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REVIEW

CT attenuation values predict liver injury 
in COVID-19 patients
Negar Abdi1 and Hamid Ghaznavi1,2* 

Abstract 

Background Liver injuries such as metabolic-associated fatty liver disease, liver fibrosis, and steatosis are common 
in COVID-19 patients. Unenhanced CT can be used to diagnose the morphological traits of steatosis and cirrhosis. This 
study aims to provide a clear overview on the association between liver injuries and decreased hepatic CT attenua-
tion values on chest CT images in patients with COVID-19.

Main text Measuring HU values can be used as an additional method to diagnose liver injuries, even though HU 
values alone cannot definitively diagnose specific liver diseases. Chest CT is a common imaging procedure for diag-
nosing pneumonia, and during this CT examination, the upper abdomen, including the liver and spleen, is inciden-
tally captured on the CT scan. Therefore, the assessment of liver injuries in chest CT of patients with COVID-19 can be 
performed by measuring the HU value of the liver and spleen. In this review, we summarize all the currently available 
CT findings in liver injuries associated with decreased hepatic CT attenuation values.

Conclusion We found out that liver injuries such as hepatic steatosis and metabolic disease were more frequent 
in the COVID-19 patient, especially in severe and ICU patients. Compared to control group and COVID-19 patients 
with mild symptoms, the hepatic CT attenuation values and L/S ratios were lower in research group and severe 
COVID-19 patients.

Keywords COVID-19, Hepatocellular liver injury, Metabolic-associated fatty liver disease (MAFLD), Liver fibrosis, 
Hepatic steatosis, Chest CT

Background
While the lungs are the primary target of COVID-19, the 
liver is also commonly affected [1]. Examination of liver 
tissue from COVID-19 patients reveals several abnor-
malities: congestion in blood vessels, breakdown of liver 
cells with areas of cell death, immune cell migration 
within the liver, and a moderate amount of fat accumu-
lation within liver cells [2]. Several biological processes 

contribute to the development of liver complications 
following SARS-CoV-2 infection. These include hypoxia 
and circulatory changes, hepatotoxic drugs consump-
tion, cytopathic effect via angiotensin-converting enzyme 
2 (ACE2) receptors, and hyper-inflammatory reaction to 
COVID-19 [3]. The most frequent liver abnormality seen 
in COVID-19 patients is fatty liver, medically known as 
hepatic steatosis [4]. Furthermore, existing conditions 
such as metabolic-associated fatty liver disease (MAFLD) 
and liver fibrosis may worsen the inflammatory response 
in these patients [5].

C-reactive protein (CRP) and D-dimer are well-estab-
lished markers for predicting the severity of illness in 
COVID-19 patients. Scoring systems such as FIB-4 and 
APRI utilize readily available blood tests to assess liver 
fibrosis without needing invasive procedures [6]. Recent 
research suggests that among these markers (D-dimer, 
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CRP, APRI, and FIB-4), the FIB-4 index appears to be the 
most accurate predictor for requiring mechanical ventila-
tion (IMV). D-dimer and CRP have also shown some pre-
dictive value in this context. Furthermore, for predicting 
mortality, the FIB-4 index has shown the highest level of 
reliability, followed by D-dimer. This study proposes that 
using a FIB-4 threshold of greater than or equal to 1.9 
might be more effective than traditional markers such as 
CRP and D-dimer in anticipating the need for mechani-
cal ventilation and mortality risk in patients with SARS-
CoV-2 infection [7].

Ultrasound (US), computed tomography (CT), and 
magnetic resonance imaging (MRI) are established imag-
ing modalities for liver evaluation [8]. US should be 
prioritized as the primary diagnostic modality for the 
initial assessment of the liver in patients presenting with 
abdominal symptoms. US is a popular tool for identify-
ing fatty liver disease, especially in advanced cases. While 
it is good at distinguishing healthy livers from severely 
fatty ones (around 85% accurate), detecting moderate 
levels of fat (around 60% accurate) proves more challeng-
ing [9, 10]. Studies show that liver abnormalities are often 
seen on CT scans of COVID-19 patients [11, 12]. The 
most common finding is a decrease in liver density (26%), 
especially in severe cases (59%). Interestingly, measur-
ing this density using CT scans—quantified liver/spleen 
attenuation—might help predict a patient’s outcome. An 
advantage is that since the liver is often included in rou-
tine chest CT scans for COVID-19, this information can 
be readily available without additional tests [13]. Also, 
MRI is recommended for elucidating liver abnormalities 
in COVID-infected patients where findings on US and 
CT are inconclusive [14].

