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COVID- 19- Related Downscaling of 
In-  Hospital Liver Care Decreased Patient 
Satisfaction and Increased Liver- Related 
Mortality
Lukas Hartl,1,2 Georg Semmler ,1,2 Benedikt Silvester Hofer ,1-3 Nawa Schirwani,1 Mathias Jachs,1,2 Benedikt Simbrunner,1-3 
David Josef Maria Bauer ,1,2 Teresa Binter,1,2 Katharina Pomej,1,2 Matthias Pinter ,1 Michael Trauner,1  
Mattias Mandorfer ,1,2 Thomas Reiberger ,1-3 and Bernhard Scheiner 1,2

The coronavirus disease 2019 (COVID- 19) pandemic necessitated down- scaling of in- hospital care to prohibit the 
spread of severe acute respiratory syndrome– coronavirus- 2. We (1) assessed patient perceptions on quality of care by 
telesurvey (cohort 1) and written questionnaire (cohort 2), and (2) analyzed trends in elective and nonelective admis-
sions before (December 2019 to February 2020) and during (March to May 2020) the COVID- 19 pandemic in Austria. 
A total of 279 outpatients were recruited into cohort 1 and 138 patients into cohort 2. All admissions from December 
2019 to May 2020 to the Division of Gastroenterology/Hepatology at the Vienna General Hospital were analyzed. A 
total of 32.6% (n  =  91 of 279) of cohort 1 and 72.5% (n  =  95 of 131) of cohort 2 had telemedical contact, whereas 
59.5% (n  =  166 of 279) and 68.2% (n  =  90 of 132) had face- to- face visits. A total of 24.1% (n  =  32 of 133) needed 
acute medical help during health care restrictions; however, 57.3% (n  =  51 of 89) reported that contacting their physi-
cian during COVID- 19 was difficult or impossible. Patient- reported satisfaction with treatment decreased significantly 
during restrictions in cohort 1 (visual analog scale [VAS] 0- 10: 9.0  ±  1.6 to 8.6  ±  2.2; P  <  0.001) and insignificantly in 
cohort 2 (VAS 0- 10: 8.9  ±  1.6 to 8.7  ±  2.1; P  =  0.182). Despite fewer hospital admissions during COVID- 19, the pro-
portion of nonelective admissions (+6.3%) and intensive care unit admissions (+6.7%) increased. Patients with cirrhosis 
with nonelective admissions during COVID- 19 had significantly higher Model for End- Stage Liver Disease (MELD) 
(25.5 [14.2] vs. 17.0 [interquartile range: 8.8]; P  =  0.003) and ΔMELD (difference from last MELD: 3.9  ±  6.3 vs. 
8.7  ±  6.4; P  =  0.008), required immediate intensive care more frequently (26.7% vs. 5.6%; P  =  0.034), and had sig-
nificantly increased 30- day liver- related mortality (30.0% vs. 8.3%; P  =  0.028). Conclusion: The COVID- 19 pandemic’s 
effects on quality of liver care is evident from decreased patient satisfaction, hospitalization of sicker patients with 
advanced chronic liver disease, and increased liver- related mortality. Strategies for improved telemedical liver care and 
preemptive treatment of cirrhosis- related complications are needed to counteract the COVID- 19- associated restrictions 
of in- hospital care. (Hepatology Communications 2021;5:1660-1675).

The coronavirus disease 2019 (COVID- 19) 
pandemic caused by the rapid spread of severe 
acute respiratory syndrome- coronavirus- 2 

(SARS- CoV- 2) represents a substantial threat for 
personal and public health.(1) SARS- CoV- 2 infec-
tion may cause severe illness and death due to disease 
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Chronic Liver Failure– Consortium Acute Decompensation; COVID- 19, coronavirus disease 2019; CTP, Child- Turcotte- Pugh; HCC, hepatocellular 
carcinoma; ICU, intensive care unit; IQR, interquartile range; LT, liver transplantation; MELD, Model for End- Stage Liver Disease; SARS- 
CoV- 2, severe acute respiratory syndrome- coronavirus- 2; VAS, visual analogue scale.
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manifestations in the respiratory, neuronal, hepatic, 
and intestinal systems.(2- 5) Limiting the spread of 
SARS- CoV- 2 is currently a major public health 
goal. On the one hand, this goal is globally pursued 
by physical distancing, protective equipment,(6) ban-
ning of large gatherings, and travel restrictions.(7) 
On the other hand, restrictions of health care con-
tacts in order to minimize the risks of infection by 
reducing face- to- face visits whenever possible has 
become common clinical practice.(8) Additionally, re- 
allocation of health care resources to respiratory care 
and intensive care units (ICUs) was especially needed 
in the beginning of the pandemic, to ensure sufficient 
availability of health care resources to patients with 
COVID- 19.(9)

As a consequence of these modifications of health 
care allocations, the management of non- COVID- 19 
patients with chronic diseases, such as liver disease, 
was affected. To guide treatment, international soci-
eties rapidly published consensus statements on the 
management of patients with liver disease during 
COVID- 19.(8,10) These recommendations empha-
size the need for continuation of guideline- compliant 
treatment. Additionally, the European Association for 
the Study of the Liver– European Society of Clinical 
Microbiology and Infectious Diseases position paper 
and American Association for the Study of Liver 
Disease expert panel consensus statement recommend 

decreasing face- to- face visits by, for example, post-
poning visits to specialized centers(8) or delaying sur-
veillance visits for hepatocellular carcinoma (HCC) 
and screening for gastroesophageal varices.(8,10) 
Furthermore, these guidelines recommend sending fol-
low- up prescriptions by mail based on routine labora-
tory testing performed in local laboratories rather than 
within the centers, to further reduce personal contacts. 
Additionally, the number of patients evaluated for liver 
transplantation (LT) should be limited whenever pos-
sible.(8,10) In this context, telemedicine (i.e., contact-
ing patients via telephone or video calls) has emerged 
as an essential alternative for personal visits and rep-
resents an opportunity to limit personal contact, but 
still ensure sufficient follow- up of patients with liver 
disease.(11) These telemedicine strategies were also 
encouraged by international consensus statements.(8,10)

