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Background: The incidence of hepatic
abnormalities has been notably higher following
the coronavirus disease 2019 (COVID-19) infection,
attributed to the virus's entry into cells via
angiotensin-converting enzyme 2 (ACE2) surface
expression. The gastrointestinal tract’s significant
ACE2 expression, alongside a lesser degree in the
biliary epithelium, has been implicated in
gastrointestinal symptoms and liver injury.
Purpose: The aim of this study was to determine
whether specific ultrasonographic findings in the
liver correlate with acute increases in liver function
tests (LFTs) among hospitalized patients.

Methods: A retrospective analysis was conducted
on hospitalized COVID-19 patients at Hazem
Mebaireek General Hospital in Qatar, from March
1, 2020, to June 30, 2020. The study focused on
patients who experienced acute increases in LFTs,
excluding those with chronic liver disease.
Ultrasound imaging and patient records were
reviewed to gather data.

Results: Out of 223 ultrasound studies of
COVID-19 patients, 158 met the inclusion criteria.
The majority were male, with a mean age of 47.76
+ 13.76 years. Ultrasound results showed 43.7%
normal liver parenchyma, while 56.3% exhibited
nonspecific abnormalities such as diffuse liver
hyperechogenicity (39.2%), enlargement with
diffuse hyperechogenicity (12.7%), and other
findings (4.4%). The biliary tree was predominantly
normal (96.2%), with 3.8% showing
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abnormalities, including intrahepatic (2.5%) and
extrahepatic (1.3%) dilatation. Gallbladder
evaluations were normal in 60.1% of cases, with
39.9% showing abnormalities like stones (6.3%),
stones with sludge (13.3%), polyps (6.3%), wall
thickening (1.9%), and other conditions (12%). A
significant correlation was found between
abnormal liver parenchyma findings and elevated
levels of bilirubin (total and direct) and alkaline
phosphatase, with p-values < 0.05. Only aspartate
aminotransferase levels showed a significant
correlation with biliary tree abnormalities.

Conclusion: The most common ultrasonographic
finding associated with acute increases in LFTs
among hospitalized COVID-19 patients was diffuse
liver hyperechogenicity, with or without
enlargement. These findings suggest a nonspecific
yet significant association with liver function
anomalies in the context of COVID-19.

Keywords: COVID-19, hepatic abnormalities,
ultrasonography, liver function tests, ACE2
expression

At the end of 2019, a new coronavirus, severe
acute respiratory syndrome coronavirus (SARS-
CoV-2), was identified as the culprit behind a series
of pneumonia cases in Wuhan, within China’s
Hubei Province.' Coronavirus disease 2019
(COVID-19), the disease caused by this virus,
predominantly affects the lungs, presenting
symptoms that range from mild respiratory issues
to severe pneumonia, acute respiratory distress
syndrome, and even death.? Healthcare
professionals, notably those in gastroenterology
and hepatology, are revising their practices to
mitigate COVID-19's spread while continuing to
provide patient care.? Although primarily a
respiratory illness, COVID-19 also impacts multiple
organs, including the heart, kidneys, and liver.*
Notably, up to 11% of COVID-19 patients
experience liver-related comorbidities, and 14%-—
53% exhibit elevated levels of liver enzymes
(alanine aminotransferase [ALT] and aspartate
aminotransferase [AST]) as well as the other
parameters of liver function tests (LFTs) such as
bilirubin total and direct and alkaline phosphatase
(ALP) as the disease progresses, underscoring a

significant correlation between the severity of
infection and liver enzyme elevation.> Mild cases
may show no or slight enzyme elevation, whereas
severe cases often have significantly higher levels.
Even in mild COVID-19 instances, transient liver
damage has been observed, though it typically
resolves with minimal treatment.®

Diagnostic screening for liver pathology and
abnormal LFTs commonly employs ultrasound and
evaluations of serum bilirubin and ALP levels.” Liver
enzyme disturbances generally manifest in one of
two patterns: hepatocellular injury and cholestasis,
the former is characterized by disproportionately
elevated AST and ALT levels compared to ALP, and
the latter is marked by a disproportionate increase
in ALP relative to AST and ALT.” Abdominal
ultrasound serves as the primary diagnostic tool for
liver enzyme abnormalities, complemented by
further assessments using computed tomography,
magnetic resonance imaging, magnetic resonance
cholangiopancreatography, or cholescintigraphy.’

