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Challenging management of severe chronic disorders in acute
pandemic situation: Chronic liver disease under COVID-19 pandemic
as the proof-of-principle model to orchestrate the measures in 3PM
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Abstract
Chronic liver disease management is a comprehensive approach requiring multi-professional expertise and well-orchestrated
healthcare measures thoroughly organized by responsible medical units. Contextually, the corresponding multi-faceted chain of
healthcare events is likely to be severely disturbed or even temporarily broken under the force majeure conditions such as global
pandemics. Consequently, the chronic liver disease is highly representative for the management of any severe chronic disorder
under lasting pandemics with unprecedented numbers of acutely diseased persons who, together with the chronically sick patient
cohorts, have to be treated using the given capacity of healthcare systems with their limited resources. Current study aimed at
exploring potentially negative impacts of the SARS CoV-2 outbreak on the quality of the advanced chronic liver disease (ACLD)
management considering two well-classified parameters, namely, (1) the continuity of the patient registrations and (2) the level of
mortality rates, comparing pre-COVID-19 statistics with these under the current pandemic in Slovak Republic. Altogether 1091
registrations to cirrhosis registry (with 60.8% versus 39.2% males to females ratio) were included with a median age of 57 years
for patients under consideration. Alreadywithin the very first 3 months of the pandemic outbreak in Slovakia (lockdown declared
from March 16, 2020, until May 20, 2020), the continuity of the patient registrations has been broken followed by significantly
increased ACLD-related death rates. During this period of time, the total number of new registrations decreased by about 60% (15
registrations in 2020 versus 38 in 2018 and 38 in 2019). Corresponding mortality increased by about 52% (23 deaths in 2020
versus 10 in 2018 and 12 in 2019). Based on these results and in line with the framework of 3PM guidelines, the pandemic
priority pathways (PPP) are strongly recommended for maintaining tertiary care uninterrupted. For the evidence-based imple-
mentation of PPP, creation of predictive algorithms and individualized care strategy tailored to the patient is essential. Resulting
classification of measures is summarized as follows:
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The assigned priority has to be monitored and re-evaluated individually—in intervals based on the baseline prognostic score
such as MELD. The approach is conform with principles of predictive, preventive and personalized medicine (PPPM / 3PM)
and demonstrates a potential of great clinical utility for an optimal management of any severe chronic disorder (cardiovascular,
neurological and cancer) under lasting pandemics.
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Introduction

Acute pandemic condition is challenging for the
entire healthcare community

The outbreak of a severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) infection classified by the WHO on
March 11, 2020, as a pandemic, is currently hitting again and
will ultimately affect more than half of the world’s population
[1–8]. The first wave mortality had varied from 0.2 to 4% with
outliers such as Italy, where the case fatality reached 12% [1–4].
Pandemic measures, lockdowns, restructuring, and adaptation
of hospital capacities, and widespread cancelations of planned
healthcare have resulted in a secondary impact on all patients
due to record-high waiting times and significantly fewer pa-
tients being diagnosed with common cardiovascular or meta-
bolic diseases [9]. In hardly hit areas, even urgent healthcare
such as cancer therapy has been affected, due to preemptive
canceling or due to an overwhelmed system of healthcare [10].

During the provisional “cease-fire” following the first wave,
medical professionals were preparing for the next hit by counting
and sorting casualties while trying to understand the pandemic
behavior on their battlefields. Challenges brought by the pan-
demic situation confronted physicians with unprecedented num-
bers of patients who were managed by a very limited number of
human and material resources. The circumstances may invite for
a more widespread consideration for medicine that is based on
predictive, preventive, and personalized tools. The approachmay
be generalized to the entire population encouraging government
authorities for using individual behavior data from a myriad of
devices and social networks [11] to trace contacts and to monitor

outbreak dynamics in real time [12]. Also, several COVID-19
disease predictive models have been recently proposed, while
newer models based on the unique character of the immune
response are emerging [11, 13]. Finally, in the context of special-
ized care, disease-specific prognosticmodels play an integral part
in the disease management and are ready for being evaluated as
tools of predictive, preventive, and personalized approaches dur-
ing pandemic times.

Pandemic impact on the management of advanced
chronic liver disease

It has been shown that SARS-CoV-2 causes mild liver injury
in nearly half of the previously healthy people. However, in 1
to 11% of patients with pre-existing liver cirrhosis, COVID-
19 increases mortality and skews pathways of cirrhosis care
[4, 14–24]. Slovakia is repeatedly ranking top five in Europe
in cirrhosis mortality, which is the new leading cause of death
in the age group between 25 and 45 years [25–27]. The first
wave of COVID-19 pandemic hit the Slovak healthcare sys-
tem in the process of a continually increasing number of
resource-intensive patients with advanced chronic liver dis-
ease (ACLD) gravitating to a gradually decreasing number
of specialized, government-operated, tertiary centers. Very
important factor which needs to be taken into account when
analyzing the interaction of the COVID-19 outbreak with
Slovak healthcare system’s limited capacity is the immediate
and intensive government response after the occurrence of the
first COVID-19 case together with almost absolute public
compliance with the anti-pandemic measures [28].

– The Green PPP Line is reserved for prioritized (urgent and comprehensive) treatment of patients at highest risk to die from
ACLD (tertiary care) as compared to the risk from possible COVID-19 infection.

– The Orange PPP Line considers patients at middle risk of adverse outcomes from ACLD with re-addressing them to the
secondary care. As further deterioration of ACLD is still probable, pro-active management is ascertained with tertiary center
serving as the 24/7 telemedicine consultation hub for a secondary facility (on a physician-physician level).

– The Red PPP Line is related to the patients at low risk to die from ACLD, re-addressing them to the primary care. Since
patients with stable chronic liver diseases without advanced fibrosis are at trivial inherent risk, they should be kept out of the
healthcare setting as far as possible by the telemedical (patient-nurse or patient- physician) measurements.
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Lockdown in Slovakia was declared by the Slovak
Government on March 16, 2020, and lasted with the highest
intensity until May 20, 2020. In general, it was characterized
by social distancing, movement restrictions, a universal obliga-
tion for wearing facemasks, closing of all schools, government
offices, non-essential commerce, and workplaces while cancel-
ing all public or family gatherings. The negative impact of lock-
down on cirrhosis management could be summarized as follows:
(1) virtually all outpatient visits were changed from personal
contact to telemedicine. The exceptions were early postoperative
and unstable liver transplant (LT) patients [29, 30]. Outpatient
care was very limited for patients with resistant ascites (telemed-
icine, adjusting diuretic doses by phone, evading taps). (2) In the
hospital setting, liver unit beds were transformed into the hospital
COVID-19 area. There were two substantial differences in the
management of patients with acute decompensation (AD) of
ACLD including acute-on-chronic liver failure (ACLF): (2A) a
substantial elevation of the threshold for AD admission to hos-
pital compared with the pre-COVID-19 period, and (2B) a de-
limitation of admissions to lower-rank facilities according to the
district. These twomeasures have remarkably diminished tertiary
care for ADACLD. (3) Our liver unit has ceased the experimen-
tal therapies for non-responders with severe alcohol-associated
hepatitis and practically canceled any tertiary care for these pa-
tients. (4) Liver transplantations were suspended for all the indi-
cations except for acute liver failure.

Patients and methods

Advanced chronic liver disease registry under COVID-
19 condition

The Department of Hepatology, Gastroenterology, and Liver
Transplantation (HEGITO) of F.D. Roosevelt Teaching
Hospital, Banska Bystrica, Slovakia, provides tertiary referral
services for the catchment area of 650 000 inhabitants and ulti-
mate (national) referral services for LT. Since 2014, we have
been enrolling patients admitted with ACLDwho provided writ-
ten informed consent into the ACLD registry named Registry
HEGITO 7 (RH7) [31]. Here, we aimed to make use of a unique
opportunity provided by the RH7 registry to observe the impact
of the COVID-19 outbreak on registry operation and the out-
come of ACLD patients. We have selected two well-classified
parameters with the highest potential for capturing pandemic
damage and its mode of action, these being (1) the continuity
of the patient registrations and (2) the level of mortality rates,
comparing pre-COVID-19 statistics with these under pandemic
in Slovak Republic. We hypothesized fewer registrations and
higher pandemic-associated mortality and subordinated our
methodology to the goal of discerning possible disparities in
temporal trends.

Identifying unmet needs and potential solutions in
the context of 3P medicine

We have attempted to translate results to a concrete predictive,
preventive, and personalized medicine (3PM/PPPM) guide-
line as presented and widely encouraged in PPPM-dedicated
publications by the European Association for Predictive,
Preventive, and Personalized Medicine (EPMA) [32, 33].
Such guidance could serve as the proof-of-principle model
and could potentially be extrapolated as a blueprint for the
3PM approach in the management of other chronic conditions
during upcoming pandemic waves.