Despite these ongoing efforts to ensure medical care 
of patients with liver disease, it is most likely that the 
COVID- 19 pandemic will have a negative impact on 
the quality of care, potentially resulting in an increased 
rate of emergency decompensations, increased rates 
of acute- on- chronic liver failure (ACLF), delayed 
HCC diagnoses, increased LT wait- list morbidity, as 
well as increased liver- related mortality.(12,13) In this 
context, it has already been shown that COVID- 19- 
related health care restrictions had a significant neg-
ative short- term impact on LT; for example, organ 
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availability significantly decreased in Italy,(14) and 
the LT program was temporarily suspended by many 
transplant centers in the United States.(15) However, 
apart from COVID- 19- associated impact on LT, to 
date, real- world studies evaluating the magnitude of 
COVID- 19- related consequences on liver- related 
“real- life” outcomes are missing.

Therefore, the objectives of this study were to 
assess the quality of care of patients with chronic liver 
disease at a large tertiary care hospital before and 
during COVID- 19- related health care restrictions. To 
this end, we (1) invited patients with liver disease to 
provide their perceptions on quality of medical care in 
a specifically designed survey and questionnaire, and 
(2) analyzed all elective and nonelective admissions to 
the Division of Gastroenterology and Hepatology at 
the Vienna General Hospital before and during the 
COVID- 19 pandemic.

Patients and Methods
stuDy population

To evaluate patient perceptions on COVID- 19- 
associated health care restrictions, we performed a 
telesurvey in study cohort 1 (patients with advanced 
chronic liver disease [ACLD] and patients after LT), 
distributed a specifically designed written question-
naire in study cohort 2 (patients with non- ACLD, 
patients with ACLD, and patients after LT), and 
finally assessed trends in nonelective and elective 
admissions of patients with liver disease (cohort 3).

Cohort 1 included all patients with ACLD or after 
LT attending regular visits at the Hepatology clinic 
of the Vienna General Hospital before COVID- 19- 
related health care restrictions, defined as at least two 
visits between January 2019 and February 2020. These 
patients were contacted by telephone in June and July 
2020 with at least two attempts. Patients without 
ACLD or a history of LT and without regular visits 
at the outpatient clinic were not contacted. For anal-
ysis, patients were stratified into the three categories: 
(1) ACLD, (2) HCC, and (3) LT.

Cohort 2 consisted of patients who had completed 
a written questionnaire, which was distributed to 
patients attending our outpatient clinic or admitted 
to the inpatient ward at the Vienna General Hospital 
starting in June 2020. For analyses, patients were strat-
ified into four categories of liver disease: (1) patients 

with non- ACLD liver disease, (2) ACLD, (3) HCC, 
and (4) patients after LT.

Finally, we retrospectively evaluated cohort 3, con-
sisting of all patients with liver disease admitted to 
the Division of Gastroenterology and Hepatology 
at the Vienna General Hospital between December 
2019 and May 2020. This period was chosen because 
the first case of COVID- 19 in Austria was registered 
on February 26, 2020,(16) and associated measures to 
adopt health care resources were initiated at the begin-
ning of March. Moreover, along with the gradual ease 
of the country’s lockdown,(17) health care restrictions 
were alleviated by the end of May. Accordingly, we 
compared 3 months before COVID- 19- related health 
care restrictions (December 2019 to February 2020) 
to 3  months during COVID- 19- related health care 
restrictions (March 2020 to May 2020).

meDiCal CaRe DuRing CoViD- 
19- assoCiateD HealtH CaRe 
RestRiCtions

The strategy for liver disease– specific medical care 
during COVID- 19- associated health care restric-
tions consisted of active contacting of patients and 
offering telemedicine as replacements for canceled 
personal visits. Moreover, information concerning 
COVID- 19 and liver disease was provided at the 
departmental website and by the Austrian Society of 
Gastroenterology and Hepatology online and through 
patient advocacy groups. In the context of the tele-
survey, patients were also scheduled for future visits, if 
requested or necessary.

telesuRVey anD WRitten 
QuestionnaiRe

A telesurvey designed with 11 liver care– related 
questions was conducted in cohort 1 (Fig. 1A and 
Table 1 [questions translated to English]). Written 
questionnaires consisting of 11 questions in German 
language were distributed to patients at the inpa-
tient ward and outpatient clinic of the Division of 
Gastroenterology and Hepatology at the Vienna 
General Hospital (Fig. 1B and Table 2 [questions 
translated to English]). Although both surveys eval-
uated medical treatment of patients with liver disease 
during COVID- 19- related health care restrictions, 
the telesurvey placed more emphasis on use and 
acceptance of telemedicine, whereas the written 
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questionnaire explored worries of patients concern-
ing COVID- 19 and liver disease. Visual analog scale 
(VAS) ranging from 0- 10 was used to determine 
patient satisfaction with quality of care (10 indicating 
perfect quality of care). For statistical analysis, patients 
were stratified into VAS groups (0- 4, 5- 7, and 8- 10) 
before and during COVID- 19- related restrictions.

