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Abstract

Introduction The prevalence and significance of acute liver injury in patients with COVID-19 are poorly characterized.
Methods Patients with confirmed COVID-19 who were hospitalized in geographically diverse medical centers in North
America were included. Demographics, symptoms, laboratory data results, and outcomes were recorded. Linear and logistic
regression identified factors associated with liver injury, in-hospital mortality, and length of stay (LOS).

Results Among 1555 patients in the cohort, most (74%) had an elevated alanine aminotransferase (ALT) during hospitaliza-
tion, which was very severe (>20 X upper limit of normal [ULN]) in 3%. Severe acute liver injury (ALI) was uncommon,
occurring in 0.1% on admission and 2% during hospitalization. No patient developed acute liver failure (ALF). Higher ALT
was associated with leukocytosis (per mL?) (B 10.0, 95% confidence interval (CI) 6.7-12.6, p <0.001) and vasopressors use (§
80.2, 95%CI 21.5-138.8, p=0.007). In-hospital mortality was associated with ALT >20x ULN (unadjusted OR 6.0, 95%CI
3.1-11.5, p<0.001), ALP> 3 X ULN (unadjusted OR 4.4, 95%CI 2.5-7.7, p <0.001), and severe ALI (unadjusted OR 6.8,
95%CI 3.0-15.3, p<0.001) but lost significance after adjusting for covariates related to severe COVID-19 and hemodynamic
instability. Elevated ALP and ALT were associated with longer LOS, admission to intensive care, mechanical ventilation,
vasopressor use, and extracorporeal membrane oxygenation use (p <0.001).

Conclusions Transaminase elevation is common in hospitalized patients with COVID-19. Severe ALI is rare, and ALF may
not be a complication of COVID-19. Extreme elevations in liver enzymes appear to be associated with mortality and longer
LOS due to more severe systemic disease rather than SARS-CoV-2-related hepatitis.
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Introduction

In November 2019, a cluster of patients with a severe, atypi-
cal pneumonia were identified in mainland China. Investiga-
tion of these cases resulted in the identification of a novel

*Full list of authors in Appendix 1

< Lindsay A. Sobotka

lindsay.sobotka@osumc.edu

Division of Gastroenterology, Hepatology and Nutrition,
Department of Internal Medicine, The Ohio State University
Wexner Medical Center, 395 West 12th Avenue, Floor 2,
Columbus, OH 43210, USA

Division of Gastroenterology, Hepatology and Nutrition,
Department of Internal Medicine, Medical College
of Wisconsin, Milwaukee, WI, USA

Division of Gastroenterology and Transplant Institute, Loma
Linda University Health, Loma Linda, CA, USA

Division of Gastroenterology and Hepatology, The Medical
University of South Carolina, Charleston, SC, USA

Digestive Disease Research Center, The Medical University
of South Carolina, Charleston, SC, USA

@ Springer

severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) virus that is responsible for coronavirus disease
2019 (COVID-19) infection [1-3]. The clinical presentation
of COVID-19 ranges from asymptomatic to a severe infec-
tion characterized by multisystem organ failure with need
for mechanical ventilation, vasopressor support, or extra-
corporeal membrane oxygenation (ECMO) that can result
in death [4-7].

It has been reported that a large proportion of hospitalized
patients with COVID-19 develop abnormal liver enzymes [4,
5, 8=11]. Over 50% of patients hospitalized for COVID-19
appear to have at least one abnormal liver enzyme on admis-
sion, and over 75% will develop abnormal liver enzymes
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over the course of hospitalization. These abnormalities are
typically an elevation in aminotransferases between 1 and
3 times (x) the upper limit of normal (ULN), although a
small number of patients have been reported to experience
transaminases greater than 10X the ULN [5, 8, 12, 13]. Sev-
eral case reports have promulgated the concept that COVID-
19 is associated with severe acute livery injury (ALI) and
acute liver failure (ALF) [13-15]. Currently, it remains
unclear whether SARS-CoV-2 is truly a hepatotropic virus
or whether abnormal liver enzymes are a reflection of a sys-
temic inflammatory syndrome and/or severe sepsis [9].

The clinical significance of liver enzyme abnormalities,
specifically their correlation to COVID-19 disease severity
(i.e., the need for intensive care and mortality), has been
controversial [8, 12]. While it is suspected that severe eleva-
tions in transaminases correlate with increasing COVID-19
severity, this remains uncertain based on the current litera-
ture. In this study, we aimed to determine the prevalence and
severity of liver enzyme abnormalities in a large population
of patients hospitalized with COVID-19 at an alliance of
geographically diverse medical centers across North Amer-
ica and also to determine whether SARS-CoV-2 caused
severe ALI and/or ALF.

