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Introduction

A novel coronavirus known as Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) with a high rate of
human-to-human transmission has emerged, resulting in a
worldwide public health crisis of catastrophic proportions.
Common initial symptoms of Coronavirus Disease 2019
(COVID-19) include fever, cough, fatigue, myalgia, and
shortness of breath. Complications include acute respiratory
distress syndrome (ARDS), acute cardiac injury, acute
kidney injury, and secondary infections [1,2]. There have
been reports of patients infected with COVID-19 who
either presented with muscle pain and rhabdomyolysis or
developed muscle damage as a late complication during
hospitalization [3-8].

In this article, we report the case of a patient presenting
with COVID-19 disease and acute kidney injury secondary to
rhabdomyolysis. Further, we review the reported cases of
COVID-19 related rhabdomyolysis and discuss the possible
mechanisms and its management.

Case description

An 89-year-old Caucasian male was brought to the
emergency department by his family for shortness of breath
and fever. Symptoms began 10 days earlier with cough, fever,
generalized fatigue, and difficulty breathing. The patient
developed diarrhea 3 days before presentation. His past
medical history was significant for hypertension, coronary
artery disease, and heart failure with preserved ejection
fraction. His medications included aspirin, candesartan,
rosuvastatin, carvedilol, and amlodipine. He was treated
with oral doxycycline and later was switched to intravenous
ceftriaxone and oral azithromycin prior to admission. There
was no history of alcohol.

On arrival, his respiratory rate was 28 breaths/minute;
heart rate 90 beats/minute; temperature 98.2 degrees
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Fahrenheit, and the oxygen saturation was 98 percent on
3 liters/minute of oxygen via nasal cannula. On physical
examination, his lungs revealed clear air entry with no
wheezing, rhonchi, or crackles; heart sounds were regular
without murmurs; his abdomen was soft with normal bowel
sounds; he had no pedal edema, blood work was remarkable
for creatine phosphokinase (CPK) at 2751 units per liters
(U/L) (Table 1). Serum myoglobin level was higher than
4000 U/L, lactate dehydrogenase (LDH) was 805 U/L. His
serum creatinine was 2 milligrams per deciliter (mg/dl) on
admission and peaked at 2.5 mg/dl on hospital day 4. The
serum ferritin was 1401 nanograms per milliliters (ng/ml),
C reactive protein (CRP) was 5.785 mg/dl. We did not check
for uric acid level or urine myoglobin; however, his urine
was turbid and positive for hemoglobin with 0-2 red blood
cells per high power field (HPF). Urine protein was 100 mg/
dl with no white blood cells and occasional epithelial cells;
there were fine granular casts (5-10). A real-time reverse
transcriptase PCR analysis of a nasopharyngeal swab was
positive for SARS COV-2 infection. His CPK peaked at 13025
on hospital day 8. Initial potassium level was 3.8 MMOL/L,
serum sodium 139 MMOL/L, serum chloride was 110
MMOL/L, magnesium level was 2.1 MMOL/L and phosphorus
level was 3.9 MMOL/L.

Management

The patient was treated with cautious intravenous
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hydration with a mixture of sodium bicarbonate and
5% dextrose in water, and supplemental oxygen via
nasal cannula. Electrolytes imbalances were corrected
accordingly. Other medications included aspirin, vitamin C,
Zinc, amlodipine, carvedilol and apixaban for deep venous
thrombosis prophylaxis. Rosuvastatin was held on admission
and he did not receive hydroxychloroquine. He was
discharged home on hospital day 12; his CPK level was in a
downtrend (6361 U/L); and the serum creatinine was 1.3
mg/dl.

5,

Discussion

Rhabdomyolysis is a potentially life-threatening
condition that develops as a result of skeletal muscle damage
from various etiologies. Patients with rhabdomyolysis
usually present with myalgias, fatigue, dark urine due to
myoglobinuria, electrolyte abnormalities and acute kidney
injury (AKI). Since COVID-19 disease can present with similar
symptoms, it can be difficult to distinguish between these two
conditions based on clinical grounds alone. The presentation
of rhabdomyolysis can be insidious, especially in the elderly.

Table 1: Trend in biochemical markers during patient® hospitalization

Hospitalday Day1l  Day2 Day 3 Day4 Day$5s
Parameter
CPK (IU/L) 2751 2701 2502 1623 2128
CRP (mg/dl) 6.66 5811 * *

5.78

Ferritin (Ng/ml) 1401 1348.7 1331.2 * *
Creatinine (mg/dl) 2 21 23 25 24
Potassium level (MMOL/L) 3.4 38 34 36 33
Phospharus level (Mg/DL) * * 3.9 3.7 33

Day6 Day7 Day 8 Day 9 Day 10 Day 11 Day 12
4938 12342 13025 12491 10008 6902 6361
* * * * * * *
* * * * * * *
23 21 2 1.9 1.6 1.4 1.3
GN] 35 34 Shad 3.1 34 3.6
29 28 3.0 29 * * *

