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ference in mortality was observed. Male sex, patients with morbid obesity, SOFA score, and
prone positioning were independently associated with rhabdomyolysis.

Conclusions: Nearly half of critically ill COVID-19 patients in our cohort met diagnostic cri-
teria for rhabdomyolysis. Male sex, morbid obesity, SOFA score, and prone position were

independently associated with rhabdomyolysis.

© 2021 Published by Elsevier Inc.

Background

Severe Acute Respiratory Syndrome coronavirus-2 (SARS-CoV-
2) is an enveloped RNA Betacoronavirus that was first ob-
served in China in December 2019.1? The majority of patients
with confirmed SARS-CoV-2 only experience minor symp-
toms, but a subset of COVID-19 patients can progress to life
threatening critical illness.>® While pulmonary manifesta-
tions of the disease are prevalent, front line clinicians are in-
creasingly reporting bedside findings suggestive of systemic
manifestations of COVID-19 infection, including neurologic,
cardiac, gastrointestinal, hematologic, and renal complica-
tions.” 13

Rhabdomyolysis is a complex disease ranging from asymp-
tomatic illness with mild elevations in serum creatine kinase
(CK) concentration to a severe illness characterized by elec-
trolyte imbalances and acute kidney injury (AKI).'*'> A serum
CK greater than 1000 U/L is diagnostic, and serum CK concen-
trations in the severe range (>5000 U/L) have been associated
with increased risk for AKL.'>"'® The incidence of AKI in pa-
tients with rhabdomyolysis is estimated to range between 10
and 50%.%719-?2 Although rare, viral etiologies of rhabdomy-
olysis have been described.?>?® A case report characterized
rhabdomyolysis associated with a previous Severe Acute Res-
piratory Syndrome (SARS) outbreak.”’ In addition, case re-
ports describe atypical presentations of SARS-CoV-2 associ-
ated rhabdomyolysis in elderly patients.?®?8-3? In this study,
we report our experience with a high incidence of, and ad-
verse outcomes for rhabdomyolysis in critically ill COVID-19
patients during the pandemic surge in Massachusetts, and in-
vestigate potential factors independently associated with de-
veloping rhabdomyolysis in this patient population.

Methods
Study population

All adult (>18 years old) patients with confirmed SARS-CoV-2
infection via reverse transcriptase polymerase chain reaction
(RT-PCR) testing of nasopharyngeal swabs and who were ad-
mitted to any of 13 pre-existent and surge Intensive Care Units
(ICUs) at the largest academic medical center in New England,
USA between March 13,2020 and April 18, 2020 were included.
All patients were prospectively followed until July 2, 2020.

Study variables

A systematic medical record review was performed to collect
patient demographics (e.g. age, sex, race, ethnicity, insurance

status), presenting symptoms (e.g. fever, shortness of breath,
cough, diarrhea), comorbidities (e.g. hypertension, diabetes
mellitus, chronic kidney disease) and severity of illness at ICU
admission (e.g. Sequential Organ Failure Assessment or SOFA
Score). Rhabdomyolysis was defined as a serum CK concentra-
tion above 1000 U/L. The severity of rhabdomyolysis was cat-
egorized by serum CK concentration, with severe rhabdomy-
olysis defined as serum CK concentrations >5000 U/L.'415.22
The hospital course and outcome variables included were: the
need for dialysis, the need for mechanical ventilation, total
number of days on mechanical ventilation, prone positioning,
pharmacologic paralysis, extracorporeal membrane oxygena-
tion (ECMO), ICU length of stay (LOS), hospital LOS, systemic
complications (e.g. thromboembolic, pulmonary, cardiac, gas-
tronintestinal, renal, neurologic) and mortality. We also col-
lected data on the specific treatment modalities for COVID-
19 (e.g. hydroxychlroquine, azithromyecin, steroids) and rhab-
domyolysis (e.g. statin avoidance or discontinuation, fluid re-
suscitation, diuresis).

