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Abstract

The novel coronavirus-related coronavirus disease 2019
(COVID-19) pandemic has been relentless in disrupting and
overwhelming healthcare the world over. Clinical outcomes
of COVID-19 in patients with chronic comorbidities, especial-
ly in those with metabolic syndrome, are well documented.
Chronic liver disease and cirrhosis patients are a special sub-
group, among whom the management of COVID-19 is chal-
lenging. Understanding the pathophysiology of COVID-19 in
patients with cirrhosis and portal hypertension improves our
identification of at-risk patients for disease progression that
will further help compartmentalize generalized and special-
ized treatment options in this special patient group. In this
exhaustive review, we critically review the impact of COV-
ID-19 on the liver and in chronic liver disease and cirrhosis
patients. We further discuss common features associated
with the pathophysiology of COVID-19 and cirrhosis, based
on the renin-angiotensin system and deliberate current lit-
erature on guidelines for the treatment of COVID-19 and
extrapolate the same to the cirrhosis population to provide
a concise and stepwise, evidence-based management for
cirrhosis patients with severe and critical COVID-19. There
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are no specific management guidelines for cirrhosis patients
with COVID-19 and current recommendations for treatment
are as per guidelines for general population. Nevertheless,
specific issues like avoiding corticosteroids in decompensat-
ed patients with variceal bleeding, suspected sepsis, high
grade hepatic encephalopathy and acute kidney injury, use
of early mechanical ventilation strategies in those with se-
vere ascites and hepatopulmonary syndrome, avoidance
of remdesivir in advanced liver disease, and application of
liver-specific severity scores for prognostication and identifi-
cation of futility need to be highlighted.
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PK, Ahamed R, Rajesh S, et al. Critically ill COVID-19 patient
with chronic liver disease - Insights into a comprehensive liv-
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Introduction

The novel severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), an enveloped, positive single-stranded
large RNA virus belonging to the beta-CoV family, is the
causative agent of the current pandemic, the coronavirus
disease 2019 (COVID-19), that has affected developed
and developing countries worldwide. Even though the well-
described and reported initial clinical sign of COVID-19 is
pneumonia (fever, cough, and shortness of breath), fur-
ther studies have shed light on the variable presentations
and clinical outcomes in affected patients. This spectrum
was found to include asymptomatic carriers, patients with
gastrointestinal system predominant symptoms (nausea,
diarrhea), those with anosmia and dysgeusia, and sympto-
matic hypercoagulable states affecting multiple organs and
immune-mediated organ involvement such as vasculitis-
like syndromes.! The majority of transmissions occur via
coughing and sneezing, through respiratory droplets with
particle size >5-10 ym, and through the fecal-oral route.
Asymptomatic COVID-19 contributes up to 80% of trans-
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mission, primarily limited to family members, healthcare
professionals, and others with close contacts (6 feet, 1.8
meters) within closed-space public gatherings.? Initial stud-
ies have shown that the incubation time is between 3 to 7
days and the basic reproduction number (RO or R naught)
is 2.2.3 The viral infection starts with the glycoprotein spike
receptor-binding protein, which allows viral attachment to
the angiotensin-converting enzyme receptor type 2 (ACE2)
in the lungs and other tissues as well. A polybasic amino
acid site in the spike protein is functionally processed by
the human protease enzyme furin, which further allows ex-
posure of the integrated sequences, resulting in a fusion of
the viral and cell membranes and subsequent virus passage
into the primary cell.*

Around 97.5% of symptomatic presentations will oc-
cur within 11.5 days of infection and the median time from
symptom onset to hospital admission is 7 days. The median
age of hospitalized patients varies between 47 and 73 years,
with male preponderance. Overall, a quarter of infected pa-
tients have comorbidities but among hospitalized COVID-19
patients, approximately 60% to 90% have comorbidities.>¢
The most common chronic conditions include hypertension
and cardiovascular disease, diabetes, chronic kidney dis-
ease, and chronic lung disease. Clinical complications lead-
ing to morbidity and mortality include hypoxemic lung fail-
ure, myocarditis, cardiomyopathy, ventricular arrhythmias,
and hemodynamic instability, stroke and rarely encephalitis,
secondary bacterial sepsis, and arterial and venous throm-
boembolic events, the latter notable in up to 60% of those
admitted to the intensive care unit (ICU).4-7

In this review, we discuss the impact of COVID-19 on the
liver, focus on key aspects of disease pathogenesis and out-
comes in patients with pre-existing liver disease, and discuss
current evidence-based treatment protocols and exhaustive
algorithms for the management of COVID-19 in cirrhosis.

COVID-19 and the liver

The Chinese Centers for Disease Control described three
clinical classifications of COVID-19 based on pulmonary
symptoms, classified as mild to moderate, severe, and
critical disease. Patients with severe pneumonia can de-
velop acute respiratory distress syndrome (ARDS) classified
as mild, moderate, and severe depending on clinical and
ventilatory criteria. Severe disease is also identified when
computed tomography of the chest reveals lung infiltrates
>50% within 24 to 48 h, or in the presence of septic shock
or multiple organ failure (Fig. 1). ACE2, the host cell recep-
tor for SARS-CoV-2, is present on type 2 alveolar cells and
in the gastrointestinal tract and the liver. In the liver, ACE2
is highly expressed in the endothelial layer of small blood
vessels and absent in the sinusoidal endothelium and is also
expressed greater in cholangiocytes than in hepatocytes.*

