication, inhibition of the inflammatory response, CRRT, and the prone position, the patient’s urine
gradually returned to a clear colour. A tracheostomy was performed on the 18th day of hospitalization, and sedative
and analgesic drugs were discontinued after the procedure. On the 20th day of hospitalization, the patient regained
consciousness and scored E4AVTMS on the Glasgow Coma Scale (GCS). The patient’s troponin levels peaked on the
same day. The electrocardiogram and cardiac ultrasound examinations showed improvement, and no pathological
changes were found in the patient’s ECG monitoring, electrocardiogram, and cardiac ultrasound before and after the
troponin peak.

On the 33rd day of admission, the patient suddenly lost consciousness with a GCS score of EIVTM3. The patient’s
pupils were bilaterally equal in size with a diameter of 2.5mm and exhibited light reflexes, corneal reflexes, and cephalic-
ocular reflexes. Faint frowning was visible in bilateral orbital compression, and the patient exhibited involuntary limb
movements. The patient’s neck was soft, and no bilateral pathological signs were elicited. The study found that the
cerebrospinal fluid tested negative for the new coronavirus nucleic acid. However, the cerebrospinal fluid oligoclonal
zone analysis (OCB) showed a positive result for immunoglobulin G (CSF IgG), and the OCB showed that the
cerebrospinal fluid had the same band as the blood (Figure 5). The lesion was determined to be outside the central
nervous system (CNS), indicating a peripheral B cell immune response and damage to the blood-brain barrier. This is
believed to be associated with systemic inflammation caused by COVID-19 infection. Due to the patient’s critical
condition, an MRI brain evaluation was not performed. Instead, we continued with the current anti-infection and other
treatments. As a result, the patient’s consciousness gradually recovered on the 45th day of hospitalization.

The patient’s treatment plan was gradually adjusted based on the condition of their lungs and organs. This included
respiratory function exercises, intermittent prone position, pulmonary physical therapy, intermittent CRRT, and vasoac-
tive drug support. Individualized rehabilitation and psychological support were provided due to the patient’s long-term
bed rest, muscle weakness, and skin damage. As a result, the patient was successfully weaned off the ventilator on the
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Table | Patient Testing Information

On The | On The On The On The On The On The On The On The On The On The On the On the On the On the On the
Ist Day 6th Day 12th Day | 13th Day | 14th Day | I5thDay | 16thDay | 17th Day | 19th Day | 20th Day | 26th day | 36th day | 46th day | 56th day | 76th day
of of Of of Oof Of of Oof of of of hospit | of hospit | of hospit | of hospit | of hospit
Hospit Hospit Hospit Hospit Hospit Hospit Hospit Hospit Hospit Hospit alization | alization | alization | alization | alization
alization | alization | alization | alization | alization | alization | alization | alization | alization | alization
PH 742 744 7.38 739 7.23 737 7.44 735 7.38 741 7.35 7.36 7.44 74 NO
pO2 82 75 9l 95 8l 79 90 92 9l 94 97 92 90 94.5 NO
pCO2 35 32 37 36 52 49 39 41 40 37 35 38 36 345 NO
BE 37 -2.5 -27 -4.4 -89 -85 -3 2 -1 0.1 0.3 0.6 -0.9 -0.4 NO
Lac 1.7 0.9 22 1.7 35 2 1.1 1.9 1.8 1.6 0.8 1.2 0.5 0.4 NO
WBC 10.49 13.6 13.79 10.15 24.83 19.25 18.78 11.86 11.02 9.09 6.6 8.84 8.49 8.9 8.9
HGB 107 107 93 83 97 85 83 96 73 65 86 71 84 85 94
PLT 219 145 24| 214 306 293 222 305 195 185 193 187 172 24| 206
NEUT 9.75 12.28 12.3 9.53 2329 17.84 17.71 16.32 10.67 8.19 5.62 5.82 7.66 5.54 5.89
LYM 0.49 0.87 0.63 0.37 0.67 0.73 0.47 0.76 0.53 0.35 0.62 1.17 0.86 0.62 0.53
MYO 76 80 NO NO 58289 NO >30,000 29,138 6281 1304 68 NO NO NO NO
CK 6l 79 NO 983 39,580 36,082 15,382 3980 897 443 161 47 57 48 56
LDH 254 248 NO 302 797 765 558 374 268 240 186 443 373 321 230
CKMB 1.5 1.8 NO 2.1 39.7 18.9 243 13.1 6.7 59 4.5 0.7 23 35 33
HBDH 161 184 NO 205 419 433 374 275 198 175 155 NO NO NO NO
NTBNP | 265 1110 1567 4352 4252 6316 5000 2705 1769 1148 NO NO 684 NO 115
TnT 0.008 0.007 NO 0.016 0.178 0.683 0.715 1.93 2.02 241 0.018 0.006 0.005 NO NO
ALT 333 386 88.1 138.8 186.1 180.1 155.9 134.2 81.5 443 31.3 7.1 74 83 10.6
AST 25.6 42.8 190.1 3736 469.5 414.9 3349 90.2 60.2 36.8 242 18.3 223 19.2 15.9
Tbil 57 6.0 6.7 78 7 6.1 12.4 5.8 7 7 4.9 6.2 6.6 9.5 8.9
DBIL 4.0 45 44 5.1 52 43 9.6 53 5.3 5.2 3.6 4.1 35 4.5 44
CREA 68 98 153 164 387 491 234 197 213 339 180 106 101 77 73
UREA 5.04 6.87 18.9 21.5 31.2 57 239 19.2 307 22 9.05 10.4 4 39 23
K 3.88 4.24 42 4.89 5.55 4.21 4.35 3.85 3.85 37 4.3 3.84 4.2 43 4.0
IL-6 1.3 8.6 10.1 5.5 5.6 63.4 132.2 74 NO 56 6.2 NO NO NO NO
Ferritin | 243.6 1056.3 1654.8 1365.6 1444.7 1174.4 1374 1240.3 NO 1268.9 325 NO NO NO NO
PCT 0.72 0.34 | 0.69 0.86 1.28 NO 1.5 1.3 1.02 0.06 NO NO 0.04 0.04
CRP 215.17 200.9 200.1 76.28 3952 8.36 NO 54.86 NO 83.39 42 NO NO 9.21 23