Thromboembolic complications for this study include cen-
tral or arterial line thrombosis, pulmonary embolism (PE) and
deep vein thrombosis (DVT). Pulmonary complications in-
cluded acute respiratory distress syndrome (ARDS) (As per
the Berlin Definition), pneumonia, upper airway edema, and
pneumothorax. Cardiac complications included new onset
arrhythmia, myocardial infarction (MI), cardiac arrest, my-
ocarditis, cardiomyopathy, and congestive heart failure (CHF).
Gastrointestinal complications included transaminitis, ogilvie
syndrome, ileus, Clostridium difficile infection, gastrointesti-
nal bleeding (GIB), and mesenteric ischemia. Renal complica-
tions included AKI and urinary tract infections (UTIs). AKI was
defined via the Kidney Disease: Improving Global Outcomes
(KDIGO) criteria (i.e. increase in serum creatinine >1.5 times
the baseline).?* Chart review was conducted to identify those
patients with AKI with secondary oliguria or anuria. Neuro-
logic complications included stroke, delirium, and seizures.

Statistical analysis

Descriptive statistics were performed to compare baseline
characteristics of rhabdomyolysis and non-rhabdomyolysis
patients. Median and inter-quartile ranges (IQR) were recorded
for continuous data, while categorical data were summarized
using the incidence (actual number) (n) and percentages
(cumulative incidence). Continuous variables were compared
using the Wilcoxon rank-sum test and categorical variables
were compared using Pearson’s chi-squared or Fisher’s exact
test. Univariate and multivariable analyses were performed
to identify variables associated with the development of
rhabdomyolysis and variables associated with developing
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AKI in patients with rhabdomyolysis. All covariates with P
values less than 0.2 in the univariate analyses were included
in the logistic regression model. Odds ratios (OR) and 95%
confidence intervals (CI) following multivariable analyses are
reported. Statistical analyses were performed using StataCorp
2017 (Stata Statistical Software: Release 15. College Station,
TX: StataCorp LLC) and GraphPad Prism 8 software (GraphPad
Software, La Jolla California USA). Figures were generated
with Python 3.7 using the Pandas and Matplotlib packages
and StataCorp 2017 (Stata Statistical Software: Release 15.
College Station, TX: StataCorp LLC).

Sub-analysis using multinomial (polytomous) logistic regression
A sub-analysis was performed in order to determine factors
associated with moderate and severe rhabdomyolysis. This
was accomplished by first stratifying patients by severity of
rhabdomyolysis using serum CK concentration as a surrogate
marker for disease severity. Those individuals with a serum
CK <1000 U/L were defined as not having rhabdomyolysis, pa-
tients with a serum CK concentration between 1000 U/L and
4999 U/L were defined as the “moderate” rhabdomyolysis co-
hort, and those patients with a serum CK concentration >5000
U/L were defined as the “severe” rhabdomyolysis cohort. An
analysis of variance (ANOVA) was performed to characterize
the demographic and in-hospital characteristics of these three
groups. A multinomial (polytomous) logistic regression was
performed to characterize variables independently associated
with moderate and/or severe rhabdomyolysis. Calculations of
the relative risk ratios (RRR) were performed to estimate the
strength of association between independent and dependent
variables in this model.

Ethical oversight

A detailed review of this project was conducted by the insti-
tutional review board (IRB). This study was granted a waiver
for consent/authorization. Following an expedited review, this
study was granted IRB approval.

Results
Patient characteristics

Out of a total of 235 critically ill COVID-19 patients, 114 (48.5%)
developed rhabdomyolysis, including 90 (79.0%) with moder-
ate (1000-4999 U/L) peak serum CK concentrations, and 24
(21.0%) with severely elevated (>5000 U/L) peak serum CK con-
centrations. As of the last day of the study, 58 patients had
died (24.7%) and 175 (74.5%) were discharged from the hospi-
tal; only 2 (0.9%) remained in the hospital on the floor.

Table 1 compares the demographic characteristics of pa-
tients with and without rhabdomyolysis. Patients with rhab-
domyolysis were younger, more often male, and had a higher
body mass index (BMI kg/m?). There was no significant differ-
ence between the two groups in terms of race, ethnicity, insur-
ance status, smoking history, symptoms on presentation, or
SOFA Scores. Patients with rhabdomyolysis also had similar
comorbidities to those without rhabdomyolysis, except that
they were less likely to have hypertension. Table 1 contains a

summary of patient presenting symptoms, comorbid condi-
tions, and median SOFA Score.

