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Background:  CT plays an important role in the opportunistic identification of hepatic steatosis. CT performance for steatosis detection has been
inconsistent across various studies, and no clear guidelines on optimum thresholds have been established.

Purpose:  To conduct a systematic review and meta-analysis to assess CT diagnostic accuracy in hepatic steatosis detection and to determine reliable
cutoffs for the commonly mentioned measures in the literature.

Materials and Methods: A systematic search of the PubMed, Embase, and Scopus databases (English-language studies published from September 1977
to January 2024) was performed. Studies evaluating the diagnostic accuracy of noncontrast CT (NCCT), contrast-enhanced (CECT), and dual-
energy CT (DECT) for hepatic steatosis detection were included. Reference standards included biopsy, MRI proton density fat fraction (PDFF), or
NCCT. In several CECT and DECT studies, NCCT was used as the reference standard, necessitating subgroup analysis. Statistical analysis included a
random-effects meta-analysis, assessment of heterogeneity with use of the 7 statistic, and meta-regression to explore potential sources of heterogeneity.
When available, mean liver attenuation, liver-spleen attenuation difference, liver to spleen attenuation ratio, and the DECT-derived fat fraction for
hepatic steatosis diagnosis were assessed.

Results:  Forty-two studies (14 186 participants) were included. NCCT had a sensitivity and specificity of 72% and 88%, respectively, for steatosis
(>5% fat at biopsy) detection and 82% and 94% for at least moderate steatosis (over 20%—33% fat at biopsy) detection. CECT had a sensitivity and
specificity of 66% and 90% for steatosis detection and 68% and 93% for at least moderate steatosis detection. DECT had a sensitivity and specificity
of 85% and 88% for steatosis detection. In the subgroup analysis, the sensitivity and specificity for detecting steatosis were 80% and 99% for CECT
and 84% and 93% for DECT. There was heterogeneity among studies focusing on CECT and DECT. Liver attenuation less than 4045 HU, liver-
spleen attenuation difference less than -5 to 0 HU, and liver to spleen attenuation ratio less than 0.9-1 achieved high specificity for detection of at

least moderate steatosis.

Conclusion:
© RSNA, 2024

Supplemental material is available for this article.

epatic steatosis is the result of the abnormal accumulation
H of triglycerides in hepatocytes, which can initiate a cascade
of inflammatory responses, referred to as steatotic liver disease
(SLD) (1,2). Metabolic dysfunction—associated SLD is the most
common form of SLD in the United States and worldwide and is
rapidly becoming the most common cause of chronic liver disease
(3-7). It is a significant risk factor for cardiovascular disease, fi-
brosis, cirrhosis, liver cancer, liver failure, and death (8-16). Early
detection of this condition is critical to allow early intervention
and prevent complications.

Liver biopsy has traditionally been the reference standard for
the diagnosis and grading of hepatic steatosis (17). More recently,
MRI-based fat quantification techniques have been introduced as
alternatives to biopsy (18). Specifically, the MRI proton density
fat fraction (PDFF) technique has high accuracy and is strongly
correlated with biopsy (19). The high cost of these methods and
limited accessibility make them unsuitable as screening tools. US
is considered the first-line imaging—based screening tool, given

NCCT showed high performance for detection of at least moderate steatosis.

its lower cost and easier access (20). Although CT is not cur-
rently considered a screening tool for hepatic steatosis, it has an
important role in opportunistic identification of hepatic steatosis
because of its widespread use. A considerable number of patients
with hepatic steatosis are diagnosed serendipitously during CT
examinations performed for other indications (10,21).

Liver attenuation has an inverse linear relationship with the
degree of steatosis (22). In noncontrast CT (NCCT), liver at-
tenuation is dictated by the fat, water, and protein content of the
liver parenchyma. In contrast-enhanced CT (CECT), the rela-
tionship is more complex because of confounding factors and the
variable contribution of contrast agents to liver attenuation (23).
Absolute liver attenuation, liver-spleen attenuation difference,
and liver to spleen attenuation ratio have been proposed as mark-
ers of steatosis at NCCT and CECT, with variable reported per-
formances (24). More recently, a dual-energy (DECT)—derived
fat map was introduced as a novel marker of steatosis (25). CT
performance for hepatic steatosis detection has been inconsistent
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Abbreviations

CECT = contrast-enhanced CT, DECT = dual-energy CT, NCCT =
noncontrast CT, PDFF = proton density fat fraction, SLD = steatotic
liver disease

Summary

Noncontrast CT was a reliable method for detection of at least
moderate hepatic steatosis (over 20%—33% fat at biopsy), with a
pooled sensitivity and specificity of 82% and 94%, respectively.

Key Results

B A systematic review and meta-analysis of 15 scientific articles
and 5983 patients revealed 82% sensitivity and 94% specificity
of noncontrast CT for the detection of at least moderate hepatic
steatosis (over 20%—-33% fat at biopsy).

m Studies on the value of contrast-enhanced CT and dual-energy
CT for the detection of steatosis were less common, which made
it difficult to draw conclusions on the true performance of these
methods.

across various studies, and no clear guidelines on optimum
thresholds have been established.