Notes: pO,(mmHg); pCO,(mmHg); BE(mmol/L); Lac(mmol/L); WBC(*109/L); HGB(g/L); PLT(*1079/L); NEUT(*109/L); LYM(*109/L); MYO(ng/mL); CK(U/L); LDH(U/L); CKMB(ng/mL); HBDH(U/L); NTBNP(pg/mL); TnT(ng/mL); ALT
(U/L); AST(U/L); Thil(umol/L); DBIL(umol/L); CREA(umol/L); UREA(mmol/L); K(mmol/L); IL-6(pg/mL); Ferritin(ng/mL); PCT(ng/mL); CRP(mg/L); NO indicates no inspection on the same day.
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Table 2 Patient Medication Information

On the Ist day of Piperacillin sodium tazobactam sodium, doxycycline, dexamethasone, omeprazole sodium, propofol, fentanyl,
hospitalization midazolam, insulin, acetylcysteine granules, amlodipine, dagelin, atorvastatin calcium, aspirin, polyethylene glycol 4000

powder, lactulose

Hospitalization Day 2-7 Piperacillin sodium tazobactam sodium, doxycycline, dexamethasone, omeprazole sodium, propofol, fentanyl,

midazolam, insulin, acetylcysteine granules, amlodipine, dagelin, atorvastatin calcium, aspirin, TPF-D, lactulose

On the 8th day of Piperacillin sodium tazobactam sodium, omeprazole sodium, propofol, fentanyl, midazolam, insulin, acetylcysteine
hospitalization granules, amlodipine, daggligin, atorvastatin calcium, aspirin, TPF-D, lactulose, and kaiselu

On the 9th day of Meropenem, omeprazole sodium, propofol, fentanyl, midazolam, insulin, acetylcysteine granules, amlodipine,
hospitalization daggligin, atorvastatin calcium, aspirin, TPF-D, lactulose

Hospitalization Day 10—-12 | Meropenem, enoxaparin sodium, baritinib, immunoglobulin, dexamethasone, omeprazole sodium, propofol, fentanyl,
midazolam, insulin, randilol, atracurium, acetylcysteine granules, amlodipine, dagelin, atorvastatin calcium, aspirin,
TPF-D, lactulose