Methods
Data Source and Study Design

This was an observational cohort study that utilized informa-
tion from patients hospitalized at 36 geographically diverse
medical centers throughout North America during the earli-
est phase of the pandemic [5]. Each center obtained institu-
tional review board approval prior to patient identification
and data collection.

Study Sample

Adult patients were eligible for review if they were hospi-
talized and were documented to have COVID-19 through
either rapid viral testing or polymerase chain reaction (PCR).
Eligible patients were identified by site investigators utiliz-
ing multiple methods including data warehouse queries,
electronic research identification tools, and lists provided
by infectious diseases services. Depending on the number of
hospitalized patients with COVID-19 at each institution, the
first 50 to 100 consecutive hospitalized patients with docu-
mented COVID-19 were included to ensure a systemic and
unbiased sample. Patients were excluded from this analysis
if liver tests were not recorded on admission or during hos-
pitalization (Supplementary Fig. 1).

Data Collection and Quality Assurance

De-identified data were directly entered into an electronic
data collection form by study personnel under direct super-
vision of a clinician investigator at each institution. Multi-
ple interventions were instituted to ensure data quality and
veracity. Once data were received by the data coordinating
center (Medical University of South Carolina), they were
manually reviewed by a dedicated data manager. Missing or
duplicate data, inconsistencies, outlier data, and conflicting
results were directly queried to the site until resolution.

Variables and Definitions

Demographics, laboratory test results on admission and
peak laboratory abnormalities during hospitalization, radio-
graphic data, presenting symptoms, medical comorbidities,
treatments received for COVID-19, and patient outcomes
were collected for each patient as previously described.
Patients with severe acute livery injury also had assessment
of their mental status using the West Haven criteria [16].

Elevation in serum transaminases was defined as nor-
mal, mild (1-3 X ULN), moderate (3—10 X ULN), severe
(10-20x ULN), or very severe (>20x ULN). The ULN of
alanine aminotransferase (ALT) was defined as 29 U/L for
men and 22 U/L for women [17]. Elevation of alkaline phos-
phatase (ALP) was defined as normal, mild (1-2 X ULN),
moderate (2-3 X ULN), or severe (>3 x ULN). ULN of ALP
was defined as 120 IU/L [17-19].

In patients with at least moderate elevation of ALT
(>3 xULN) or at least moderate elevation of ALP
(>2xULN), pattern of liver injury was further characterized
as hepatocellular (R factor > 5), cholestatic (R factor <2), or
mixed (R factor 2-5) [20]. Severe ALI was defined as ALT
greater than 10 X ULN with total bilirubin greater than 2 mg/
dL. Acute liver failure (ALF) was defined as the presence of
severe ALI with altered mental status in the absence of pre-
existing liver disease as previously defined [21]. Only 60%
of patients had reported admission and peak international
normalized ratio (INR), and thus, INR was not included in
our definition of severe ALI and ALF to avoid excluding a
significant portion of the sample. Sites that contributed data
on patients who meet criteria for severe ALI were queried
whether, based on their clinical judgment, severe ALI was
due to SARS-CoV-2 and whether the patient met clinical
criteria for ALF.

Study Outcomes

The primary study outcome was the prevalence of abnor-
mal liver enzymes and liver injury in patients hospitalized
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with COVID-19. Secondary outcomes included severe ALI
or ALF, in-hospital mortality, discharge to skilled nursing
facility (SNF), hospital length of stay (LOS), and intensive
care requirements (mechanical ventilation, vasopressor use,
and/or ECMO).