The primary objective of this study was to conduct a system-
atic review and meta-analysis of the current literature to assess
the accuracy of NCCT, CECT, and DECT in identifying at
least moderate steatosis. The secondary objective was to deter-
mine reliable cutoffs for the commonly mentioned parameters
in the literature.

Materials and Methods

This systematic review and meta-analysis study was exempt from
the requirement for local institutional review board approval and
was compliant with the Health Insurance Portability and Ac-
countability Act. Best practices in diagnostic test accuracy sys-
tematic reviews were applied (26-28). The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses of Individual
Patient Data and of Diagnostic Test Accuracy statements were
used to inform reporting (29-32).

Study Design

Multiple databases, including PubMed, Embase, and Scopus,
were searched on January 1, 2024, to identify published studies
evaluating the accuracy of CT for identifying hepatic steatosis.
A variety of free-text and keyword combinations of C7 and farty
liver or steatosis were used as search terms (Appendix S1). The
electronic search covered the time frame from September 1977
to January 2024. In addition, a manual search of reference lists
from previously identified review articles and extracted articles
was performed to identify further relevant literature.

The inclusion criteria were published and indexed literature in
the English language that reported either of the following: () pa-
rameters of diagnostic accuracy, including sensitivity, specificity,
or cross-tabulations of NCCT, CECT, or DECT for the detec-
tion of hepatic steatosis with use of biopsy or PDFF as the refer-
ence standard or (4) diagnostic accuracy of CECT or DECT with
use of NCCT or CECT, respectively, as the reference standard.
Studies that did not provide original data, such as comments,
editorials, news, guidelines, and reviews, were excluded from the
analysis. Conference abstracts were also excluded.
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Data Extraction

Two researchers (M.H., postdoctoral researcher with 7 years of
research experience, and D.A., radiologist with 5 years of experi-
ence) independently reviewed the search outcomes to determine
which articles to include for data extraction. Any inconsistencies
were resolved by consensus. In cases where articles did not di-
rectly present measures of accuracy, the sensitivity and specificity
were approximated on the basis of the reported data and graphs.

Quality Assessment

The quality of each article was assessed using the modified Qual-
ity Assessment of Diagnostic Accuracy Studies, or QUADAS,
criteria (31). The QUADAS-2 risk-of-bias domains (patient se-
lection, index test, reference test, and flow and timing) and appli-
cability domains were rated as low risk, high risk, or unclear risk.

Diagnostic Performance Measures

The end point of the studies was the presence or absence of he-
patic steatosis, which was measured differently in each study on
the basis of the specific criteria and definitions. Different liver
fat content cutoffs were used in different studies. For this meta-
analysis, two different definitions (based on biopsy or PDFF)
were used for any degree of steatosis and for at least moderate
steatosis. Any degree of steatosis was defined as having at least 5%
fat at biopsy or at least 6% fat at PDFE whereas at least moderate
steatosis was defined as having over 20%-33% fat deposition at
biopsy or at least 17% fat at PDFF (33-37).

In studies where relevant data were accessible, the accuracy
for diagnosing hepatic steatosis with use of the (z) mean liver
attenuation (in Hounsfield units), (4) mean liver-spleen attenu-
ation difference, (¢) mean liver to spleen attenuation ratio, and

(d) DECT-derived fat fraction was assessed.

Statistical Analysis

Pooled sensitivity and specificity were computed using the
data on the numbers of true-positive, false-negative, true-
negative, and false-positive findings. Bivariate random-effects
model was used for meta-analysis of diagnostic test accuracy,
and forest plots were calculated. Reverse logit transformation
was used to determine the effect of sample size using propor-
tion-based data. The Clopper-Pearson method was used to
calculate the CI. P < .05 was used to determine statistically
significant difference.

To determine the existence of heterogeneity between studies,
the /2 statistic was used, which represents the proportion of total
variation across studies that is due to heterogeneity rather than
chance. A value of 50%-75% suggests substantial heterogeneity,
and 75%-100% indicates considerable heterogeneity (38,39).
Tau? and y” statistics, reported in the forest plots, were calculated
to assess between-study variance and heterogeneity, respectively
(40). The analysis was completed with the “Meta” package in R
(R Foundation, version 4.1.3). Logit transformations of sen-
sitivity and specificity were generated, and the Pearson cor-
relation coeflicient () was calculated. A positive correlation
between sensitivity and specificity (coeflicient >0) was also con-
sidered a marker of heterogeneity (38,40). Potential sources of
heterogeneity (grade [any degree of steatosis or at least moderate
steatosis], time frame, and cutoff definition) were investigated
using meta-regression, as planned. Sensitivity analyses were
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Figure 1: Preferred Reporting ltems for Systematic Reviews and Meta-Analyses, or PRISMA, flow diagram.

performed to assess the robustness of the findings. These analy-
ses were performed with a leave-one-out method.