Analysis of serum CK concentration trends

When examining admission CK levels, most rhabdomyoly-
sis patients (81%) did not have a serum CK concentration
that met minimum criteria for the diagnosis of rhabdomyol-
ysis on admission to the hospital, but instead developed ele-
vated serum CK concentrations later during their admission.
The median admission serum CK concentration in patients
who developed rhabdomyolysis was significantly higher than
in those patients who did not develop rhabdomyolysis, and
median peak serum CK concentrations were higher for pa-
tients with rhabdomyolysis. Table 2 summarizes admission
and peak serum CK concentrations. The median hospital day
that patients with rhabdomyolysis reached their peak serum
CK concentration was hospital day 6 (3, 9) with the majority of
patients reaching peak value by hospital day 7 (Table 2, Fig. 1).
While many patients had a return to a serum CK level below
1000 U/L within three days of peak serum CK concentration,
the range of days required to return to normal concentrations
was 1 to 23 days.

Hospital course and outcomes

Tables 1 and 3 detail the hospital course and outcomes of
patients with and without rhabdomyolysis. In summary, pa-
tients with rhabdomyolysis more often required mechanical
ventilation, prone positioning, pharmacologic paralysis to op-
timize respiratory support, initiation of dialysis, and ECMO.
Patients with rhabdomyolysis had longer total days ventilated,
ICU LOS, and hospital LOS. The rates of mortality were statisti-
cally similar between those with and without rhabdomyolysis.

When examining systemic complications, patients with
rhabdomyolysis more frequently experienced thrombotic
complications, pulmonary complications, gastrointestinal
complications, renal complications, and shock requiring va-
sopressors. Table 3 characterizes and compares the systemic
complications described for patients with and without rhab-
domyolysis.

Rhabdomyolysis and AKI

Table 2 describes renal characteristics of patients with and
without rhabdomyolysis. In summary, of 235 patients in our
cohort, 163 had their ICU course complicated by AKI. No statis-
tically significant difference in the rate of pre-existent chronic
kidney disease (CKD) was observed between those with and
without rhabdomyolysis. Of these 163 patients with AKI, 94
had concomitant rhabdomyolysis. Of those diagnosed with
rhabdomyolysis, 82.5% had their ICU course complicated by
AKI. Of all patients diagnosed with AKI, 33 (20.1%) were diag-
nosed following peaking of serum CK concentrations. The me-
dian hospital day of AKI diagnosis was not statistically differ-
ent when comparing those with and without rhabdomyolysis.
We performed additional analysis comparing median ICU ad-
mission serum creatinine values in patients with rhabdomy-
olysis and AKI vs. those without an eventual diagnosis of rhab-
domyolysis and AKI. Median ICU admission serum creatinine
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Table 1 - Demographic characterization, presenting symptomology, comorbidities, illness severity, and hospital outcomes

of patients with and without rhabdomyolysis.