aDmissions to tHe DiVision 
oF gastRoenteRology anD 
Hepatology at tHe Vienna 
geneRal Hospital

In patients admitted to the inpatient ward, as well 
as the ICU, the type of admission (elective/nonelec-
tive), underlying liver disease (non- ACLD, ACLD, 
HCC, and LT), as well as the incidence of (non- )liver- 
related death during hospitalization were evaluated by 
chart review. Liver- related death was defined as death 
attributed to underlying liver disease or associated 
complications. Additionally, in patients with ACLD, 
etiology of disease, 2016 Model for End- Stage Liver 
Disease (MELD),(18) Child- Turcotte- Pugh (CTP) 

score, and Chronic Liver Failure– Consortium Acute 
Decompensation (CLIF- C AD) score(19) at the time 
of admission were assessed. Moreover, changes over 
time in MELD (ΔMELD), a well- validated parame-
ter for disease progression especially in advanced liver 
disease,(20) as well as changes in CLIF- C AD score 
(ΔCLIF- C AD) compared with the last routine visit 
(within 1 year before admission) were assessed.

statistiCal analyses
Continuous data were presented as mean ± SD or 

median and interquartile range (IQR), as appropriate. 
D’Agostino & Pearson and Shapiro- Wilk tests were 
used to check for normal distribution. Categorical 
variables were reported as number (n) and percent 
(%) of patients with the characteristic of interest. 
Comparisons of continuous variables between two 
groups were performed using unpaired t test and, 
where appropriate, paired t test was applied. Mann- 
Whitney U test was used to compare continuous 
variables without normal distribution between two 
groups. Continuous variables in three or more groups 
were compared through one- way analysis of variance. 

Fig. 1. Patient flowchart. (A) Patients with ACLD or with a history of LT with regular visits at the hepatology outpatient clinic of the 
Vienna General Hospital were contacted for a telesurvey. Of the 418 contacted patients, n = 125 patients did not respond to the call. Most 
of the patients with ACLD (98.0%) and LT patients (100%) agreed to complete the survey, but n = 5 surveys were not fully completed, 
resulting in a final number of n = 274 patients (59.8%) completing the telesurvey. (B) Among patients who had a face- to- face visit at 
the Gastroenterology/Hepatology inpatient ward or outpatient clinic, n = 44 with nonadvanced chronic liver disease (including patients 
with viral hepatitis, cholestatic liver diseases, genetic and metabolic liver diseases), n = 85 with ACLD, and n = 9 patients in care after LT 
completed the written survey.
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Group comparisons of categorical variables were con-
ducted using Pearson’s chi- squared or Fisher’s exact 
test. GraphPad Prism 8 (GraphPad Software, La Jolla, 
CA) was used for statistical analysis. A two- sided P 
value < 0.050 was considered statistically significant.

etHiCs
This study was approved by the local ethics com-

mittee of the Medical University of Vienna (MUV- 
EKN- 1461/2020) and performed according to the 
current version of the Helsinki Declaration (2013). 
Written, informed consent was obtained from all 
patients completing the questionnaire.

Results
stuDy population oF 
CoHoRts 1 anD 2

In total, 459 patients with ACLD or a history 
of LT with regular visits to the Hepatology Clinic 
were considered for the telemedical survey (Fig. 1). 
Of these, 32 (7.0%) patients died during COVID- 
19- related health care restrictions and therefore 
could not be contacted. Additionally, no valid con-
tact data were available for 9 (2.0%) patients. After 
excluding these patients, 418 (91.0%) patients were 
included in cohort 1 and contacted for the telesur-
vey. A total of 125 patients (125 of 418, 29.9%), 
including 99 of 317 (31.2%) patients with ACLD, 
20 of 61 (32.8%) patients with HCC, and 6 of 
40 (15.0%) patients after LT were not reached for 
the telesurvey (P  =  0.093). However, this must not 
be overinterpreted, as contact details might have 
changed. Finally, two thirds of patients (n  =  293, 
63.8%) were reached. Of these, 14 (3.0%; ACLD: 
n  =  14 of 218 [6.4%]) patients declined participa-
tion at the telesurvey, and 5 patients (1.8%; ACLD: 
n = 4 of 204 [2.0%]; and HCC: n = 1 of 41 [2.4%]) 
did not complete the whole survey. Thus, complete 
results of 274 patients (ACLD: n  =  200 [73.0%]; 
HCC: n = 40 [14.6%]; and LT: n = 34 [12.4%]) were 
obtained. Cohort 2 included 138 patients (n  =  123 
[89.1%] outpatients and n = 15 [10.9%] inpatients) 
who answered the written questionnaire during per-
sonal visits. Of these, n = 44 (31.9%) were classified 
as non- ACLD patients, whereas n = 63 (45.7%) had 

ACLD, n = 22 (15.9%) had HCC, and n = 9 (6.5%) 
had a history of LT. Unfortunately, some patients 
did not complete all questions, resulting in n = 106 
(76.8%) completely answered questionnaires (non- 
ACLD: n  =  36 [33.9%]; ACLD: n  =  43 [40.6%]; 
HCC: n = 20 [18.9%]; and LT: n = 7 [6.6%]).