In everyday clinical practice, CT scans are the most 
common way to image the liver. This is because they are 
widely available, provide detailed pictures with fast image 
capture, and offer the advantage of standardized analy-
sis based on size and density measurements. Addition-
ally, their excellent image quality makes them suitable for 
both routine and emergency situations [15]. Unenhanced 
CT, without contrast agents, is utilized to diagnose mor-
phological traits of liver steatosis and cirrhosis. Addition-
ally, for detecting nonspecific liver pathology, measuring 
Hounsfield Units (HU) values can serve as an additional 
method to diagnose liver injuries. HU values represent 
the X-ray attenuation properties of a material relative to 
water (0 HU) and air (− 1000 HU), obtained through a 
linear transformation of the measured attenuation coef-
ficient. Normally, the liver parenchyma is homogeneous, 
with typical liver attenuation ranging from 50 to 60 Hus 
[16].

Liver density is assessed using a tube voltage of 120 
kVp by calculating the average Hounsfield Units within 

a 1.5   cm2 circular region of interest (ROI) in four dis-
tinct regions spanning both lobes, each delineated by 
the hepatic veins. Spleen density, on the other hand, is 
derived from a 1.5  cm2 ROI positioned within the paren-
chyma. The regions of interest (ROIs) are strategically 
placed in both cases to steer clear of high-density zones 
(like calcifications) or low-density regions caused by vas-
cular structures, cysts, or vessel entry points at the hila. 
Subsequently, the liver-to-spleen ratio (CT L/S) is com-
puted, and steatosis is identified if the CT L/S index is 
equal to or less than 0.9 [17]. Assessment of hepatic stea-
tosis (HS) through non-enhanced phase CT reveals that 
an ROI measurement in the right hepatic lobe below 40 
HU indicates moderate hepatic steatosis with a liver fat 
percentage exceeding 30% [18, 19].

Chest CT is a common imaging procedure for diag-
nosing pneumonia and plays a crucial role in classifying 
COVID-19 pneumonia [20]. During CT examinations of 
patients with COVID-19, the upper abdomen, including 
the liver and spleen, is routinely visualized in the scans 
[21]. Therefore, evaluating liver abnormalities in the 
chest CT scans of COVID-19 patients can be achieved 
by measuring the Hounsfield Units values of the liver 
and spleen. This study aims to offer a comprehensive 
review of the CT findings related to liver injury caused by 
COVID-19 as reported thus far. The review specifically 
focuses on studies that investigated liver injury associ-
ated with changes hepatic CT attenuation values.

Methodology
Medline was searched for “SARS-CoV-2 [MESH]” and 
“COVID-19 [MESH]” and “computed tomography 
[MESH]” and “liver injury [MESH]” and “liver steatosis 
[MESH],” to retrieve papers that published on liver inju-
ries related to COVID-19 in chest CT. Published papers 
in PubMed, ScienceDirect, and Web of Sciences were 
used to search for original articles, reviews, and case 
reports in English between 2019 and March 2024. Refer-
ences of the articles were screened for other papers and 
included in this review when considered relevant.

The inclusion criteria for this paper were published 
papers about examining liver injury associated with 
COVID-19 by CT scan 9. However, the exclusion criteria 
conducted by eliminating articles were ones which exam-
ined liver disorders, according to the severity of COVID-
19 and its relationship with biochemical abnormalities 
and liver disorders caused by drug consumption. Addi-
tionally, diabetes was included in the exclusion criteria 
since it contributes to fatty liver, which could confound 
the assessment of COVID-19-related liver injury. Finally, 
the articles were classified based on the findings of chest 
CT scan imaging.
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Main text
This review included nine retrospective cohort stud-
ies (Table 1). Out of the 12 studies, five divided patients 
into a research group (positive COVID-19) and a con-
trol group (negative COVID-19) [22–26]. It should be 
noted that the research group in the Shumskaya et  al. 
study was divided into three groups based on the sever-
ity of COVID-19 [26]. In other studies, patients were 
classified into two or three groups based on severity of 
symptoms in patients with COVID-19. These classifica-
tions included none severe group (NSG), severe group 
(SG) [27–29], ICU froup (IG), none ICU group (NIG) 
[30], fatty liver group (FL), non-fatty liver group (NFL) 
[31], positive oxygen demand OD (+), negative oxygen 
demand OD (−) [32], non-prognosis group (NPG), and 
prognosis group (PG) [33]. The most common clinical 
symptoms in mentioned studies included diarrhea, ano-
rexia, abdominal pain, nausea, and vomiting.

