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Infection with the novel coronavirus, SARS-CoV2, produces the clinical syndrome
COVID-19. COVID-19 is a systemic illness inducing hyperinflammation and cytokine
storm affecting multiple organs including the myocardium which is reflected in
elevated cardiac biomarkers such as troponin, lactate dehydrogenase, and creatinine
kinase MB. Furthermore, COVID-19 has been implicated in increased predilection to
thromboembolic phenomena. Hence, mortality in patients with associated cardiovas-
cular disease has been higher compared with the cohort with no cardiovascular
comorbidity. It is entirely unknown how remdesivir will change the facet of cardiovas-
cular medicine and surgery. In the present constantly changing climate, this review of
remdesivir and its association with cardiovascular disease is comprehensive as of
June 17, 2020 and it highlights the science behind this drug and its potential

medicine

COVID-19, caused by the SARS-CoV2, originated in Decem-
ber 2019 and was declared a pandemic in March 2020. The
disease has claimed close to half a million lives in the span of
6 months. Several therapeutic agents have been appraised for
the treatment of COVID-19, but none has shown to be
effective. Remdesivir, an inhibitor of the viral RdRp, has
shown some early promising results in the treatment of
COVID-19." Data on the effect and the ill effects of the
drug in cardiac patients are lacking. In these unprecedented
times, cardiac surgical patients are exposed to the potential
risks of COVID-19, such as precarious effect of cardiopulmo-
nary bypass, stress response to surgery, and the associated
systemic inflammatory response and potential end-organ
damage. Hence, the trend of practical decision is to divert
patients to cardiological interventions to alleviate coronary
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implications to cardiovascular practice.

disease. Patients with coronary artery disease appear to
share the same comorbidities as those with COVID-19. A
large Chinese study analyzing data of 44,672 confirmed
COVID-19 cases revealed 12.8% had hypertension, 5.3% dia-
betes mellitus, and 4.2% cardiovascular disease (CVD).2 A
further study of 5,700 patients from the U.S. reported a
similar message that hypertension (56.6%), obesity (41.7%),
diabetes (33.8%), coronary artery disease (11.1%), and
congestive heart failure (6.9%) were common comorbidities
in patients with COVID-19.% It is becoming clear that cardiac
involvement is both prevalent and prognostic in COVID-19.
The most important question asked, would remdesivir and
its promising potentials return the mainstream for cardiac
surgery interventions and when would this be applicable?
Here in our review we assess the effect of such drugs on the
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current understanding of remdesivir and its implications on
cardiac disease.

The Inherent of Risk

In an attempt to prevent cardiac surgery patients from
encountering COVID-19, we might have to defer elective or
semielective operations into emergent ones that may pose an
even greater risk on patients’ outcomes. It is becoming
imperative that prudent decisions or rather, a balanced
decision framework between performing cardiac surgery
potentiating the risk for COVID-19 encounter versus the
undesired course of delaying surgery or deferring our patient
population for percutaneous interventions is the need of
the hour. Compounding this decision framework is the lack of
robust evidence to support either notion. Moreover, we
ought to shed light on the potential possibility of asymp-
tomatic patients with COVID-19 infection who are a partic-
ular risk group and entity. Asymptomatic infection at the
time of laboratory confirmation of COVID-19 has been
widely reported, with a large proportion of these cases
experiencing some symptoms at a later stage of infection.
No vaccine or specific antiviral treatment for COVID-19 has
yet been shown to be effective; hence, supportive therapeu-
tics to ameliorate and protect multiorgan function may be
beneficial. The constantly changing clinical scenario of
COVID-19 patients is modifying our understanding of this
disease on a daily basis.