Table 1

Table 2: Clinical characteristics of patients reported to date with COVID -19 associated rhabdomyolysis

Characteristic Age Sex COVID Onset Presentatio
severity n trauma
Author
Our case 89 M Mild- Early Generalized No
moderat weakness
e
Suwanwongse 88 M Mild- Early Bilateral Yes
K.3 moderat thigh
e weakness
Chan K.* 75 F Severe Early Weakness No
Chan K.# 71 M Severe Early L e No
twitching;
weakness
Zhang Q°. 38 M Mild- Early Severe No
moderat myalgia/
e back pain
Gefen A.® 16 M Mild- Early Myalgia; No
moderat dark urine
e
Jin and Tong’ 60 M Mild- Late L e g Mo
moderat weakness
e
Uysal BB.® 60 M Severe Early Myalgia; No
Fatigue
Sharma et al'® 60 M Severe Early A c ut e MNo
kidney
injury

*Value not provided

** Creat: Serum creatinine (Peak)
***Bjcarb stands for sodium bicarbonate

Possible Statin Pe a k Creat*

use

Yes

Yes

No
Mo

No

No

Mo

No

No

Treatment for Outcome

CPK (mg/dl) rhabdomyolysis

13025 25 IV fluids/bicarb*** Discharged alive
13581 1.1 IV fluids Discharged alive
2767 1.2 IV fluids Discharged alive
1859 0.9 IV fluids/hemodialysis Discharged alive
42670 0.9 IV fluids Discharged alive
427656 0.68 IV fluids/bicarb Discharged alive
11842  Normal® |V fluids/bicarb Discharged alive
4267 0.91 IV fluids/bicarb Discharged alive
=90,000 13.1 Kidney biopsy confirmed Died

myoglobin cast
nephropathy
MNeeded dialysis

Table 2
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CPK levels should be obtained and are vital in diagnosing
suspicious cases that otherwise would be missed due to
the atypical nature of the presenting symptoms [9]. Urine
analysis is also useful when suspecting rhabdomyolysis.

Possible causes of rhabdomyolysis include trauma,
autoimmune disorders, medications, substance abuse,
seizures, and infections [9]. Bacterial infections including
Legionella, Streptococcus pneumoniae, Salmonella species,
Staphylococcus aureus, among others have been described
as causes of rhabdomyolysis. [10] Although more frequent
in children, viral infections have also been reported to cause
rhabdomyolysis in adults [6,11-13].

Multiple viral agents have been implicated in the
development of rhabdomyolysis, including the Human
Immunodeficiency Virus (HIV),influenzavirus, enteroviruses,
Epstein-Barr virus (EBV), cytomegalovirus (CMV), Herpes
simplex virus, and adenovirus. [10-15] Influenza virus is,
by far, the most studied and the most frequently described
etiology of viral-associated rhabdomyolysis [12]. Previous
publications have suggested the association of the Severe
Acute Respiratory Syndrome -SARS- (Non-COVID SARS) with
rhabdomyolysis[16-18].

There have been several reports of rhabdomyolysis
occurring in patients infected with SARS-CoV-2 [3-8]. These
cases (Table 2) have been described mostly in middle aged
and elderly patients with moderate to severe COVID-19
disease. Not all patients developed AKI despite significant
elevation of CPK levels in some of the cases. Electrolyte
abnormalities have not been described in these reports.
In our patient, potassium and phosphorus levels were not
elevated.

The exact mechanism by which COVID-19 induces
rhabdomyolysis is not fully understood. There is consensus
that it likely follows the general principles and mechanisms
that have been described for other viruses. These include
direct viral invasion leading to muscle destruction, a robust
immune response to the virus that results in a “cytokine
storm”, causing damage to muscle tissues, and direct muscle
cell destruction by circulating viral toxins [9,11,12]. It has
been proposed that SARS-CoV-1 associated rhabdomyolysis
was due to cytokine storm based on the presence of elevated
inflammatory markers found in muscle biopsies of patients
infected with the virus [16,17].

While described separately, these events are largely inter-
related and should be viewed as part of the same mechanism.
Such inter-connected processes can lead to the destruction
of muscle cells and spillage of their internal components into
the circulation. This in turn can cause AKI, which is mediated
by myoglobin build-up in the renal tubules and subsequent
development of acute tubular necrosis as a form of pigment
nephropathy [9]. It is important to recognize that the current
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understanding of the pathophysiology of viral-induced
rhabdomyolysis comes from in-vitro and observational
studies, mainly in COVID-19 disease during Influenza
outbreaks [14,15]. These hypotheses, while plausible, still
require more research before they can be fully accepted. A
recent case series by Sharma et al. showed various kidney
biopsy findings associated with COVID-19; one of the cases
reported was COVID-19 associated rhabdomyolysis leading
to pigment nephropathy-related tubular damage [19].