Statistical methods and predictive models

We have diagnosed ACLD by the standard criteria and
recorded demographics, laboratory, and imaging findings
necessary to describe ACLD by etiology, type, and degree
of decompensation (e.g., AD, chronic [CD], [ACLF]), as
well as decompensating events and outcome including
mortality. Death-related data for the Registry cohort were
obtained from the Health Care Surveillance Authority of
the Slovak Republic on a regular weekly basis from two
registries: (1) national database of the insured inhabitants,
date of death; and (2) registry of deaths of individuals
declared dead, specifically adjusted for recording
COVID-19 as the main cause of death.

The registry cohort was divided into two groups accord-
ing to its immediate experience: patients who passed away
before March 16, 2020, formed the pre-COVID-19 group,
and those alive on March 16, 2020, were included in the
COVID-19 group. Primary endpoints are the rate of new
registrations and short-term mortality (Fig. 1). Having
1091 patients in the cirrhosis RH7 registry admitted before
March 16, 2020, we conducted a survival analysis using a
Cox proportional hazard model using the R environment
for statistical computing with the package “survival”.
[34–36]. The following factors were used: gender, age,
body mass index (BMI [kg/m2]), Child-Turcotte-Pugh
score (CTPS), model for end-stage liver disease (MELD),
liver frailty index (LFI), ACLF, triceps skinfold fat (TSF
[cm]), dynamometry (hand-grip strength [HGS, kg]), C-
reactive protein (CRP), and leukocytes (Leu). We used this
model to predict individual median residual lifetime for
563 patients (median age 55.7, MELD 14, 57.2% male)
alive on March 16, with 95% confidence intervals. We
compared the actual cumulative number of deaths in the
sample between March 16 and August 31 with predictions
based on the Cox proportional hazard model [34–36].
Since the median-based survival prediction curve is likely
to underestimate survival at the beginning of the study
period, we conducted a similar analysis for the two
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preceding years (2019 and 2018) serving as a useful con-
trol group.

Results

Impact of COVID-19 outbreak on the continuity of
patient registrations

In total, we analyzed 1091 registrations (60.8% males/
39.2% females), with a median age of 57 years and a
MELD score of 16. In the pre-pandemic years, we en-
rolled approximately 156 patients per year, while ACLD
was caused mostly by alcohol-associated liver disease
(ALD). The baseline characteristics of the study sample
are depicted in Table 1.

During the first 3 months of the quarantine (March,
April, and May 2020) we observe a sharp drop (approx.
by 47% in comparison to average across years 2014–
2019) in the number of the new registrations of the
cirrhosis patients in our RH7 registry as a reflection of
the anti-pandemic measures declared by state authorities
(Fig. 1). The following months then show a steep in-
crease in registrations while reaching and overshooting
the pre-lockdown numbers in June, July, and August
2020, respectively. In Fig. 2, we display the rate of
new admissions to the hospital during the COVID-19
period (from March 16 to August 31) compared with

the two previous years. The sharp decline during the
COVID-19 period is apparent, while the rate of new
hospital admissions starts to increase after May 20,
2020. Since this date, the slope of the curves does not
differ among all 3 years.

Impact of COVID-19 outbreak on all-cause mortality

We compared the cumulative incidence of median pre-
dicted deaths with the actual deaths. In Fig. 3, it is
apparent that while actual deaths in our predictive
models for expected death in cirrhosis patients in 2018
and 2019 (left and middle panel) were well within the
95% confidence intervals, in 2020 (the right panel),
during the COVID-19 outbreak and consecutive quaran-
tine period, the number of actual deaths of our cirrhosis
patients sharply increased (approx. by 52%, 23 deaths in
2020 in comparison to 10 in 2018 and 12 in 2019) and
was well above predicted numbers. Shortly before the
last stage of quarantine, as depicted by a gray vertical
line, the curve noticeably flattens.

Discussion

Our study provides new evidence that the COVID-19 out-
break in our healthcare setting resulted in excess mortality of
the particular patients suffering from advanced chronic liver

Fig. 1 Monthly numbers of
newly admitted patients. Monthly
numbers of new registrations to
ACLD registry RH-7, a decline in
new registrations during the first
three months of the quarantine
(March, April, andMay 2020 [red
dots]). We associate this decline
(average drop during these three
months is aprox. 53%) with anti-
pandemic measures which kept
patients with liver cirrhosis out of
tertiary liver care
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disease. Increased mortality was causally related to a decrease
in tertiary hospital admissions for decompensated ACLD, as
captured by fewer new registrations to the cirrhosis registry.
This chain of causation would imply two important lessons we
have learned: (1) the number of new registrations to our cir-
rhosis registry could be perceived as the surrogate marker for
tertiary liver care, and (2) the specialized cirrhosis care in our
healthcare context plays an irreplaceable role.

COVID-19 and tertiary ACLD care

COVID-19 pandemic has impacted cirrhotic patients
twice: the first time directly by SARS-CoV-2 infection
and the second time indirectly by the consequences of
distorted liver care [20, 29, 37–40]. Reports are showing
that patients with cirrhosis are at increased risk of SARS-
CoV-2 infection and mortality, both directly and indirectly
mediated by COVID-19 [19, 20, 24, 41–44]. Evidence is
pointing to increased mortality of hospitalized patients
with cirrhosis when compared to pre-pandemic time, in-
creased in-hospital mortality of cirrhotic patients with
COVID-19 as compared to patients with COVID-19 with-
out cirrhosis, and increased mortality of patients with cir-
rhosis and COVID-19 as compared to patients with cirrho-
sis without COVID-19 [15, 18, 21, 24, 42, 44–46]. Patients
themselves might also have suffered more anxiety which
could be associated with risky behavior including alcohol
intake [47–52]. During the spring of 2020 outbreak, our
obvious priority was to protect ACLD patients from the
risk of contracting then-unknown SARS-CoV-2 infection
[19, 53]. Here, we provide important supporting evidence
for the real-life effectiveness of the stringent lockdown
measures as we recorded zero COVID-19 deaths in our
registry [54, 55].

Reports have been published from other cirrhosis registries
operating during the COVID-19 pandemic, such as Secure
Cirrhosis Registry, COVID-Hep.net, COVID Cirrhosis.org,
and COVID-Cirrhosis-CHESS. In brief, they have shown a
relationship between SARS-CoV-2 infection, stage of cirrho-
sis (MELD > 14, CTPS C), liver decompensation, and mortal-
ity [18, 19, 44, 56]. Our findings in relation to the ones men-
tioned provide evidence of the secondary impact of the
COVID-19 outbreak on specialized care, particularly in the
setting of ACLD in a country with high cirrhosis burden.
Our observation serves as an indicator of the influence of
global unprecedented (read: “not amenable to proper pre-
paredness”) pandemic measures on death rates unrelated to
the very cause of the pandemic; leading us to the urgent need
for a new approach towards similar situations in the future.
Our results also lend support to the case raised by Tapper et al.
in the field of hepatology and by other authors from different
specialties that distorted specialized care during lockdown
could have serious adverse consequences on health-related
outcomes. When aiming to prevent increased mortality during
the expected future outbreaks, various authors issued a call for
keeping the specialized care uninterrupted [20, 29, 52, 54, 55,
57–59]. As the next waves of the pandemic are expected to hit
countries that were relatively spared during the first wave (i.e.,
Slovakia, Greece, or Malta), we have to be prepared and try to
translate evidence collected during the initial outbreak to a
new approach [7] using the practical and well-evidenced pre-
dictive, preventive, and personalized approach.