Statistical Analysis

Continuous and categorical variables were summarized as
means, median, and proportions. Patient groups were com-
pared using analysis of variance and Chi-square for con-
tinuous and categorical variables, respectively. Independent
predictors of peak ALT, peak ALP, and severe ALI were
analyzed through stepwise backward regression that used
a cutoff p-value of 0.1 for inclusion in the final model. Pre-
dictor variables included demographic data (e.g., age, sex,
race, smoking, and BMI), comorbidities, laboratory test val-
ues (e.g., peak white blood cell count, nadir hemoglobin,
and nadir platelet count), markers of hemodynamic insta-
bility (e.g., need for vasopressors, mechanical ventilation,
and ECMO), and markers of organ failure (e.g., AKI). The
association of peak ALT, peak ALP, and severe ALI to in-
hospital mortality and hospital LOS was examined using
hierarchical multiple logistic and linear regression where
separate covariable blocks composed of demographic fea-
tures, medical comorbidities, and markers of critical illness
were sequentially added to the regression model. Model 1 is
composed of demographic covariables, model 2 is composed
of model 1 plus comorbidity variables, and model 3 (fully
adjusted model) is composed of model 2 plus hemodynamic
instability and organ failure variables. A subgroup analysis
was performed using discharge to SNF as outcome utilizing
the same regression models, but which excluded patients
who died or were still hospitalized at the end of the obser-
vation period (n=1224). Kaplan—Meier curves were fit to
evaluate inpatient mortality based on admission ALT, ALP,
or pattern of liver injury. Statistical analyses were performed
using Stata v14.2 (StataCorp, College Station, TX).

Results

Data were collected on 1992 patients hospitalized with
COVID-19. A total of 437 patients were excluded due to
missing admission and peak ALT or ALP, leaving 1555
patients (78%) for analysis (Table 1, Supplementary Table 1,
Supplementary Fig. 1).

Prevalence of Abnormal Liver Tests
A majority of patients (53%) had an elevated ALT on

admission, which was mild in most cases (45%). No
patient had a very severe elevation in ALT on admission.
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Table 1 Characteristics of the study cohort (n=1555)

Mean age (SD) 60 (16)
Male sex, n (%) 879 (57)
Race, n (%) (unspecified 17%)

Black 684 (44)
White 571 (37)
Other 44 (3)
Hispanic, n (%) 251 (16)
Healthcare worker, n (%) (missing 11%) 93 (6)
Smoking, n (%) (unknown 5%)

Current 107 (7)
Former 418 (27)
Never 946 (61)
Alcohol use, n (%) (unknown 10%)

Current 147 (10)
Former 83 (5)
Never 1163 (75)
Mean BMI (SD) (missing 6%) 32 (9)
Comorbidities, n (%)

Hypertension 994 (64)
Diabetes mellitus 587 (38)
Cardiovascular disease* 453 (29)
Chronic lung disease** 426 (27)
End-stage renal disease 155 (10)
Cancer 95 (6)
Dementia 86 (6)
Connective tissue disease 83 (5)
HIV 25(2)
Chronic liver disease, n (%) 55 (4)
Viral hepatitis 20 (36)
Nonalcoholic fatty liver disease 15 (27)
Alcohol 4 (7)
Other*** 36)
Unspecified 13 (4)
Cirrhosis, n (%) 21 (1)
Decompensated cirrhosis, n (%) 7()
Lab tests

Peak WBC (SD) (missing 0.2%) 13 (9)
Nadir WBC (SD) (missing 0.3%) 503)
Nadir hemoglobin (SD) (missing 0.2%) 10 (3)
Nadir platelet (SD) (missing 0.3%) 17 (82)
Peak creatinine (SD) (missing 1%) 2.4 (3)
Liver tests

Admission AST, U/L (SD) 51 (6)
Peak AST, U/L (SD) 191 (1099)
Admission ALT, U/L (SD) 37 (36)
Peak ALT, U/L (SD) 119 (452)
Admission ALP, U/L (SD) 82 (53)
Peak ALP, U/L (SD) 123 (119)
Admission total bilirubin, mg/dL (SD) 0.6 (0.7)
Peak total bilirubin, mg/dL (SD) 1.7 (10)
Admission INR (SD) (missing 50%) 1.3 (1)




Digestive Diseases and Sciences (2022) 67:4204-4214

Table 1 (continued)

Peak INR (SD) (missing 35%) 1.5(1)
Acute kidney injury, n (%) 228 (15)
(Peak Cr> 2 X admission Cr+ no history of ESRD)

Abdominal imaging, n (%) 244 (16)
Computed tomography 199 (13)
Ultrasound 65 (4)
Magnetic resonance imaging 5(0.3)
Received SARS-CoV-2 treatment, n (%) 1197 (77)
Hydroxychloroquine 848 (55)
Azithromycin 823 (53)
Corticosteroids 186 (12)
Tocilizumab 101 (7)
Remdesivir 97 (6)
Convalescent plasma 32 (2)

Abbreviations: ALP=alkaline phosphatase, ALT =alanine ami-
notransferase, BMI=body mass index, Cr=creatinine, ESRD =end-
stage renal disease, INR =international normalized ratio, SD—stand-
ard deviation, WBC = white blood cell