In the study groups that compared hepatic CT atten-
uation in control and research groups, four of them 
determined that the Hounsfield Units of patients in the 
research groups significantly decreased compared to 
those in the control group [22–24, 26], while, the results 
of the Radzina et al. [25] study were the opposite, show-
ing an increase in HU in the livers of patients in the 
research group. Uchida et al. study [27] evaluated hepatic 

attenuation values in both severe and non-severe patients 
with COVID-19. This study found that lower liver density 
readings (CT attenuation values) and a lower liver-to-
spleen density ratio were linked to how severe a patient’s 
COVID-19 was upon admission to the hospital. How-
ever, the investigation by Chen et al. [28] failed to achieve 
analogous outcomes with Uchida et al., as they found no 
significant statistical difference in hepatic CT attenua-
tion values and L/S ratios between severe and non-severe 
groups. Parlak et al. [30] divided patients with COVID-19 
into an intensive care unit group (IG) and a none inten-
sive care unit group (NIG). They found that liver density 
and L/S ratio were significantly lower in the IG. Addi-
tionally, the study by Fataftah et al. [31] revealed a signifi-
cant decrease in hepatic CT attenuation values in fatty 
liver group compared to the non-fatty liver group at the 
time of admission.

Additionally, Nakayasu et  al. assessed the risk factors 
associated with predicting oxygen demand in patients 
with COVID-19. The study involved a comprehensive 
evaluation of variables such as age, sex, existing health 
conditions, laboratory outcomes, and CT scan results, 
encompassing hepatic attenuation value and visceral 
fat. Its primary objective was to pinpoint particular fac-
tors capable of forecasting the requirement for oxygen 
assistance in individuals with COVID-19. While the link 

Table 1 Characteristics of included studies

NSG none severe group, SG severe group, IG ICU group, NIG none ICU group, RG research group, CG control group, FL fatty liver group, NFL non-fatty liver group, SD 
standard deviation, and L/S liver-to-spleen attenuation

Study Patients Age Injury Hepatic CT attenuation (HU) CT attenuation L/S ratio

Control 
group

Research 
group

p-value Control 
group

Research 
group

p-value

Ali et al. [22] 158 50.6 ± 16 Hepatic 
steatosis

53.3 ± 10.2 46.7 ± 12.6  < 0.001

Tahtabasi et al. 
[23]

458 50.9 ± 10.9 Hepatic 
steatosis

53.9 ± 15.9 45.7 ± 11.4  < 0.001

Medeiros et al. 
[24]

204 52.6 ± 17 Hepatic 
steatosis

53.3 ± 10.3 46.7 ± 12.7  < 0.001

Radzina et al. 
[25]

56 RG: 41.6 ± 13.4
CG: 39.5 ± 12.9

Hepatocel-
lular
Injuries

60.4 ± 10.7 63.3 ± 6.8  < 0.05

Uchida et al. 
[27]

35 SG: 58 (52–67)
NSG: 42 
(20–83)

Hepatocel-
lular
Injuries

NSG
56.09 (39.07–
70.85)

SG
36.47 (24.07–
51.08)

 < 0.001  < 0.001 SG
0.81 
(0.49–1.41)

NSG
1.23 (0.83–1.54)

Chen et al. 
[28]

830 51 Hepatic 
steatosis

NSG
37.9 ± 10.8

SG
39.6 ± 8.7

0.604 SG
0.72 ± 0.16

NSG
0.69 ± 0.20

Lei et al. [29] 115 66 Hepatic 
steatosis

 < 0.001 SG
1.21
(1.06–1.32)

NSG
1.24
(1.15–1.34)

Parlak et al. 
[30]