Table 1 Baseline characteristics of advanced chronic liver disease
patients in the RH7 registry, March 16, 2020 (N = 1 091)

Variable Median/count Range/proportion

Age 57 19–83

Females 427 29.14%

Males 664 60.86%

Etiology of ACLD:

Alcoholic liver disease 751 68.84%

Autoimmune (AIH, PBC, PSC) 109 9.99%

Viral (HBV, HCV) 102 9.35%

Other 147 13.47%

Unknown 84 7.70%

Scoring systems:

MELD score 16 6–88

Child-Pugh-Turcotte score 9 5–20

Liver frailty index 3.35 1.69–6.84

Mortality

1-year mortality 430 39.37%

Yearly registrations

2014 70 6.42%

2015 165 15.12%

2016 191 17.51%

2017 151 13.84%

2018 224 20.53%

2019 256 23.46%

2020 (as of March 16th, 2020) 34 10.54%

N=1000*

Chronic decompensation 529 52,9%

Acute decompensation 398 39,8%

N=1091**

ACLF 1 56 5.13%

ACLF 2 41 3.75%

ACLF 3 25 2.29%

ACLD advanced chronic liver disease (cirrhosis); ALD alcohol associated
liver disease; HBV hepatitis B virus; HCV hepatitis C virus; AIH autoim-
mune hepatitis; PBC primary biliary cholangitis; PSC primary sclerosing
cholangitis; MELDmodel for end-stage liver disease; CTPS Child-
Turcotte-Pugh score; ACLF acute on chronic liver failure; LFI liver frailty
index
* Electronic and paper files of these 1000 patients were double-checked
per protocol by one investigator (D.J.)
** Data on remaining 91 patients are straight registry uploads
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Expert recommendations in the context of 3P
medicine

The new challenge lies in guaranteeing the best possible trade-
off between the benefits of maintaining high-quality medical
care on the one hand and the risk of nosocomial exposure to
SARS-CoV-2 infection on the other one [19, 20, 37]. So far, it
has been shown that the risk of nosocomial transmission of

SARS-CoV-2 varied between 9,9 and 40% with aerosoliza-
tion procedures such as gastrointestinal endoscopy being at
the right side of the spectrum and that the reported rate of
SARS-CoV-2-induced acute liver injury was 50% [4, 21,
60–64]. To counterbalance the risk from SARS-CoV-2 inher-
ent in keeping liver care uninterrupted, hepatology-specific
preventive measures protecting patients and caregivers from
infection have been proposed [5, 19, 62, 65–71]. Our results

Fig. 2 New admissions since
March 16, 2020. New hospital
admissions, comparison of the
corresponding time frame
between years pre-COVID-19
(red: 2018, green: 2019) and
COVID-19 (blue: 2020). During
the spring of 2020 quarantine,
significantly fewer patients
(approx. 60%) were admitted in
comparison with two previous
years 2018 and 2019 (green and
red lines)

Fig. 3 Actual deaths versus median predicted deaths. All-cause mortality
in the ACLD registry RH7. The lines display actual deaths versusmedian
predicted deaths. Actual deaths in 2018 and 2019 (left and middle panes)
were within the 95% confidence interval. In the spring of 2020, the num-
ber of actual deaths sharply increased and was above the numbers

predicted by Cox proportional hazard model, showing excess mortality
(19 excess deaths in 2020 in comparison to 10 in 2018 and 10 in 2019)
indicating the negative secondary impact of initial pandemic measures on
tertiary cirrhosis care
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have clearly shown that a safety liver hub reserved for SARS-
CoV-2-negative ACLD patients is not an option in our region,
since it would necessitate their delimitation to secondary liver
care with consequently increased mortality.We interpret these
results as a very strong indicator of the pivotal role the tertiary
liver care plays in our healthcare setting.

Pandemic priority pathways suggested

For this reason, we are suggesting a predictive, preventive,
and personalized approach offering to our unstable patients
with ACLD both: specialized liver care and protection from
COVID-19. Having this aim in mind, we have developed an
institutional liver-specific pandemic priority pathways
(PPP). At the personal level, patients in our cirrhosis registry
as well as all the newly consulted patients will be assigned a
traffic light priority color based on their degree of predicted
risk of death from ACLD (Fig. 4, Table 2). Our liver unit
will issue identification cards in a traffic colors style which
will link each patient to its PPP and assist them with passing
hospital anti-pandemic barriers and shortening door–to–care
time. Risk stratification and PPP color assignment will be
reassessed at intervals based on the prognostic ACLD score
(theMELD score, model for end-stage liver disease) reflecting
a 3-month probability of death. Our predictive recommenda-
tions have been based on several lines of evidence [5, 14, 15,
19, 72–78]. Namely, in Europe’s most COVID-19 affected
Italy, Ivarone et al. have demonstrated that CLIF-SOFA score
in acute decompensation (AD), and MELD > 15 in chronic
decompensation (CD) to be the independent predictors of
death [21, 42, 79, 80]. These findings were consistent with
Moon et al. showing that another prognostic score, the Child–
Pugh-Turcotte score was associated with a 12–63% excess of
liver-related mortality in the registry as compared to 79%
lung-related and 4,3% cardiac-related mortality [44].

Green PPP Line (= “GO!” (to tertiary care)) will be re-
served for patients in whom the risk from ACLD far out-
weighs the risk from possible COVID-19 [81], and should
lead patients straight to tertiary care. The main generic syn-
dromes which should be passed quickly via the Green PPP
Line are acute liver failure, decompensated cirrhosis with ad-
ditional characteristics inflicting an increased risk of adverse
outcomes—such as a new AD, any acute-on-chronic liver
failure (ACLF), previous CD, severe alcoholic hepatitis
(SAH), or liver transplantation (LT, patients or candidates)
(Table 2). To qualify our facility for the Green PPP Line of
unimpeded liver care, it is of uppermost importance to simul-
taneously safeguard our incoming patients from the risk of
SARS-CoV-2 infection [20, 37]. For this purpose, we elabo-
rated the Green PPP Line to the explicit details such as arrows
and signs, dedicated doors, lifts, rooms, and caregivers
(Table 3). Patients moving along the Green PPP Line will be
subjected to a standardized COVID-19 triage policy (Fig. 5.

Importantly, we will have to communicate and pre-conceive
this strategy with patients as well as with our referring coun-
terparts from secondary care. At the same time, we are prepar-
ing communication lines for telemedicine (physician-physi-
cian; patient-physician, [11].

Orange PPP Line (= “PREPARE” (for tertiary care
while under secondary care)) concerns patients in whom
the risk of a bad outcome from cirrhosis is trivial and
would keep them at the level of secondary care.
However, everything would be prepared for a fast trans-
fer to a tertiary facility in case things went wrong: close
monitoring and pro-active management of specific com-
plications of cirrhosis are ascertained, and the telemed-
icine is exercised on the physician-physician level (sec-
ondary care-tertiary care). The tertiary center would
serve as the consultation hub. Patients kept on the
Orange PPP Line are those with ACLD without prior
decompensation, with decompensating events not incur-
ring the high risk of death such as trivial infections with
sufficient and fast response to therapy, minor traumas,
slowly evolving ascites, peri-malleolar edemas, but also
some high-risk patients, if allocated to palliative care for
being too sick or non-compliant/not eligible for third-
line treatments (Table 4).

Red PPP Line (= “STOP” (in primary care)) concerns pa-
tients whose immediate risk from liver disease is negligible.
This PPP line would stop patients in primary care or the realm
of telemedicine and should be reserved for patients with
chronic hepatitis without significant fibrosis with the possible
exceptions for autoimmune hepatitis not responding to corti-
costeroids, new Wilson’s disease, and few other syndromes
(Table 5) [29].

Strengths and limitations

Our study provides a rather unique reflection of the impact
of lockdown on the conserved core processes inside the
cirrhosis registry (fewer registrations) and their conse-
quences (increased mortality). We consider our cirrhosis
registry with its 6-year history of patient enrollment and
standardized data collection an appropriate tool for reliable
reflection of temporal dynamics. To the best of our knowl-
edge, RH7 can also be considered an unparalleled instru-
ment in the context of central European countries. Since
we were not able to fetch detailed information on the cir-
cumstances of death from other institutions and authorities
(e.g., whether patients have passed away at home or in
hospital), our results cannot be directly compared to those
provided by other authors [43]. However, they can com-
plement existing knowledge by providing evidence that the
lockdown measures are very effective in terms of new
SARS-CoV-2 infection but are associated with increased
mortality in decompensated cirrhosis without COVID-19

7EPMA Journal (2021) 12:1–14



Table 2 Definition of the patient group assigned to the GREEN PPP line, patients in need of preserved tertiary care

GREEN pandemic priority pathway (ppp)=go directly to tertiary care
Do not delay/deviate tertiary care for the following groups of ACLD patients

1. Registered in the cirrhosis registry (RH7)

2. Not registered, but share similar characteristics (see inclusion criteria to RH7)

3. Acute-on-chronic liver failure (ACLF) or first acute decompensation of any subtype, especially if indicated to liver transplantation (LT)

4. Candidates for LT, especially if the indication is
a. urgent (acute liver failure) [82, 83], or
b. ACLF (although not yet formally accepted as urgent in Slovakia) [84], or
c. Severe acute alcoholic hepatitis (SAH) within Lille criteria [85, 86]

5. Severe alcoholic hepatitis particularly non-responders to, or not eligible for, corticosteroid therapy

6. Indicated for secondary treatment modalities for chronic decompensation, e.g.,
- Transjugular portosystemic shunt (TIPSS) or permanent drainage for refractory ascites
- Closure of the shunt (TIPSS) in persistent hepatic encephalopathy (HE)
- Need for locoregional therapy for HCC