The substantial rise in ultrasound requests for liver
assessment amid hospitalizations—driven by
elevated LFTs and the paucity of comprehensive
data on liver ultrasound findings in COVID-19
patients—underscores the urgent need for this
study. This research aims to address the existing
gap in the literature by delineating specific
ultrasound characteristics associated with
COVID-19, thereby guiding necessary follow-up
and clinical interventions.

This retrospective study investigates abdominal
ultrasonography examinations conducted on
COVID-19 patients hospitalized at the Hazem
Mebaireek General Hospital, a primary COVID-19
treatment facility under Hamad Medical
Corporation in Qatar. The period of study spanned
from March 1, 2020, to June 30, 2020. Liver/
Abdomen US studies done during this period were
identified from the radiology information system. A
total of 223 ultrasonography exams were reviewed.
The electronic medical records of the patients who
underwent these ultrasound studies were analyzed
to identify instances of acutely elevated LFTs during
their hospital stay. The selection of cases for study
adherence was based on predefined research
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criteria, aiming to isolate the impact of COVID-19
on liver function as evidenced through ultrasound
imaging and LFT results.

2.1. Inclusion criteria

All abdominal ultrasonography US examinations
of hospitalized patients with confirmed
COVID-19 diagnosis.

Patients with imaged US exhibited an acute
increase in LFTs during their hospitalization
period.

2.2. Exclusion criteria

e Patients with a negative COVID-19 PCR test
result.

e Individuals with a pre-existing history of chronic
liver disease, including features of chronic liver
conditions or focal lesions on the liver.

e Cases where the ultrasound study was
incomplete or lacked sufficient detail for analysis.

Through this methodology, the study aims to
identify specific ultrasonographic findings
associated with acute liver function alterations in
COVID-19 patients, thereby contributing valuable
insights into the broader spectrum of the virus’s
systemic effects.

2.3. Statistical analysis

In this study, statistical analysis was carried out to
evaluate the relationship between COVID-19
infection and liver function abnormalities as
detected through ultrasound imaging and LFTs. The
analysis began with descriptive statistics to
summarize the demographic characteristics of the
study population, including means and standard
deviations for continuous variables like age and LFT
levels, and frequencies and percentages for
categorical variables such as gender and ultrasound
findings. Inferential statistics were then employed
to identify any significant associations between the
ultrasound findings and elevated LFTs. Chi-square
tests were used for categorical variables to
compare the prevalence of abnormal ultrasound
findings among different patient groups, while
t-tests or ANOVA were applied for continuous
variables to compare mean LFT levels across groups
with varying ultrasound results. A significance level

of p < 0.05 was adopted for all tests to determine
statistical significance. Additionally, logistic
regression analyses may have been conducted to
adjust for potential confounders and assess the
strength of associations between significant
findings and COVID-19 severity, although the
specifics of such analyses would depend on the
data available, and the hypotheses being tested.

The study encompassed 158 participants, of whom
151 (95.6%) were male and the remainder were
female. The majority, 81 individuals (51.3%), fell
within the age range of 41-60 years, with an
average age of 47.76 + 13.76 years (Table 1).

LFTs were extensively analyzed, documenting both
the initial elevation levels and the peak levels of
LFTs. The mean levels of LFTs among participants
are detailed in Table 2. Ultrasound examinations
focused on liver parenchyma, which appeared
normal in 69 cases (43.7%), although these
patients have abnormal LFTs. Notably, among those
with abnormal US findings, 39.2% of ultrasounds
exhibited diffuse liver hyperechogenicity. The biliary
tree was predominantly normal, with exceptions
being mild intrahepatic dilatation in four cases
(2.5%) and mild extrahepatic dilatation in two
cases (1.3%). Gallbladder assessments revealed
stones in 10 participants (6.3%) and stones with

Table 1. Demographic data of the participants
(n = 158).