343 48.43 ± 16.85 Hepatic 
steatosis

IG
47.55 ± 7.81

NIG
54.1 ± 10.67

 < 0.001

Fataftah et al. 
[31]

302 31.5
(SD: 19.3)

Parenchyma
Injuries

FL
31.9
(SD: 7.8)

NFL
53.2
(SD: 6.9)

 < 0.001
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between liver-to-spleen size ratio and oxygen needs is 
not fully established, a lower L/S ratio is a reliable indica-
tor of fatty liver disease [32]. Guler et al. [33] examined 
alterations in the L/S ratio throughout the progression of 
the COVID-19. They  established a correlation  between 
the L/S ratio and various factors, including clinical mani-
festations, laboratory results, and lung CT scores. While 
the progressive group had a slightly lower liver-to-spleen 
ratio (L/S) compared to the non-progressive group upon 
admission, this difference was not statistically significant 
(p-value = 0.547). Interestingly, at follow-up, the L/S ratio 
showed a significant difference between the two groups 
(p-value = 0.009).

Discussion
Generally, a CT scan is used to evaluate the severity of 
pneumonia and can also calculate Hounsfield Units of 
different tissues. Using the CT attenuation L/S ratio, 
obtained by the formula of mean hepatic CT attenua-
tion divided by mean splenic CT attenuation value, can 
be a suitable factor for evaluating liver injuries such as 
hepatic steatosis and parenchymal injuries in patients 
with COVID-19. However, the visual representation 
of alterations in liver parenchyma on imaging remains 
uncertain. While variations in hepatic attenuation can 
be detected in certain diffuse liver conditions, the L/S 
ratio is frequently employed to evaluate the presence of 
liver fat [34–36]. In our study, the findings of hepatic CT 
attenuation and CT attenuation L/S ratio in COVID-19 
patients were collected and analyzed. The study revealed 
that in most investigations evaluating the Hounsfield 
Units of the liver in patients with COVID-19, hepatic HU 
values significantly decreased. Moreover, the reduction 
in hepatic CT values was more pronounced in patients 
with severe symptoms hospitalized in the ICU compared 
to those with mild-to-moderate symptoms and non-ICU 
patients.

COVID-19, caused by the SARS-CoV-2 virus, can dis-
rupt how the body manages fat, particularly in severely 
ill patients. Research suggests that people with severe 
COVID-19 are  four to six times more likely  to have a 
MAFLD compared to those without the disease. This 
suggests a significant impact of COVID-19 on metabolic 
dysfunction and liver health, especially in severe cases 
[37]. Therefore, the values   of hepatic CT attenuation and 
CT attenuation L/S ratio in these patients are lower than 
in patients with mild-to-moderate COVID-19. Lower 
liver density (measured by CT scan) and a smaller liver-
to-spleen size ratio (L/S ratio) might be indicators of how 
severe COVID-19 is in a patient.

However, the evidence of two studies were completely 
contradictory. The study by Radzina et al. showed a sig-
nificant increasing of hepatic HU values in research 

group, which could be due to the incomplete patients 
screening at the time of admission and during the course 
of treatment [25]. In addition, the study conducted 
by Chen et  al. found a weak relationship between the 
severity of COVID-19 and the hepatic CT attenuation 
values and CT attenuation L/S ratio. This weak relation-
ship could be attributed to the unavailability of liver CT 
records for some patients before admission to the hospi-
tal or errors in attenuation measurement due to the low 
quality of images obtained from the low-dose scanning 
protocol [28].

Studies have shown a link between lower liver den-
sity and higher mortality rates in COVID-19 patients. 
Patients with liver HU ≤ 40 had nearly twice the mortal-
ity rate compared to those with HU > 40. The significant 
increase in HU observed in the fatty liver (FL) group 
may be attributed to liver parenchymal damage, such as 
fibrosis or a reduction in liver fat content, leading to the 
resolution of liver steatosis. Interestingly, this notable 
HU change is not exclusive to the FL group. In the NFL 
group, several patients initially had HU values within 
the normal range (40–60) upon admission. However, 
after 10–14  days of COVID-19 treatment, they exhib-
ited substantial deviations from their baseline HU levels. 
The alteration in liver texture density in the NFL group 
could also be associated with fibrosis, decreased liver 
fat content, and the regression of steatosis [31]. Among 
patient in this study, approximately  one-quarter  exhib-
ited abnormal liver enzymes. Interestingly,  no signifi-
cant changes were observed in liver enzyme levels during 
hospitalization for either the FL or NFL group. This sug-
gests that the alteration in liver parenchyma, as measured 
by Hounsfield Units, is  unlikely to be solely attributed 
to liver injury or fibrosis. Notably, a study by Wu et  al. 
found that common liver function tests, including meas-
urements of enzymes, bilirubin, and protein levels, did 
not directly correlate with the severity of COVID-19 
cases.  Importantly, liver damage in patients with mild 
COVID-19 is typically  temporary  and often  resolves 
without specific treatment [38, 39].