The diagnostic test accuracy summary line (summary re-
ceiver operating characteristic curve) was obtained with the
‘Restima’ function of the ‘Mada’ package in R, which is a bi-
variable model used to compute the summary statistics for di-
agnostic test accuracy. Visual examination of the symmetry of
the summary receiver operating characteristic curve was used to
further evaluate heterogeneity (41).

All statistical analyses were conducted by an author (M.H.).

Results

Search Outcomes

A total of 4827 records were found, which, after the removal
of duplicates, resulted in 3370 unique records for which the
title and abstract were screened. Of those, 3286 articles were
excluded without full-text assessment, leaving a total of 84
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articles for full-text assessment of eligibility. After applica-
tion of the inclusion and exclusion criteria, 42 studies were
included in this systematic review and meta-analysis. The
reasons for exclusion of the 42 studies included concerning
another disorder other than SLD (z = 4), using alternative
CT (n = 3), different clinical question or outcome (7 = 12),
and lack of required measurements (sensitivity, specificity, or
steatosis grading) (7 = 23). The PRISMA diagram provides
information on the number of studies that did not meet the
criteria (Fig 1).

The systematic review included 23 studies (36,37,42-62) of
diagnostic accuracy that compared NCCT with biopsy or PDFF
(Table 1), four studies (51,57,63,64) that compared CECT with
biopsy or PDFE, five studies (65-69) that compared CECT
with NCCT (Table 2), seven studies (18,70—75) that compared
DECT with biopsy or PDFE, two studies (76,77) that compared
DECT with NCCT, and one study that compared DECT with
CECT (78) (Table 3).
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Table 1: § y of N trast CT Studies
No. and Mean Reference Time Liver Steatosis Diagnosis Sensitivity Specificity

Study Country FIM Age* BMI Standard ~ Frame Technique  Disease Threshold Threshold (%) (%) Cutoff Basis

Limanond USA 42 31+£9.66 27  Biopsy <4 weecks  NA Donors HS >5 LS<5 87 93 Predefined
etal, 2004 13/29
43)

Park et al, Korea 154 31+10.5 NA  Biopsy Sameday 120 kVp Donors HS 230 L<58 100 95 Optimum
2006 (46) 50/104 L <42 73 100 cutoff and

LS<-7 91 99 cutoff for
L-S<-9 82 100 100%
L/S<0.9 91 97 specificity
L/S<0.8 81 100

Cho etal, USA 26 62126 28 Biopsy <5months NA Mixed HS 230 L-S<-10 11 100 Predefined
2008 (57) NA

Leeetal, Korea 161 32+9.6 23 Biopsy Sameday NA Donors HS 25 L-S<6.5 50 77 Optimum
2010 (45) 58/103 HS 230 L-§<3.2 73 91 cutoff

van Werven  Netherlands 43 62 27 Biopsy <3wecks 120 kVp Mixed HS>5 L<54.2 70 74 Optimum
etal, 2010 21/22 cutoff

(50)

Marsman Netherlands 32 58+8.8 25 Biopsy <4 months NA Colorectal ~ HS 25 L <60.4 84 64 Optimum
etal, 2011 12/20 liver HS >33 L <54.2 70 87 cutoff
(53) metastases

Pickhardt USA 315 31+10.1 23 Biopsy Sameday 120 kVp Donors HS 230 L <50 54 100 Cutoff for
etal, 2012 108/207 L-S<-1 59 100 100%
(49) specificity

Kan etal, Japan 67 52+14 28 Biopsy NA NA MASH HS >5 L/S<1.1 83 93 Optimum
2014 (55) 26/41 cutoff

Kuzu et al, Turkey 27 40+9.6 27 Biopsy <l month NA Donors HS >5 L <425 80 75 Optimum
2015 (52) 12/15 HS 220 L-S<-0.5 93 83 cutoff

L/S <0.98 93 83
L<425 89 61
L-S<5 89 56
L/S <0.98 89 56

Rogieretal,  France 109 55+16 27 Biopsy Sameday NA Donors HS =30 L/S <0.90 79 98 Optimum
2015 (47) 40/69 L <34.67 79 97 cutoff

Saba et al, Traly 51 5799 NA  Biopsy Sameday NA Mixed Mild L <50 70 86 Predefined
2015 (48) 15/36 moderate L <35 63 93

Byun et al, Korea 4413 31+94 ... Biopsy <3 days 120 and Donors HS >5 L-S<14 95 17 Cutoff for
2018 (62) 1474/ 100 HS >33 L-S<2 34 95 95%

2939 kVp L-S<5 95 54 specificity
L-S<-3 66 96 or 95%
sensitivity

Pickhardt USA 72 54+12 NA PDFF <l month 120kVp NA PDFF>14 L <45 100 98 Cutoff for
etal, 2018 NA 100%
(59) sensitivity

Adali et al, Turkey 264 35+8.6 28 Biopsy <30days  NA Donors HS >5 L-S<6 77 77 Predefined
2019 (44) 107/157 HS215  LS<0 94 76

Haberal etal, Turkey 181 36+9.3 NA  Biopsy NA 120 kVp Donors HS>5 Visual grading 85 100 NA
2019 (42) 87194 system

based
on vessel
visibility

Seker et al, Turkey 55 37+9 NA  Biopsy <1 week 120 kVp Donors HS >5 L <555 74 88 Optimum
2019 (51) 18/37 HS =20 L-S<-4 71 88 cutoff