Multiple studies have shown that index presentation with
gastrointestinal symptoms was notable in approximately
19.6% to 73.0% of patients with SARS-CoV. Similarly, 3% to
79% of those with SARS-CoV-2 infection presented gastroin-
testinal predominant symptoms in various studies.8-11 Abnor-
mal liver tests have been reported in approximately 19-76%
of patients with COVID-19. It is now clear that elevated liver
biochemistries are predominantly associated with severe and
critical COVID-19 due to multifactorial reasons, such as drug-
induced liver test abnormalities, liver involvement in critical
iliness, and hypoxic insults.12-15 Even though ACE2 receptors
are more greatly expressed in cholangiocytes, the principal
pattern of liver test abnormality demonstrated in COVID-19 is
of the hepatocellular type, with elevation in aminotransferas-
es rarely above 5-times the upper limit of normal in those
with and without pre-existing liver disease.16:17

Direct cytopathic effects of SARS-CoV-2 on hepatocytes
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remain unconfirmed, and liver test abnormalities are mostly
related to multisystem involvement associated with severe
disease, multifactorial, and secondary to systemic inflam-
mation, immune-mediated injury, microvascular thrombosis,
drug toxicity, hepatic congestion, and intercurrent sepsis.18:19
Post-mortem liver biopsy studies have shown non-specific
features, such as focal or mild to moderate macro/microve-
sicular steatosis, mild portal and lobular inflammation, and
sinusoidal dilatation. The direct viral cytopathic effect, viral
nucleic acid, or demonstrable replication has not been dem-
onstrated consistently across studies. Acute liver failure due
to COVID-19 is not described. However, concomitant hepa-
totoxic drug use, including complementary and alternative
medications in patients with COVID-19 with a predisposition
to acute severe liver injury, could lead to acute liver failure,
independent of the primary infection, and should be kept in
mind with patients presenting with liver failure,20.21

COVID-19 and chronic liver disease (CLD)

To understand the outcomes associated with COVID-19 in
patients with CLD, an understanding of the common patho-
physiology that plays an important role in the causation and
progression of these conditions, attributable to the renin-an-
giotensin system (RAS), is pertinent. RAS activity starts with
the breakdown of angiotensinogen (derived from the liver)
by circulating renin (from the juxtaglomerular apparatus of
the kidney) to form angiotensin I (Ang I). In the classical
pathway, ACE in pulmonary capillaries converts Ang I to an-
giotensin II (Ang II), which then binds to angiotensin II type
1 receptor (AT1) that, in effect, causes vasoconstriction, is
trophic, enhances fibrogenesis, increases sodium reabsorp-
tion, and is pro-inflammatory and prothrombotic. In the al-
ternate RAS, ACE2 degrades Ang II to the peptide Angl-7,
which then acts through the mas receptor that promotes vas-
odilation, is anti-trophic and anti-fibrotic, promotes natriure-
sis, and is anti-inflammatory and anti-thrombotic.22

In CLD, the classical pathway and its activation con-
tributes to inflammation and fibrosis, while the alternative
pathway is up-regulated to counterbalance the harmful ef-
fects. As fibrosis worsens, ACE levels and AT1 gene expres-
sions rise, coinciding with an up-regulation in ACE2 and mas
expression, increasing in both Ang 1-7 and Ang II. Cirrhotic
livers have enhanced capacity to convert Ang II to Ang 1-7,
which has been shown to have beneficial effects on liver
fibrosis and inflammation. In late-stage cirrhosis, sympa-
thetic nervous system activation, acetylcholine-mediated
vasodilation, increased production of dysfunctional nitric
oxide (NO), secretion of antidiuretic hormone, central hy-
povolemic status, and worsening peripheral and splanchnic
vasodilation due to high Ang 1-7 renders early beneficial
effects of the alternate RAS pathway redundant.?3-25 In
chronic inflammation, Ang II expression activates hepatic
stellate cells that drive the pathogenesis of portal hyper-
tension. With cirrhosis progression, intrahepatic resistance
increases, leading to systemic and splanchnic vasodilation
and hypo-responsiveness to vasoconstrictors.26 Thus, there
is a clear change in modus operandi in the RAS-mediated
pathophysiology of cirrhosis and its progression.

In patients with cirrhosis and COVID-19, SARS-CoV-2
overwhelms the ACE2 receptors, resulting in the functional
inhibition of the alternate RAS pathway, leading to reduced
expression of Ang 1-7 (increasing proinflammatory cy-
tokines such as interleukin (IL)-6, IL-1B and tumor necrosis
factor-alpha (TNF-a) and paving the way for harmful conse-
quences via the AT1 receptor) within the liver microenviron-
ment and other systems.27:28 However, in stable cirrhosis,
in the presence of highly up-regulated ACE2 receptors and
higher expression of Ang 1-7, SARS-CoV-2 infection may
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not be uncontrollably detrimental and could be associated
with better outcomes.?° In decompensated cirrhosis, chron-
ic activation of RAS and sympathetic nervous system acti-
vation and secretion of antidiuretic hormones occur in the
presence of persistent arterial hypotension.

COVID-19 can worsen the already perturbed portosys-
temic hemodynamics through the overwhelming use of
ACE2 receptors, increasing Ang 1-7, which leads to wors-
ening systemic and splanchnic vasodilation. Furthermore,
cirrhosis is a state of chronic systemic inflammation, immu-
nomodulation, endotoxemia, and hemodynamic alterations
that promote subclinical dysfunction in most organ systems
that worsen with increasing cirrhosis stages.39-33 Hence,
from our understanding of pathophysiology, it is safe to as-
sume that COVID-19 in cirrhosis is associated with different
clinical outcomes, depending on the stages of liver disease
and degree of portal hypertension (Fig. 2).