Hospitalization Day 13—14 | Meropenem, enoxaparin sodium, baritinib, immunoglobulin, dexamethasone, omeprazole sodium, propofol, fentanyl,
midazolam, insulin, acetylcysteine granules, amlodipine, daggligin, aspirin, TPF-D, lactulose, calcium polystyrene
sulfonate powder

Hospitalization Day 15-16 | Meropenem, voriconazole, enoxaparin sodium, baritinib, omeprazole sodium, propofol, fentanyl, midazolam, insulin,
acetylcysteine granules, amlodipine, dagelin, aspirin, TPF-D, lactulose

On the |7th day of Ceftazidime, voriconazole, enoxaparin sodium, baritinib, omeprazole sodium, propofol, fentanyl, midazolam, insulin,
hospitalization acetylcysteine granules, amlodipine, dagelin, aspirin, TPF-D, lactulose, paracetamol

On the 18th day of Ceftazidime, voriconazole, enoxaparin sodium, baritinib, omeprazole sodium, propofol, fentanyl, midazolam, insulin,
hospitalization acetylcysteine granules, amlodipine, gligliptin, aspirin, TPF-D, lactulose, acetaminophen, urapidil

Hospitalization Day 19-26 | Ceftazidime, voriconazole, enoxaparin sodium, baritinib, omeprazole sodium, insulin, acetylcysteine granules,
amlodipine, linagliptin, aspirin, TPF-D, lactulose, urapidil

Hospitalization Day 2742 | Enoxaparin sodium, omeprazole sodium, insulin, acetylcysteine granules, amlodipine, linagliptin, aspirin, TPF-D,

lactulose, urapidil

Hospitalization Day 43-51 | Piperacillin sodium tazobactam sodium, omeprazole sodium, insulin, acetylcysteine granules, amlodipine, gligliptin,
aspirin, TPF-D, lactulose

Hospitalization Day 52-56 | Imipenem cilastatin sodium, omeprazole sodium, insulin, acetylcysteine granules, amlodipine, gligliptin, aspirin,

lactulose

Hospitalization Day 57-76 | Omeprazole sodium, insulin, acetylcysteine granules, amlodipine, linagliptin, aspirin, lactulose

52nd day and was given a tracheostomy tube connected to high-flow humidified oxygen therapy (Flow rate: 50 L/min,
FiO,: 30%). On the 60th day of admission, the patient was discharged from the hospital after 78 days of recovery and
treatment. The patient had a tracheostomy and was using artificial nasal inhalation at a rate of 3 L/min. At the time of
discharge, all organs had been restored to full function and the patient’s pulse oxygen saturation was 98%, as shown in
Figure 6.

Discussion

Rhabdomyolysis is defined as CK levels above normal (>1000 IU/L) or five times the upper limit of normal.” Patients
with rhabdomyolysis may present with myalgia or weakness, red to brown urine, and markedly elevated levels of CK and
MYO. Other manifestations include electrolyte abnormalities such as hyperkalemia, hyperphosphatemia, hyperuricemia,
hypocalcemia, and metabolic acidosis, followed by complications such as AKI, compartment syndrome, and DIC.® In
a retrospective cohort study of 140 patients, the incidence of rhabdomyolysis was 16.7% in hospitalized patients with

Open Access Emergency Medicine 2024:16 hetps: 23

Dove!


https://www.dovepress.com
https://www.dovepress.com

Yuan et al Dove

Figure 3 Ultrasound screenshot of upper limb muscles.

Figure 4 Ultrasound screenshot of lower limb muscles.

COVID-19, 47.1% in patients with COVID-19 and rhabdomyolysis, and 26.4% in patients with COVID-19 without
rhabdomyolysis.’

Acute myocardial injury is defined as elevated troponin levels and all conditions leading to myocardial cell death.'®
Studies have shown that the incidence of acute myocardial injury in hospitalized patients with COVID-19 ranges from
7% to 36%. Patients with COVID-19 have a four-fold higher risk of death from cardiovascular disease.'' In a study of
hospitalized patients with COVID-19 from New York, USA, the mortality rate from myocardial injury was 18.5%.'*
COVID-19 may have an impact on the cardiovascular system, resulting in acute coronary syndromes, myocarditis, and
electrical heart disease.
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Figure 5 Cerebrospinal Fluid Electrophoresis Results.

Figure 6 Chest X-ray at discharge.