L/S<1.12 81 79
L<55.5 81 90
L-S<-4 75 92
L/S<1.12 75 92

Ahnand Yun Korea 2218 31+9 23 Biopsy <3 days 120 and 100 Donors HS >5 L-S<12.5 90 27 Cutoff for
etal, 2020 77911439 kVp L-§<3.9 46 90 90%

(60) sensitivity
and 90%
specificity

Jirapatnakul ~ USA 21 65 NA  Biopsy <3 months 120 and 100 Mixed At least L <40 100 88 Predefined
etal, 2020 NA (54— kVp moderate
(58) 69)"

Chaudhary  India 273 32+9.1 25  Biopsy <Imonth NA Donors HS >10 LS<5 100 71 Predefined
etal, 2021 121/152
(56)

Baeetal, Korea 120 61+105 24 Biopsy <3 months 120 kVp Mixed HS >5 1-S<6 71 85 Predefined
2022 (54) 39/81 HS >33 L-S<1 87 87

Table 1 (continues)
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Table 1 (conti d):S y of N trast CT Studies
Choi et al, Korea 165 36+£12 NA MRSfar <1 week 100 kVp Donors PDFF >4.14 L-S<-6.9 29 98 Optimum
2022 (36) 51/114 fraction PDFF L/S <0.89 31 98 cutoff
>15.72 L-S<-6.9 71 91
L/S <0.89 76 91
L-S<-05 100 84
L/S <0.99 100 84
Atefetal, Egypt 53 26+4 24 Biopsy NA 120 kVp Donors HS >5 L<55.4 80 71 Optimum
2023 (61) NA L-S<8.7 80 66 cutoff
L/S<1.17 73 74
Kim and Jeon Korea 142 55+ 24 Biopsy <3 months NA NA HS 25 L-S<3 70 82 Optimum
etal, 2023 86/56 13.85 L <47 54 89 cutoff
(37)

Note.—Body mass index was calculated as weight in kilograms divided by height in meters squared. Donors indicates CT performed for organ donor suitability. Hepatic steatosis
(HS) thresholds and proton density fat fraction (PDFF) are percentage fat. Liver attenuation (L) and liver-spleen attenuation difference (L-S) are expressed in Hounsfield units.
L/S = liver to spleen attenuation ratio, MASH = metabolic dysfunction—associated steatohepatitis, MRS = MR spectroscopy, NA = not available.

* Unless otherwise specified, data are means + SDs.

" Value is median age (y), with the IQR in parentheses.

Table 2: Summary of Contrast-enhanced CT Studies

No. and Mean Reference Time Liver Steatosis Diagnosis Sensitivity Specificity Cutoff
Study Country  F/IM Age* BMI  Standard ~ Frame Technique Disease Threshold ~ Threshold (%) (%) Basis
Panicek etal, USA 96 NA NA NCCT  Samestudy 150 mLICM Colorectal L-S <0 Radiologist 88 99 Predefined
1997 (69) NA (300 mg I/mL); cancer visual
75-90-sec delay assessment
Jacobs et al, Switzerland 76 55 NA NCCT  Samestudy 120 kVp; Mixed L <40 Qualitative five- 55 95 Predefined
1998 (65) 30/46 150 mL ICM L-S<10 point scale
(300 mg I/mL);
80-90-sec delay
Cho etal, USA 74 62+ 28 Biopsy <5 months NA Mixed HS =30 L-S<-43 27 85 Predefined
2008 (57) NA 12.6
Kim etal, Korea 179 32+9 23 Biopsy ~ Sameday 120 kVp; Donors HS 210 L-S<-6 51 88 Optimum
2010 (63) 64/115 140 mL ICM HS 230 L-S<-19 69 96 cutoff
(370 mg I/mL);
portal venous
phase
Lawrence etal, USA 500 58 + NA NCCT  Samestudy 120 kVp; Mixed; most  L-S <10 L-S<10 60 100 Predefined
2011 (66) 248/252 14.4 100 mL ICM common,

(300 mg I/mL); HCC
portal venous

phase
da Fonseca Brazil 150 55+14 NA NCCT  Samestudy 120kVp; NA L-S<0 L <104 100 36 Predefined
Monjardim 75175 1.5-2 mL/kg,
etal, 2013 maximum
67) volume of
150 mL; portal
venous phase
Sagir Turkey 51 34 + NA  Biopsy NA 120 kVp; Donors HS>5 L-§<9.1 73 86 Optimum
Kahraman 19/32 10.2 100 mL ICM cutoff
etal, 2017 (400 mg I/mL);
(64) phase, NA
Seker et al, Turkey 55 37+9 NA  Biopsy <l week 120 kVp; Donors HS >5 L-S<-15 77 100 Optimum
2019 (51) 18/37 1.5 mL/kg ICM HS 20 L/S <0.98 77 100 cutoff
(350 mg I/mL); L-S<-55 94 92
hepatic venous L-S<-11 56 100
phase L/S <0.94 94 90
L/S <0.87 56 100
Pickhardt etal, USA 2777 57 NA NCCT  Samestudy 120 kVp; portal NA L <40 L <65 41 100 Predefined
2023 (68) 1477/ venous phase L <85 86 88
1300 L<110 99 35
L-S<-35 40 93
L-S<-20 71 79
L-S <0 96 35

