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Abstract
Introduction: The World Health Organization (WHO) identified a novel coronavirus, originating in Wuhan, China, 
in December 2019, as a pneumonia causing pathogen.  Epidemiological data in Romania show more than 450.000 
confirmed patients, with a constant number of approximately 10% admission in intensive care unit. Method: A ret-
rospective, observational study was conducted from 1st March to 30th October 2020, comprising 657 patients, con-
firmed as having COVID-19, and who had been admitted to the intensive care unit of the Mures County Clinical 
Hospital, Tîrgu Mures, Romania, which had been designated as a support hospital during the pandemic. Patients 
who presented at admission or developed abnormal liver function tests in the first seven days of admission, were 
included in the study; patients with pre-existing liver disease, were excluded. Results: The mean (SD) age of patients 
included in the study was 59.41 (14.66) years with a male: female ratio of 1.51:1. Survivor status, defined as patients 
discharged from the intensive care unit, was significantly associated with parameters such as age, leukocyte count, 
albumin level, glycaemia level (p<0.05 for all parameters.) Conclusions: Liver injury expressed through liver func-
tion tests cannot solely constitute a prognostic factor for COVID-19 patients, but its presence in critically ill patients 
should be further investigated and included in future guideline protocols.
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 �Introduction
The World Health Organization (WHO) identified a nov- 
el coronavirus originating in Wuhan, China in Decem-
ber 2019, as a pathogen which causes pneumonia [1]. 

The novel coronavirus, officially named SARS-
CoV-2, and the disease caused by it, COVID-19, spread 
quickly in more than 60 countries [2].  

More than nine months after the diagnosis of the 
first patient with SARS-CoV-2 infection, epidemiologi-
cal data in Romania accounted for more than 450.000 
confirmed patients, with the total number of deaths 
surpassing 11.000 cases (2.37%). Approximately 10% 
of all patients confirmed as having the virus, required 
to be admitted to an intensive care unit [3]. 

SARS-COV2 infection is already known to be trans-
mitted through respiratory droplets and manifests 

through variate symptoms such as fever, difficulty 
breathing, dry cough, and most recently, with a switch 
towards abdominal symptoms: pain, diarrhoea, nau-
sea, or vomiting [4]. 

Many studies have tried to clarify the association 
between liver function tests and COVID-19, validating 
hypotheses such as drug-induced liver injury or direct 
hepatocyte damage due to increased viral load [5, 6]. 

Liver function  tests in patients with COVID-19 
showed the liver to be the most frequently damaged 
organ, with the exception of the respiratory system [7].  

SARS-CoV2 related liver injury have been defined as 
a hepatocellular pattern, cholestatic or mixed patterns. 
(Table 1.) Garcia-Cortes et al (2020) classified COV-
ID-19 liver injury as mild, moderate or severe accord-
ing to liver function tests (Table 2.) 
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However, in their meta-analysis, Wu et al. (2016) 
drew attention to the similarity between the mild and 
moderate groups of COVID-19 liver injury. Their opin-
ion was that considering the small clinical differences 
between the mild and moderate groups, as well as their 
possible impact on patients’ outcome, the two groups 
should be combined and further suggested that consid-
eration should be given to updating the guidelines to 
uphold this view. 

The current study aimed to establish whether the 
severity of liver injury is a supplementary outcome 
prognostic factor in COVID-19 patients admitted to 
an intensive care unit. The null hypothesis is that the 
severity of liver injury is not a supplementary outcome 
prognostic factor in COVID-19.   

 �Methods
A retrospective, observational study was conducted 
from 1st March to 30th October 2020, on patients, con-
firmed as having COVID-19, and who had been admit-
ted to the intensive care unit of the Mures County Clin-
ical Hospital, Tîrgu Mures, Romania, which had been 
designated as a support hospital during the pandemic.

Inclusion Criteria: Adult patients who, on admis-
sion to the intensive care unit, presented with abnor-
mal liver function tests and  laboratory confirmation of 
COVID-19 infection i.e. detection of SARS-COV2 RNA 
in a clinical specimen using a molecular amplification 
detection test, or developed abnormal liver function 
tests with and  laboratory confirmation of COVID-19 
infection i.e. detection of SARS-COV2 RNA in a clini-
cal specimen using a molecular amplification detection 
test, in the first seven days of admission. 

Exclusion Criteria: Adult patients with a history of 
any type of pre-existing liver disease. 

Case Notes contained:  Demographics: age, sex, were 
recorded on admission, as were the following associat-
ed comorbidities ischemic heart disease, diabetes mel-
litus, haematological conditions, active cancer, as well 
as history of cancer, metastatic disease, neurological 
and rheumatological conditions. 