Most of the patients in cohorts 1 and 2 were men 
(cohort 1: 68.5% [n = 191]; cohort 2: 65.9% [n = 91]) 
with a median age of 60.8 (interquartile range [IQR]: 
15.7) years in cohort 1 and 59.0 (IQR: 9.0) years in 
cohort 2 (P  =  0.004). Etiology of liver disease was 
alcohol- associated liver disease (ALD; 43.0%), viral 
hepatitis (22.2%), nonalcoholic fatty liver disease 
(NAFLD; 10.9%), cholestatic liver disease (5.8%), 
cryptogenic etiology (6.7%), and others (10.6%) in 
cohort 1. The main etiologies of liver disease were 
viral hepatitis (31.9%), ALD (27.5%), and NAFLD 
(8.7%) in cohort 2.

When comparing cohort 1 patients, who were 
reached versus those who could not be contacted, the 
groups did not differ in sex, age, etiology of ACLD, 
MELD score, proportion of decompensated ACLD, 
HCC, or history of LT (Supporting Table S1). 
However, patients, who were not reached had signifi-
cantly more advanced CTP classes (Child- B: 31.2% 
[n = 39] and Child- C: 10.4% [n = 13]) versus patients 
reached (Child- B: 30.4% [n = 89] and Child- C: 3.4% 
[n = 10]; P = 0.013).

Results oF tHe suRVeys: 
aBility to ContaCt tReating 
pHysiCian

As indicated in Tables 1 and 2, overall, 32.6% (91 
of 279) of patients in cohort 1 and 72.5% (n  =  95 
of 131) of cohort 2 had telemedical contact with 
the Hepatology Clinic (not including the telesur-
vey itself ). Additionally, 59.5% (n  =  166 of 279) of 
cohort 1 and 68.2% (n = 90 of 132) of cohort 2 had at 
least one personal visit at the outpatient clinic during 
COVID- 19- related health care restrictions.

However, 103 of 279 (36.9%) patients of cohort 
1 reported that at least one scheduled clinical visit 
was canceled during COVID- 19- related health care 
restrictions. Nevertheless, 74.8% (n  =  77 of 103) of 
these patients had telemedical contact or at least one 
personal visit until the telesurvey, whereas 25.2% 
(n  =  26 of 103) had no contact with their hepatol-
ogy specialist at all (data not shown). Interestingly, 
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patients with ACLD reported significantly less tele-
medical contact with their hepatology specialist 
(ACLD: 26.5% [n = 54 of 204], HCC: 56.1% [n = 23 
of 41], and LT: 41.2% [n = 14 of 34]; P < 0.001) and 
less personal visits in the hospital (ACLD: 55.4% 
[n  =  113 of 204], HCC: 75.6% [n  =  31 of 41], LT: 
64.7% [n  =  22 of 34]; P  =  0.044) during COVID- 
19- related health care restrictions when compared to 
patients with HCC or LT patients.

Notably, 96.8% (n = 269 of 278) of cohort 1 patients 
planned to schedule another appointment at the 
Hepatology Clinic of the Vienna General Hospital.

Results oF tHe suRVeys: aCute 
meDiCal pRoBlems anD aCCess 
to meDiCation

Almost one quarter of cohort 2 patients (24.1%, 
n  =  32 of 133) required acute medical help during 
COVID- 19- related health care restrictions, and this 
percentage was even higher in patients diagnosed with 
HCC (non- ACLD: 9 of 42 [21.4%], ACLD: 13 of 
60 [21.7%], HCC: 9 of 22 [40.9%], and LT: 1 of 7 
[16.7%]; P  =  0.253). Accordingly, 89 of 279 (31.9%) 
patients of cohort 1 tried to contact their treating phy-
sician during COVID- 19- related health care restric-
tions, and more than half of these patients (57.3%, 
51 of 89) reported that achieving this was difficult 

or impossible. Consistently, 24.2% (n  =  31 of 128) 
of patients in cohort 2 (non- ACLD: 30.0% [n  =  12 
of 40], ACLD: 22.8% [n  =  13 of 57], HCC: 18.2% 
[n = 4 of 22], and LT: 22.2% [n = 2 of 7]) reported 
increased problems in searching for medical help 
when compared with the situation before COVID- 19. 
Access to necessary medication during COVID- 19 
was reported to be difficult in 8.0% (n  =  22 of 276) 
of cohort 1 and 8.1% (n  =  11 of 135) of cohort 2 
patients. Consistently, one third of patients (33.1%, 
n  =  44 of 133) reported concerns about negative 
effects of COVID- 19- associated health care restric-
tions on their liver disease, and 12.2% (n = 16 of 131) 
stated that their medical treatment was worse during 
COVID- 19- related health care restrictions.

patient satisFaCtion WitH 
tReatment oF liVeR Disease 
DuRing CoViD- 19- RelateD 
HealtH CaRe RestRiCtions

The trends of patient perceptions on the quality of 
medical care before and during COVID- 19- related 
health care restrictions reported by cohort 1 and cohort 
2 are displayed in Fig. 2. In cohort 1, satisfaction with 
medical care before COVID- 19 was generally very 
high, as indicated by a VAS value of 9.0 ± 1.6, but lower 
during COVID- 19- related health care restrictions 