No rhabdomyolysis (n = 121) Rhabdomyolysis (n = 114) P value
Age, median (IQR) 63 (51, 72) 57 (45, 67) 0.009
Male, n (%) 72 (59.5%) 84 (73.7%) 0.021
BMI, median (IQR) 29 (25.5, 33.0) 32.3(27.1, 36.9) 0.002
Race, n (%) 0.58
White 46 (38.0%) 32 (28.1%)
Black or African American 13 (10.7%) 13 (11.4%)
Asian 7 (5.8%) 6 (5.3%)
American Indian/Alaska Native 0 (0.0%) 1(0.9%)
Other 44 (36.4%) 50 (43.9%)
Unknown 11 (9.1%) 12 (10.5%)
Ethnicity, n (%) 0.77
Hispanic 49 (40.5%) 469(43.0%)
Non-Hispanic 57 (47.1%) 47 (41.2%)
Other 5 (4.1%) 5 (4.4%)
Unknown 10 (8.3%) 13 (11.4%)
Insurance status, n (%) 0.145
Private 44 (45.4%) 53 (54.6%)
Government (Medicare/Medicaid) 77 (55.8%) 61 (44.2%)
History of smoking, n (%) 28 (23.1%) 29 (25.4%) 0.68
Presenting symptoms, n (%)
Fever 94 (78%) 83 (75%) 0.54
Cough 93 (77.5%) 84 (75.7%) 0.758
Hemoptysis 2 (1.7%) 2 (1.8%) 1.00
Productive cough 7 (5.8%) 11 (9.9%) 0.327
Myalgias 43 (35.8%) 3 (38.7%) 0.684
Fatigue 54 (45.0%) 2 (37.8%) 0.287
Diarrhea 33 (27.5%) 31 (27.9%) 1.00
Nausea/vomiting 29 (24.2%) 23 (20.7%) 0.637
Anosmia/dysgeusia 11 (9.2%) 8 (7.2%) 0.638
Shortness of breath 84 (70.0%) 81 (73.0%) 0.663
Chest pain 10 (8.3%) 1(9.9%) 0.820
Headache 12 (10.0%) 3(11.7%) 0.679
Sore throat 20 (16.7%) 5 (13.5%) 0.583
Comorbid conditions, n (%)
Hypertension 68 (58.6%) 48 (41.4%) 0.049
Diabetes 56 (55.5%) 45 (44.5 %) 0.357
Chronic kidney disease 17 (54.8%) 14 (45.2%) 0.847
Disseminated cancer 4 (80%) 1 (40%) 0.371
Coronary heart disease 14 (66.7%) 7 (33.3%) 0.176
CHF 7 (63.6%) 4(36.4%) 0.542
COPD 10 (62.5%) 6 (37.5%) 0.444
Asthma 14 (60.9%) 9 (39.1%) 0.389
Prehospital dialysis 5 (4.1%) 1(0.9%) 0.11
*SOFA score on presentation, 5(3,7) 6 (4, 8) 0.052
median (IQR)
Days mechanically ventilated, 14 (8, 19) 16 (12, 27) 0.006

median (IQR)

(continued on next page)
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Table 1 - (continued

No rhabdomyolysis (n = 121) Rhabdomyolysis (n = 114) P value
ICU LOS, median (IQR) 12 (5, 21) 20 (14, 29) <0.001
Hospital LOS, median (IQR) 19 (10, 26) 24 (18, 32) <0.001
Mortality, n (%) 26 (21.5%) 32 (28.1%) 0.24

BMI = body mass index (kg/m?); CHF = congestive heart failure; COPD = chronic obstructive pulmonary disease; ECMO = extracorporeal mem-
brane oxygenation; ICU = Intensive care unit; IQR = interquartile range; LOS = length of stay; NSAIDS = nonsteroidal anti-inflammatory drugs;

SOFA = Sequential Organ Failure Assessment Score.
* SOFA Score was calculated at time of admission to the ICU

Table 2 - Characterization of serum CK concentration and renal function in COVID-19 ICU patients.

No rhabdomyolysis (n = 121) Rhabdomyolysis (n = 114) P value
Admission CK, median (IQR) 112 (61, 221) 341 (138, 824) <0.001
Peak CK, median (IQR) 289 (111, 570) 2672 (1607, 4755) <0.001
Hospital day of peak serum CK 6(3,9)
concentration, median (IQR) - -
AKI, 1 (%) 69 (57%) 94 (82.5%) <0.001
Hospital day AKI, median (IQR) 1(0,3) 1(0,4) 0.613
Oliguria, n (%) 57 (47.1%) 80 (70.2%) <0.001
Anuria, n (%) 14 (11.6%) 21 (18.4%) 0.098
AKI = acute kidney injury; CK = creatine kinase; IQR = Interquartile range.
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Fig. 1 - Histograms characterizing hospital day of peak serum CK concentration and days required to return to below serum
CK concentration of 1000 U/L in patients with eventual diagnosis of rhabdomyolysis. (A) Hospital day of peak serum CK
concentration. (B) Number of days required for serum CK concentration to return to <1000 U/L.

was 0.84 for those with an eventual diagnosis of rhabdomy-
olysis and AKI compared to an admission serum creatinine
value of 0.71 for those without an eventual diagnosis of rhab-
domyolysis and AKI. Of those diagnosed with rhabdomyolysis,
70% developed significant oliguria and 18.4% became anuric.