Gender
Male 151 95.6
Female 07 4.4
Age group
20-40 years 52 32.9
41-60 years 81 51.3
61-80 years 22 13.9
>80 years 3 1.9
Agemean +SD  47.76 + 13.76
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sludge in 21 participants (13.3%), as summarized well as initial ALP levels, all with p-values < 0.05.

in Table 3. Other LFT parameters did not show statistical

Upon comparing ultrasound findings with LFT significance. Similarly, abnormalities in the biliary
results, a significant correlation was observed tree correlated significantly with total and direct
between liver parenchyma abnormalities and total bilirubin levels (both initial and peak), with p-values
and direct bilirubin levels (both initial and peak) as < 0.05, while other parameters were not

Table 2. Liver function tests of the participants (n = 158).

Variables Mean SD Minimum Maximum
Bilirubin total lower 29.54 55.58 12 515
Bilirubin total peak 66.55 128.91 21 936
Bilirubin direct lower 29.93 49.43 07 302
Bilirubin direct peak 92.86 129.09 07 582
ALP lower 96.36 59.11 40 306
ALP peak 289.83 344.38 129 1862
ALT lower 82.82 92.01 42 984
ALT peak 513.55 1017.46 55 7000
AST lower 72.31 137.58 36 1360
AST peak 500.33 1017.33 40 7000

Normal range as per HMC core laboratory reference reading with measured units; Bilirubin total umol/L <21, Bilirubin direct
umol/L <5, ALP U/L 40-129, ALT U/L <41, AST U/L <40.

Table 3. Ultrasound findings of the participants (n = 158).

Findings Frequency Percentage (%)
Liver parenchyma
Normal 69 43.7
Diffuse hyperechogenicity 62 39.2
Enlarge with diffuse hyperechogenicity 20 12.7
Others (coarse or inhomogeneous) 07 4.4
Biliary tree
Normal 152 96.2
Abnormal intrahepatic 4 2.5
Abnormal extrahepatic 2 1.3
Gall bladder
Normal 95 60.1
Stone 10 6.3
Stone with sludge 21 13.3
Polyps 10 6.3
Wall thickening 3 1.9
Others (contracted, removed, or non-visualized) 19 12

/| | QATAR MEDICAL JOURNAL
VOL. 2024 / ART. 46



Almughalles et al.

Liver ultrasound evaluation of acutely increased liver function tests of COVID-19 hospitalized patients

‘o> /N
1SV 'Ly> /N 10V '621-0% /N 41V 'S> 1/j0Wn 12a41p uignijig ‘1 z> 7/j0Wn |B10} uignijig ‘siun painseaw yum buipeas 9duaialal Aloreloge| 2103 DIAH Jad se abues [eulioN