*Cardiovascular disease is a composite of the following
Coronary artery disease 231 (15)

Heart failure 192 (12)

Stroke 141 (9)

Peripheral vascular disease 77 (5)

**Chronic lung disease is a composite of the following
Asthma 188 (12)

COPD 132 (9)

OSA 171 (11)

Interstitial lung disease 15 (1)

Pulmonary hypertension 10 (1)

*#*Qther liver disease includes autoimmune hepatitis (1), hemochro-
matosis (1), and cardiac cirrhosis (1)

Overall, 74% of patients developed an elevation in ALT
during hospitalization, most of which were mild eleva-
tion (45%); however, 43 (3%) developed pronounced peak
elevations in ALT (Fig. 1). Virtually all patients had nor-
mal or, at most, mildly elevated ALP (normal 88%, mild
elevation 11%) on admission, and most (70%) continued
to have normal ALP during hospitalization. Of those who
had elevated peak ALP levels, most were mild elevations;
however, 56 (4%) developed a severe elevation in ALP
(Fig. 1B). Bilirubin levels were typically normal on pres-
entation, and only a mild elevation was noted on peak lab-
oratory analysis (Table 1). Only 270 (17%) patients had a
liver injury defined as at least moderate elevation in ALT
or any elevation in ALP on admission which increased
to 677 (44%) during the course of hospitalization. Liver
injury on admission was cholestatic in 10%, hepatocel-
lular in 5%, and mixed in 3%. Peak liver injury was hepa-
tocellular in 17%, cholestatic in 16%, and mixed in 11%
(Fig. 10).
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Fig. 1 Frequency of liver test abnormalities and liver injury patterns.
In a and b are shown the number of patients with abnormal alanine
aminotransferase (ALT) or alkaline phosphatase (ALP) (of the total
1,555) at admission or at peak. In ¢ liver injury (defined as hepatocel-
lular, cholestatic or mixed) based on R factor at the time of admission
and at peak are shown
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Predictors of Abnormal ALT and ALP

On multivariable analysis, peak ALT was independently
associated with leukocytosis, need for vasopressor sup-
port, and presence of end-stage renal disease, while peak
ALP was independently associated with leukocytosis,
anemia, thrombocytopenia, acute kidney injury (AKI),
low BMI, Hispanic ethnicity, and need for vasopressors
(Table 2).

Patient Outcomes

Out of 1,555 patients, 19% died in the hospital, while 65%
were discharged to home and 15% were discharged to a care
facility. Median hospital LOS was 13 + 12 days. Forty-seven
percent were admitted in intensive care for a mean dura-
tion of 13 + 11 days. Mechanical ventilation, vasopressors,
and ECMO were needed in 35%, 30%, and 1%, respectively
(Table 3).

Association Between In-Hospital Mortality and Peak
Abnormal ALT and ALP

In-hospital mortality was not significantly different based
on ALT or ALP elevations on presentation (p 0.196 and p
0.090, respectively) (Table 3A, Fig. 2A, B). A significantly
higher proportion of patients with very severe elevation in
peak ALT or ALP died in the hospital (58% vs.<20% for
ALT vs. those with less severe ALT elevation, p <0.001
and 41% vs. 14% for ALP vs. those with less severe ALP
elevation, p <0.001, respectively) (Table 3B). Patients with
moderate-to-severe elevations in peak ALT or elevated ALP
had a greater frequency of ICU admission, mechanical ven-
tilation, vasopressor use, and ECMO use. The severity of
elevation in ALT or ALP on admission did not appear to be
associated with in-hospital mortality (Table 3).

On univariable regression, patients with very severe
elevation in peak ALT had sixfold higher risk and patients
with severe elevation in peak ALP had fourfold higher risk
of in-hospital mortality compared to patients with normal
liver enzymes. The association between peak ALT and ALP
elevation and in-hospital mortality remained statistically
significant after adjusting for demographic variables and
comorbidities. Statistical significance was lost after adjust-
ing for covariables of hemodynamic instability and organ
failure (e.g., AKI and need for vasopressors) (Table 4A).
In the fully adjusted models, age, non-white and non-black
race, underlying cancer or dementia, development of AKI,
and need for vasopressors or mechanical ventilation pre-
dicted in-hospital mortality (Supplementary Tables 3 and 4).