Worsening of pre-existing liver injury is an important
clinical aspect of COVID-19. In this regard, new-onset or
worsening thrombocytopenia, coagulation tests, and hy-
poproteinemia or low albumin could be considered part of
progression in the multisystem involvement of the primary
infection or worsening of the pre-existing liver disease.34-36
The novel coronavirus itself does not cause acute severe
liver injury or trigger liver failure.2021 Nonetheless, COV-
ID-19 in patients with pre-existing liver disease, such as
alcohol-related or nonalcohol-related fatty liver, early and
advanced hepatic fibrosis (CLD), cirrhosis with or without
portal hypertension (clinically significant [defined as hepatic
venous pressure gradient 210 mmHg] or otherwise) can
present with acute hepatitis with or without jaundice and
rarely cholestatic liver injury, acute decompensation of cir-
rhosis and acute-on-chronic liver failure (ACLF) due to se-
verity of infection and subsequent treatment interventions.

Impact of COVID-19 in patients with CLD and cir-
rhosis

A recent meta-analysis on 2,034 adult individuals with a me-
dian age of 49 years found that the overall prevalence of
CLD at admission was 3%.37 In a narrative review, Garrido
and colleagues,3® based on published evidence, presumed
that patients with CLD were not at greater risk for acquiring
the infection. Still, those with compensated advanced and
decompensated cirrhosis, hepatocellular carcinoma, nonal-
coholic fatty liver disease (due to associated metabolic syn-
drome), autoimmune liver diseases, or a liver transplant may
have a greater risk for severe COVID-19. In a small series
of patients with liver disease, Ji et al.3° showed that disease
progression was higher in COVID-19 patients with CLD than
in those without CLD, with the risk of developing ACLF that
portend a worse prognosis. In a retrospective study from
Wuhan, China, investigators found that COVID-19 patients
with CLD had a longer length of stay in hospital but with mild
liver injuries and higher mortality (in the presence of de-
compensation) than in those without CLD. The neutrophil-to-
lymphocyte ratio significantly predicted in-hospital death.40
Another systematic review and meta-analysis that includ-
ed 74 clinical studies demonstrated that the prevalence of
CLD among all COVID-19 patients was approximately 3%.
This proportion was similar in COVID-19-positive and -neg-
ative population, but CLD was significantly associated with
more severe COVID-19 infection and overall mortality.4! In
Italian multicenter retrospective studies, Iavarone et al.42:43
showed that COVID-19 was associated with deterioration in
liver function and increased mortality in the elderly with cir-
rhosis compared to a historically-matched group of patients
with bacterial sepsis. The severity of lung and liver disease
scores according to the Chronic Liver Failure-Consortium
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(commonly known as CLIF-C)-Organ Failure (>9), CLIF-C-
ACLF 270 and Model for End-stage Liver Disease (common-
ly known as MELD; >15) independently predicted mortality.
Notably, ACLF was not the cause of death in most patients
but respiratory failure was in 71%.4243

An international registry’s preliminary results included
103 cirrhosis patients from 21 countries and four conti-
nents (60% male, median age 61 years, most common liver
etiology being non-alcoholic fatty liver disease or NAFLD).
Among patients analyzed from combined registries, 38%
decompensated during their disease course (worsening
ascites, encephalopathy, or acute kidney injury) due to
COVID-19. Mortality in this group was far more than that
noted with cirrhosis in the pre-COVID-19 era. However, the
cause of death was lung failure in approximately 80% and
liver-related in 12% (CLD without cirrhosis 12.2%, <Child
class A cirrhosis 23.9%, <Child class B cirrhosis 43.3%,
<Child class C 63%). This meant that deaths and liver
and portal hypertension-related new onset or worsening
of events were seen among those with advanced liver cir-
rhosis.4* Marjot et al.*> found that baseline liver disease
stage and alcohol-related liver disease were independent
risk factors for death from COVID-19. The APCOLIS study
from the Asian Pacific region showed that SARS-CoV-2 in-
fection caused a significant liver injury in CLD patients,
decompensating one-fifth of cirrhosis, and worsening the
clinical status of those already decompensated. The num-

Journal of Clinical and Translational Hepatology 2021 vol. 9 | 576-586

ber of cirrhosis patients with symptomatic COVID-19 in that
study was less at baseline, showing the lower prevalence of
infection associated with early cirrhosis. The authors con-
cluded that CLD patients with diabetes and obesity were
more vulnerable to disease risk and progression.46 A posi-
tion paper from Europe stated that CLD patients did not per
se appear to be over-represented in cohorts with COVID-19
and were not at increased risk of contracting SARS-CoV-2.
However, the risk of infection and the risk of a severe course
of COVID-19 may be different, depending on the nature of
the CLD and the presence of advanced fibrosis or cirrhosis
and MELD score >15.47

In a North American multicenter contemporaneously en-
rolled study, age and sex-matched patients with cirrhosis
and COVID-19 had similar mortality compared with cirrho-
sis patients alone but was higher than among patients with
COVID-19 alone. ACLF rates were similar between groups.
Nevertheless, Charlson Comorbidity Index scores and lac-
tate levels were worse among cirrhosis patients who were
COVID-19-positive. At present, evidence for a strong con-
clusion that COVID-19 increases the risk for development
of ACLF or mortality in patients with cirrhosis (other than
in Child class C) more than other etiologies for new-onset
or worsening decompensation is lacking.*® The salient fea-
tures of pertinent recent studies on patient characteristics

and impact of COVID-19 in liver disease are shown in Table
1.37-45,48
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Current treatments for hospitalized COVID-19 pa-
tients and impact in cirrhosis

According to the National Institutes of Health (NIH, which
does not consider cirrhosis as a high-risk comorbid condi-
tion), in patients with COVID-19 who are hospitalized with
moderate disease (clinical or radiographic evidence of lower
respiratory tract infection, respiratory rate <24 breaths/m
and SpO, =94% on room air at sea level) but do not require
supplemental oxygen, dexamethasone is not recommend-
ed, while remdesivir may be considered in those at high risk
for clinical deterioration.4?