ACLD advanced chronic liver disease; ACLF acute in chronic liver failure; HCC hepatocellular carcinoma; HE hepatic encephalopathy; LT liver
transplantation; PPP pandemic priority pathway; RH7 Registry HEGITO (Div. hepatology, gastroenterology and liver transplantation) 7; TIPS
transjugular intrahepatic portosystemic shunt

Fig. 4 Pandemic priority pathways (PPP): Triage of patients with chronic
liver disease on a new clinical event (Event)—as suggested by our results
showing excess mortality in delayed tertiary cirrhosis care. Traffic light
style pandemic priority pathways (PPP) personalized for patients with the
advanced chronic liver disease based on predictive models aiming to
prevent adverse health-related outcomes. Red PPP Line (= “STOP” (in
primary care)) for patients with chronic hepatitis without significant fi-
brosis of any etiology. Reactive (on demand): visit by telemedicine only
when the condition deteriorates. Orange PPP Line (= “PREPARE” (for
tertiary care while under secondary care)) Proactive monitoring: MELD

(model for end-stage liver disease) score < 14, regular pre-scheduled
visits, on-demand consultation when changed sleep or mood pattern;
asterixis; fever, oliguria; anuria; hematemesis; melena; jaundice; ascites.
Green PPP Line (= “GO!” (to tertiary care)) will be reserved for patients
with generic syndromes: liver transplantation (LT) candidates, MELD >
14, acute on chronic liver failure (ACLF), acute decompensation of
ACLD (advanced chronic liver disease), acute liver faliure (ALI), severe
alcoholic hepatitis (SAH) not responding to steroids, hepatocellular car-
cinoma (HCC)
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[43]. Although we base our conclusions and recommenda-
tions on a regional dataset, they are well adaptable to spe-
cific conditions of other countries—taking, of course, into
consideration the local and even institutional healthcare
setting and pandemic countermeasures.

Conclusion and recommendations

Our study adds to the existing evidence on the high anti-
SARS-CoV-2 effectivity of lockdown measures by real-life
data. The findings complement current knowledge by

Table 3 Four-step plan preparing the institution for providing personalized tertiary cirrhosis care during SARS—CoV-2 (Severe acute
respiratory syndrome–Coronavirus 2) outbreak

Predictive, preventive, and personalized medical approach proposal for cirrhosis care during the pandemic

1. Prepare your liver care in advance:
a. Acknowledge your position in the context of cirrhosis care:
i Secondary care
1. District hospital with internal medicine beds, ICU, and consultant in gastroenterology/hepatology on duty or call
2. Locate your proxy tertiary referral center, assure contact lines (names of consultants, telephone numbers, e-mail addresses, etc.)
3. Prepare telemedicine on the physician – physician level

ii. Tertiary care
1. Regional, university/academic hospital with the liver unit and specialized ICU. Liver transplant unit–ultimate referral center
2. Locate your partners from lower-rank facilities, be at their disposal
3. Prepare telemedicine (lines, e-mails, etc.) physician-to-physician, and patient (from registry)-to-physician

iii. Based on your own data analysis, or the basis of the recommendations from similar-to-your healthcare environments and act in advance

2. Evaluate the personalized risk of adverse outcomes in your cirrhosis patients, based on the clinical scenario and disease predictive scores
a. In the registry (tertiary center)
b. On admission (secondary center)

3. Allocate personal PPP accordingly (issue [print] personal PPP Card with traffic light color before possible Event [Fig. 4])

4. Allocate personal COVID- 19 protection module (on Event [Fig. 5])

ICU intensive care unit; PPP pandemic priority pathway

Fig. 5 Recall policy in patients with ACLD* (Advanced chronic liver
disease) allocated in Green PPP (Pandemic priority pathways) line with
management preferred in tertiary care. Traffic light style recall policy for
patients with advanced chronic liver disease allocated to the Green PPP
line with management being preferred in tertiary care. Patients fast-

tracked to tertiary cirrhosis care should be safeguarded from nosocomial
infection with SARS-CoV-2 based on PCR test performed on admission
(SARS-CoV-2: Severe acute respiratory syndrome–Coronavirus 2; PCR:
polymerase chain reaction test)

9EPMA Journal (2021) 12:1–14



showing that patients with decompensated ACLD are at sig-
nificant risk of health-threatening consequences of
the currently applied anti-pandemic measures. COVID-19-
unrelated mortality has increased in our cirrhosis registry
which is likely related to the temporary interruption in tertiary
liver care. With the new evidence in hand and the imminent
pandemic waves in the context of the practical application of
predictive, preventive, and personalized medicine approach,
we suggest to consider and to follow “pandemic priority path-
ways”, which may help to decrease the excess mortality in
ACLD. The proposed approach selects a personalized PPP
line of care, based on predictive models, therefore maintaining
uninterrupted tertiary care for patients with a high risk of ad-
verse outcomes. Green PPP Line (= “GO!” (to tertiary care))
will be reserved for patients for whom the health risks from
ACLD far outweighs the risks from possible COVID-
19 infection and would lead them straight to tertiary care.

Orange PPP Line (= “PREPARE” (for tertiary care while un-
der secondary care)) concerns patients for whom the risk of
adverse outcome of cirrhosis is rather limited and would keep
them at the level of secondary care. Red PPP Line (= “STOP”
(in primary care)) concerns patients whose immediate risks
from liver disease is negligible. This PPP line would keep
the patients in primary care or re-address them to the
telemedical management. The assigned lines would be sub-
jected to the periodical re-assessment based on the actual
prognostic score. The proposed strategy requires specialized
disease management to be applied synergistically with an ef-
fective COVID-19 triage and prevention policy. There is a
potential of the presented strategy to serve as a blueprint for
an optimal management of other chronic diseases
if “pandemic priority pathways” will get adjusted to specific
requirements in corresponding countries and to specific pa-
tient cohorts.
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Table 5 Definition of the patient group assigned to stay in
primary care during the SARS-CoV 2 (Severe acute respiratory
syndrome–Coronavirus 2) outbreak

Red pandemic priority pathway (PPP)=“STOP” [in primary care]

Chronic hepatitis without significant fibrosis (stable diseases):
- Autoimmune hepatitis on treatment
- Alcohol-related liver disease
- Chronic hepatitis B
- Chronic hepatitis C
- Hereditary hemochromatosis
- Non-alcoholic fatty liver disease (NAFLD) of metabolic
dysfunction-associated liver disease (MAFLD)
- Primary biliary cholangitis
- Primary sclerosing cholangitis
- Other

Exceptions:
- Acute flare of chronic hepatitis B
- Autoimmune hepatitis not responding to corticosteroids
- New Wilson’s disease
- Primary sclerosing cholangitis with recurrent bouts of bacterial
cholangitis

Table 4. Definition of the patient group assigned to the ORANGE PPP line, not requiring immediate tertiary care during the SARS-CoV
2 (Severe acute respiratory syndrome–Coronavirus 2) outbreak

Orange pandemic priority pathway (PPP)=“PREPARE” [for tertiary care in secondary care]

1. ACLD without prior decompensation (events not incurring the high risk of death)
- Trivial infections with sufficient and fast response to therapy
- Minor traumas
- Slowly evolving ascites (Grades I–II)
- Peri-malleolar (Grade I) edemas

2. High-risk patients allocated to palliative care
- Too sick (disseminated malignancies, too sick to be transplanted due to cardiac, pulmonary, nutrition, frailty, infections, etc. issues)
- Non-compliance (persistent alcohol abuse, etc.)
- Not eligible for second-, or third-line treatments, such as transjugular intrahepatic portosystemic shunt, extracorporeal modalities (plasmapheresis,
hemodialysis, other), experimental therapy for patients with severe alcohol-associated alcoholic hepatitis not responding to corticosteroids
(Lille-model liver transplant, fecal microbial transplantation, growth factors, other), etc.

ACLD advanced chronic liver disease; PPP pandemic priority pathway

10 EPMA Journal (2021) 12:1–14



Funding Open Access funding enabled and organized by Projekt DEAL.

Declarations

Ethics statement Data acquisition for the RH7 registry has been approved
by the local ethics committee named “Etická komisia Fakultnej Nemocnice s
Poliklinikou FD Roosevelta, Nám L. Svobodu 1, Banská Bystrica” on
May 14, 2014. The study was carried out following the proceedings of the
declaration of Helsinki. All participants signed informed consent before
anonymized data recording and agreed with data publication.

Consent to participate The authors agreed to participate.

Consent for publication The authors gave consent to the publication.

Conflict of interest The authors declare that they have no conflict of
interest.