Fig. 2. Patient perception on quality of care before and during COVID- 19- related restrictions of health care assessed through VAS (0- 
10) by telesurvey (A) and written questionnaire (B). For analyses, patients were stratified to the following VAS categories: 0- 4, 5- 7, and 
8- 10.
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with 8.6 ± 2.2. Notably, in cohort 1, satisfaction with 
medical care decreased during COVID- 19, both 
assessed by difference of (Δ) satisfaction (VAS: −
0.4  ±  1.6; P  <  0.001) and by stratifying patients for 
satisfaction strata before and during COVID- 19 (Fig. 
2; VAS 0- 4, 5- 7, and 8- 10; P = 0.007). This decrease 
in satisfaction was more pronounced among patients 
with ACLD (n  =  201, Δsatisfaction: −0.6  ±  1.6; 
P < 0.001), whereas Δsatisfaction was only minimal in 
patients with HCC (n = 40, Δsatisfaction: −0.2 ± 0.9; 
P  =  0.159) and LT patients (n  =  34, Δsatisfaction: 
0.1 ± 1.9; P = 0.787). Interestingly, there was no sig-
nificant difference in satisfaction with medical care 
before and during COVID- 19- related health care 
restrictions in cohort 2 (n  =  127), and satisfaction 
with medical care remained rather high with 8.9 ± 1.6 
before COVID- 19 and 8.7 ± 2.1 during COVID- 19. 
Additionally, patients of cohort 2 were likely to rec-
ommend treatment at the Hepatology Clinic to a 
friend (VAS: 8.9  ±  2.1). However, only two thirds 
(67.9%, n = 91 of 143) of cohort 2 patients felt suf-
ficiently informed about potential consequences of 
COVID- 19 on their liver disease.

patient peRCeptions on 
telemeDiCine (taBle 1, 
suppoRting taBle s2)

As indicated in Table 1 and Supporting Table 
S1, 55.1% of cohort 1 patients (n  =  151 of 274) 
would prefer to continue telemedical contact in 
the future. Interestingly, especially women and 
younger patients (<60 years) tended to prefer tele-
medical contact (male: 97 of 188 [51.6%] vs. 
female: 54 of 86 [62.8%]; P  =  0.090; <60 years: 74 
of 121 [61.2%] vs. ≥60 years: 77 of 153 [50.3%]; 
P  =  0.087). Consistently, a higher proportion of 
patients with ACLD ≥ 60 years reported difficulties 
reaching their treating physician (<60 years: 17 of 36 
[47.2%] vs. ≥60 years: 34 of 53 [64.1%]; P = 0.031), 
and these patients were more likely to have per-
sonal visits during COVID- 19- related health care 
restrictions (<60 years: 65 of 125 [52.0%] vs. ≥60 
years: 101 of 154 [64.7%]; P = 0.027). Face- to- face 
contact with the treating physician was very import-
ant for all patients with liver disease (overall VAS: 
8.6 ± 2.2), with numerically lower values among LT 
patients (ACLD: 8.7 ± 2.2; HCC: 8.7 ± 1.7; and LT: 
7.7 ± 2.8; P = 0.066).

eleCtiVe anD emeRgenCy 
aDmissions DuRing CoViD- 
19- RelateD DoWnsCaling oF 
in-  Hospital CaRe

As indicated in Figs. 3 and 4 and Table 3, in the three 
comparator months before COVID- 19 (December 
2019 to February 2020), there were 513 admissions 
to the Gastroenterology/Hepatology wards, of which 
266 (51.9%) were admissions of patients with liver 
disease. During the 3 months of COVID19- related 
health care restrictions (March to May 2020), a total 
of 387 admissions, including 201 (51.9%) liver- related 
admissions, were observed.

Accordingly, 467 admitted patients with liver dis-
ease were included in cohort 3. While 305 (65.3%) 
admissions (non- ACLD: n  =  91 [29.8%], ACLD: 
n  =  86 [28.2%], HCC: n  =  122 [40.0%], and LT: 
n = 6 [2.0%]) were elective, 162 (34.7%; non- ACLD: 
n = 63 [38.9%], ACLD: n = 66 [40.8%], HCC: n = 26 
[16.0%]; and LT: n  =  7 [4.3%]) were nonelective 
(i.e., emergency) admissions. Unsurprisingly, elective 
admissions of patients with ACLD were significantly 
reduced (P = 0.025) during COVID- 19- related restric-
tions of health care. In detail, the proportion of elective 
ACLD admissions decreased by 16.3%, whereas elec-
tive HCC admissions increased by +19.6% (P = 0.002; 
Supporting Fig. S1). These trends were not observed 
in patients with nonelective admissions (P = 0.838).

Interestingly, before COVID- 19, 181 (68.0%) 
patients were admitted electively and 85 (32.0%) non-
electively, while there were 124 (61.7%) elective and 
77 (38.3%) emergency admissions (Supporting Fig. 
S1) during COVID- 19, resulting in a relative increase 
of emergency admissions of +6.3%. The main reasons 
for nonelective admission of patients with ACLD 
were infections (prior COVID- 19: 19.4% [n  =  7] 
vs. during COVID- 19: 10.0% [n = 3]), acute gastro-
intestinal bleeding (prior: 16.7% [n  =  6] vs. during: 
33.3% [n  =  10]), acute nonbleeding decompensation 
(prior: 55.6% [n = 20] vs. during: 50.0% [n = 15]), and 
ACLF (prior: 8.3% [n = 3] vs. during: 6.7% [n = 2]).

seVeRity oF liVeR Disease anD 
liVeR- RelateD moRtality 
BeFoRe anD DuRing CoViD- 19