Association Between Hospital Length of Stay and Peak
Abnormal Liver Enzymes

Hospital LOS was twice longer in patients with severe and
very severe elevation in ALT. Patients with any elevation in
peak ALP also had longer hospital LOS. Severity of eleva-
tions in ALT or ALP on admission was not associated with
hospital LOS (Table 3). Adjusting for demographic and
comorbidity variables did not diminish the magnitude and
statistical significance of the association between elevation
in peak ALT and ALP and hospital LOS. After adjusting
for variables related to hemodynamic instability in the fully
adjusted model, very severe elevation in peak ALT was no
longer associated with hospital LOS; associations in patients
with less severe elevations in peak ALT remained signifi-
cant. Adjusting for variables related to hemodynamic insta-
bility also decreased the magnitude of associations between
peak ALP and hospital LOS, but these remained significant
and showed a trend toward longer LOS with more severe
elevation in peak ALP (Table 4B).

Table 2 Predictors of elevated ALT and ALP and liver injury in hospitalized patients with COVID-19

Variables Fully adjusted regression model
Peak ALT beta (95% CI)  p-value  Peak ALP beta (95% CI) p-value  Severe ALI OR (95% CI) p-value

WBC count (per mL?) 9.7 (6.7-12.6) <0.001 2.8 (2.0-3.5) <0.001 1.0(1.01-1.1) 0.015
Hemoglobin (g/dL) NS —65(=9.1to —3.9) <0.001 NS

Platelet count (per 10%L) NS —0.1(-0.2to—0.02) 0.013 1.0 (0.98-1.0) 0.001
African-American race NS NS 2.5 (1.01-6.1) 0.047
Hispanic ethnicity NS 26.5 (10.8-42.2) 0.001 NS

BMI (per unit) NS —13(-2.0to—0.6) <0.001 NS

AKI NS 19.9 (2.3-37.4) 0.027 NS

ESRD 106.3 (27.6-185.1) 0.008 NS NS

Vasopressor requirement ~ 80.1 (21.5-138.8) 0.007 18.8(3.7-33.9) 0.015 4.2 (1.4-12.5) 0.009

Abbreviations: AKI=acute kidney injury, ALI=acute liver injury, ALP=alkaline phosphatase, ALT =alanine aminotransferase, BMI=body
mass index, CI=confidence interval, ESRD =end-stage renal disease, OR = odds ratio, NS =not significant, WBC = white blood cell
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Table 3 Outcomes in hospitalized patients with COVID-19 and relationship to liver tests and injury

ALT (times ULN)

ALP (times ULN)

Normal  1-3x 3-10x 10-20x  >20x p-value  Normal 1-2x 2-3x >3x p-value
A. Admission ALT and ALP values
Mean LOS, days (SD) 14(12) 13(12) 13(14) 16(13) - 0.634 13(12) 15(15) 16(12) 7.3(5) 0.203
Critical care needs
ICU admission, % 44 50 43 75 - 0.069 46 52 60 17 0.180
ICU LOS, days (SD) 12(11) 13(10) 14(11) 16(4) - 0.776 13(10) 12(12) 14(13) 7(0) 0.903
Mech. ventilation, % 34 36 31 75 - 0.069 34 37 47 17 0.505
Vasopressors, % 29 32 22 75 - 0.004 30 31 4 3 0.829
ECMO, % 1 1 4 13 - 0.001 1 1 - - 0.969
Outcomes
Death, % 20 18 11 38 - 0.196 18 22 33 17 0.090
Discharged to home, % 62 66 77 50 - 66 54 47 67
Discharged to SNF, % 17 14 11 13 - 14 22 20 17
Still hospitalized, % 1 1 1 - - 1 2 - -
B. Peak ALT and ALP values
Mean LOS, days (SD) 10(10) 12(12) 18(13) 21(14) 20(13) <0.001 11(10) 18(14) 25(17) 23(16) <0.001
Critical care needs
ICU admission, % 31 42 65 84 88 <0.001 38 63 82 77 <0.001
ICU LOS, days (SD) 9(9) 19(11) 15(10) 15(10) 16(12) <0.001 10(9) 15(12) 18(10) 20(13) <0.001
Mech. ventilation, % 2 29 54 73 79 <0.001 25 53 79 70 <0.001
Vasopressors, % 17 24 46 64 70 <0.001 20 48 69 66 <0.001
ECMO, % 0.5 0.1 2 7 9 <0.001 1 2 5 4 <0.001
Outcomes <0.001
Death, % 19 17 19 18 58 <0.001 14 28 37 41
Discharged to home, % 66 69 60 55 28 73 50 30 30
Discharged to SNF, % 14 13 20 27 14 12 19 31 29
Still hospitalized, % 1 2 1 - - 1 3 2 2