Dexamethasone use was associated with the absence of
survival benefit in patients who did not require supplemen-
tal oxygen at enrolment and lead to a slightly higher 28-day
mortality when used in this group of patients, as demon-
strated in the Randomised Evaluation of COVID-19 Therapy
(RECOVERY) trial, a multicenter, open-label trial in the UK.50
The use of remdesivir was not associated with clinical ben-
efit in patients with mild to moderate disease in the multi-
national, randomized controlled Adaptive COVID-19 Treat-
ment Trial (ACTT-1).51

For hospitalized patients with COVID-19 who require
only supplemental oxygen, the NIH recommends the use
of remdesivir at 200 mg intravenously (IV) for 1 day, fol-
lowed by 100 mg intravenous once daily for 4 days (which
can be extended up to 10 days if no clinical improvement
is noted on the 5t day) or until hospital discharge, which-
ever comes first. Alternatively, a combination regimen (yet
to be studied in rigorous clinical trials) of remdesivir and
dexamethasone at 6 mg intravenous or orally for up to 10
days or until hospital discharge, or if remdesivir cannot
be used (especially in resource-poor countries like India),
dexamethasone alone is recommended for use. The final
analysis of the ACTT-1 trial showed that remdesivir was
associated with improved time to recovery in a subgroup.
On post hoc analysis of deaths by Day 29, it appeared to
provide a substantial survival benefit. The RECOVERY trial
showed that COVID-19 patients who required supplemental
oxygen, but not those on mechanical ventilation, received
survival benefit from using dexamethasone. The use of only
dexamethasone would dampen viral clearance by reducing
inflammatory responses, and hence concomitant use of an
antiviral for improving outcomes has been hypothesized.
For hospitalized patients with COVID-19 who require oxy-
gen delivery through a high-flow device or noninvasive ven-
tilation, both remdesivir and steroid use were advocated. In
these patients, the ACTT-1 study did not show the clinical
benefit of using remdesivir alone. Only early dexametha-
sone use has been shown to improve outcomes in ventilated
patients for those who require invasive mechanical ventila-
tion or extracorporeal membrane oxygenation.>2

The World Health Organization (commonly known as
WHO) recommends the use of systemic corticosteroids for
severe and critical cases of COVID-19 but do not recom-
mend the use of remdesivir or other repurposed drugs, such
as hydroxychloroquine, lopinavir (fixed-dose combination
with ritonavir), and interferon-B1a with or without lopinavir
at any stage of the disease due to absence of clinical ben-
efit on early recovery and mortality, as demonstrated in the
SOLIDARITY trial. Except for the use of remdesivir, the WHO
guidelines are in tune with the NIH guidelines concerning
other antiviral use in COVID-19.53:54 Remdesivir was devel-
oped by Gilead® Sciences with collaboration between the
USA Centers for Disease Control and the USA Army Medical
Research Institute of Infectious Diseases. It is a monophos-
phate nucleoside analog with broad activity against RNA
viruses, targeting the divergent RNA-dependent RNA poly-
merase through the misintegration of an active nucleoside
triphosphate form, which has been shown to reduce viral
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load in in vitro and in vivo studies and also in non-human
primate models of severe acute respirator syndrome, Middle
East respiratory syndrome and Ebola virus infection.>> Liver
toxicity is a rare but potentially severe side effect of rem-
desivir. A compassionate use study revealed that hepatic
enzyme increases were by far the most common adverse
event, occurring in 23% of patients, while infusion-relat-
ed hypotension was seen in 8%.°¢ Liver enzyme increases
observed in the Gilead®-run SIMPLE trial involved 7% of
patients with grade 3 or higher alanine aminotransferase
elevations and 3% who stopped the drug over elevated liver
enzymes. In a Chinese trial, alanine aminotransferase el-
evation led to treatment discontinuation in one patient, and
acute kidney injury prompted it in another.5”

In the ACTT-1 study, serious adverse events were report-
ed in 24.6% of patients who received remdesivir. Serious
respiratory failure as an adverse event was noted in 8.8%
of patients in the remdesivir group, which included acute
respiratory failure and the need for endotracheal intuba-
tion. Grade 3 or 4 adverse events occurred on or before day
29 in 51.3% in the remdesivir group, of which 41 events
were judged by the investigators to be related to remdesi-
vir. The most common nonserious adverse events occurring
in at least 5% of all patients included decreased glomerular
filtration rate, decreased hemoglobin level, and decreased
lymphocyte count. Nonetheless, the incidence of these ad-
verse events was generally similar in the remdesivir and
placebo groups.>! Infusion-related reactions were noted as
potential side effects, along with increased liver enzymes
in the USA Food and Drug Administration’s guideline for
remdesivir use. The efficacy and safety of remdesivir have
not been studied in patients with liver impairment or CLD.
In such clinical situations, current knowledge demands
that remdesivir only be used if the potential benefit out-
weighs the potential risk. The European Medicines Agency
summary warned against use in patients with concomitant
hepatotoxic drugs and liver enzymes 5 or more times the
upper limit of normal. In abnormal liver tests that occur
after remdesivir initiation, especially at high levels, adverse
drug reactions need to be considered, and drug discontinu-
ation is required. Zampino et al.>8 showed that remdesi-
vir might cause hepatocellular injury in those without CLD
without progression to severe liver damage or liver failure.
In 4/5 patients treated with the antiviral, baseline normal
liver tests worsened, suggesting a direct role of remdesivir
in hepatocellular toxicity. The authors suggested that rem-
desivir be used with close monitoring of liver function tests
and with caution in subjects with prior liver disease.