Clinical outcomes such as death, and length of stay 
in the intensive care unit were recorder during the stay 
in the ICU for future analysis. 

Laboratory tests conducted on the day of admis-
sion, including a complete blood count (haemoglobin, 
platelet count, and leukocyte count), renal function 
tests (urea, creatinine), electrolyte count (sodium, po-
tassium), biochemical tests (glycaemia, albumin, cho-
lesterol, and triglycerides), and inflammatory response 
markers (CRP, Ferritin and erythrocyte sedimentation 
rate). 

All medications administered during the stay in the 
intensive care unit. 

Appraisal of the pattern of liver injury was charac-
terized as hepatocellular pattern, cholestatic or mixed 
patterns, according to Andrade et al. (2019) [8] Table 1.

SARS-COV2 related liver injury was defined as 
liver injury detected and confirmed by abnormal liver 
biochemical and function tests including alanine ami-
notransferase, aspartate aminotransferase, alkaline 
phosphatase, gamma-glutamyl transferase, in patients 
with confirmed evidence of SARS-CoV2 infection. Ta-
ble 3.

Patients were allocated to two groups for further 
analyses.

Table 1. Classification of the pattern of liver injury. 

Hepatocellular pattern: Alanine transaminase levels ≥ 5 upper limit of normal; alanine transaminase levels/alkaline phos-
phatase levels ≥ 5.
Cholestatic pattern: Alanine transaminase levels ≥ 2 upper limit of normal; alanine transaminase levels /alkaline phospha-
tase ≤2.
Mixed pattern: Alanine transaminase levels/alkaline phosphatase 2-5.

Table 2. Forms of SARS-COV2 associated liver disease

A mild form of the disease: Mild symptoms without clinical or para clinical signs of pneumonia, or with a Chest X-Ray or 
CT scan showing < 25% parenchymal damage.
A moderate form of the disease: Mild to moderate symptoms with para clinical signs of pneumonia, or a Chest X-Ray or 
CT scan showing a 25-50% parenchymal damage.
A severe form of the disease: With a respiratory rate ≥ 30/min, pS02 ≤ 93%, PaO2/FiO2 ≤ 300 mm Hg, or a Chest X-Ray 
or CT scan showing more than 50% parenchymal damage, or signs of acute respiratory distress, confusion/coma, sepsis, 
shock.
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Group 1. Liver function tests 3-10 upper limit of 
normal. (This combined patients with both mild and 
moderate liver injury). 

Group 2. Liver function tests >10  upper limit of nor-
mal (This comprised patients with severe liver injury.) 

Comparisons were made between Group 1 and 
Group 2 using Student’s t-tests or the Mann-Whitney 
U-test. Clinical outcomes, such as length of intensive 
care unit stay or death for each of the two groups were 
compared using Student’s t test and Fisher’s exact test. 
Associated comorbidities of the patients were evalu-
ated using the Charlson Comorbidity Index. 

Univariable and multivariable logistic regression 
models were used to establish additional risk factors 
for liver injury. Statistical tests were performed using 
SPSS19.0 software.

The level of significance was set at α =0.05 for all 
tests.

 �Results
From a total of 657 patients admitted to the intensive 
care unit, 156 patients (23.74%) who presented with 
abnormal liver function tests on admission or during 
the first seven days of hospitalisation were included in 
the study. The mean (SD) age was 59.41 (14.66) years 
with a male: female ratio of 1.5:1. 

There was a significant difference between Groups 
1 and 2 with respect to platelet count leukocyte count, 
urea, glycaemia, triglycerides, ferritin values, but not 
haemoglobin, creatinine, sodium or potassium values.

There was no statistical difference between the two 
groups with respect to recorded deaths but a significant 
difference with respect to the length of stay in hospital 
(Student t test p= 0.009). The null hypothesis is there-
fore partly upheld. Table 4.

The following liver diseases were recorded in the 
study cohort: chronic viral hepatitis, liver cirrhosis, 
alcoholic liver disease, autoimmune hepatitis, malig-
nancy or metastatic disease.  

During hospitalisation, thirty-five patients (22.43%) 
presented with mild liver injury, sixty-three (40.38 %) 
moderate liver injury, and fifty-eight (37.19 %) present-
ed with severe liver injury. 