Abbreviations: ALP =alkaline phosphatase, ALT =alanine aminotransferase, ECMO = extracorporeal membrane oxygenation, LOS =length of

stay, SNF =skilled nursing facility, ULN =upper limit of normal

Association Between Discharge to SNF and Peak Abnormal
ALT and ALP

In a subgroup analysis that only included patients who were
discharged, moderate-to-severe elevations in ALT were not
associated with discharge to SNF in fully adjusted regres-
sion models. However, patients who had elevations in ALP
were more likely to be discharged to SNF and the magni-
tude of the association increased with severity of ALP eleva-
tion (1-2x ULN: OR 1.6, p=0.001; 2-3 x ULN: OR 2.6,
p=0.025;>3xULN: OR 5.3, p<0.001).

Severe ALl in COVID-19

Only 1 patient (0.1%) had severe ALI on hospital admis-
sion, while 25 patients (2%) had severe ALI based on peak
laboratory values. None of the patients met criteria for ALF
defined by the absence of underlying liver disease, new ALI,

and hepatic encephalopathy. [21] On average, patients with
severe ALI were aged 61 + 14 years old, 68% male, and 68%
African-American. Twenty-three (92%) had chronic medical
conditions. Average peak AST, ALT, ALP, and total bilirubin
levels were 3,625 +4,166 U/L, 1,561 +1,498 U/L, 276 +203
U/L, and 5.2 +5.6 mg/dL, respectively. The suspected etiol-
ogy of severe ALI was shock liver in 44%, drug-induced liver
injury in 4%, and reported as “unknown” in the remainder.
Based on the individual clinical picture of the patients with
severe ALI, none were suspected by site investigators to have
had liver injury as a result of direct SARS-CoV-2 injury (Sup-
plementary Table 7). Notably, the mortality in this group was
60% (15/25). Only 24% of patients were discharged home.
Development of severe ALI was independently associ-
ated on multivariate regression with need for vasopressors,
leukocytosis, thrombocytopenia, and African-American
race (Table 2). Patients who developed severe ALI were
more likely to have had severe COVID-19 given frequent

@ Springer



4210 Digestive Diseases and Sciences (2022) 67:4204-4214

Fig.2 Kaplan-Meier curves In-Hospital Mortality According to Admission Alk Phos
evaluating in-hospital mortality a
based on admission liver tests 1.00
and pattern of liver injury
=2
5 0.757
©
o
o
0 0.501
5]
2
(% 0.25
0.00
T T T T T
0 15 30 45 60

Day of Hospitalization

Number at risk

Normal ALP 1362 449 142 34 8
ALP 1-2x ULN 169 59 22 9 4
ALP 2-3x ULN 15 6 3 0 0

ALP >3x ULN 6 1 0 0 0
Normal ALP ALP 1-2x ULN ALP 2-3x ULN ALP >3x ULN
b In-Hospital Mortality According to Admission ALT
1.00

2

S 0.75-

3 0.

Q N e .
Q
[
o 0.50
©
2 —_—
<
S 0.25
@
0.00
T T T T T
0 15 30 45 60
Day of Hospitalization
Number at risk
Normal ALT 738 258 80 20 6
ALT 1-3x ULN 699 221 75 16 5
ALT 3-10x ULN 107 32 " 7 1
ALT >10x ULN 8 4 1 0 [
Normal ALT ALT 1-3x ULN ALT 3-10x ULN ALT >10x ULN

In-Hospital Mortality According to Admission Liver Injury Pattern

(2]

1.00 1

0.75

0.50

Survival Probability

0.254

0.00

T T T

0 15 30 45 60
Day of Hospitalization

Number at risk

No liver injury 1282 424 133 28 7
Hepatocellular 80 26 9 6 1
Cholestatic 150 55 21 6 3
Mixed 40 10 4 3 1

He Cholestatic Mixed No liver injury

@ Springer



Digestive Diseases and Sciences (2022) 67:4204-4214

4211

Table 4 Association Between Liver Test Abnormalities and Outcomes in Hospitalized Patients with COVID-19

Unadjusted Model 1 (demographic vari- Model 2 (model 1+ comor- Model 3 (models 1 and
ables) * bidity Variables) ** 2+ severe illness variables)
wkk
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