Cardiac Biomarkers in COVID-19

CVD is the third most prevalent comorbidity in SARS-CoV2
patients, and the severity of infection correlated with a
higher risk of CVD (odds ratio 3.42, 95% confidence interval
[CI] 1.88-6.22).% From the early reports, 25% of COVID-19-
related intensive care unit (ICU) admissions had background
CVD. If hypertension is also accounted for, this figure rises to
a staggering 58%,> which puts more than half of COVID-19-
related ICU admissions at risk for cardiovascular complica-
tions. SARS-CoV2 infection superimposed on existing CVD
results in rapid deterioration of clinical course. Angiotensin-
converting enzyme (ACE) II, which is the route of entry for
SARS-CoV?2 into the cell, is significantly expressed in myo-
cardium, thus putting the cardiovascular system at risk for
direct damage by the virus, like the lung alveolar cells.®

Myocardial injury has a significant association in SARS-
CoV2 infection and it occurs by two mechanisms, namely (1)
systemic inflammatory response consequential to the cyto-
kine storm with associated elevations of interleukin (IL)-6, D-
dimer, lactate dehydrogenase (LDH), and ferritin and (2) direct
virus-mediated myocardial injury mediated by ACE IL.” The
associated heart failure is a surrogate marker for mortality
with its incidence of 51.9% in fatal cases whereas only 11.7% of
survivors of COVID-19 had features of heart failure. This forms
the basis of using cardiac biomarkers like high-sensitivity
cardiac troponin I (cTnl), brain natriuretic peptide (BNP),
and creatinine kinase-MB (CK-MB) for assessing the severity
and prognostication of SARS-CoV2 infection.®
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Several reports have evaluated the predictive value of cTnl
in foretelling the clinical deterioration associated with SARS-
CoV2 infection.®~"! These reports stated that the high values
of cTnl could potentially predict case severity, and in a meta-
analysis, the mean difference in the values of cTnl between
the severe and nonsevere cases was found to be 25.6 ng/mL
(95% CI 6.8-44.5ng/mL).% The case fatality rate was also
higher in patients with higher cTnl values (51.2% vs. 4.5%),
which signified the potential fatality of myocardial injury in
the setting of COVID-19 infection.’ With regards to cardiac
troponin T (cTnT), another marker for myocardial injury, Guo
et al reported its prognostic value with a mortality rate of
59.6% in patients with cTnT elevation versus 8.9% in patients
with normal values.!" Several investigators have reported
the concomitant rise of BNP paralleling cTnT and cTnl levels
pointing to its relevance in prognostication.'®'! This marker
of cardiac failure usually rises as the pump failure secondary
to myocardial injury sets in and its elevation has been
correlated with a case fatality of up to 51.2%.'" Thus, serial
BNP levels help to assess the course of clinical deterioration.

CK-MB levels again a marker of myocardial injury has been
reported to be positively correlating with cTnl levels and has
a significant association within hospital deaths (p < 0.001).2
However, there is conflicting evidence with regards to CK-
MB as some studies have shown no association between CK-
MB levels and critically ill SARS-CoV2 patients.12 Similarly,
evidence supporting BNP as a predictor of adverse events in
COVID-19 infections is not conclusive.'® The only consistent
cardiac biomarker which can be of prognostic use would be
cTnl in the background of SARS-CoV2 infection as evidenced
from recent literature. However, cTnl is found to be elevated
in sepsis/systemic inflammatory response syndrome, pneu-
monia, acute respiratory distress syndrome, and chronic
obstructive pulmonary disease which are documented clini-
cal presentations of SARS-CoV2. Thus, the evidence makes
cTnl a useful prognostic marker for COVID-19 but not specific
to myocardial injury.'?

The Thrombotic Problem in SARS-CoV?2

The SARS-CoV2 infection has a disproportionately high
incidence of venous thromboembolism as well as arterial
thrombosis. More than one-third of infected cases (35-45%)
have some form of thromboembolic complication.'* The
hematological picture seen in SARS-CoV2 infection with
the thrombotic problem is that of a low-grade disseminated
intravascular coagulation (DIC) with thrombotic microangi-
opathy." D-dimer values in SARS-CoV2 infection with
thrombus load is considerably elevated (several times above
the cut-off value of 0.5 mg/dL). The prognostic value of high
D-dimer concentrations is established by reports stating the
mortality and requirement of ICU admissions in patients
with higher D-dimer concentrations is higher when com-
pared with patients with normal values.'® However, the D-
dimer elevation in SARS-CoV2 is exceptional in the fact that
the elevations are way higher than what is seen in DIC
associated with sepsis.'® The thrombocytopenia associated
with SARS-CoV?2 is categorized as mild (< 150,000/dL, with
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only 5% with counts < 100,000/dL) whereas that associated
with DIC usually severe.!’ Similarly, the mean prothrombin
time also showed only a mild elevation by few seconds (15.6
vs. 13.6 seconds) between survivors and nonsurvivors with
SARS-CoV2 infection which is again in contrast to what is
seen with DIC.'® All these factors point to a clinical picture
that is distinct from classical DIC with SARS-CoV2 infection.