Note.—Body mass index was calculated as weight in kilograms divided by height in meters squared. Donors indicates CT performed for organ donor suitability. Hepatic steatosis
(HS) thresholds are percentage fat. Liver attenuation (L) and liver-spleen attenuation difference (L-S) are expressed in Hounsfield units. HCC = hepatocellular carcinoma,
ICM = intravenous contrast medium, L/S = liver to spleen attenuation ratio, NA = not available, NCCT = noncontrast CT.

* Data are means + SDs.
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Table 3: Summary of DECT Studies
No. and Mean Reference Time Liver Image Steatosis ~ Diagnosis Sensitivity Specificity Cutoff
Study Country M/F Age* BMI Standard Frame Technique Disease Reconstruction Threshold Threshold (%) (%) Basis
Hyodo etal, Japan 33 55+9 27  Biopsy <30days FastkV Mixed Fat maps HS >5 FVEF>4.61 82 100 Optimum
2017 21/12 switching cutoff
18) 80/140
kvp
Choi et al, Korea 49 63+ NA PDFF <90 days  Dual-source; Mixed VNC PDFF >5 L <47.3 67 91 Optimum
2021 16/33 11.9 90/150 L-S<4.6 67 86 cutoff
(72) kvp L/S<1.3 100 56
Corrias etal, USA 39 59 NA PDFF <2weeks  Fast kV Oncologic ~ Fat maps PDFF FVF 6.5 93 89 Predefined
2021 19/20 switching patients >6.5
(74) 80/140
kvp
Kangetal, Korea 131 35+ 23 Biopsy <l month Dual-source ~ Donors VNC HS>10 L-S<10.1 83 78 Optimum
2021 66/65 11.2 DECT; cutoff
71 80/150
kvp
Becketal,  Germany 251 60+16 NA CECT  Sameday Dual-laye;  NA lodine maps  1-5<19 I of 89 85 Optimum
2022 117/134 120 kVp; 1.661 cutoff
(78) bolus of
80 mL
iopromide
Hongetal, Korea 33 46+13.2 NA  PDFF Same day  Fast kV/ NA Fat maps PDFF>5 FVF=24.61 90 100 Optimum
2022 16/17 switching cutoff
(73) 80/140
kVp
Niehoff etal, Germany 140 68 NA NCCT Sameday Photon- NA VNC L <40 L <385 94 92 Optimum
2022 70/70 counting L-S< L-S< 96 90 cutoff
(76) detector; -10 -1.5 95 100
120 kVp LS LS
<0.8 <0.96
Zhangetal, USA 128 52+17 NA PDFF <30days  Split-beam, Mixed VNC PDFF>6 L <52.5 68 90 Predefined
2022 69/59 120 kVp
(70) Au/Sn,
120 kVp;
or dual-
source
100/140
kvp
Demondion France 104 62 25  PDFF <31 days  Dual-layer; ~ NA Fat maps PDFF >5 FVF 25 90 80 Predefined
etal, 40/64 (50— 120 kVp
2023 69)!
75)
Catania etal, USA 316 59 28 NCCT  Same Dual-source; NA VNC L <40 L <40 46 100 Predefined
2024 166/150 session 80-140 L <46 71 96
(77) kvp
Note.—Body mass index was calculated as weight in kilograms divided by height in meters squared. Donors indicates CT performed for organ donor suitability. Hepatic steatosis (HS)
thresholds, proton density fat fraction (PDFF), and fat volume fraction (FVF) are given as percentages. Liver attenuation (L) and liver-spleen attenuation difference (L-S) are expressed
in Hounsfield units. CECT = contrast-enhanced CT, DECT = dual-energy CT, IPM = portal vein normalized iodine concentration, L/S = liver to spleen attenuation ratio, NA = not
available, NCCT = noncontrast CT, VNC = virtual noncontrast.
* Unless otherwise specified, data are means + SDs.
" Value is median age (y), with the IQR in parentheses.

Quality Assessment

Tables 4 and 5 present the detailed QUADAS-2 tool quality as-
sessments of each article. The primary sources of potential bias
concerns were the index test, reference standard, and flow and
timing domains. The risk of bias for seven included studies was
unclear for the index test domain because the investigators
blinding status to the reference standard was not specified or not
enough data were provided about the CT device, which hindered
reproducibility (42,44,48,51,52,64,65). Eight of the included
studies used NCCT as the reference standard (65-68,75-78).