A. Association with in-hospital mortality

Peak ALT

Normal Reference Reference Reference Reference

1-3xULN 0.9 (0.6-1.2) 0.305 0.9 (0.7-1.3) 0.730 1.1 (0.7-1.5) 0.736 0.8 (0.5-1.2) 0.213

3-10x ULN 1.0 (0.7-1.4) 0912 1.3 (0.9-1.9) 0.222  1.7(1.1-2.5) 0.014 0.6 (0.4-1.01) 0.055

10-20x ULN 1.0 (0.4-2.1) 0911 1.3(0.6-3.1) 0.537 1.5(0.64.0) 0432 04 (0.2-1.3) 0.132

>20x ULN 6.0 (3.1-11.5) <0.001 7.1(3.1-14.2) <0.001 7.8(3.7-16.3) <0.001 22(0.9-54) 0.075

Peak ALP

Normal Reference Reference Reference Reference

1-2x ULN 2.4(1.8-3.2) <0.001 2.7 (2.0-3.7) <0.001 2.8 (2.0-3.8) <0.001 1.4 (0.9-2.1) 0.064

2-3xULN 3.8(2.2-6.4) <0.001 4.22.4-74) <0.001 4.7 (2.6-8.6) <0.001 1.6 (0.8-3.1) 0.149

>3xULN 4.4 (2.5-7.7) <0.001 5.1(2.8-9.3) <0.001 4.8(2.5-94) <0.001 2.0(0.94.2) 0.067

Severe ALI 6.8 (3.0-15.3) <0.001 7.4 3.1-17.7) <0.001 7.3 (3.0-17.8) <0.001 2.8(1.01-7.9) 0.047

B. Association with hospital LOS

Peak ALT

Normal Reference Reference Reference Reference

1-3xULN 2.4 (0.9-3.8) 0.001 2.7(1.34.2) <0.001 2.6(1.24.1) <0.001 1.6(0.4-2.9) 0.012

3-10x ULN 7.7 (6.0-9.4) <0.001 8.3 (6.6-10.0) <0.001 8.6 (7.0-10.3) <0.001 4.3(2.8-5.9) <0.001

1020 x ULN 11.1 (7.4-14.8) <0.001 11.7(8.0-15.4) <0.001 11.3(7.5-15.1) <0.001 5.0(1.6-8.4) 0.004

>20xULN 10.2 (6.4-14.0) <0.001 10.1 (6.4-13.9) <0.001 9.9(6.2-13.5) <0.001 2.8 (-0.6-6.1) 0.107

Peak ALP

Normal Reference Reference Reference Reference

1-2xULN 7.5 (6.2-8.8) <0.001 7.7 (6.3-9.1) <0.001 7.2 (5.8-8.6) <0.001 3.8(2.4-5.1) <0.001

2-3xULN 13.9 (11.2-16.6) <0.001 13.7 (10.9-16.6) <0.001 11.7 (8.8-14.6) <0.001 5.3(2.6-7.9) <0.001

>3xULN 11.8 (8.8-14.8) <0.001 11.9(8.8-15.0) <0.001 11.7 (8.5-14.9) <0.001 6.4 (3.59.3) <0.001

Severe ALI 3.3(-1.6-8.2) 0.185 2.8 (-2.1-7.7) 0.259 33 (-1.5-8.1) 0.180 -3.8 (-8.0-0.4) 0.073

Abbreviations:ALI =acute liver injury, ALP=alkaline phosphatase, ALT =alanine aminotransferase, CI=confidence interval, OR =odds ratio,

ULN =upper limit of normal

“Model 1 adjusted for age (per 10 years), sex, race, Hispanic ethnicity, smoking, and alcohol use

“*Model 2 adjusted for model 1 variables plus body mass index (per 5 units), hypertension, diabetes mellitus, cardiovascular disease, chronic
lung disease, end-stage liver disease, cancer, dementia, connective tissue disease, HIV infection, and chronic liver disease

“*Model 3 adjusted for models 1 and 2 variables plus acute kidney injury, need for vasopressors, need for mechanical ventilation, and need for

ECMO

admissions to intensive care (84% vs 47%, p <0.001),
mechanical ventilation (80% vs 35%, p<0.001), vasopres-
sor use (80% vs 30%, p<0.001), and ECMO use (12% vs
1%, p<0.001). The in-hospital mortality rate in patients
with severe ALI was over 3 times higher than in those with-
out severe ALI (60% vs. 19%, p<0.001). On multivariable
regression, severe ALI was associated with increased in-
hospital mortality (OR 2.8, 95%CI 1.01-7.9, p=0.047), but
the magnitude of the association was reduced after adjust-
ing for covariables of hemodynamic instability and organ
failure. Severe ALI was not associated with hospital LOS
or discharge to a skilled care facility.