Abbreviations ACLD,Advanced chronic liver disease; ACLF,Acute on
chronic liver failure; AD,Acute decompensation; AIH,Autoimmune hep-
atitis;ALD,Alcohol-associated liver disease; BMI,Bodymass index;CD,
Chronic decompensation;CLIF—SOFA score,Chronic liver failure—the
sequential organ failure assessment score; COVID, Coronavirus disease
19; CRP, C-reactive protein; CTPS, Child-Turcotte-Pugh score; EPMA,
European Association for Predictive, Preventive, and Personalized
Medicine; HBV, Hepatitis B virus; HCC, Hepatocellular carcinoma;
HCV, Hepatitis C virus; HEGITO, Div. Hepatology, Gastroenterology,
and Liver Transplantation; HGS, Handgrip strength; LFI, Liver frailty
index; LEU, Leukocytes; LT, Liver transplantation; MELD, Model for
end-stage liver disease; PBC, Primary biliary cholangitis; PPP,
Pandemic priority pathways; PPPM, Preventive, predictive, and person-
alized medicine; PSC, Primary sclerosing cholangitis; RH7, Registry
HEGITO 7; SAH, Severe alcoholic hepatitis; SARS-CoV-2, Severe acute
respiratory syndrome coronavirus 2; TIPS, Transjugular intrahepatic
portosystemic shunt; TSF, Triceps skinfold; WHO, World Health
Organization

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Guzzetta G, Poletti P, Ajelli M, Trentini F, Marziano V, Cereda D,
et al. Potential short-term outcome of an uncontrolled COVID-19
epidemic in Lombardy, Italy, February to March 2020. Euro
Surveill. 2020;25(12):2000293. https://doi.org/10.2807/1560-
7917.ES.2020.25.12.2000293.

2. Guan W-J, Ni Z-Y, Hu Y, et al. Clinical characteristics of 2019
novel coronavirus infection in China. N Engl J Med.
2020;382(18):1708–20. https://doi.org/10.1101/2020.02.06.
20020974.

3. Grasselli A, et al. Baseline characteristics and outcomes of 1591
patients infected with SARS-CoV-2 admitted to ICUs of the
Lombardy Region, Italy. JAMA. 2020;323(16):1574–81. https://
doi.org/10.1001/jama.2020.5394.

4. Zhang C, Shi L,Wang FS. Liver injury in COVID-19: management
and challenges. Lancet Gastroenterol Hepatol. 2020;5(5):428–30.
https://doi.org/10.1016/S2468-1253(20)30057-1.

5. WHO. The World Health Organization declared the SARS-CoV-2
infection (COVID-19), which originated in December 2019 in
Wuhan, China, a global pandemic WHO Director-General’s open-
ing remarks at the media briefing on COVID-19. 2020. https://
www.who.int/dg/speeches/detail/who-director-general-s-opening-
remarks-at-the-media-briefing-on-covid-19-.11-march-2020.
Accessed 11 Mar 2020.

6. Scudellari M. How the pandemic might playout in 2021 and be-
yond. Nature. 2020;584:22–5. https://doi.org/10.1038/d41586-
020-02278-5.

7. Kupferschmidt K. Can Europe tame the pandemic’s next wave?
Science. 2020;369(6508):1151–2. https://doi.org/10.1126/science.
369.6508.1151.

8. WebMD. How scientists predict how many people will get
COVID-19. 2020. https://www.webmd.com/lung/news/
20200401/how-scientists-predict-how-many-people-will-get-
covid-19#1. Accessed 5 May 2020.

9. WilliamsR, Jenkins DA, Ashcroft DM,BrownB, Campbell S, Carr
MJ, Cheraghi-Sohi S, Kapur N, Thomas O, Webb RT, Peek N.
Diagnosis of physical and mental health conditions in primary care
during the COVID-19 pandemic: a retrospective cohort study.
Lancet Public Health. 2020;5(10):543–50. https://doi.org/10.1016/
S2468-2667(20)30201-2.

10. Jazieh AR, Akbulut H, Curigliano G, Rogado A, Alsharm AA,
Razis ED, Mula-Hussain L, Errihani H, Khattak A, De Guzman
RB, Mathias C, Alkaiyat MOF, Jradi H, Rolfo CH, on behalf of
the International Research Network on COVID-19 Impact on
Cancer Care. Impact of the COVID-19 Pandemic on Cancer Care:
A Global Collaborative Study. JCO Global Oncology. 2020;6:
1428–38. https://doi.org/10.1200/GO.20.00351.

11. Radanliev P, De Roure D, Walton R, Van Kleek M, Montalvo RM,
Santos O, Maddox L, Cannady S. COVID-19 what have we
learned? The rise of social machines and connected devices in pan-
demicmanagement following the concepts of predictive, preventive
and personalized medicine. EPMA J. 2020;11(3):311–32. https://
doi.org/10.1007/s13167-020-00218-x.

12. Chaari L, Golubnitschaja O. Covid-19 pandemic by the “real-time”
monitoring: the Tunisian case and lessons for global epidemics in
the context of 3PM strategies. EPMA J. 2020;11(2):1–6. https://doi.
org/10.1007/s13167-020-00207-0.

13. Ahluwalia P, Ahluwalia M, Vaibhav K, Mondal A, Sahajpal N,
Islam S, Fulzele S, Kota V, Dhandapani K, Baban B, Rojiani
AM, Kolhe R. Infections of the lung: a predictive, preventive and
personalized perspective through the lens of evolution, the emer-
gence of SARS-CoV-2 and its pathogenesis. EPMA J. 2020;13:1–
21. https://doi.org/10.1007/s13167-020-00230-1.

14. Mao R, Qui Y, He J, et al. Manifestations and prognosis of gastroin-
testinal and liver involvement in patients with COVID-19: a system-
atic review and meta-analysis. Lancet Gastroenterol Hepatol.
2020;5(7):667–78. https://doi.org/10.1016/S2468-1253(20)30160-6.

15. Bollipo S, et al. One world, one pandemic, many guidelines: man-
agement of liver diseases during COVID-19. Gut. 2020;69(8):
1369–72. https://doi.org/10.1136/gutjnl-2020-321553.

16. Lei P, Mi M, et al. Clinical characteristics of COVID-19 patients
with digestive symptoms in Hubei, China: a descriptive, cross-sec-
tional. multicenter study Am J Gastroenternol. 2020;115:766–73.
https://doi.org/10.14309/ajg.0000000000000620.

11EPMA Journal (2021) 12:1–14

https://doi.org/
https://doi.org/10.2807/1560-7917.ES.2020.25.12.2000293
https://doi.org/10.2807/1560-7917.ES.2020.25.12.2000293
https://doi.org/10.1101/2020.02.06.20020974
https://doi.org/10.1101/2020.02.06.20020974
https://doi.org/10.1001/jama.2020.5394
https://doi.org/10.1001/jama.2020.5394
https://doi.org/10.1016/S2468-1253(20)30057-1
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19-.11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19-.11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19-.11-march-2020
https://doi.org/10.1038/d41586-020-02278-5
https://doi.org/10.1038/d41586-020-02278-5
https://doi.org/10.1126/science.369.6508.1151
https://doi.org/10.1126/science.369.6508.1151
https://www.webmd.com/lung/news/20200401/how-scientists-predict-how-many-people-will-get-covid-19#1
https://www.webmd.com/lung/news/20200401/how-scientists-predict-how-many-people-will-get-covid-19#1
https://www.webmd.com/lung/news/20200401/how-scientists-predict-how-many-people-will-get-covid-19#1
https://doi.org/10.1200/GO.20.00351
https://doi.org/10.1007/s13167-020-00218-x
https://doi.org/10.1007/s13167-020-00218-x
https://doi.org/10.1007/s13167-020-00207-0
https://doi.org/10.1007/s13167-020-00207-0
https://doi.org/10.1007/s13167-020-00230-1
https://doi.org/10.1016/S2468-1253(20)30160-6
https://doi.org/10.1136/gutjnl-2020-321553
https://doi.org/10.14309/ajg.0000000000000620


17. Jothimani D, Venugopal R, Abedin MF, et al. COVID – 19 and
Liver. J Hepatol. 2020;73(5):1231–40. https://doi.org/10.1016/j.
jhep.2020.06.006.

18. Qi X, Liu Ch, Jiang Z. Multicenter analysis of clinical characteris-
tics and outcome of COVID – 19 patients with liver injury. J
Hepatol. 2020;73(2):455–8. https://doi.org/10.1016/j.jhep.2020.
04.010.

19. Boettler T, Newsome PN, Mondelli MU, Maticic M, Cordero E,
Cornberg M, Berg T. Care of patients with liver disease during the
COVID-19 pandemic: EASL-ESCMID position paper. J HEP Rep.
2020;2(3):100113. https://doi.org/10.1016/j.jhepr.2020.100113.