9600

v /961
F9C°LILO

SLLEFEE0C9

L9E9F LL9LE
68°1¢8l
F6C°€801L

608 ¥ L'8LY

6°¢S5 F 1785¢E

€80

1908 F0'L6
¢5°05¢
F9/7CC9
1"9€01
F 617205

L¥76°0
9¢'6Ll
FrLCEE
8 vv9
FLE98Y
88'G/01
F80°¢SS
L7901 L
FLLELY

yead |SY

¥.0°0

LS
F €999
GE9
F/9°8Y
€coey
F8L961
6'vEC
F9L°€01L
6'lS
FSUL
6660
6899

L/6°0
[443
F0€9
VL6
RETAVAS
[4340i 4
F468°¢L

LZy0
8E'ql
+ /5765
16'917¢
FLEBLL
ELVC
F 1489
0 29l
F0C€eL

Jamo|
1Sv

1100

071941
+895°9/9
05°€9
*/9°10€
9¢'59¢
F6E°561
8'€E0C
FLOEVC

9¢/9 ¥ 896V

V6LE
¥ £9°96¢E

2080
61'8¢l
F99°avlL
Sv'09v
F05°¢CEL
€S VEOL
*19°C1LS

0080
LE'BEL
SAVASNGISS
61 LSl
*LLVS9
G8'8V6
F ¥C'5999
86°¢Y6
oL vy

yead 11y

6910

geLlL
+98°€9
L9V
*/9°GL
€0°991
F6S°ECL
L'L0¢
Fllect
891
*8'/9
JASClS
FLOVL

ST
€556
F4657¢el
vel
F05°¢9
EEE6
+E8'¢8

6520
96°6¢
RAVASEVA
§9°'60¢
*ocrel
L' LS
F8e6L
97’89
+85°GL

19MO|
1V

100°0>

06°€E¢C
FeEEve
¥°G08
Fclel
¥6°9¢
FE°941
Y €8¢
FCqEE
vavel
AR A4
€9'6cE
F¥8°6/LL

9€6'0
£Z°901
F5170¢
14789
F0'9/L¢
LL0SE
Feled

0910
vy e
+ 988
65°¢6V
+05'86¢€
12224
FCE796¢
LallL
F9€£°9¢€¢

yead 41v

‘(851 = U) 3S3) UOIUNY J3AI] YHM sBulpuly punoses}n Jo uonea.Lo) “t a|qeL

cLLo

80'tS
F9l°€6
0L¢L
FEELEL
8599
FyeEol
16°GS
F€e068
L8'SL
FyOlLL
S¥°09
F11°66

0600

6E91LL
F0e¢CCl
09'8¢
F9C/LSL
SP'8S

F V6

1000
LV 6y
F¥1'891
0829
F€E6'601
86'LS
FrL8
v 65
+ /586

19MO|
dv

796°0

6v €91
FELLLL

00’0+ 098
glact
FSELL
96'6€
L9
8C'LL
F9/.°96
LT8Yl
T LV'96

1000

00 ¥ 0'8¢€
LLE
FGqClE
S/.°86
FE6L

00°0
9€°/8¢
¥90'9/4¢
68'6¢
LS
LG arl
F /6701
6v'19
F 7899

yead
12IIp
utgnuijig

19870

€C'S8
959
000
Fal
686
08l
EV'e
+85°0¢
v9'v
F5C°9¢
9G'8Y
+98'6¢

100°0>

00 F0'v¢
Svol
596591
9001
FYalc

1000~
L9°ES]L
FOvel
v'8
STA <Y
9lL1L
F99°1L¢
66
F09°1¢

13MO|
PalIp
uignuiig

6570

L'El¢
FrL8LL
€0'sy
+00'¢8
89'8L
FE8Y
L0 PP
FCS9°SS
SO'LL
F8'8S
86Cl
F6.09

100°0>
¥0'v¢
F0'8¢
6V 6.7
FGLECS
08°€8
F 68175

100°0>
SLLLEY
F980L€E
68€LC
F86'S¢E
|ZAWAN)"
FES/LS
96969
FEL°8S

>ead |e10}

utgnJijig

€¢50

6'CllL
FLTES
0¥
FEEWC
€'l
Fllee
96'€
*499'¢e
Sl
F9'¢c
v£°0S
08¢

100°0>

vr'S
48 v¢
0C'€8¢C
F9/°69¢

60
Focrec

1000~
0cove
FOveol
69V
*499'¢e
65'€
FE9'ec
€9'6
F8lv¢

san|eA-d

(pazijensia

-UOU JO "panowal
'Pa12eIIU0D) SIBYIO

BuiuadIy} ||eAA
sdAjod

2bpn|s yum auols
aU01S

|eWION

Jsppe|q j|eD

anjen-d
Jnedayeiixs
[ewiouqy
diyedsyesul
[ewiouqy

[PWION
9911 Aleljig

anjea-d
(snosusbowoyul
10 354802) SIBYIO

ApiusboydalsdAiy
asNyIp yum abieju3

ApiuaboydaladAiy
9sNHId

[eWION

s,ewAydusied Jaan

QATAR MEDICAL JOURNAL | 5
VOL. 2024 / ART. 46



Liver ultrasound evaluation of acutely increased liver function tests of COVID-19 hospitalized patients

Almughalles et al.

Table 5. Percentage of normal to abnormal LFTs.

Bilirubin total 67 (42.4%) 91 (57.6%)
Bilirubin direct 92 (58.2%) 66 (41.8%)
ALP 76 (48.1%) 82 (51.9%)
ALT 19(12.0%) 139 (88.0%)
AST 9(5.7%) 149 (94.3%)

significantly affected. Gallbladder findings showed
significant correlations only with peak ALT and ALP
levels (p < 0.05) (Table 4).