Rhabdomyolysis treatment

In the majority of rhabdomyolysis patients, the most common
treatment or mitigation strategy was statin avoidance or dis-
continuation. Of 114 patients with rhabdomyolysis, 24 (21.1%)
patients were never initiated on a statin, and 72 (63.2%) pa-
tients had their statin discontinued as a result of elevated
serum CK concentrations. Fluid resuscitation was provided

to 24 (21.1%) patients with rhabdomyolysis, and diuresis was
initiated to maintain adequate urine output for 10 (8.8%)
rhabdomyolysis patients. Specific treatment strategies for our
COVID-19 rhabdomyolysis patient cohort are summarized in
Table 3.

Variables associated with rhabdomyolysis

Table 4 shows the results of the multivariable analysis identi-
fying variables independently associated with rhabdomyoly-
sis. In summary, male sex, patients with morbid obesity, SOFA
score, and prone positioning were independently associated
with rhabdomyolysis. Out of 29 patients who were male, mor-
bidly obese and proned, 26 (89.7%) developed rhabdomyoly-
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Table 3 - Implemented treatment strategies and hospital complications.

No rhabdomyolysis (n = 121) Rhabdomyolysis (n = 114) P value
COVID-19 treatment strategies, n (%)
Statin 93 (78.8%) 81 (72.3%) 0.25
Hydroxychloroquine 82 (74.5%) 80 (73.4%) 0.85
Azithromycin 52 (69%) 44 (62%) 0.35
Ceftriaxone 60 (82%) 63 (89%) 0.27
Steroids 22 (18.5%) 19 (17.0%) 0.76
NSAIDS 10 (8.4%) 7 (6.4%) 0.56
Blood Transfusion, n (%) 15 (14.6%) 20 (21.3%) 0.22
Mechanical ventilation, n (%) 93 (76.9%) 111 (97.4%) <0.001
Prone positioning, n (%) 57 (47.1%) 89 (78.1%) <0.001
Paralysis, n (%) 43 (35.5%) 74 (64.9%) <0.001
In-hospital Dialysis, n (%) 19 (15.7%) 34 (29.8%) 0.010
ECMO, n (%) 1(0.8%) 7 (6.2%) 0.025
Rhabdomyolysis treatment strategies, n (%)
Statin discontinuation - 96 (84.2%)
Fluid resuscitation - 24 (21.1%)
Diuresis - 10 (8.8%)
ICU Complications, n (%)
Thromboembolic complication 23 (19.0%) 39 (34.2%) 0.008
Pulmonary complication 103 (85.1%) 112(98.2%) <0.001
Cardiac complication 25 (20.7%) 32 (28.1%) 0.19
Gastrointestinal complication 67 (55.4%) 86 (75.4%) 0.001
Neurologic complication 16 (13.2%) 21 (18.4%) 0.27
Renal complication 75 (62.0%) 98 (86.0%) <0.001
Shock 96 (80.0%) 112 (98.2%) <0.001

ECMO = extracorporeal membrane oxygenation; HSAIDs = non-steroidal anti-inflammatory drugs.

Table 4 - Adjusted multivariable analysis (logistic regression) for identification of variables independently associated with

rhabdomyolysis and AKI.

Covariates OR (95% CI) P value
“Variables associated with rhabdomyolysis

Male sex 2.26 (1.15, 4.45) 0.018
Morbid obesity (BMI >35 kg/m?) (Ref: BMI <35 kg/m?) 2.77 (1.30, 5.92) 0.008
SOFA Score 1.15 (1.03, 1.29) 0.016
Prone positioning 3.85(1.82, 8.16) <0.001
fVariables associated with AKI among rhabdomyolysis patients

Male sex 30.18 (1.27, 716.32) 0.035

AKI = acute kidney injury; BMI = body mass index; SOFA = sequential organ failure assessment.
* Rhabdomyolysis multivariable analysis was performed on 235 patients to identify variables independently associated with rhabdomyolysis

in this population.

T AKI multivariable analysis was performed on 33 patients diagnosed with AKI following peaking of serum CK (U/L) concentration.

sis. Supplemental Table 1 indicates all covariates included in
the multivariable logistic regression. The results of model di-
agnostics can be found in Supplemental Table 2 and Supple-
mental Fig. 1.