Meta-Analysis of the Diagnostic Accuracy of NCCT
A total of 23 studies involving 14287 CT examinations were ana-
lyzed to determine the diagnostic accuracy of NCCT compared

Radiology: Volume 313: Number 2—November 2024 = radiology.rsna.org

with either biopsy or PDFF as the reference standard. Fourteen
studies focused on liver donor candidates, and seven studies were
conducted in patients with known liver disease. In two studies,
the reasons for imaging were not specified. The studies included
a diverse range of patients. In all patients, the interpretation of
NCCT images was conducted without prior knowledge of the
biopsy or PDFF results. The maximum duration between NCCT
and the reference standard was 5 months, although in the major-
ity of studies, it was less than 1 month.

Any degree of steatosis.—In a total of 17 studies with 8304
participants, 3518 of whom had hepatic steatosis, the sensitiv-
ity of NCCT in detecting any degree of steatosis based on bi-
opsy or PDFF was 72% (95% ClI: 60.9, 80.4) (P < .001), with a
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Table 4: QUADAS-2 Assessment of Noncontrast CT

Risk of Bias Applicability Concerns
Patient Index Reference Flow and Patient Index Reference
Study Selection Test Standard Timing Selection Test Standard

Limanond et al, 2004 (43)
Park et al, 2006 (46)

Cho et al, 2008 (57)

Lee et al, 2010 (45)

van Werven et al, 2010 (50)
Marsman et al, 2011 (53)
Pickhardt et al, 2012 (49)
Kan et al, 2014 (55)

Kuzu et al, 2015 (52)
Rogier et al, 2015 (47)

Saba et al, 2015 (48)

Byun et al, 2018 (62)
Pickhardt et al, 2018 (59)
Adali et al, 2019 (44)
Haberal et al, 2019 (42)
Seker et al, 2019 (51)

Ahn and Yun et al, 2020 (60)
Jirapatnakul et al, 2020 (58)
Chaudhary et al, 2021 (56)
Bae et al, 2022 (54)

Choi et al, 2022 (36)

Atef et al, 2023 (61)

Kim and Jeon et al, 2023 (37)

S O N NN S N NN SR S NN SR I SRS SN
S N I N NN S N NN S N VRN SN

N N O N N S N NS S N NN S N VRS SN

N N N N U S N N S S VRN SR SR NE NSRS
O S N N S N NN S N NN S N VRN RN
N O N N R I NS I N SR VRN SR NN
N O N N S N NN S S NN S N VRN SR

Note.—QUADAS = Quality Assessment of Diagnostic Accuracy Studies, v = low risk, X = high risk, ? = unclear risk.

specificity of 88% (95% CI: 81.1, 92.6) (P < .001) (Fig 2). The /*

statistic for sensitivity and specificity was 93%.

At least moderate steatosis.—Fifteen studies involving 5983
patients assessed at least moderate hepatic steatosis. NCCT had
a sensitivity of 82% (95% CI: 66.9, 91.4) (P < .001) in the de-
tection of at least moderate steatosis based on histologic criteria
or PDFF, whereas the specificity was 94% (95% CI: 87.8, 96.6)
(P<.001) (Fig2). The 7 statistics for the estimates of sensitivity
and specificity were 58% and 93%, respectively.

The correlation coeflicients for the sensitivity and specific-
ity variables were -0.08471 for the detection of steatosis and
-0.26743 for the detection of at least moderate steatosis. The
summary receiver operating characteristic curve showed an
asymmetric pattern for detecting any degree of steatosis and
symmetrical pattern for detecting at least moderate steatosis
(Figs 3, 4).

The sensitivity analysis results indicated that excluding
individual studies resulted in minor variations in the pooled
sensitivity and specificity and heterogeneity metrics for both
grades, indicating that no single study disproportionately
impacted the overall results. This consistency reinforced the
robustness of the meta-analysis findings despite the high het-
erogeneity observed.

Thresholds.—The liver attenuation cutoffs used for the detec-
tion of steatosis at NCCT were further examined. Table 1 and
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Figures 5 and 6 summarize the thresholds used. The large vari-
ation in these thresholds was at least partly due to the different
tasks they were designed for (ie, aiming for high specificity vs
high sensitivity).

Meta-Analysis of the Diagnostic Accuracy of CECT

The diagnostic accuracy of CECT, compared with that of
biopsy, PDFE, or NCCT as the reference standard, was
evaluated by analyzing nine studies involving 3958 scans.
Three studies focused on liver donor candidates, and four
studies focused on individuals with preexisting liver disease.
The purpose of imaging was not specified in two studies.
The longest time period between CECT and the reference
standard was 5 months, whereas in most studies, it was less
than 1 month.

Any degree of steatosis (biopsy or PDFF as the reference
standard).—In the detection of any degree of steatosis, the
overall sensitivity of CECT (when biopsy or PDFF was used
as the reference standard) was 66% (95% CI: 50.4, 79.3) (P <
.05), and the overall specificity was 90% (95% CI: 84.3, 93.3)
(P = .94) (Fig 7). The P statistics for sensitivity and specificity
were 69% and 0%, respectively.