20. Tapper EB, Asrani SK. The COVID-19 pandemic will have a long-
lasting impact on the quality of cirrhosis care. J Hepatol. 2020;73:
441–5. https://doi.org/10.1016/j.jhep.2020.04.005.

21. Ivanore M, D’Amrosio R, Soria A, et al. High rate of 30 – day
mortality in patients with cirrhosis and COVID – 19. J Hepatol.
2020;73(5):1063–71. https://doi.org/10.1016/j.jhep.2020.06.001.

22. Ferm S, Fisher C, Pakala T. Analysis of gastrointestinal and hepatic
manifestations of SARS-CoV-2 infection in 892 patients in Queens,
NY. Clin Gastroenterol Hepatol. 2020;18(10):2378–9. https://doi.
org/10.1016/j.cgh.2020.05.049.

23. Sultan S, Altayar O, Siddique SM, et al. AGA Institute rapid review
of the gastrointestinal and liver manifestations of COVID-19, meta-
analysis of international data, and recommendations for the consul-
tative management of patients with COVID-19. Gastroenterology.
2020;159(1):320–34. https://doi.org/10.1053/j.gastro.2020.05.001.

24. Singh S, Khan A. Clinical characteristics and outcomes of COVID-
19 among patients with pre-existing liver disease in United States: a
Multi-Center Research Network study. Gastroenterology.
2020;159(2):768–71. https://doi.org/10.1053/j.gastro.2020.04.064.

25. Blachier M, Leleu H, Peck-Radosavljevic M, et al. The burden of
liver disease in Europe: a review of available epidemiological data.
J Hepatol. 2013;58(3):593–608. https://doi.org/10.1016/j.jhep.
2012.12.005.

26. Asran SM, Devarbhavi H, Eaton J, Kamath PS. Burden of liver
diseases in the world. J Hepatol. 2019;70(1):151–71. https://doi.
org/10.1016/j.jhep.2018.09.014.

27. Národné centrum zdravotníckych informácií (National Health
Information Centre -founded by the Ministry of Health of the
Slovak Republic). Health Statistics Yearbook of the Slovak
Republic 2018. 2019. http://www.nczisk.sk/Documents/rocenky/
2018/Zdravotnicka_rocenka_Slovenskej_republiky_2018.pdf.
Accessed 6 Nov 2019.

28. Úrad verejného zdravotníctva Slovenskej republiky (Public Health
Authority of the Slovak Republic). COVID-19: the Government of
the Slovak Republic took other important measures at an extraor-
dinary meeting. http://www.uvzsr.sk/index.php?option=com_
content&view=article&id=4098:covid-19-vlada-sr-prijala-na-
mimoriadnom-zasadnuti-alie-doleite-opatrenia&Itemid=153.
Accessed 15 Mar 2020.

29. Serper M, Cubell AW, Deleener ME, Casher TK, Rosenberg DJ,
Whitebloom D, et al. Telemedicine in liver disease and beyond: can
the COVID-19 crisis lead to action? Hepatology. 2020;72(2):723–
8. https://doi.org/10.1002/hep.31276.

30. HHS. Notification of enforcement discretion for telehealth remote
communications during the COVID-19 nationwide public health
emergency. 2020. https://www.hhs.gov/hipaa/for-professionals/
special-topics/emergency-preparedness/notification-enforcement-
discretion-telehealth/index.html. Accessed 30 Mar 2020.

31. Skladany L, Koller T, Molcan P, et al. Prognostic usefulness of
serum myostatin in advanced chronic liver disease: its relation to
gender and correlation with inflammatory status. J Physiol
Pharmacol. 2019;70(3):357–68. https://doi.org/10.26402/jpp.
2019.3.03.

32. Golubnitschaja O, Topolcan O, Kucera R, Costigliola V, EPMA.
10th Anniversary of the European Association for Predictive,

Preventive and Personalised (3P) Medicine - EPMA World
Congress Supplement 2020. EPMA Journal. 2020;11:1–133.

33. Golubnitschaja O, Baban B, Boniolo G, Wang W, Bubnov R,
Kapalla M, et al. Medicine in the early twenty-first century: para-
digm and anticipation - EPMA position paper 2016. EPMA
Journal. 2016;7:23. https://doi.org/10.1186/s13167-016-0072-4.

34. R Core Team. R: A language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna; 2020.
https://www.R-project.org/. Accessed 10 Oct 2020.

35. Therneau TM. A package for survival analysis in R. R package
version 3.1-12; 2020. https://CRAN.R-project.org/package=
survival. Accessed 28 Sep 2020.

36. Therneau TM, Grambsch PM. Modeling survival data: extending
the cox model. New York: Springer; 2001. https://doi.org/10.1007/
978-1-4757-3294-8.

37. Grady D. The pandemic’s hidden victims: sick or dying, but not
from the virus. New York Times 2020. https://www.nytimes.com/
2020/04/20/health/treatment-delays-coronavirus.html. Accessed 20
Apr 2020.

38. Rosenbaum L. The untold toll— the pandemic’s effects on patients
without Covid-19. N Engl J Med. 2020;382(24):2368–71. https://
doi.org/10.1056/NEJMms2009984.

39. Serper M, Shaked A, Olthoff KM. A local response to COVID – 19
for advanced liver disease: current model of care, challenges and
opportunities. J Hepatol. 2020;73:696–739. https://doi.org/10.
1016/j.jhep.2020.05.022.

40. Becchetti C, Zambelli MF, Pasulo L, COVID-LT group, et al.
COVID-19 in an international European liver transplant recipient
cohort. Gut. 2020;69:1832–40. https://doi.org/10.1136/gutjnl-
2020-321923.

41. Albillos A, LarioM,Álvarez-MonM. Cirrhosis-associated immune
dysfunction: distinctive features and clinical relevance. J Hepatol.
2014;61:1385–96. https://doi.org/10.1016/j.jhep.2014.08.010.

42. Bajaj JS, Garcia-Tsao G, Biggins SW, et al. Comparison of mortal-
ity risk in patients with cirrhosis and COVID-19 compared with
patients with cirrhosis alone and COVID-19 alone: multicentre
matched cohort. Gut 2020;1–6.https://doi.org/10.1136/gutjnl-
2020-322118.

43. Sarin SK, Choudhury A, Lau GK, et al. Pre-existing liver disease is
associated with poor outcome in patients with SARS CoV2 infec-
tion; the APCOLIS study (APASL COVID-19 liver injury spec-
trum study). Hepatol Int. 2020;14:690–700. https://doi.org/10.
1007/s12072-020-10072-8.

44. Moon AM, Webb GJ, Aloman C, Armstrong MJ, Cargill T,
Dhanasekaran R, Genescà J, Gill US, James TW, Jones PD,
Marshall A, Mells G, Perumalswami PV, Qi X, Su F, Ufere NN,
Barnes E, Barritt AS, Marjot T. High mortality ratesfor SARS-
CoV-2 infection in patients with pre-existing chronic liver disease
and cirrhosis: preliminary results from an international registry. J
Hepatol. 2020;73(3):705–8. https://doi.org/10.1016/j.jhep.2020.
05.013.

45. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study. Lancet. 2020;395(10229):1054–62.
https://doi.org/10.1016/S0140-6736(20)30566-3.

46. Schmidt ML, Barritt AS, Orman ES, Hayashi PH. Decreasing mor-
tality among patients hospitalized with cirrhosis in the United States
from 2002 through 2010. Gastroenterology. 2015;148(5):967–77.
https://doi.org/10.1053/j.gastro.2015.01.032.

47. Rehm J, Kilian C, Ferreira-Borges C, et al. Alcohol use in times of
the COVID 19: implications for monitoring and policy. Drug
Alcohol Rev. 2020;39:301–4. https://doi.org/10.1111/dar.13074.

48. Clay JM, Parker MO. Alcohol use and misuse during the COVID-
19 pandemic: a potential public health crisis? Lancet Public Health.
2020;5(5):e259. https://doi.org/10.1016/S2468-2667(20)30088-8.