Moderate and severe rhabdomyolysis were defined via
serum CK cutoffs of 1000 U/L to 4999 U/L and greater than
or equal to 5000 U/L, respectively. Overall, 90 patients were
included in the “moderate” rhabdomyolysis cohort, and 24

patients met criteria for “severe” rhabdomyolysis. Following
a multinomial logistic regression analysis, male sex, race,
a BMI >35 kg/m?, SOFA score, and prone positioning were
identified as variables statistically associated with moder-
ate rhabdomyolysis. This sub-analysis also indicated that pa-
tients with a race of “other” (non-white/Asian/Black or African
American/American Indian/Alaskan Native and unknown), a
BMI >35 kg/m?, and an elevated SOFA score were indepen-
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dently associated with severe rhabdomyolysis. Prone position-
ing trended towards significance for being independently as-
sociated with severe rhabdomyolysis.

Variables associated with AKI in patients with
rhabdomyolysis

Table 4 shows results of the multivariable analysis identifying
variables independently associated with developing AKI in all
patients diagnosed with AKI following peaking of their serum
CK concentration. A sub-analysis of these 33 patients identi-
fied male sex as highly associated with AKI in this subpopu-
lation. Supplemental Table 1 indicates all covariates included
in the multivariable logistic regression.

Discussion

To our knowledge, this is the first comprehensive study report-
ing on rhabdomyolysis in a large prospective cohort of crit-
ically ill COVID-19 patients. Nearly half of our patient pop-
ulation developed rhabdomyolysis. Male patients with mor-
bid obesity and who were placed into prone positioning were
significantly more likely to develop rhabdomyolysis. Whether
rhabdomyolysis in our study was the result of critical ill-
ness per se, or was directly related to the COVID-19 infection
itself remains unclear, warranting further studies. We also
recognize that an additional diagnostic consideration in pa-
tients with elevated serum CK concentrations is viral myosi-
tis, which by itself is a known etiology of rhabdomyolysis.
However, as the pandemic continues to dramatically unfold in
many countries across the world and across many US states,
we believe that sharing our experience could be helpful to
front line health care providers taking care of critically ill
COVID-19 patients.

Prone positioning is an important strategy used to increase
alveolar recruitment and promote increased gas exchange
and oxygenation in patients with ARDS.>* Prone positioning
is associated with decreased mortality in patients with se-
vere ARDS, and as such early prone positioning is recom-
mended for COVID-19 patients with ARDS and worsening hy-
poxemia.®>3® While our data does not examine the risks and
benefits of prone positioning in this vulnerable patient popu-
lation, it does suggest the need for close monitoring of CK lev-
els in mechanically ventilated and proned COVID-19 patients,
especially when other variables characterized as being inde-
pendently associated with rhabdomyolysis are present, such
as male sex and/or morbid obesity. This will allow for early
identification and intervention for patients with rising CK lev-
els. The interplay between sex, obesity, prone positioning and
rhabdomyolysis warrants further investigation.

The most common etiologies of rhabdomyolysis, such
as crush injuries, drug toxicity, extreme physical exertion,
metabolic myopathies, crush syndromes (traumatic or from
immobilization), viral infection, and electrolyte disorders,
are often easily identifiable.'®'%:21,37,3% However, critically
ill patients with confirmed COVID-19 have a wide spectrum
of sequelae secondary to viral infection, including but not
limited to coagulopathy, thrombotic events, hematologic

complications, cardiac dysfunction, sepsis, shock, liver dys-
function, mesenteric ischemia, severe renal dysfunction,
pulmonary dysfunction, and encephalopathy, that could have
resulted in rhabdomyolysis.” 1343 The vast majority of pa-
tients critically ill with COVID-19 in the ICU were administered
Propofol during their ICU admission, and although unlikely,
Propofol Infusion Syndrome (PRIS) is a potential precipitant of
rhabdomyolysis in our patient population. Critical illness with
numerous concomitant systemic manifestations, multiple
medication administration, and high rates of pharmacologic
paralysis make identification of a primary etiology for rhab-
domyolysis in our cohort challenging; in fact, the etiology is
most likely multifactorial. Additionally, fluid balance and the
potential for inadequate resuscitation may be another com-
plicating factor in the development of rhabdomyolysis in our
cohort. However, the pathophysiology of COVID-19 remains
incompletely elucidated, and as such, a direct impact of the
SARS-CoV-2 virus on the musculoskeletal system cannot be
definitely ruled out. To aid in the early identification, man-
agement, and mitigation of rhabdomyolysis, we recommend
trending serum CK concentrations throughout ICU admission,
particularly for patients with any one of the aforementioned
variables found to be associated with rhabdomyolysis in our
cohort of critically ill COVID-19 patients.