Table 4. Demographics and para clinical characteristics of 156 enrolled COVID-19 patients. 
Group 1 .  (n=98) Group 2.  (n=58) p-value

Complete blood count
Haemoglobin  (g/dL) mean (SD) 13.74 (1.5) 13.32 (2.65) Student t test p= 0.377
Platelet count (103/uL) mean (SD) 212.71 (80.32) 265.77(13.05) Student t test p =0.035  *
Leukocyte count (/uL) mean (SD) 6310.69 (2603.41) 8867.69(5205.24) Student t test p= 0.003 *
Renal function tests
Urea (mg/dL) mean (SD) 36.49 (15.36) 57.66 (23.59) Student t test p= 0.007  *
Creatinine (mg/dL) mean (SD) 0.85 (0.21) 0.89 (0.24) Student t test p= 0.592
Electrolyte count
Sodium(mmol/L) mean (SD) 138.73 (3.43) 137.15 (4.88) Student t test p= 0.135
Potassium(mmol/L) mean (SD) 4.33 (0.5) 4.41 (0.74) Student t test p= 0.603
Biochemical tests
Glycaemia (mg/dL) mean (SD) 118.59 (51.92) 166.23 (87.71) Student t test p= 0.004  *
Albumin (g/L) mean (SD) 3.11 (0.36) 3.22 (0.73) Student t test p= 0.574
Cholesterol (mg/dL) mean (SD) 182.16(49.27) 200.43 (46.17) Student t test p= 0.364
Triglycerides (mg/dL) mean (SD) 139(70.79) 247.29 (171.41) Student t test p= 0.005
Inflammatory response markers
CRP (mg/dL) mean (SD) 4.7 (5.47) 7.81 (7.93) Student t test p= 0.065
Ferritin (ng/mL) mean (SD) 929.17 (982.6) 2597.677 (2233.74) Student t test p= 0.02  *
ICU
Length of stay in ICU. mean (SD) 13.85(9.52) 8.05(5.43) Student t test p= 0.009  *
Death (Y/N) 26/72 35/23 Mann Whitney U test p= 0.57

* indicates a significant difference 

Table 3. Classification of liver injury   

Mild:  Liver function tests 3-5 upper limit of normal.
Moderate:  Liver function tests 5-10 upper limit of nor-
mal.
Severe:  Liver function tests ≥ 10
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The median duration of liver injury was six days ir-
respective of severity of liver injury.

At the time of discharge, no patients exhibited nor-
mal liver function tests, regardless of the severity of 
their initial liver injury or their length stay in the in-
tensive care unit. 

There was a significant statistical difference between 
Groups 1 and 2 with respect to age, platelet and leuko-
cytes count, urea, and ferritin level together with the 
length of admission in the intensive care unit (Student 
t test, p < 0.05) as seen in Table 4.

Survivor status, as defined as discharged patients 
from intensive care unit, was significantly associated 
with age, leukocyte count, albumin level, glycaemia 
level. (p<0.05)

Comparison was made between patients in Groups 
1 and 2. Patients in Group 2 were older (Pearson corre-
lation parametric test; p=0.03) and had a lower platelet 
count (Pearson correlation parametric test; p=0.02) or 
leukocyte count (Pearson correlation parametric test; 
p=0.043) and higher glycaemic (Pearson correlation 
parametric test; p=0.01) and triglycerides levels (Pear-
son correlation parametric test; p=0.025).

The pattern of SARS-COV2 related liver injury was 
assessed; there were no significant statistical differenc-
es between Groups 1 and Group 2 regarding hepatocel-
lular (Fisher’s two tailed exact test; p=0.23), cholestatic 
(Fisher’s two tailed exact test;p=0.83) or mixed pattern 
(Fisher’s two tailed exact test;  p=0.20). For both groups, 
hepatocellular injury was the predominant pathogenic 
mechanism (Group 1 – 55.1%, Group 2 – 65.5%).

The Charlson Comorbidity Index score had a value 
lower 2 points in 119 patients (76.2%), associated with 
more than 90% estimated 10-year survival rate.

The use of glucocorticoids, antibiotic therapy, an-
tiviral therapy, acetaminophen in patients in Group 1 
were not associated with a risk of additional liver in-
jury (Fisher’s exact test; p> 0.05). In Group 2, the use of 
antifungal therapy was associated with a low risk for an 
additional liver injury – OR 1.04 (95% CI [0.95-1.14]).

An abdominal computed tomography scan was per-
formed on patients with severe liver injury (37.19 %) 
and there were no records of intrahepatic or extrahe-
patic obstruction, liver cirrhosis or hepatomegaly, sug-
gestive of pre-existing liver disease.

Complete etiological investigation of liver injury 
was performed in only six patients (3.8 %).

 �Discussion
The search for diagnostic and prognostic biomarkers 
in patients in severely ill patients admitted to an in-
tensive care unit, at the time of admission, is a medical 
challenge when dealing with unknown issues of SARS-
COV2 infection [9,10].