Patients with ACLD with nonelective admissions 
during COVID- 19 had significantly more pronounced 
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liver disease as compared with the time period before 
COVID- 19, as indicated by significantly higher 
median MELD (prior: 17.0 [IQR: 8.8] vs. during: 25.5 
[IQR: 14.2] points; P  =  0.003) and mean CLIF- C 
AD score (prior: 54.0  ±  11.7 vs. during: 61.5  ±  11.5 
points; P  = 0.011). Importantly, differences in MELD 
and CLIF- C AD scores compared with values at 
the last routine visit were significantly higher during 
COVID- 19 than before (ΔMELD [prior: 3.9 ± 6.3 vs. 
during: 8.7 ± 6.4 points; P = 0.008] and ΔCLIF- C AD 
[prior: 5.0 ± 6.6 vs. during: 12.6 ± 8.3 points; P < 0.001]). 
This information was available in n = 30 of 36 (83.3%) 
before and n  =  23 of 30 (76.7%) during COVID- 19. 
Moreover, the proportion of patients with severe/refrac-
tory ascites doubled (prior: n = 11 [30.6%] vs. during: 
n = 19 [63.3%]; P = 0.012) during COVID- 19. In con-
trast, in electively admitted patients with ACLD, liver 
disease severity was comparable in the time periods 
before versus during COVID- 19 (MELD: 10.0 [8.0] 
vs. 11.0 [9.0] points; P = 0.862) (Supporting Fig. S1).

Additionally, during COVID- 19, a significantly 
higher proportion of patients with ACLD had to 
be immediately admitted to the ICU (during: n  =  8 
[26.7%] vs. prior: n  =  2 [5.6%]; P  =  0.034). Finally, 
liver- related 30- day mortality of nonelectively admit-
ted patients with ACLD was significantly higher 
during the 3 months of COVID- 19- associated health 
care restrictions with 30.0% (n  =  9 of 30), as com-
pared to the 3 months prior with 8.3% (n = 3 of 36; 
P = 0.028).

Discussion
In this study, we present important patient percep-

tions on liver disease management during COVID- 
19- associated restriction of in- hospital care. We 
analyzed data obtained from two large cohorts of 
patients with liver disease, answering a telesurvey 
(n  =  279) and a specifically designed questionnaire 

Fig. 3. Patient admissions. Number of patient admissions with liver disease to the Division of Gastroenterology and Hepatology at the 
Vienna General Hospital between December 2019 and May 2020. Elective and nonelective admissions before and during COVID- 19- 
related health care restrictions are shown separately.
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Fig. 4. Severity of liver disease as well as outcomes of patients with ACLD nonelectively admitted to the Vienna General Hospital 
before and during COVID- 19- related health care restrictions. Comparison of MELD score (A), CLIF- C AD score (B), ΔMELD (C), 
and ΔCLIF- C AD (D) of nonelectively admitted patients with ACLD before and during COVID- 19- related health care restrictions. 
Comparison of rates of nonelective admissions of patients with ACLD to the regular ward versus ICU (E) and liver- related 30- day 
mortality of patients with ACLD before and during COVID- 19- related health care restrictions (F).
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(n = 138 patients). In addition, we collected critical 
benchmark data of in- hospital care of patients with 
liver disease, including the number of elective and 
nonelective admissions of patients with liver disease 
in representative time periods before and during 
COVID- 19- associated health care restrictions. 
Reductions of in- hospital patient visits and other 

health care restrictions due to the global COVID- 19 
pandemic resulted in decreased satisfaction with 
care, nonelective hospitalization of sicker patients 
with ACLD, and a higher liver- related mortality. 
To our knowledge, this is the first study highlight-
ing the negative impacts of the COVID- 19 pan-
demic on the quality of liver disease care on both a 

taBle 3. CHaRaCteRistiCs oF patients WitH aClD WitH noneleCtiVe anD eleCtiVe 
aDmission BeFoRe VeRsus DuRing CoViD- 19- RelateD HealtH CaRe RestRiCtions

Nonelective Admissions ( n = 66) Elective Admissions (n = 86)

Before COVID- 19 
(n = 36)

During COVID- 19 
(n = 30) P Value

Before COVID- 19 
(n = 63)

During COVID- 19 
(n = 23) P Value

Sex, male/female (% male) 26/10 (72.2%) 18/12 (60.0%) 0.310 45/18 (71.4%) 12/11 (52.2%) 0.123

Age, years (IQR) 60.9 (17.1) 61.3 (13.5) 0.840 57.9 (18.4) 60.6 (9.1) 0.230

Etiology 0.590 0.406

ALD, n (%) 14 (39.0%) 16 (53.3%) 24 (38.0%) 8 (34.8%)

Viral hepatitis, n (%) 7 (19.4%) 3 (10.0%) 11 (17.5%) 6 (26.1%

Cholestatic, n (%) 7 (19.4%) 4 (13.3%) 10 (15.9%) 1 (4.3%)

Cryptogenic, n (%) 4 (11.1%) 5 (16.7%) 7 (11.1%) 5 (21.7%)

Other, n (%) 4 (11.1%) 2 (6.7%) 11(17.5%) 3 (13.1%)

MELD, median (IQR) 17.0 (8.8) 25.5 (14.2) 0.003 10 (8.0) 11 (9.0) 0.862

ΔMELD, mean ± SD* 3.9 ± 6.3 8.7 ± 6.4 0.008

Severe/refractory ascites, n (%) 11 (30.6%) 19 (63.3%) 0.012 11 (17.5%) 8 (34.8%) 0.139

CTP score, median (IQR) 9.0 (3.5) 10.0 (3.0) 0.230 7 (3) 7 (4) 0.876

Child- A, n (%) 3 (8.3%) 0 (0.0%) 0.172 25 (39.7%) 11 (47.8%) 0.510

Child- B, n (%) 16 (44.4%) 11 (36.7%) 33 (52.4%) 9 (39.1%)