Leegwater and colleagues®® reported the case of a man
with COVID-19 who developed acute hepatotoxicity related
to remdesivir with potential interaction of P-glycoprotein in-
hibitors, such as chloroquine or amiodarone, that increased
intracellular levels of active drug metabolite within the
hepatocytes. Similarly, in those with acute and CLD, poten-
tial nephrotoxicity could be due to direct effects or the ac-
cumulation of sulfobutylether-B-cyclodextrin (also known as
SBECD) carrier, the latter used due to limited water solubil-
ity.60 Animal studies have shown that SBECD accumulation
can potentiate liver cell necrosis and renal tubular damage.
Remdesivir is not recommended in adults and pediatric pa-
tients (>28 days-old) with estimated glomerular filtration
rate <30 mL/m or with serum creatinine >1 mg/dL, unless
the potential benefit outweighs the potential risk.69:61 Thus,
remdesivir has the potential to cause pulmonary, hepatic,
and renal toxicity in predisposed individuals.

WHO pharmacovigilance noted a disproportionately
high number of reports of liver injuries and renal toxicities
among patients receiving remdesivir compared with that
among patients receiving other drugs for COVID-19, and
the European Medicines Agency initiated a review of pa-
tients on remdesivir with acute kidney injuries.61.62 On the

580 Journal of Clinical and Translational Hepatology 2021 vol. 9 | 576-586



Severe SARS-CoV-2 infection in cirrhosis

Philips C.A. et al

‘uolsuapadAy ‘NLH ‘snuiA g sineday ‘AgH ‘49A17 Jo Apnis ay3 J40) uonelnossy ueadoldng “ISy3 snyijjaw sa3aqelp ‘W ‘19AIT7 JO ApNiS SU3 104 UOIIRIDOSSY DIJIDBd-RISY ‘1SYdY ‘uonesuadwodap ajnoe ‘qy