Not all patients exhibited elevated LFTs in
correlation with ultrasound findings, indicating
variability among individuals (Table 5). The most
commonly elevated LFT parameter was AST
(94.3%), followed by ALT (88%), total bilirubin
(57.6%), ALP (51.9%), and direct bilirubin
(41.8%). Abnormal total bilirubin was noted in 91
participants, direct bilirubin in 66, ALP in 82, ALT in
139, and AST in 149.

When examining the correlation of abnormal LFTs
with gender and age, no statistical significance was
found for any LFT parameter across these
demographics (Table 6). However, a gender-specific
analysis of ultrasound findings indicated a higher
prevalence of abnormalities among male patients,
though no significant age-related trends were
observed, despite the 41-60-year age group being
most represented (Table 7).

Finally, a significant association was found between
abnormal ultrasound findings and elevated levels of
total and direct bilirubin and ALP, with p-values

< 0.05. For the biliary tree, only AST levels were
significantly correlated (Table 8).

In the context of the ongoing COVID-19 pandemic,
there is a pressing need for research into various
treatment and intervention strategies. The
susceptibility of patients with chronic liver diseases
to COVID-19 remains unclear. However, emerging
studies suggest that the liver may be vulnerable to
coronavirus due to the presence of angiotensin-

converting enzyme 2 (ACE2) receptors in the biliary
and liver epithelial cells, which serve as binding
sites for SARS-CoV-2, potentially leading to organ
damage.®"" This connection implies a potential
association between liver enzyme levels and SARS-
CoV-2 infection. Our research focused on exploring
liver pathology and abnormalities in LFTs, using
ultrasound imaging as a diagnostic tool in
COVID-19 patients. Of the 223 ultrasound
examinations reviewed, 158 patients met the
inclusion criteria for our study. The findings
revealed a predominance of male patients, with an
average age of 47.76 = 13.76 years, aligning with
previous research.

Although no statistically significant correlation was
found between abnormal LFTs and the age or
gender of the participants, it was noted that men
were disproportionately affected by the disease,
and the severity of the illness increased with
age.'>" LFTs, which include measurements of AST
and ALT, are crucial for detecting hepatocyte injury.
These enzymes are key indicators of liver function
and are closely related to the permeability of the
hepatocyte membrane.™ It is important to note
that increased levels of ALT and AST are not
exclusive to liver damage and have also been linked
to myositis.' Generally, liver failure or impairment
in patients with SARS-CoV-2 infection does not
correlate with abnormal LFTs, and liver-focused
treatments are often not required. The mechanisms
underlying abnormal LFTs in COVID-19 patients
remain largely undefined.

Our study assessed LFTs for both lower and peak
levels, identifying a statistically significant elevation
in total bilirubin and ALT among COVID-19
patients, which is consistent with previous
findings.'® Ultrasound examinations most
commonly identified hepatobiliary abnormalities,
with 62 of 158 patients displaying diffuse liver
hyperechogenicity and 20 of 158 showing an
enlarged liver with diffuse hyperechogenicity. These
findings are consistent with Abdelmohsen’s 2020
study," which reported that most cases of
hepatomegaly showed elevated LFTs and a bright
echo pattern in the hepatic parenchyma. This
observation is also detailed in the overview of liver
involvement in COVID-19 infection done by Ippolito
etal.’
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Table 6. Correlation of age and gender with abnormal LFTs.

Bilirubin total Bilirubin direct

(n=91) (n = 66) ALP (n = 82)
Gender
Male 86 62 76 134 142
Female 05 4 06 05 07
P-value 0.365 0.322 0.071 0.199 0.65
Age group
20-40 years 29 18 23 42 49
41-60 years 45 34 44 74 75
61-80 years 14 11 14 21 22
>80 years 03 3 1 02 03
P-value 0.284 0.044 0.230 0.165 0.439

Table 7. Correlation of age and gender with ultrasound findings.