The present study comprises an accurate descrip-
tive statistics of SARS-COV2 patients with abnormal 
liver function admitted to intensive care unit. The data  
demonstrated that the severity of liver injury is not a 
supplementary outcome prognostic factor and high-
lighted the significance of paraclinical follow-up in 
SARS-COV2 patients. 

The current pathogenic mechanisms involved in 
multi-organ injury in SARS-COV2 related secondary 
infections include direct toxicity, endothelial cell dam-
age and thrombo-inflammation [11,12], dysregulation 
of the immune response and the renin-angiotensin-
aldosterone system. These are suspected to contribute 
to a direct effect on the liver and be associated with 
gastrointestinal symptoms [13,14]. 

Similar to the results of the current study, there has 
been confirmation that elevated liver function tests  are 
more common in patients with a severe type of COV-
ID-19, most likely due to association with inflamma-
tory cytokine storm [15,16]. 

In most cases, function abnormalities, regardless 
of the predominant action mechanism were limited 
to duration [15]. Consistent with previous studies 
[17,18], the present study found that severe COVID-19 
patients presented early liver injury onset and a slow 
decrease of in abnormality of liver function tests, with 
a lack of normalisation of liver function tests  at the 
time of  discharge.

More studies are required to establish the patho-
genesis of liver function tests abnormalities in patients 
with mild SARS-CoV-2 infection admitted to intensive 
care unit for associated severe comorbidities. 

In a systematic review, Parohan et al. (2020) ana-
lysed twenty retrospective studies focused on liver in-
jury in COVID-19 and correlated serum levels of as-
partate aminotransferase, alanine transaminase, total 
bilirubin and albumin, with the severity of COVID-19 
infections [19]. Parohan’s meta-analysis underlined 
the current consensus, which rules out the additional 
hepatotoxic effect of drug combinations, including, but 
not limited to, steroids, antiviral, antibiotics or antimy-
cotic treatment. 
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The present study corroborates this report; the only 
correlation which was not be established was between 
the level of albumin or total bilirubin with the severity 
of COVID-19. 

Lopinavir–ritonavir treatment was believed to in-
duce liver dysfunction, but more recent studies ruled 
out this hypothesis, maintaining that a key treatment 
consideration is monitoring hepatotoxicity of the ad-
ministered medications [20].

Jiang et al.(2020) in a multicentre, retrospective ob-
servational study, compared liver injury in critically ill 
with non-critically ill patients, concluding that drug 
factors were independent risk factors for non-critical-
ly ill patients, and drug interactions of concomitant 
drugs should be closely monitored, especially in this 
group of patients [21].  The present study established 
the correlation between liver injury and the use of an-
tifungal therapy in severe-COVID19 patients admit-
ted to intensive care unit.

The Romanian Society of Anaesthesia & Intensive 
Care published a Romanian guideline for critically ill 
patient with COVID-19 in intensive care units Depart-
ments. One crucial aspect discussed in the guidelines 
is managing patients with acute liver failure associated 
with COVID-19. Previous reports state that the num-
ber of patients who required admission to an intensive 
care unit due to acute liver failure is relatively small 
though the mortality rate in these patients was very 
high. The primary guideline recommendations for  
these patients include the limitation of usage of hepa-
totoxic drugs, checking the availability for transfer in 
specialised centres, using the antiviral drugs approved 
by the national health organisation. Listing for hepatic 
transplant, which can be controversial, is also included 
[22]. Consultant hepatologists should base their mul-
tidisciplinary approach, together with intensive care 
physicians, by increasing the rate of performing ae-
tiological and imagistic investigations in patients with 
SARS-COV2 liver injury [23]. 

Updated national and international guidelines of 
liver injury management in COVID-19 are required to 
aid in the rapid differential diagnosis and treatment of 
the disease. 

Further studies are required to investigate the patho-
genesis of COVID-19 liver injury, and the relation of 
causality between different pathogenetic triggers. Our 
study helps to emphasise the mandatory follow-up of 
abnormal liver function tests as well as establishing a 
proper management in critically-ill patients. 

 �Conclusions

SARS-COV2 infection has been associated with liver 
function impairment; abnormal liver function tests 
are common in COVID-19 patients and are associated 
with increased severity of the disease. 

The pathogenesis of liver injury, especially in inten-
sive care unit patients is multifactorial and requires 
further research. Drug-induced liver disease associ-
ated with antiviral drug use cannot be excluded as a 
pathophysiological mechanism, especially in the use of 
concomitant therapies in intensive care unit patients. 

Liver injury expressed through liver function tests 
abnormality does not solely constitute a prognostic 
factor for COVID-19 patients, but its presence in criti-
cally ill patients should be suspected and investigated 
in all cases. 
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