6T-AIAOD YlIM Sawod3no J1ood Moys jou
pIp 1D paiejaJd-AgH dluoly) ‘sainseaw

%9°LE 0}

6T-AINQD J0J S1032B) XSl 9q Adeuoianedaud yum 6T-AIAOD @AY J0U %90 SaIpnis MB3IAB gc'[e 19
0] ,pa30adxa, aJe SISoyddid pue 1D pip sjuaned sisoyddd pajesuadwodaq SS0.0e 9DUdPIdU] a4n3eJaln oplien
sjuaned @D buowe sanipigiowod 03 anp sdeysad sdnoub @1D-uou pue g1 ay3j usamiaq
10 SISOYJJID padueApe Uiim 9soyl Ul 6T-QIAOD AQ  UOIIR|IJUSA SAISBAUI puB uoIssiwpe NJI Jo ajed
paiejidipaid uonesuadwodap eyl uoilendads ul saduaJayip oN ‘dnoib @1D ay3 uil us3eaub
'6T-AIAOD YIM 1D Ul SOWO0IINO0 SUIWIDIRP  9J9M A}j|eOoW pue SSsau||l |BDI3ID pue 9J9A3S - E]
AInJ} 03 s91pN3s pa||0J3u0d-3sed aAadsold paaN  "%E Sem 6T-aIA0D Buowe g1D Jo adud|eAdld 662'vz/62/=U Q1D SIsA|eue-e Jl|eAO}
%€ 18 ‘MOo| sem sjuaijed '€ 19
6T-AIAOD Ul 1D JO 20UdeARld  6T-AIAOQD 249A3S AJUO Ul S1S93 JaAl| |RWIOUQY $€0'2/29=U :d1D SISA|eue-eId|N  IUBAOIUB|N
(4z1=U) 2U0lE
6T-AINOD JO uoissalboud 1oy J030e) Sl B 9q SISOUJJID uey] J9yied uoi3dajul |eJdiA 9y) 03  SISOYJJiD pue (80T =U)
Aew s|soy.dJid paosueApe 3ng 403oey XS e 9q j0U paje|aJ suojiedljdwod pado|aAap SISOYLIID  duole 6T-AIAOD YIm
Aew sisoyddiD *sisoyJdid ym asoyy buowe yiesp UM sjuailed "6T-AIAOD INOYIIM INg  Ssjudned paydjew-xas }0yod
J0 J0301paJd Juapuadapul Ajuo syl sem Xapui SISOYJJID y3m pazijejidsoy asoyy ueyy Jaybiy /abe yam pasedwod |eUOI}RAIDSqO
Ajpigiowo) uosiey) ‘sisoyddid yym asoyy buowe  Apuedyiubis 3ou sem gT-AIAOD snid sisoyduid (££=U) 6T-AINOD juaned-ul g 1€
Jaybiy a49m asn |joyodje pue Bupjows aAIY  Yim sjusned pazijepdsoy ul Ajjepow Jo Msiy sn|d sisoy.diD) SEMIERTR a1 10 [eleg
%6 Ul Qv pue o%TT
ur 470V ‘AInfur Jaal|
21noe pey SISoyJJid
oYM ad %Er
Aes 1ad SISOYJJID J0U pue S1030RJ XSId palRIDOSSe 10679 Ul QT14VN
UMOUX-||9M JBU310 pue A3}IS2qo ‘auwolpuAs AJl|e3IoW 9% <Y ||BIDAO pUB 94/ G Ul 9SB3aSIp !4 Ul S|ISoyldd pue Apnis Joyod
Jljogeaw ‘qi4vN JO uoirejuasaldal-IaA0 03  JDAI| JO UOISSD1H0Ud "duljaSeq 1B 9SeasIp J9Al| G8T Ul SISOy Jajua2iinw ‘|e 19
anp 9q p|Nod Hoyod siy3 ul Ajjjeow Jaybiy 9J9A3S UY3IM 3S0Y] Ul 9SeasIp JaAl| Buluasiop noyym a1d ‘sze=u |jeuoneun|niA ules
yieap 6T-AINOD 04 10308y Ysii Juspuadapul (1SVdV ou “ISy3) eusid 47JV IBW %8¢ A¥Saqo ‘op/ €
ue sem Q71D pa3e|a4-|oyody ‘uolissiwpe je %0S YdIym jo ‘|e30) pajesuadwodsp 6/ 1 WA ‘%Tt NLH ‘%PbT
sn3ieis D pIIYD yum sisoylid uj 3saybiy pue WV ybnd-pliyd %0E ‘SISOYIID INOYHM % T aiv ‘% aldvN
SISOYJJID OU ‘@D Ul 3S9MO| 3ed Ajljeiey AJuo u] uonesuadwod9p INJY *SISOYIID !6G€ 'sIsoyJdid-uou Apnis Joyod
ase) ‘uolssalbold aseasip JaAI| 03 aNP %6 T yaim asoyl buowe o,z€ pue SISoyJdid al1d ‘98¢ ‘sisoyddid Jajua2iInw =B E)
aseasip bun| 6T-AIAOD 03 @Np P3IP %TL INOUIM A1 %8 ‘%0T Yieap |[e4dA0 Yam alo ‘SsvL=u jeuoneun|ny jolie
S9sned paje|a4-I3Al[ JO PP %2 'ZT Ajuo Q14dvN ‘loyoole
Ajljeiow Jo si1o3pipald Juedyiubis aiam 104 /°8/ Ul 24njie) Bun| sem yieap Jo asne) - uowwo) Apnis Joyod
D pue g ybnd-pjiyDd "palp oym asoyy buowe 0%, 0% Ul yjeaq "swoidwAs Aiojedidsal ou !6%=SISOYJJID uou |PUOI}RAIDSCO
pajuasaldal-IaA0 a1aM |y pue ‘aseasip Jeay pey uoipesuadwodap Mau YiIM 9%t *9SIN0D ald ‘€0T=SsISoyddiD |euoeusaqul -]
‘Juswiiedw [euad ‘AJisaqo ‘abe paoueapy aseasip bulnp o4/ € ul uoiesuadwodag Zs1=U"'a1D Ja3ua0n N 79 UOOI\
MB3IABJ JByIn} Spaau sjuaiied sisoyddd buowe
(Bupjows) si10310e) MSII pajeldosse pue (A31s2qo)
piglowo0d 9|di|nw Jo aduasald !pajuasaidal-iapun
sem Q14N ‘(sjulod-pua 340S) uoi3da4ul [BlIIDE(
UM sisoyddid sem dnoab uosiiedw o) ‘auoje sisoyddid |euolleAlasqo
uey) Jayied ‘uoissalboid aseasip JO XSl 9sealou| aJn|iey Auojedidsad yym asoyy ul ybiy 9ADadsodlad  gppy'/e 30
Aew si03oey XS bulAuapun pawnsaud yiim sisoyddid AJ|RHOI "%t E JO Ajljeiow Aep-Q€ ‘||e4aA0D 0§=U ‘sisoydiD JajuL0n3np  QuoJdeAe]
9J49Mm aJn|iey bun| pue aseasip Jo uoissaiboud dnoub @1D-uou ayl yim pasedwod
Ing ‘Ajlje oW J0j 9sned e Jou Sem aJn|ies Jaybiy sem Ajjeow ayl ybnoyy usans
19AI7 "6 T-AIAOD YHM 1D ul Ajjjejiow ‘Aanful JaAl| pliw Ing ‘Ae3s |ejidsoy |euoneAlssqo
40 J0301pa.d ones s34c0ydwA|-jiydosinan 1abuoj| pey 6T-AIAOD YIm a1d $0T/2S=U ‘1D dAIDRds0IBY oy /B 19 I
S2W021N0 100d 0} pa3e|aJd SBM SWOIPUAS dljogelaw 470V padojaaap juaned sauQ ‘uoissaiboud 6T=(Q14V¥N ‘AGH)
1ey3 9|qIssod *(pajussaldal-1aA0 gI4VYN) sjuaned asessip 6T-AIN0D Pey (%6S) ¢Z/ET aid ‘g=sisoylid |[euoieAlasqo
ai) buowe ybiy se uoissaiboid aseasip JO Msiy *uOoISSIWpE 1B uollesuaduwodap pey auoN ‘ov1/ce=u CYNRETe o h =N Y -3 E Ny
sjudWwWwo) sawo23nQ sjuaned Apnis jo adAl doyiny

ald yum sjuaned ul 6T-AIAOD JO 30edwl UO SIIPNIS JUIIAI JudUIAd JO SaINjedy Judljes "T d|qel

581

Journal of Clinical and Translational Hepatology 2021 vol. 9 | 576-586



other hand, short courses of corticosteroids, including dexa-
methasone, are safe and efficacious in acute and chronic
hepatocellular or cholestatic inflammatory diseases of the
liver, including reactivation of viral hepatitis, severe drug-
induced liver injury, ACLF, severe alcohol-related hepatitis
and also in advanced decompensation associated with rela-
tive adrenal insufficiency.®3-65> However, one must be cau-
tious in patients with decompensated cirrhosis and those
with advanced liver failure, such as higher grades of ACLF
and CLD patients with uncontrolled metabolic syndrome, in
whom steroid use can lead to de novo or worsening bacte-
rial or fungal infections. Hydrocortisone use in the non-cir-
rhosis septic shock population has been shown to improve
short outcomes, such as shorter vasopressor therapy, me-
chanical ventilation, and length of ICU stay.5¢ Higher and
longer duration of steroid use can also lead to delirium and
precipitate hepatic encephalopathy in patients with multiple
decompensations at baseline or those who develop decom-
pensation during COVID-19.67-69

Current adjuvant treatments for hospitalized COV-
ID-19 patients and impact on cirrhosis