Discussion

In this large and geographically diverse cohort of hospi-
talized patients with confirmed COVID-19, we found that
many patients presented with mild elevation in ALT on
admission and 10% presented with mild elevation in ALP.
The overall likelihood of developing very high elevations in
ALT or ALP was extremely low (3% and 4%, respectively),
and no patient met criteria for ALF.

The prevalence of liver injury in our study is similar to
other studies that have examined abnormal liver enzymes in
patients with COVID-19 [8, 22, 23]. It is crucial to highlight
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that none of the patients had severe elevations in ALT and
ALP on admission, and other studies have noted similar
findings [8, 12]. This suggests that severe elevations in liver
enzymes are likely due to severe inflammatory response and
hemodynamic instability that are characteristic of COVID-19
rather than SARS-CoV-2 hepatotropism and related viral hep-
atitis or cholestatic disease [24—27]. This is further supported
by our findings that factors such as leukocytosis, thrombo-
cytopenia, vasopressor requirement, and renal dysfunction,
which correlate with severe sepsis and hemodynamic insta-
bility, are associated with greater hepatocellular injury and
cholestasis and the occurrence of severe ALI [28, 29].

A critical finding in our study was that severe ALI was
particularly uncommon, and no patients in our cohort met
formal criteria for ALF. We speculate that the majority of
patients who developed severe ALI most likely had shock
liver and/or multisystem organ failure. Shock liver was
specifically identified as the etiology of severe ALI in 11
patients (44%), and moreover, among the 14 patients in
whom the etiology of severe ALI was not specified, nine
(64%) required vasopressors. In aggregate, the data lead us
to speculate that markedly abnormal ALT levels in patients
with COVID-19 are most likely simply a marker of severe
underlying systemic disease and that COVID-19 is not a
cause of severe primary acute viral hepatitis as has been
hypothesized in previous case reports. [13-15]

Severe elevation in ALT and ALP and severe ALI were
associated with increased in-hospital mortality. That the
strength of these associations was attenuated or statistical
significance was lost after adjusting for variables related to
hemodynamic instability and critical illness demonstrate that
elevated liver enzymes and liver injury per se do not predict
death or indicate viral hepatitis or cholestatic liver disease
due to SARS-CoV-2, but are best regarded as markers of
severe COVID-19. In keeping with this proposition that liver
injury is a marker of severe COVID-19, we also observed
longer hospital LOS in patients with elevated ALT and ALP
and increased likelihood of discharge to SNF in patients
with elevated ALP in the fully adjusted regression models.
Patients with very severe elevations in ALT had a shorter
hospital LOS than patients with mild-to-severe elevations
in ALT in the fully adjusted model. This finding is probably
due to high in-hospital mortality and poor prognosis in this
patient group, which translates to fewer hospitalization days.

We recognize the limitations of this study. First, data
collection was retrospective. Additionally, contributing
centers were not required to obtain abdominal imaging or
comprehensive serologic testing in order to evaluate the eti-
ology of abnormal liver enzymes. The primary liver enzyme
measurements recorded were those on admission and peak
values during hospitalization. Therefore, temporal trends in
liver enzymes in relation to medications, clinical status, or
other critical events could not be determined. However, we

@ Springer

utilized multiple approaches to overcome these limitations
including rigorous data collection and quality assurance pro-
cesses employed by participating centers and monitored by
the data coordinating center. Further, for all cases of severe
ALI, contributing centers were also contacted individually
to obtain their expert opinion on the etiology of liver injury.
The study is also subject to selection bias since all study
patients were hospitalized and had more severe COVID-19.
The findings may not be generalizable to patients with less
severe COVID-19. For example, demonstration of new liver
test elevations in a patient with milder COVID-19 raises the
possibility of SARS-CoV-2 hepatotropism.

In summary, abnormal liver tests are frequently identi-
fied in patients hospitalized with COVID-19. The majority
of these abnormalities are mild elevations in ALT or ALP.
More severe elevations in ALT levels occur in a subset of
patients with severe COVID-19, typically those with hemo-
dynamic instability, systemic inflammation, severe sepsis,
and multiorgan failure. Severe ALI is rare and typically due
to shock liver rather than SARS-CoV-2 viral hepatitis, and
ALF does not appear to be a complication of COVID-19.
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