Gender Age group

Liver parenchyma’s Male Female 20-40 41-60 61-80 >80
Normal 65 4 22 36 9 2
Diffuse hyperechogenicity 61 1 18 32 11

Enlarge with diffuse 20 0 7 13 0 0
hyperechogenicity

Others (coarse or inhomogeneous) 05 2 5 0 2 0
P-value 0.007 0.150

Biliary tree

Normal 145 7 49 78 22 3
Abnormal intrahepatic 4 0 2 2 0

Abnormal extrahepatic 2 0 1 1 0 0
P-value 0.865 0.957

Gall bladder

Normal 92 3 36 47 10 2
Stone 10 0 2 5 3 0
Stone with sludge 18 3 4 10 6 1
Polyps 10 0 4 5 1 0
Wall thickening 3 0 2 1 0 0
Others (contracted, removed, or 18 1 4 13 2 0
non-visualized)

P-value 0.28 0.515

QATAR MEDICAL JOURNAL | 7
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Table 8. Correlation of abnormal ultrasound findings with abnormal LFTs.

Liver parenchyma'’s

Enlarge with diffuse
hyperechogenicity

others

P-value

Biliary tree

Abnormal intrahepatic
Abnormal extrahepatic
P-value

Gall bladder

Stone

Stone with sludge
Polyps

Wall thickening
Others

P-value

Diffuse hyperechogenicity

28
M

06
0.036

0.217

5
14
4
3
13
0.342

20 25

6 12

5 7
0.041 0.002

4 4

1 1
0.055 0.149

6 5

9 10

8 6

1 3

8 10
0.171 0.656

58
18

06
0.283

0.194

17

18
0.80

60
18

07
0.547

0.022

10

20

19
0.730

The biliary tree appeared normal in the majority of
cases. Our sonographic results also highlighted a
variety of gallbladder findings, including stones,
sludge, luminal mud, mural thickening, polyps, and
mural hyperemia in 40.1% of COVID-19 patients,
similar to rates observed in both ICU and non-ICU
patients in studies by Bhayan et al.' This range of
findings suggests that SARS-CoV-2's attachment to
gallbladder epithelial cells may lead to mucosal
inflammation, shedding light on the ultrasound
observations in COVID-19 patients.?>?'" When
correlating abnormal ultrasound results with LFTs,
significant changes were observed in the levels of
total bilirubin, ALP, and ALT, indicating that
abnormal ultrasound findings could reflect
variations in these parameters as the disease
progresses, where patients with abnormal US
findings correspond to the highest alteration of
LFTs. Furthermore, abnormal LFTs" results may
increase the risk of developing severe pneumonia,
making LFTs a potential early predictor of disease

severity.??

4.1. Limitations

One of the primary limitations of this study lies in
its retrospective design, which inherently restricts
the ability to control variables that may influence
the outcomes. The reliance on patient records and
imaging studies conducted in the past may
introduce bias, as the data collected were not
initially intended for this research purpose.
Furthermore, the study’s focus on a single
healthcare facility limits the generalizability of the
findings to wider populations, as patient
demographics, healthcare practices, and the
prevalence of COVID-19 can vary significantly
across different regions. Another limitation is the
exclusion of patients with pre-existing chronic liver
diseases, which could provide valuable insights into
how COVID-19 affects individuals with underlying
liver conditions. Additionally, the study does not
account for the potential impact of concurrent
medications or treatments for COVID-19 on LFTs,
which could confound the results. Lastly, the
absence of a control group of non-COVID-19
patients undergoing similar liver function
assessments prevents a direct comparison of

QATAR MEDICAL JOURNAL
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ultrasound findings and LFT elevations specifically
attributable to COVID-19.

Ultrasound findings, while helpful, should be
interpreted with caution due to their nonspecific
nature, as liver parenchyma abnormalities can
occur in various conditions, with fatty liver
(steatosis) appearance being a common causative
feature. The ongoing evolution of COVID-19
underscores the critical need for further research to
deepen our understanding of its impact on liver
health and the optimal management of patients
with liver diseases. Given the common observation
of liver impairment in COVID-19 patients, future
studies should include comprehensive evaluations,
such as serology tests, to better understand the
causes of liver failure and impairment. Additionally,
as new antiviral vaccines are developed, it may be
necessary to update recommendations to ensure
their safety and efficacy in patients with liver
diseases.

No conflict of interest to declaire.
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