Interestingly, the use of hydroxychloroquine could also
contribute to the development of late onset rhabdomyolysis
in patients affected by COVID-19 disease [20]. Thus, while it
is important to recognize the signs of rhabdomyolysis, it is
advisable to avoid using hydroxychloroquine in such patients
as it can worsen this condition and its efficacy for treating
COVID-19 disease is questionable. Hydroxychloroquine
could also cause hemolysis which can lead to hemoglobin-
associated kidney injury that can mimic myoglobin-induced
kidney injury on kidney biopsy.

In our case, the patient presented to the hospital
approximately 10 days after the onset of symptoms. An
alternative explanation for the rhabdomyolysis in our report
and others is the prolonged periods of bedrest and immobility
in convalescent elderly patients along with dehydration. Our
patient denied any trauma, seizures, or substance abuse. He
was taking rosuvastatin, however, this was held on admission
and CPK level peaked on hospital day 8.

Patients affected with rhabdomyolysis should receive
aggressive fluid administration to prevent AKI. This must be
done with caution, especially in the elderly population where
the coexistence of heart failure is more common. Monitoring
of serial serum creatinine and CPK levels as well as strict
control of intake and output are key in the management of
these patients [16,17,22]. Treating rhabdomyolysis in elderly
patients infected with COVID-19 is even more challenging.
Liberal strategies of fluid administration have shown to
worsen oxygenation in previous studies of patient with ARDS
independent of the cause [23].

Intravenous sodium bicarbonate is often used for
alkalization of urine. The strategy we use is 130 meq/L of
sodium bicarbonate (3 ampules) mixed with 1 liter of 5%
dextrose in water and infuse at 200 ml/hour via a separate
intravenous line. The rate is adjusted to achieve a urine PH
of > 6.5. This has been postulated to decrease the breakdown
of myoglobin into nephrotoxic metabolites and decrease
crystallization of uric acid. This must be done with caution
to avoid hypokalemia, hypocalcemia, volume overload and
PH shifts [24,25]. Some authors do not support the use of
sodium bicarbonate, especially if the patient has good urine
output [26-28]. The alkalinization of urine could increase
the risk of intra-tubular deposition of calcium-phosphate in
the setting of rhabdomyolysis-induced hyper-phosphatemia.
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In patients with clinically relevant hyperkalemia (based on
electrocardiographic findings) or with values greater than 6.5
mmol per liter; oliguria (less than 0.5 mL of urine per kilogram
per hour for 12 hours); anuria; volume overload or resistant
metabolic acidosis (pH < 7.1), renal replacement therapy
should be considered for urgent removal of myoglobin from
renal tubules. [31] In our case, we administered intravenous
fluids while monitoring strict urine output, respiratory
rate, and oxygen requirements. We monitored serial serum
creatinine and CPK levels.

In the most aggressive forms of rhabdomyolysis,
especially if not treated appropriately, severe complications
could occur. Early complications of rhabdomyolysis include
electrolyte disturbances, typically hyperkalemia and
hypocalcemia; these can in turn lead to cardiac arrhythmias
and cardiac arrest. Late complications include worsening
AKI, disseminated intravascular coagulation (DIC) and
compartment syndrome, which may occur early or late due
to direct muscle injury (more commonly in cases related to
trauma) [29,30].

Our case has several limitations. First, our patient was
not tested for other viral infections. However, he presented
in May when the influenza season is almost over. Second,
the patient was taking a statin prior to admission. Although,
drug-induced rhabdomyolysis could be an alternative
explanation, this is unlikely given that the statin was stopped
on admission and the CPK peak occurred on hospital day 8.
Third, the patient’s urine level was not tested for myoglobin,
however, the urinalysis was positive for hemoglobin, with
0-2 RBCs/HPF; this is characteristic of rhabdomyolysis.

Conclusion

Rhabdomyolysis is a potentially life-threatening
condition that can present at any time during COVID-19
infection, posing an additional challenge to the management
of an already complex disease. There should be a high level
of clinical suspicion for rhabdomyolysis when treating
patients with COVID-19 disease, especially in the presence
of significant muscle pain, AKI, and discolored urine. If
overlooked, the consequences could be devastating. Early
laboratory monitoring with serial serum CPK, myoglobin
and serum creatinine are key to the diagnosis; uric acid level
and urine myoglobin can also be considered. The mainstay
of therapy in these patients relies on aggressive intravenous
fluid administration; this should be done with caution in
elderly patients who might be at risk of developing heart
failure exacerbation. Urine alkalinization could be considered
but this is controversial. In patients with severe AKI as well
as resistant hyperkalemia it is important to consider urgent
hemodialysis for rapid clearance of myoglobin from renal
tubules as well as correction of electrolyte abnormalities. It
is advised to refrain from using hydroxychloroquine in such
patients as it could lead to worsening of rhabdomyolysis or
development of late-onset disease.
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