Several studies have investigated the effects of COVID-
19 on liver injuries, but they were excluded from our 
analysis. Crisan et  al. [40] examined blood tests and 
MAFLD in COVID-19 survivors and non-survivors. They 
found no significant link between fatty liver disease (liver 
steatosis) and either the severity (p = 0.61) or survival rate 
(p = 0.56) of COVID-19 patients. Guo et  al. [41] evalu-
ated the occurrence of low liver CT density in COVID-
19 patients and revealed that it is more common in 
these patients. Their results also showed that liver injury 
strongly correlates with the patient’s sex, COVID-19 
severity, and low liver CT density. There are a few stud-
ies that have investigated chest CT findings in COVID-19 
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patients, these investigations have not explained liver CT 
attenuation but have reported blood test and abdominal 
CT findings in COVID-19 patients [42–44].

Identification specific factors that could predict the 
need for oxygen support in COVID-19 patients revealed 
that the L/S ratio, lymphocyte count, D-dimer levels, 
and abdominal circumference could serve as predictive 
indicators for the onset of oxygen requirement. Hence, 
focusing on the L/S ratio along with laboratory tests and 
underlying conditions may aid in identifying patients 
with more severe disease more accurately. Patients 
with advancing lung CT scores demonstrated notably 
increased CRP levels during follow-up [32]. Studies sug-
gest a positive correlation between elevated CRP levels 
and both lung involvement and disease severity [45].

To summarize, liver dysfunction linked to decreased 
hepatic CT attenuation values was found to be associated 
with disease severity in COVID-19 patients. Recognizing 
these connections can offer critical insights for effectively 
managing patients throughout the course of the illness. 
Studies have shown that liver hypoattenuation, charac-
terized by reduced liver-to-spleen CT attenuation ratios, 
is more prevalent in severe cases of COVID-19. Radio-
logical features of COVID-19-induced hepatitis include 
hepatomegaly, altered liver echogenicity on ultrasound, 
and hypoattenuation on CT scans. Imaging modalities 
like CT scans plays crucial roles in evaluating liver dam-
age in COVID-19 patients.

This review acknowledges several limitations. Firstly, 
the small number of patients in some studies may have 
led to biased results. Secondly, most studies assessed CT 
images upon admission, but the reports showed changes 
in hepatic attenuation during the course of COVID-19 in 
patients. Thirdly, the absence of contrast-enhanced liver 
imaging is a limitation, as unenhanced chest CT scans 
were repeatedly used in COVID-19 cases, with a focus on 
examining alterations in the upper abdomen, specifically 
the L/S ratio.

Conclusions
The analysis of liver injuries in COVID-19 patients 
through hepatic CT attenuation values and CT attenu-
ation L/S ratios reveals valuable insights into disease 
severity and liver health. The observed decrease in 
hepatic Hounsfield Units in severe cases, alongside the 
impact of COVID-19 on fat metabolism and the preva-
lence of MAFLD, underscores the intricate relationship 
between the virus and liver function. Despite conflicting 
findings in some studies, between reduced liver density 
and disease severity underscores the diagnostic utility 
of CT scans. Their ability to visualize the upper abdo-
men, encompassing the liver and spleen, offers a poten-
tial avenue for detecting liver damage in patients with 

COVID-19. The limitations of current research, such as 
sample sizes and imaging protocols, emphasize the need 
for further investigation to elucidate the role of liver 
imaging in COVID-19 management. Overall, under-
standing the implications of hepatic CT attenuation val-
ues in COVID-19 patients can aid in better patient care 
and treatment strategies during the course of the illness.
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