12 EPMA Journal (2021) 12:1–14

https://doi.org/10.1016/j.jhep.2020.06.006
https://doi.org/10.1016/j.jhep.2020.06.006
https://doi.org/10.1016/j.jhep.2020.04.010
https://doi.org/10.1016/j.jhep.2020.04.010
https://doi.org/10.1016/j.jhepr.2020.100113
https://doi.org/10.1016/j.jhep.2020.04.005
https://doi.org/10.1016/j.jhep.2020.06.001
https://doi.org/10.1016/j.cgh.2020.05.049
https://doi.org/10.1016/j.cgh.2020.05.049
https://doi.org/10.1053/j.gastro.2020.05.001
https://doi.org/10.1053/j.gastro.2020.04.064
https://doi.org/10.1016/j.jhep.2012.12.005
https://doi.org/10.1016/j.jhep.2012.12.005
https://doi.org/10.1016/j.jhep.2018.09.014
https://doi.org/10.1016/j.jhep.2018.09.014
http://www.nczisk.sk/Documents/rocenky/2018/Zdravotnicka_rocenka_Slovenskej_republiky_2018.pdf
http://www.nczisk.sk/Documents/rocenky/2018/Zdravotnicka_rocenka_Slovenskej_republiky_2018.pdf
http://www.uvzsr.sk/index.php?option=com_content&view=article&id=4098:covid-19-vlada-sr-prijala-na-mimoriadnom-zasadnuti-alie-doleite-opatrenia&Itemid=153
http://www.uvzsr.sk/index.php?option=com_content&view=article&id=4098:covid-19-vlada-sr-prijala-na-mimoriadnom-zasadnuti-alie-doleite-opatrenia&Itemid=153
http://www.uvzsr.sk/index.php?option=com_content&view=article&id=4098:covid-19-vlada-sr-prijala-na-mimoriadnom-zasadnuti-alie-doleite-opatrenia&Itemid=153
https://doi.org/10.1002/hep.31276
https://www.hhs.gov/hipaa/for-professionals/special-topics/emergency-preparedness/notification-enforcement-discretion-telehealth/index.html
https://www.hhs.gov/hipaa/for-professionals/special-topics/emergency-preparedness/notification-enforcement-discretion-telehealth/index.html
https://www.hhs.gov/hipaa/for-professionals/special-topics/emergency-preparedness/notification-enforcement-discretion-telehealth/index.html
https://doi.org/10.26402/jpp.2019.3.03
https://doi.org/10.26402/jpp.2019.3.03
https://doi.org/10.1186/s13167-016-0072-4
https://www.R-project.org/
https://CRAN.R-project.org/package=survival
https://CRAN.R-project.org/package=survival
https://doi.org/10.1007/978-1-4757-3294-8
https://doi.org/10.1007/978-1-4757-3294-8
https://www.nytimes.com/2020/04/20/health/treatment-delays-coronavirus.html
https://www.nytimes.com/2020/04/20/health/treatment-delays-coronavirus.html
https://doi.org/10.1056/NEJMms2009984
https://doi.org/10.1056/NEJMms2009984
https://doi.org/10.1016/j.jhep.2020.05.022
https://doi.org/10.1016/j.jhep.2020.05.022
https://doi.org/10.1136/gutjnl-2020-321923
https://doi.org/10.1136/gutjnl-2020-321923
https://doi.org/10.1016/j.jhep.2014.08.010
https://doi.org/10.1136/gutjnl-2020-322118
https://doi.org/10.1136/gutjnl-2020-322118
https://doi.org/10.1007/s12072-020-10072-8
https://doi.org/10.1007/s12072-020-10072-8
https://doi.org/10.1016/j.jhep.2020.05.013
https://doi.org/10.1016/j.jhep.2020.05.013
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1053/j.gastro.2015.01.032
https://doi.org/10.1111/dar.13074
https://doi.org/10.1016/S2468-2667(20)30088-8


49. Finlay I, Gilmore I. Covid-19 and alcohol— a dangerous cocktail.
BMJ. 2020;369:1987. https://doi.org/10.1136/bmj.m1987.

50. Holmes L. Drinking during lockdown: headline findings. 2020.
https://alcoholchange.org.uk/blog/2020/COVID-19-drinking-
during-lockdown-headlinefindings. Accessed 20 Apr 2020.

51. Koopman A, Georgiadou E, Kiefer F, Hillemacher T. Did the
General Population in Germany Drink More Alcohol during the
COVID-19 Pandemic Lockdown? Alcohol Alcohol. 2020;55(6):
698–9. https://doi.org/10.1093/alcalc/agaa058.

52. Tang LV, Hu Y. Poor clinical outcomes for patients with cancer
during the COVID-19 pandemic. Lancet Oncol. 2020;21(7):862–4.
https://doi.org/10.1016/S1470-2045(20)30311-9.

53. Polak WG, et al. Impact of COVID-19 on liver transplantation in
Europe: alert from an early survey of European Liver and Intestine
Transplantation Association and European Liver Transplant
Registry. Transpl Int. 2020;33(10):1244–52. https://doi.org/10.
1111/tri.13680.

54. May T, Floyd TM, Rogers J. Lockdown-type measures look effec-
tive against covid-19. BMJ. 2020;370:2743. https://doi.org/10.
1136/bmj.m2809.

55. Islam N, Sharp SJ, Chowell G, et al. Physical distancing interven-
tions and incidence of coronavirus disease 2019: natural experiment
in 149 countries. BMJ. 2020;370:2743. https://doi.org/10.1136/
bmj.m2743.

56. SECURE Cirrhosis Registry. Surveillance epidemiology of
Coronavirus (COVID – 19) under research exclusion. 2020.
https://covidcirrhosis.web.unc.edu. Accessed 24 Mar 2020.

57. Salje H, Kiem CT, Lefrancq N, Courtejoie N, Bosetti P, Pair J.
Estimating the burden of SARS-CoV-2 in France. Science.
2020;369(6500):208–11. https://doi.org/10.1126/science.abc3517.

58. Markar SR, Clarke J, Kinross J, Pan Surg Collaborative group.
Practice patterns of diagnostic upper gastrointestinal endoscopy
during the initial COVID-19 outbreak in England. Lancet
Gastroenterol Hepatol. 2020;5(9):804–5. https://doi.org/10.1016/
S2468-1253(20)30236-3.

59. Eshraghian A, Taghavi A, Nikeghbalian S, AliMalek-Hosseini S.
Reduced rate of hospital admissions for liver- related morbidities
during the initial COVID-19 outbreak. Lancet Gastroenterol
Hepatol. 2020;5(9):803–4. https://doi.org/10.1016/S2468-
1253(20)30207-7.

60. Lui RN, Wong SH, Sánchez-Luna SA, et al. Overview of guidance
for endoscopy during the coronavirus disease 2019 pandemic. J
Gastroenterol Hepatol. 2020;35(5):749–59. https://doi.org/10.
1111/jgh.15053.

61. Parasa S, Reddy N, Faigel DO, Repici A, Emura F, Sharma P.
Global impact of the COVID-19 pandemic on endoscopy: an inter-
national survey of 252 centers from 55 countries. Gastroenterology.
2020;159:1579–81. https://doi.org/10.1053/j.gastro.2020.06.009.

62. Vicini E, Galimberti V, Naninato P, Anna Vento AR, Ribeiro
Fontana SK, Veronesi P. COVID-19: The European institute of
oncology as a “hub” centre for breast cancer surgery during the
pandemic in Milan (Lombardy region, northern Italy) - A
screenshot of the first month. Eur J Surg Oncol. 2020;46(6):
1180–1. https://doi.org/10.1016/j.ejso.2020.04.026.

63. Lui RN, Tang RSY, Chiu FWY. Striving to protect patients and
healthcare professionals in endoscopy units during pandemics:
from SARS to COVID-19. Gastroenterology 2020. Accepted
Date: 1 May 2020. https://doi.org/10.1053/j.gastro.2020.05.002.

64. Strnad P, Tacke F, Koch A, Trautwein C. Liver—guardian, modi-
fier and target of sepsis. Nat Rev Gastroenterol Hepatol.
2017;14(1):55–66. https://doi.org/10.1038/nrgastro.2016.168.

65. Xiao Y, Pan H, She Q, Wang F, Chen M, Xiao Y, Pan H, She Q,
Wang F, Chen M. Prevention of SARS-CoV-2 infection in patients

with decompensated cirrhosis. Lancet Gastroenterol Hepatol.
2020;5(6):528–9. https://doi.org/10.1016/S2468-1253(20)30080-7.

66. AASLD. Covid and the liver. 2020. https://www.aasld.org/about-
aasld/covid-19-and-liver. Accessed 23 Mar 2020.

67. Daniel M. Symptom Shame in the COVID – 19 Era: Battling Our
Instincts. Am J Gastroenterol. 2020;115(8):1156–7. https://doi.org/
10.14309/ajg.0000000000000724.

68. ColaneriM, Seminari E, Piralla A, ZuccaroV, Filippo AD, Baldanti
F, et al. Lack of SARS-CoV-2 RNA environmental contamination
in a tertiary referral hospital for infectious diseases in Northern
Italy. J Hosp Infect. 2020;105(3):474–6. https://doi.org/10.1016/j.
jhin.2020.03.018.

69. Gustot T. Quality and reproducibility during the COVID-19 pan-
demic. J Hepatol Reports. 2020;2(4):100141. https://doi.org/10.
1016/j.jhepr.2020.100141.