Child- C, n (%) 17 (47.1%) 19 (63.3%) 5 (7.9%) 3 (13.1%)

CLIF- C AD score, mean ± SD 54.0 ± 11.7 61.5 ± 11.5 0.011

ΔCLIF- C AD score, mean ± SD*) 5.0 ± 6.6 12.6 ± 8.3 <0.001

White blood cells, per 109 cells 
(IQR)

5.2 (4.2) 7.6 (5.9) 0.117

Albumin, g x L- 1 (IQR) 29.5 (8.1) 30.5 (7.7) 0.992 36.9 (6.0) 37.7 (7.3) 0.381

Bilirubin, mg x dL- 1 (IQR) 2.4 (5.1) 2.2 (8.6) 0.597 1.2 (1.3) 1.1 (1.1) 0.498

International normalized ratio, 
median (IQR)

1.5 (0.7) 1.7 (0.4) 0.157 1.3 (0.3) 1.2 (0.2) 0.186

Creatinine, mg x dL- 1 (IQR) 1.1 (0.9) 1.3 (0.8) 0.209 0.8 (0.3) 0.8 (1.2) 0.286

Sodium, mmol x L- 1 (IQR) 136.0 (6.0) 130.0 (11.3) 0.021 138 (5.0) 139 (3.0) 0.224

Main reason for admission: 0.392

Infection, n (%) 7 (19.4%) 3 (10.0%)

Acute bleeding, n (%) 6 (16.7%) 10 (33.3%)

Acute decompensation, n (%) 20 (55.6%) 15 (50.0%)

ACLF, n (%) 3 (8.3%) 2 (6.7%)

Median duration of hospital 
stay, days

9.5 (11.8) 13.0 (13.7) 0.223

Admission to ICU, n (%) 2 (5.6%) 8 (26.7%) 0.034

30- day mortality, n (%) 4 (11.1%) 9 (30.0%) 0.068

Liver- related 30- day mortality, 
n (%)

3 (8.3%) 9 (30.0%) 0.028

Note: The boldfaced values found in Table 3 were considered statistically significant.
*n = 53/66 (n = 30/36 before and n = 23/30 during COVID- 19- related health care restrictions).
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subjective and objective level, affirming and extend-
ing the predictions made by Tapper and Asrani(12) 
and Pawlotsky.(13)

Continuous, state- of- the- art care by specialists is 
imperative for patients with liver disease, as appro-
priate care improves quality of life, delays compli-
cations, and likely extends survival.(21- 27) This need 
for ongoing professional care is exceedingly prob-
lematic in the context of the COVID- 19 pandemic, 
as ACLD(28- 30) and LT patients(31,32) are possibly 
more susceptible for severe COVID- 19. Thus, liver 
disease– specific care must be maintained at the best 
possible level, while at the same time minimizing 
personal contact, to protect potentially vulnera-
ble patients and limit the spread of the virus.(8,10) 
Telemedicine is an attractive means for achieving 
this, and telemedical contacts have been massively 
expanded throughout the course of COVID- 19- 
related restrictions of health care.(11,12) This could 
be seen in cohort 2 of our study (72.5% with tele-
medical contact), but also in cohort 1, in which 
40.8% of patients with canceled clinical visits 
had telemedical contact with their treating physi-
cian. Furthermore, most of the telesurvey patients 
expressed their openness to telemedical contact in 
the future, underscoring the acceptance of these mea-
sures.(11,33- 35) Nevertheless, telemedicine may come 
with significant obstacles for specific patient groups 
like older or socially underprivileged patients, and 
indeed, patients ≥60 years of age tended to be more 
skeptical toward telemedical visits. Consistently, 
many patients with liver disease also expressed their 
strong desire for personal contact with their treating 
physician.

Overall, the level of satisfaction with liver dis-
ease management was high both before and during 
COVID- 19, despite many canceled visits in the 
outpatient and/or inpatient clinic. Nevertheless, 
satisfaction with medical care did decrease during 
COVID- 19- related restrictions, most notably 
among patients with ACLD. Patients with ACLD 
also had significantly fewer telemedical and per-
sonal visits during health care restrictions, indi-
cating problems that are specific to the group of 
patients with cirrhosis. Whether this lower number 
of visits is due to worse compliance, which might be 
explained by medical or psychosocial factors, cannot 
be answered by our data; however, it is an interest-
ing topic for further research. It is also important to 

underline that half of the patients had difficulties in 
reaching their hepatology specialist after the start 
of the COVID- 19 pandemic. This alarming rate is 
likely an important reason for less patient satisfac-
tion, as easy and reliable ways of communicating 
with treating physicians are essential for continuous 
and effective care.

Uncertainty concerning direct and indirect effects 
of the pandemic may be another reason for less sat-
isfaction of patients with liver disease. One third of 
patients did not feel sufficiently informed about the 
consequences of a SARS- CoV- 2 infection on their 
liver disease, despite serious efforts by informa-
tive national campaigns. Another third of patients 
reported having concerns about negative effects of 
the COVID- 19 pandemic on their liver disease. 
Structured patient education campaigns may help to 
reduce uncertainties.