Serum ferritin levels are found to be quite high in SARS-COV2
infection with thrombotic complications. However, the markers
of hemolysis like serum LDH levels of schistocytes in the
peripheral film are absent from this problem.'® These features
point to a primarily thrombotic microangiopathy in SARS-CoV2
infection which is most marked in pulmonary capillaries adding
to the clinical deterioration of the patients.'>'8

The cytokine storm associated with the infection com-
prising of tumor necrosis factor-a and IL-1 and IL-6 cause
endothelial inflammation and damage resulting in exposure
to tissue factor and activating the coagulation system.'® The
fibrinolytic system is also activated by endothelial
injury secondary to these mediators resulting in higher
concentrations of D-dimer and fibrin degradation products.
Serial assessment of D-dimer, prothrombin time, and plate-
let count every second or third day has been recommended
for monitoring.'®> Subcutaneous low molecular weight hep-
arin is effective in treating the prothrombotic state in SARS-
CoV2 infection and therapeutic anticoagulation is advised if
no hematology testing is available.'>18

Pharmacology of Remdesivir

Remdesivir (GS-5734; Gilead Sciences, Inc) is a prodrug that is
converted in vitro into the active form called GS-441524 which
acts as an adenosine triphosphate analog. The molecule acts as
a substrate for viral RARp and leads to delayed chain termina-
tion. The molecule has a 1’-cyano-adenosine analog structure
that causes steric hindrance to the RdRp. The molecule also
demonstrated a unique advantage in that it was highly selec-
tive in its incorporation into the replicating structure over the
regular adenosine moiety.'® According to Eastman et al, hu-
man ribonucleic acid polymerase II (RNAP II) and human
mitochondrial RNAP were not inhibited by remdesivir and
thereby increasing its selectivity 500-fold.?’ Though initially
developed as a treatment for hepatitis C virus infection, it has
been an effective therapeutic agent against the Nipah virus,
Ebola virus, and Marburg virus and other viruses.?! Its inhibi-
tory effect against SARS-CoV in 2003 and the MERS-CoV in
2012 has been effective and subsequently was proposed for the
treatment of COVID-19 infection.?%%3

Role of Remdesivir in COVID-19

The earliest evidence of remdesivir in COVID-19 patients was
documented in April 2020. Remdesivir was used on a com-
passionate basis for 53 patients with severe COVID-19 across
nine countries. With a median follow-up of 18 days, there
was an improvement in oxygen support class in more than
two-thirds (68%) of the cohort including 57% of the patients
who were weaned off ventilator.?* The first trial from China
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on the use of remdesivir in COVID-19 concluded that the
drug was not associated with statistically significant clinical
benefits though the patients receiving remdesivir had a
faster time to clinical improvement than the placebo arm.
The study was underpowered due to the reduction in the
recruited population and hence the benefits could not be
adequately assessed.! Several trials are being conducted on
the efficacy of the drug at present. A search of the National
Clinical Trials Registry on June 6, 2020 (www.clinicaltrials.
gov), revealed a total of 15 studies involving remdesivir in the
management of COVID-19 diseases. Of this, two were not yet
recruiting, seven were recruiting, two were active but not
recruiting, one was suspended, one was terminated, and one
was completed while expanded access was available for two
trials. All the active trials had a regime of using intravenous
remdesivir at a dose of 200 mg on day 1 followed by 100 mg
ondays 2 to 10. The preliminary data from Adaptive Covid-19
Treatment Trial (ACTT-1) were promising. The data showed
that among 1,059 patients treated with intravenous remde-
sivir or placebo, the median recovery time was 4 days shorter
in the remdesivir arm (11 vs. 15 days, rate ratio for recovery
1.32;95% (I, 1.12-1.55; p < 0.001) and had a 31% faster time
to recovery. However, the preliminary data did not support
evidence for a reduction in mortality.25

Based on the findings of the above trial, the U.S. Food and
Drug Administration issued an emergency use authorization
for remdesivir for the treatment of COVID-19 in patients with
severe disease.’® European Medicines Agency has recom-
mended the compassionate use of remdesivir in COVID-19
patients and the statutory approval is pending submission of
documents by the parent company, Gilead Lifesciences.?’ On
June 3, 2020, the Drug Controller General of India provided
emergency approval for its usage in Indian patients.