All individuals are susceptible to COVID-19, but the severity of the disease and its impact on different bodily systems
can vary greatly. Severe cases, particularly in certain populations, may result in ARDS and damage to multiple bodily
systems, including the respiratory, cardiovascular, digestive, urinary, nervous, and immune systems. Severe cases,
particularly in certain populations, may result in ARDS and damage to multiple bodily systems, including the respiratory,
cardiovascular, digestive, urinary, nervous, and immune systems. The clinical features of 41 COVID-19 patients were
analysed by the investigators.'® They found that 5 patients had acute myocardial injury and 3 had acute kidney injury,
most of whom were critically ill. Chen'* conducted a statistical study of 99 COVID-19 patients and showed that 11% of
patients experienced short-term exacerbations followed by death from MODS, including heart failure, acute kidney
injury, and shock.

Research indicates that COVID-19 is associated with high mortality rates in cases of rhabdomyolysis, acute
myocardial injury, and MODS. Therefore, it is crucial to determine the incidence of these conditions in COVID-19
patients to improve patient prognosis. In hospitalized patients with COVID-19, rhabdomyolysis, acute myocardial injury,
and MODS are important and often underestimated complications. Mortality rates are higher when patients have
concurrent rhabdomyolysis, acute myocardial injury, and MODS. It is crucial to monitor and manage these complications
in COVID-19 patients. Retrospective cohorts have reported peak rhabdomyolysis CK levels of over 1000 units/L in
COVID-19 patients.'” Few case reports have described severe rhabdomyolysis during the course of the disease, with
peak CK levels reaching approximately 39580 units/L. This case report describes a unique instance of severe COVID-19-
induced rhabdomyolysis, acute myocardial injury, and MODS to aid in timely detection and treatment.

The binding of the SARS-CoV-2 virus to ACE-2 is a crucial step in the pathophysiology of COVID-19 patients.
SARS-CoV-2 binds to ACE-2 through the receptor-binding domain of its spike protein. Additionally, the serine protease
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TMPRSS2 may also play a significant role in facilitating SARS-CoV-2 invasion of cells.'®'” ACE-2 is widely distributed
in bones and myocardium.'®'* The mechanism by which COVID-19 induces rhabdomyolysis, acute myocardial injury,
and MODS remains unclear. The proposed mechanisms include both direct and indirect pathways. According to the first
theory, the virus invades muscles directly through ACE-2, causing damage to skeletal and cardiac muscles as well as
organs.”?**! However, the mechanism is not well understood. The second theory suggests that the host’s immune
response, similar to a hyperinflammatory cytokine storm, may cause damage to skeletal muscle, myocardium, and
organs.?* Studies have demonstrated the significant role of interleukins and tumor necrosis factor in the pathogenesis of
the cytokine storm in COVID-19,%* which ultimately leads to fibrinolysis and fibrosis of skeletal and cardiac muscle, as
well as an inflammatory response in organs.

Conclusion

The patient is a middle-aged male with a medical history of coronary heart disease, hypertension, and diabetes. Upon
acute onset, he was admitted to the hospital due to respiratory failure. No other significant organ dysfunction was
observed at the time of admission, except for the lungs. Considering the patient’s medical record, which indicates
rhabdomyolysis, acute myocardial injury, and multi-organ function damage (including liver, kidney, and nervous system
function), as well as the direct and indirect immune damage caused by the virus, there may be other contributing factors.
Reason 1 is currently under investigation. Due to the patient’s pre-existing medical conditions, they have been taking
statins orally for an extended period. Some studies suggest that statins may increase the risk of organ damage caused by
rhabdomyolysis. However, despite the patient’s long-term use of oral statins, testing during treatment did not reveal any
symptoms of organ damage or muscle aches. It is important to note that the effect of the new coronavirus on statin
metabolism cannot be ruled out. 2. The patient’s medical history includes diabetes and chronic pathophysiological
changes resulting from poor blood glucose control, as well as the new crown inflammatory storm. 3. The patient has
undergone long-term treatment, including ventilator therapy and the use of analgesic and sedative drugs. 4. The patient
has been bedridden for an extended period, which has resulted in limb restraint and compression due to the prone
position, among other factors. During the treatment process, the patient’s new crown nucleic acid remained positive, and
the CT value remained low while the inflammatory index continued to increase. This was due to the patient’s sustained
high viral load and the inflammatory response in the body.
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