Guidelines at the national level from different regions/coun-
tries recommend using multiple other drugs in tandem with
a universally-accepted protocol for COVID-19 treatment.
However, the evidence to use these medications and ad-
juvant treatments is currently lacking in literature or has
been confirmed to have no benefit and is not recommended
for use in the treatment of COVID-19. These include hy-
droxychloroquine or chloroquine with or without azithromy-
cin, ivermectin, lopinavir/ritonavir, and other protease in-
hibitors, favipiravir, interferon therapy, interleukin inhibitors
(tocilizumab and tocilizumab), kinase inhibitors, COVID-19
convalescent plasma, intravenous immunoglobulin G spe-
cific and non-specific to SARS-Cov-2, mesenchymal stem
cells, vitamin C and zinc.70-74
Chloroquine/hydroxychloroquine have likelihood score D
for liver toxicity and are possible rare causes of clinically ap-
parent liver injury. In patients with porphyria cutanea tarda,
high doses of hydroxychloroquine can trigger an acute he-
patic injury associated with marked serum enzyme eleva-
tions resulting from an increased excretion of porphyrins.
Both, but more commonly chloroquine, have been associ-
ated with life-threatening cardiac events, including arrhyth-
mias and conduction disorders, such as QT prolongation. A
majority of cirrhosis patients have subclinical cardiomyopa-
thy.”>-77 Hence, the use of chloroquine derivatives needs
caution, especially when combined with another drug, such
as fluoroquinolones that may precipitate adverse cardiac
events. Azithromycin is well known to cause clinically appar-
ent liver injury in the form of acute, transient, or asympto-
matic elevation in serum aminotransferases, which occurs in
1% to 2% of patients treated for short periods.”® High-dose
vitamin C resulting in high circulating concentrations, may
affect the accuracy of point-of-care glucometers in assessing
glycemic status in the ICU.7° Interferons are unsafe in ad-
vanced cirrhosis, and portal hypertension and interleukin in-
hibitors are not well studied in cirrhosis, and hence their use
should be strictly compartmentalized to research protocols.
Even though zinc supplementation has not been shown to
have beneficial disease-modifying properties in COVID-19,
a recent meta-analysis demonstrated mild benefits in re-
ducing hepatic encephalopathy. It may be considered an
adjuvant to the standard of care in patients with cirrhosis
and COVID-19 with hepatic encephalopathy.8® Plasma and
other blood product transfusions have detrimental effects
in patients with cirrhosis and portal hypertension. Hence,
transfusions must be curtailed in the absence of evidentiary
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proof for utility.8! The benefits of vitamin D supplementation
in COVID-19 patients remain to be determined. However,
in those with insufficient levels (such as cirrhosis), supple-
mentation therapy can be considered as per recommended
guidelines. Nonetheless, whether this would benefit clini-
cal outcomes in COVID-19 warrants further study.82? A large
body of published evidence suggests thrombotic events’
central role in negative outcomes in patients with severe
and critical COVID-19. In this regard, current recommenda-
tions for venous thromboembolism prophylaxis should be
followed as per the standard of care for hospitalized adults.
However, in cirrhosis, in those who have bled from varices
or have variceal bleeding or are at high risk for variceal
bleeding, anticoagulation use needs caution and must be
tailored on a case basis. In this regard, newer diagnostic
point-of-care modalities to assess the coagulation state,
such as thromboelastography (i.e. TEG™) or rotational
thromboelastometry (i.e. ROTEM®), could help guide pro-
phylactic anticoagulation in patients with cirrhosis.83-86

Supportive treatment for severe or critically ill COV-
ID-19 patients with cirrhosis

Norepinephrine is the first-choice vasopressor for cirrhosis
patients with shock, as per standard recommendations fol-
lowed in patients with septic shock. Additionally, terlipres-
sin may be considered as it has shown benefits for acute
variceal bleeding and kidney injury. The use of dopamine in
cirrhosis is not recommended, due to the high risk of induc-
ing arrhythmias, and dobutamine is recommended only in
patients with clinically significant myocardial dysfunction.
Applications of intravenous human albumin in cirrhosis with
sepsis, acute kidney injury, hepatic encephalopathy, and hy-
potension have been well documented in the literature. Ad-
juvant use of intravenous human albumin is recommended
in severe and critically ill cirrhosis patients, in the absence
of absolute contraindications for use. In cirrhosis, profound
distributive shock leads to the development of refractori-
ness towards inotropes and pressors. In such a situation,
the use of methylene blue has been shown to reduce the
requirement of inotropes and could potentially be used as a
salvage option. Methylene blue has also been hypothesized
as an inhibitor of NO with antagonistic effects on bradykinin
that could improve oxygenation at the pulmonary level in
patients with COVID-19. However, with regards to methyl-
ene blue, further clinical studies are required to confirm this
proposal.70,71,87-90