Cardiac and Vascular Complications of
Remdesivir

In the early reports of remdesivir usage in COVID19 patients,
the incidence of adverse events was more among the patients
with invasive ventilation which points to the activation of
inflammatory cascade predisposing to thrombosis as
explained earlier. Hypotension is one of the more common
events with the incidence of atrial fibrillation being 6% and
deep vein thrombosis (DVT) being 9%.24

In the randomized trial by Wang et al, remdesivir usage was
associated with hypokalemia and hyponatremia. The inci-
dence of cardiopulmonary failure was similar in both arms.
There was an increased number of patients in the remdesivir
group who discontinued the drug due to adverse events. Drug
withdrawal was in three patients in the intervention arm and
one patient in the control arm. Incidences of DVT and pulmo-
nary thromboembolism were similar in both the arms." In the
preliminary data from ACTT-1 trial, serious atrial fibrillation
was reported in 0.7% (n =4) patients in the remdesivir arm
compared with 0.4% (n = 2) patients in the placebo arm, while
nonserious atrial fibrillation was reported in 0.6% (n=3)
patients in the remdesivir arm compared with 1.1% (n=6)
patients in the placebo arm.®
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Cardiac Drug Interactions

The current knowledge about the metabolism of remdesivir
indicates that it undergoes extensive first-pass metabolism by
the liver and hence an oral formulation is quite unlikely to be
effective.?® The drug is predominantly metabolized by hydro-
lases and excreted in the urine. Remdesivir is a substrate of
multiple cytochrome P450 enzymes including CYP2CS,
CYP2D6, and CYP3A4, but clinically significant interactions
between remdesivir and CYP3A4 inhibitors or inducers are
highly unlikely.?® Caution is to be advised when coadminister-
ing amiodarone, especially in patients with a creatinine clear-
ance of less than 30 mL/min.>® Since it is a drug still undergoing
trials, not much about potential drug interactions are known.
In clinical trials so far no potentially, deleterious effects have
been noted due to interactions with cardiac drugs, but more
studies are needed before concluding definite cardiac safety.

A Call Out for Revamping Evidence

One of the major concerns to be addressed with remdesivir
use is the possible cumulative potential for thromboembolic
complications superimposed on the thrombotic problem of
SARS-CoV2 infection. Although there is limited evidence that
remdesivir is associated with vascular thrombosis, the cou-
pled effects of arterial and venous thrombosis would raise
concerns in the following settings:

(1) Potential for stent thrombosis secondary to increased
platelet aggregation in patients undergoing percutaneous
coronary intervention with acute coronary syndrome
necessitating thrombolytic therapy.’’

(2) Early graft failures predisposing to perioperative myo-
cardial infarction in patients undergoing coronary artery
bypass grafting.

(3) Increased risk of DVT and pulmonary embolism, in
SARS-CoV2 patients undergoing cardiac surgery on remde-
sivir therapy.

(4) Cautious use of vascular endografts in aortic and
peripheral vascular surgeries with the potential for early
graft thrombosis.

The evidence for ideal antiplatelet therapy is still lacking in
these patients. The authors suggest an aggressive dual anti-
platelet therapy and a strict vigilance on the electrolytes in
these patients till the evidence emerge.

Hypokalemia associated with remdesivir may precipitate
cardiac arrhythmias and the potential for interaction with amio-
darone, one of the more commonly used drugs in clinical practice,
certainly ring bells to any cardiac surgeon. With the extension of
drug usage, more evidence may emerge in the future.

Conclusion

“COVID-19 pandemic” is an unprecedented challenge to the
medical fraternity of today. The current ideas and notions of
clinical decision making have been found inadequate in view
of the pandemic. Guidelines are being updated every day and
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newer evidence is being generated on a daily basis. In this
scenario, remdesivir has shown some potential as a thera-
peutic option. More evidence is needed before accepting it as
a standard of care keeping in mind that it is still in the
evaluation stage as any other medicine and it has some more
hurdles to clear before it should make a definite impact on
our clinical practice.
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