At least moderate steatosis (biopsy or PDFF as the reference
standard).—In the detection of at least moderate steatosis,
the pooled sensitivity of CECT (when biopsy or PDFF was

7



Diagnostic Accuracy of CT for Detection of Hepatic Steatosis: Meta-Analysis

Haghshomar et al

Table 5: QUADAS-2 Assessment of CECT and DECT Studies
Risk of Bias Applicability Concerns
Patient Index Reference Flow and Patient Index Reference

Modality and Study Selection Test Standard Timing Selection Test Standard
CECT

Panicek et al, 1997 (69) v v X v v ? X

Jacobs et al, 1998 (65) v v X v v ? X

Cho et al, 2008 (57) Y4 v v v v v v

Kim et al, 2010 (63) v v v ? v v v

Lawrence et al, 2012 (66) v v X v v v X

da Fonseca Monjardim et al, 2013 (67) v v X ? v v X

Sagir Kahraman et al, 2017 (64) v ? v v v ? v

Seker et al, 2019 (51) v ? v v v ? 4

Pickhardt et al, 2023 (68) v v X ? v v X
DECT

Hyodo et al, 2017 (18) v v v v v v v

Choi et al, 2021 (72) v v v v v 4 v

Corrias et al, 2021 (74) v v v v v v v

Kang et al, 2021 (71) v v v v v v v

Beck et al, 2022 (78) v v X ? v ? X

Hong et al, 2022 (73) v Y4 Y4 ? Y4 Y4 Y4

Niehoff et al, 2022 (76) v v X ? v v X

Zhang et al, 2022 (70) v v v v v v v

Demondion et al, 2023 (75) v Y4 Y4 ? Y4 Y4 Y4

Catania et al, 2024 (77) v v X ? v v X
Note.—QUADAS = Quality Assessment of Diagnostic Accuracy Studies, CECT = contrast-enhanced CT, DECT = dual-energy CT, v = low
risk, X = high risk, ? = unclear risk.

used as the reference standard) was 68% (95% CI: 25.8, 92.6)
(P =.10), and the pooled specificity was 93% (95% CI: 87.6,
96.8) (P <.001) (Fig 7). The P statistics for sensitivity and speci-
ficity were 88% and 56%, respectively.

The correlation coeflicients for the sensitivity and specific-
ity variables were 0.6568 for detecting steatosis and 0.5366
for detecting at least moderate steatosis. The summary receiver
operating characteristic curve did not show a symmetrical pat-
tern for detecting steatosis or at least moderate steatosis, indi-
cating heterogeneity among the studies (Figs 8, 9).

Any degree of steatosis (NCCT as the reference standard).—
In the detection of any degree of steatosis, the pooled sensitiv-
ity of CECT (when NCCT was used as the reference stan-
dard) was 80% (95% CI: 41, 95.6) (P < .001), whereas the
pooled specificity was 99% (95% CI: 80.1, 100) (P < .001).
The 7 statistics for sensitivity and specificity were 73% and
98%, respectively.

The sensitivity analysis results suggested that the overall
sensitivity estimates and heterogeneity measures vary depend-
ing on the study that was excluded, highlighting the influence
of individual studies on the meta-analysis outcomes. However,
the pooled specificity estimates were relatively stable regardless
of which study was excluded, and no significant heterogeneity
was observed among the studies.

Thresholds.—Various cutoff values for hepatic steatosis were

used in the studies (Table 2) (51).

Radiology: Volume 313: Number 2—November 2024 = radiology.rsna.org

Meta-Analysis of the Diagnostic Accuracy of DECT
A meta-analysis of the diagnostic accuracy of DECT is in-
cluded in Appendix S2.

Meta-Regression

Meta-regression findings indicated that grade, timeframe, and
cutoff basis were not moderators of diagnostic accuracy (nonsig-
nificant P values) with either of the CT modalities, suggesting
that other unmeasured factors contributed to variability. The high
residual heterogeneity warrants further study into other potential

moderators (Table 6).

Discussion

This meta-analysis describes the performance of CT for the
detection of hepatic steatosis. Noncontrast CT showed bet-
ter performance for the detection of at least moderate ste-
atosis (with a pooled sensitivity and specificity of 82% and
94%, respectively) than for the detection of any degree of
steatosis (with a pooled sensitivity and specificity of 72%
and 88%). There are fewer studies regarding performance of
contrast-enhanced CT (CECT) and with higher variability
in the reference standard, which makes the conclusions less
accurate. The pooled sensitivity and specificity of the CECT
studies were 66% and 90% for the detection of any degree
of steatosis and 68% and 93% for the detection of at least
moderate steatosis.