70. Swanton C, Scowcroft H. Protecting „Covid protected” cancer
hubs. BMJ. 2020;369:2062. https://doi.org/10.1136/bmj.m2062.

71. Hollander JE, Carr BG. Virtually Perfect? Telemedicine for Covid-
19. N Engl J Med. 2020;382(18):1679–81. https://doi.org/10.1056/
NEJMp2003539.

72. Liang W, Guan W, Chen R, et al. Cancer patients in SARS-CoV-2
infection: a nationwide analysis in China. Lancet Oncol. 2020;21:
335–7. https://doi.org/10.1016/S1470-2045(20)30096-6.

73. Dinmohamed AD, et al. Fewer cancer diagnoses during the COVID-
19 epidemic in the Netherlands. Lancet Oncol. 2020;21(6):750–1.
https://doi.org/10.1016/S1470-2045(20)30265-5.

74. Fix OK, Hameed B, Fontana RJ, et al. Clinical best practice advice
for hepatology and liver transplant providers during the COVID-19
Pandemic: AASLD Expert Panel Consensus Statement.
Hepatology. 2020;72(1):287–304. https://doi.org/10.1002/hep.
31281.

75. Colmenero J, Rodríguez Perálvarez M, Salcedo M, et al.
Epidemiological pattern, incidence and outcomes of COVID – 19
in liver transplant patients. J Hepatol. 2020. https://doi.org/10.
1016/j.jhep.2020.07.040.

76. D’Antiga L. Coronaviruses and immunosuppressed patients. The
facts during the third epidemic. Liver Transpl. 2020;26(6):832–4.
https://doi.org/10.1002/lt.25756.

77. Webb GJ, Moon AM, Barnes E, Barritt AS, Marjot T. Determining
risk factors for mortality in liver transplant patients with COVID-
19. Lancet Gastroenterol Hepatol. 2020;5(7):643–4. https://doi.org/
10.1016/S2468-1253(20)30125-4.

78. Sharma R, Pinato DJ. Management of hepatocellular cancer in the
time of SARS-CoV-2. Liver International. 2020;40(8):1823–5.
https://doi.org/10.1111/liv.14517.

79. Ianiro G, Mullish BH, Kelly CR, et al. Screening of faecal micro-
biota transplant donors during the COVID-19 outbreak: sugges-
tions for urgent updates from an international expert panel. Lancet
Gastroenterol Hepatol. 2020;5(5):430–2. https://doi.org/10.1016/
S2468-1253(20)30082-0.

80. Green ChG, Quraishi MN, Shabir S, et al. Screening faecal micro-
biota transplant donors for SARS-CoV-2 by molecular testing of
stool is the safest way forward. The Lancet Gastroenterol Hepatol.
2020;5(6):531. https://doi.org/10.1016/S2468-1253(20)30089-3.

81. Zhao X, Wang K, Zuo P, Liu Y, Zhang M, Xie S, Zhang H, Chen
X, Liu C. Early decrease in blood platelet count is associated with
poor prognosis in COVID-19 patients-indications for predictive,
preventive, and personalized medical approach. EPMA J.
2020;11(2):1–7. https://doi.org/10.1007/s13167-020-00208-z.

82. Lee WM. Introduction to the Revised American Association for the
Study of Liver Diseases Position Paper on Acute Liver Failure 2011.
In: AASLD position paper. 2012. https://www.aasld.org/sites/default/

13EPMA Journal (2021) 12:1–14

https://doi.org/10.1136/bmj.m1987
https://alcoholchange.org.uk/blog/2020/COVID-19-drinking-during-lockdown-headlinefindings
https://alcoholchange.org.uk/blog/2020/COVID-19-drinking-during-lockdown-headlinefindings
https://doi.org/10.1093/alcalc/agaa058
https://doi.org/10.1016/S1470-2045(20)30311-9
https://doi.org/10.1111/tri.13680
https://doi.org/10.1111/tri.13680
https://doi.org/10.1136/bmj.m2809
https://doi.org/10.1136/bmj.m2809
https://doi.org/10.1136/bmj.m2743
https://doi.org/10.1136/bmj.m2743
https://covidcirrhosis.web.unc.edu
https://doi.org/10.1126/science.abc3517
https://doi.org/10.1016/S2468-1253(20)30236-3
https://doi.org/10.1016/S2468-1253(20)30236-3
https://doi.org/10.1016/S2468-1253(20)30207-7
https://doi.org/10.1016/S2468-1253(20)30207-7
https://doi.org/10.1111/jgh.15053
https://doi.org/10.1111/jgh.15053
https://doi.org/10.1053/j.gastro.2020.06.009
https://doi.org/10.1016/j.ejso.2020.04.026
https://doi.org/10.1053/j.gastro.2020.05.002
https://doi.org/10.1038/nrgastro.2016.168
https://doi.org/10.1016/S2468-1253(20)30080-7
https://www.aasld.org/about-aasld/covid-19-and-liver
https://www.aasld.org/about-aasld/covid-19-and-liver
https://doi.org/10.14309/ajg.0000000000000724
https://doi.org/10.14309/ajg.0000000000000724
https://doi.org/10.1016/j.jhin.2020.03.018
https://doi.org/10.1016/j.jhin.2020.03.018
https://doi.org/10.1016/j.jhepr.2020.100141
https://doi.org/10.1016/j.jhepr.2020.100141
https://doi.org/10.1136/bmj.m2062
https://doi.org/10.1056/NEJMp2003539
https://doi.org/10.1056/NEJMp2003539
https://doi.org/10.1016/S1470-2045(20)30096-6
https://doi.org/10.1016/S1470-2045(20)30265-5
https://doi.org/10.1002/hep.31281
https://doi.org/10.1002/hep.31281
https://doi.org/10.1016/j.jhep.2020.07.040
https://doi.org/10.1016/j.jhep.2020.07.040
https://doi.org/10.1002/lt.25756
https://doi.org/10.1016/S2468-1253(20)30125-4
https://doi.org/10.1016/S2468-1253(20)30125-4
https://doi.org/10.1111/liv.14517
https://doi.org/10.1016/S2468-1253(20)30082-0
https://doi.org/10.1016/S2468-1253(20)30082-0
https://doi.org/10.1016/S2468-1253(20)30089-3
https://doi.org/10.1007/s13167-020-00208-z
https://www.aasld.org/sites/default/files/2019-06/AcuteLiverFailureUpdate201journalformat1.pdf


files/2019-06/AcuteLiverFailureUpdate201journalformat1.pdf.
Accessed 5 Nov 2011.

83. EASL. EASL clinical practical guidelines on the management of
acute (fulminant) liver failure. J Hepatol. 2017;66(5):1047–81.
https://doi.org/10.1016/j.jhep.2016.12.003.

84. Hernaez R, Sola E, Moreau R, Gines P. Acute-on-chronic liver
failure: an update Gut. 2017;66:541–53. https://doi.org/10.1136/
gutjnl-2016-312670.

85. Mathurin P, Moreno C, Samuel D, Dumortier J, Salleron J, Durand
F, et al. Early liver transplantation for severe alcoholic hepatitis. N

Engl J Med. 2011;365:1790–800. https://doi.org/10.1056/
NEJMoa1105703.

86. Weeks SR, Sun Z, McCaul ME, Zhu H, Anders RA, Philosophe B,
et al. Liver transplantation for severe alcoholic hepatitis, updated les-
sons from theworld’s largest series. J AmColl Surg. 2018;226(4):549–
57. https://doi.org/10.1016/j.jamcollsurg.2017.12.044.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

14 EPMA Journal (2021) 12:1–14

https://www.aasld.org/sites/default/files/2019-06/AcuteLiverFailureUpdate201journalformat1.pdf
https://doi.org/10.1016/j.jhep.2016.12.003
https://doi.org/10.1136/gutjnl-2016-312670
https://doi.org/10.1136/gutjnl-2016-312670
https://doi.org/10.1056/NEJMoa1105703
https://doi.org/10.1056/NEJMoa1105703
https://doi.org/10.1016/j.jamcollsurg.2017.12.044

	Challenging...
	Abstract
	Introduction
	Acute pandemic condition is challenging for the entire healthcare community
	Pandemic impact on the management of advanced chronic liver disease

	Patients and methods
	Advanced chronic liver disease registry under COVID-19 condition
	Identifying unmet needs and potential solutions in the context of 3P medicine
	Statistical methods and predictive models

	Results
	Impact of COVID-19 outbreak on the continuity of patient registrations
	Impact of COVID-19 outbreak on all-cause mortality

	Discussion
	COVID-19 and tertiary ACLD care

	Expert recommendations in the context of 3P medicine
	Pandemic priority pathways suggested
	Strengths and limitations


	This link is 10.1016/S2468-20)30201-,",
	Conclusion and recommendations
	References