For patients with acute hypoxemic respiratory failure de-
spite conventional oxygen therapy, high-flow nasal cannula
oxygen is preferred over noninvasive positive pressure ven-
tilation. However, in patients with severe hepatopulmonary
syndrome, the latter may be considered in a well-controlled
environment.®! With high-flow nasal cannula, to optimize
the alveolar recruitment, improve dead-space carbon diox-
ide washout as well as the positive end-expiratory pressure
or to reduce airway resistance, it is prudent to initiate flow at
60 L/m, especially in situations of acute respiratory failure.
In patients with hypoxemic respiratory failure and those with
hypercapnia, targeted oxygen saturation should be in the
range of 94-98% in the former and 88-92% in the latter.
Cirrhosis patients with overt hepatic encephalopathy with a
high risk of aspiration and those with hemodynamic instabil-
ity should be excluded from high-flow nasal cannula use as
risks outweigh benefits, including delay in early intubation.92
For COVID-19 patients with persistent hypoxemia despite in-
cremental oxygen supplementation, endotracheal intubation
is not otherwise indicated; a trial of awake prone position-
ing to improve oxygenation is recommended. However, this
strategy can be difficult to pursue in decompensated cirrho-
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Fig. 3. Summary of proposed management of COVID-19 in patients with cirrhosis. AD, acute decompensation; AKI, acute kidney injury; AVB, acute var-
iceal bleeding; CRRT, continuous renal replacement therapy; DIC, disseminated intravascular coagulation; DM, diabetes mellitus; Hb, hemoglobin; HRS, hepatorenal
syndrome; LOLA, L-ornithine L-aspartate; MAP, mean arterial pressure; MHD, maintenance hemodialysis; NIPPV, non-invasive positive pressure ventilation; PaCO2,
partial pressure of arterial carbon dioxide; PaO2, partial pressure of arterial oxygen; RT, Ryle’s tube; red ribbon logo denotes specific interventions related to cirrhosis.

sis patients who have ascites or hydrothorax. Awake prone
positioning as rescue therapy for refractory hypoxemia to
avoid intubation is not recommended, and early intubation
should be considered in such situations, especially in cir-
rhosis. In cirrhosis, sedation choice in such circumstances
should ideally include medications with short half-lives, such
as propofol and remifentanil, with avoidance of benzodiaz-
epines. Dexmedetomidine was well tolerated in patients with
liver disease who received the medication for more than 48
h. Nonetheless, patients with liver disease required more
time before extubation after drug discontinuation.®3

For mechanically ventilated adults with COVID-19 and
ARDS, low tidal volume ventilation (4-8 mL/kg of predicted
body weight) is recommended. In those with refractory hy-
poxemia, despite optimized ventilation, prone positioning
for 12 to 16 h per day is suggested. Inhaled pulmonary
vasodilator as rescue therapy if no rapid improvement in
oxygenation is suggested if optimized ventilation and other
rescue strategies do not resolve hypoxemia. The routine
use of extracorporeal membrane oxygenation (ECMO) for
patients with COVID-19 and refractory hypoxemia in this
situation is controversial, and no recommendation can be
made. In patients with cirrhosis and ARDS with life-threat-
ening hypoxemia and hepatopulmonary syndrome, anecdo-
tal reports have shown the benefits of using ECMO, even as
a bridge to liver transplantation. Nonetheless, liver tests,
especially bilirubin and alkaline phosphatase levels, were
found to predict poor outcomes post-ECMO in cardiac sur-
gery patients. Hence, advanced cirrhosis patients may not
be ideal candidates for ECMO in critical COVID-19. The use
of ECMO also can lead to an elevation in liver enzymes. Fur-
ther to this, a nationwide population-based cohort study on
the outcome of ECMO support in patients with liver cirrhosis
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showed that its utility for cirrhosis patients, especially when
>2 risk factors (age =65 years, those with underlying res-
piratory disease, hypoalbuminemia, and liver transplant re-
ceipt) have been identified, was deleterious on clinical out-
comes.?4-97 In case staged upgraded medical interventions
fail to improve hypoxemic respiratory failure, then ECMO
may be considered on a case-by-case basis and following
inclusion as per EOLIA trial criteria, which include one of the
following: a ratio of the partial pressure of arterial oxygen
(Pao2) to the fraction of inspired oxygen (Fio2) of less than
50 mmHg for more than 3 h or Pao2:Fio2 of less than 80
mmHg for more than 6 h or an arterial blood pH of less than
7.25 with a partial pressure of arterial carbon dioxide of at
least 60 mmHg for more than 6 h.

Even though the early use of ECMO does not significantly
improve mortality at 60 days in patients with severe ARDS,
it might help improve short-term survival when used as a
rescue modality.®8 For critically ill patients with COVID-19
who have acute kidney injury and develop indications for
renal replacement therapy, continuous renal replacement
therapy is recommended. In its absence, prolonged inter-
mittent renal replacement therapy holds for those with cir-
rhosis and advanced liver failure.®9.100 At present, for pa-
tients with COVID-19 and severe or critical illness, empiric
broad-spectrum antimicrobial therapy in the absence of
another indication is not recommended. However, in the cir-
rhotic population, especially among those with decompen-
sation such as variceal bleeding or those with ACLF, early
empirical antibiotics may be considered since the patients
are at high risk of developing hospital-acquired infections
and secondary bacteremia.101-103 An exhaustive algorithm
for the management of cirrhosis patients with COVID-19 is
shown in Figure 3.
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Conclusions

The incidence of COVID-19 among patients with cirrhosis
may be low but further studies are required to address this
topic clearly. The novel coronavirus does not cause direct
liver injury or promote liver failure, but severe infections
can result in unstable decompensation of cirrhosis and ACLF.
COVID-19 in decompensated cirrhosis and in conditions that
lead to ACLF are associated with poor clinical outcomes, even
though the most common cause for mortality is lung failure
and not progressive liver dysfunction. Current recommended
treatment guidelines, such as use of corticosteroids appear
to be safe in patients with stable cirrhosis, while caution must
be exerted towards experimental and nonevidence-based
treatments in this special patient population, especially in
patients with decompensated cirrhosis with secondary sep-
sis and those with ACLF. Physician-driven use of experimen-
tal methods or therapeutics within clinical research must be
guided by its safety in the liver disease population. Critical
care management of severe COVID-19 in cirrhosis should be
on similar lines as in the general patient population but with
the use of specific therapies beneficial in cirrhosis, such as in-
travenous human albumin and terlipressin. Early recognition
of those at risk for worse outcomes is imperative for impart-
ing beneficial critical care management in cirrhosis.
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