Our results suggest that the majority of patients did not
present to the ED with rhabdomyolysis, but rather developed
rhabdomyolysis during their ICU admission. Many of these pa-
tients had concomitant AKI. Multiple theories to explain AKI
as a complication of rhabdomyolysis exist, including a direct
toxic effect of myoglobin on tubular cells, tubular obstruction
by myoglobin, or changes in glomerular filtration rate sec-
ondary to ischemic changes to the kidneys resulting from the
release of vasoconstrictive mediators.!’»** In addition, some
reports suggest that SARS-CoV-2 may cause direct damage to
kidneys. Postmortem pathologic examination of kidney dam-
age in 26 patients with severe COVID-19 characterized exten-
sive acute tubular and endothelial injury with evidence of di-
rect parenchymal, tubular, epithelial, and podocyte viral infec-
tion.!" Another recent study by Naar et al reported that nearly
3 in 4 critically ill COVID-19 patients develop AKI during their
ICU stay.*> Their analysis also identified a significantly higher
mortality rate in patients with AKI. In our study, the median
hospital day of peak serum CK concentration was day six,
while the median hospital day of AKI diagnosis was on the first
day of hospitalization, suggesting that rhabdomyolysis is un-
likely to be the sole or even the primary etiology behind AKI for
the majority of patients. Still, nearly one third of rhabdomyol-
ysis patients developed AKI after peaking of serum CK concen-
trations, and as such, early identification and management of
rhabdomyolysis in COVID-19 patients may help prevent fur-
ther decline in renal function, and potentially decrease AKI-
related mortality. Close monitoring of renal specific laboratory
values should be made in the male patient, as male sex was
independently associated with AKI following rhabdomyolysis.

This study has a few limitations. First, this is a single in-
stitutional experience with potentially limited generalizabil-
ity. Second, the use of serum CK concentration alone without
additional confirmatory tests (e.g. myoglobin in urine, mus-
cle biopsy) to diagnose rhabdomyolysis may have led to over-
diagnosis of rhabdomyolysis. Due to inconsistent and limited
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recordings of serum CK-MM (muscle breakdown) levels in this
cohort, our capacity to confirm that elevated serum CK con-
centrations was secondary to skeletal muscle breakdown was
not possible. Additionally, future investigations should focus
on parsing out the potential role of fluid under-resuscitation
in the development of rhabdomyolysis in critically ill COVID-
19 patients. The occurrence of AKI in many patients prior to
rhabdomyolysis limits our ability to clearly decipher the renal
impairment that can be attributed to rhabdomyolysis. Future
efforts should focus on characterizing the link between rhab-
domyolysis and worsening renal impairment. Lastly, longer-
term and post-ICU follow up for our cohort is a natural next-
step, and we are planning to undertake additional chart review
to capture these data to assess the long-term impact of rhab-
domyolysis and AKI on renal function in critically-ill subjects
who recover from COVID-19.

In this large cohort of critically ill COVID-19 patients, nearly
half developed rhabdomyolysis. We found male patients who
were obese and underwent prone positioning to have a par-
ticularly high incidence of rhabdomyolysis, warranting close
observation and a low threshold for diagnostic consideration
of rhabdomyolysis in this cohort. Additionally, we were able
to characterize shared and unique variables associated with
moderate and severe rhabdomyolysis in our cohort, including
male sex, race, morbid obesity, SOFA score, and prone posi-
tioning. Further studies are warranted to confirm our findings,
but healthcare providers on the front lines need to be aware
of this complication in order to prevent it and mitigate its ad-
verse effects.
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