Effects of the COVID- 19 pandemic on liver 
disease– specific care are expected to unfold in three 
waves: (1) a period of physical distancing, with 
emphasis on high- acuity care and delay of elective 
procedures and routine care; (2) a return to stan-
dard course of action following the ease of physi-
cal distancing with a backlog of deferred care and 
increased emergency decompensations; and (3) 
pandemic- related complications and suboptimal 
outcomes caused by missed diagnoses and incom-
plete follow- up.(12) Our study focuses on the alleged 
first wave characterized by COVID- 19- related 
health care restrictions. Indeed, we found a decrease 
in the number of elective procedures associated with 
short- term admissions to our inpatient wards. This 
decrease mostly affected patients with ACLD, while 
elective admissions of patients with HCC were rel-
atively increased, indicating sustained care in this 
subgroup of patients. Importantly, these were pri-
marily patients already diagnosed with HCC out of 
Milan criteria undergoing systemic therapy, whereas 
HCC screening, local therapies, or access to LT 
might still have been affected in this time period.(13) 
Postponing elective procedures such as screen-
ing for varices is considered safe for most patients 
with ACLD, especially when Baveno VI criteria are 
applied for adequate patient preselection.(36,37) In 
contrast, Tapper and Asrani argue that the risk of 
complications on a population level could still be 
increased,(12) as deferral of endoscopic treatments 
may increase the risk for severe complications such 
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as variceal hemorrhage. Thus, deferral of endoscopic 
procedures should be thoroughly considered on a 
patient- to- patient level.

During COVID- 19- related health care restric-
tions, we observed a relative 20.2% increase in non-
electively admitted patients with ACLD, paralleled 
by a 21.1% increase of immediate ICU admissions 
due to liver disease. Importantly, nonelectively admit-
ted patients with ACLD exhibited not only a signifi-
cantly higher MELD(38) and CLIF- C AD(19) scores, 
but also ΔMELD and ΔCLIF- C AD were signifi-
cantly increased during COVID- 19. This indicates a 
more pronounced worsening of liver function before 
admission, as compared with before COVID- 19. 
Importantly, serum sodium levels were particularly low 
at admissions during COVID- 19, indicating increased 
circulatory dysfunction.(39) Consistently, a significantly 
higher proportion of emergency ACLD admissions 
during health care restrictions had severe or refractory 
ascites, and 1 patient even had a perforated umbilical 
hernia, potentially due to nonevacuated large- volume 
ascites, and subsequently died of secondary bacterial 
peritonitis. Altogether, these results show that espe-
cially decompensated patients with ascites tended to 
be hospitalized later (i.e., in a more advanced stage of 
decompensation, which likely translates into a dismal 
prognosis). Elective ACLD admissions also decreased 
significantly, which may have long- term implications 
(i.e., further increased rates of emergency decompensa-
tions and liver- related deaths in the future).(12)

Additionally, nonelectively admitted patients with 
ACLD were more frequently admitted directly to 
the ICU, and liver- related mortality was consider-
ably increased during COVID- 19- related restrictions 
of health care. These increases in complications and 
liver- related deaths during COVID- 19 were already 
predicted,(12,13) and this scenario might also extend 
during the continued pandemic. Unfortunately, we can 
only speculate about the reasons, but patients may be 
reluctant to contact emergency medical services due to 
fear of SARS- CoV- 2 infection at the hospital, leading 
to hospitalization at later stages of decompensation. 
Similar reasons were also speculated to be responsi-
ble for the observed 50% decrease of admissions due 
to myocardial infarctions, with a concomitant rise in 
mortality and complication rates during COVID- 19- 
related shutdown in Italy.(40)

These data indicate the need for simplifying access 
to in- hospital care, especially for patients with more 

advanced liver decompensation (i.e., decompensated 
patients with ascites), and for encouraging patients 
to timely seek in- hospital care despite the pandemic.

Our study has some limitations: The telesurvey 
and written questionnaire are assessments of sub-
jective beliefs and feelings, and are to be recognized 
as such. Furthermore, recall bias cannot be ruled 
out completely. However, we conducted two dif-
ferent types of standardized surveys/questionnaires 
using different approaches (through phone and writ-
ten questionnaires) and in different settings (exclu-
sively outpatients and in- patients and out- patients 
combined), and both cohorts yielded similar results. 
Moreover, despite our efforts to contact all patients 
with liver disease attached to our clinic, a selec-
tion bias for cohorts 1 and 2 cannot be completely 
ruled out. Correspondingly, the negative impact of 
COVID- 19- related health care restrictions could 
in fact be even more severe than shown by our 
data. While we assume that the changed number of 
admissions was caused by health care– related factors 
(e.g., health care policy, regulation of elective pro-
cedures), we cannot completely rule out that death 
or migration contributed to intrinsic changes within 
the patient population. The lack of monitoring of the 
frequency of elective procedures without short- term 
inpatient stay, such as screening for HCC and varices 
or large- volume paracentesis in an outpatient setting, 
represents another limitation of our study. Notably, 
this study did not assess COVID- 19- related liver 
disease, and the amount of extra health care resources 
needed for an adequate management of this disease. 
Further research is required to investigate the inci-
dence of COVID- 19- related liver disease and poten-
tial long- term consequences.

In conclusion, the COVID- 19 pandemic neg-
atively affected patient’s perceptions on quality of 
liver- related care. Additionally, patients often felt 
insufficiently informed on potential adverse effects 
of SARS- CoV- 2 infections on their liver disease. In 
terms of clinical outcomes, we observed an increased 
rate of nonelective hospitalizations of sicker patients 
with ACLD, including emergency ICU admissions 
and higher liver- related mortality. Thus, it is vital to 
continuously provide patient education and improve 
efforts for telemedical liver disease care, to allow for 
early treatment of complications of cirrhosis and 
reduce liver- related mortality during the ongoing 
COVID- 19 pandemic.
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