The worldwide prevalence of SLD is increasing. US-based
and MRI-based techniques are preferred imaging methods for
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Study or

Subgroup Even

grade = any degree of steatosis

Limanond, 2004 13 15  0.867 [0.595; 0.983] ——
Lee, 2010 30 60  0.500[0.368; 0.632] ——

Van Werven, 2010 14 20  0.700 [0.457; 0.881] ——
Marsman, 2011 15 18  0.833[0.586; 0.964] e
Kan, 2014 40 48 0.833[0.698; 0.925] —E—
Kuzu et al, 2015 14 15 0.933[0.681; 0.998] —i
Saba, 2015 26 37 0.703[0.530; 0.841] —a—
Byun, 2018 670 1916  0.350 [0.328; 0.372) = H

Adali, 2019 93 121  0.769[0.683; 0.840] -
Haberal, 2019 20 24 0.833[0.626; 0.953] e
Seker, 2019 23 30 0.767[0.577; 0.901] ——
Ahn, 2020 429 930  0.461[0.429; 0.494] B i
Chaudhary, 2021 1111 1.000 [0.715; 1.000] —a
Bae, 2022 47 66 0.712[0.587;0.817] ——

Choi, 2022 24 78  0.308[0.208; 0.422] —— :

Atef, 2023 12 15  0.800 [0.519; 0.957] —a—
Kim, 2023 31 44 0.705[0.548; 0.832] ——

5% CI) 3448 0.717 [0.60 .804] ---

grade = at least moderate s :

Park, 200 10 11 0.909 [0.587; 0.998] e
Cho, 2008 2 19 0.105[0.013;0.331] —@— i

Lee, 2010 8 11 0.727[0.390; 0.940] —a—
Marsman, 2011 7 10 0.700 [0.348; 0.933] ——
Pickhardt, 2012 23 39 0.590[0.421; 0.744] —|—

Kuzu et al, 2015 8 9 0.889[0.518;0.997] —
Rogier, 2015 11 14 0.786 [0.492; 0.953] —a—
Saba, 2015 4 7 0.571[0.184; 0.901] —
Byun, 2018 254 382  0.665[0.615;0.712] =
Pickhardt, 2018 12 12 1.000[0.735; 1.000] —M:
Adali, 2019 33 35 0.943(0.808; 0.993] s
Seker, 2019 13 16 0.812[0.544; 0.960] o=
Jirapatnakul, 2020 5 5 1.000[0.478; 1.000] ——M
Bae, 2022 14 16 0.875[0.617;0.984] —a—
Choi, 2022 17 17 1.000 [0.805; 1.000] —
Total (95% CI) 603 0.823 [0 ; 0.914] —
Total (95% Cl) 4051 0.764 [0.675; 0.834) ——
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Study or
Subgroup Events Total GLMM, Random, 95% CI GLMM, Random, 95% CI
grade = any degree of steatosis :
Limanond, 2004 25 27  0.926[0.757; 0.991] ——
Lee, 2010 78 101 0.772[0.678; 0.850] —i—
Van Werven, 2010 17 23 0.739[0.516; 0.898] —a—
Marsman, 2011 9 14 0643[0.351;0.872] — —W——
Kan, 2014 18 19 0.947[0.740; 0.999] —E
Kuzu et al, 2015 10 12 0.833[0.516;0.979] —_—a—
Saba, 2015 12 14 0.857[0.572; 0.982] ——
Byun, 2018 2379 2497  0.953[0.944; 0.961] H - |
Adali, 2019 109 141 0.773[0.695; 0.839] —
Haberal, 2019 157 157  1.000 [0.977; 1.000] =
Seker, 2019 21 24  0.875[0.676; 0.973] —
Ahn, 2020 1160 1288  0.901[0.883; 0.916] =
Chaudhary, 2021 187 262 0.714[0.655; 0.768] —a-
Bae, 2022 46 54  0.852[0.729; 0.934] —i—
Choi, 2022 85 87 0.977[0.919; 0.997] —
Atef, 2023 27 38 0.711[0.541; 0.846] —a—
Kim, 2023 81 98  0.827[0.737; 0.896] —E—
Total (95% CI) 4856 0.880 [0.811; 0.92 ——
grade = at least moderate steatosis
Park, 2006 138 143 0.965[0.920; 0.989] = ]
Cho, 2008 7 7 1.000[0.590; 1.000] —a
Lee, 2010 137 150 0.913[0.856; 0.953] —
Marsman, 2011 19 22 0.864[0.651; 0.971] ——
Pickhardt, 2012 276 276  1.000[0.987; 1.000] :
Kuzu et al, 2015 11 18 0.611[0.357,0.827] ——————@—
Rogier, 2015 93 95  0.979[0.926; 0.997] i
Saba, 2015 41 44 0.932[0.813; 0.986] —-
Byun, 2018 3868 4031  0.960 [0.953; 0.965] - |
Pickhardt, 2018 59 60  0.983[0.911; 1.000] —H
Adali, 2019 173 227 0.762[0.701; 0.816] |
Seker, 2019 35 39 0.897[0.758; 0.971] ——
Jirapatnakul, 2020 14 16  0.875[0.617; 0.984] —
Bae, 2022 91 104  0.875[0.796; 0.932) —-
Choi, 2022 125 148 0.845[0.776; 0.899] —-
Total (95% CI 5380 0.935 [0. ).966 -
Total (95% Cl) 10236  0.910 [0.866; 0.940] -

T
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Figure 2: Forest plots show overall sensitivity (leff] and specificity (right) of noncontrast CT for the defection of any degree of and af least moderate hepatic steatosis. The

vertical dotted line represents the pooled sensitivity and specificity estimate. The horizontal bars indicate the 95% Cl. The black diamond represents the pooled effect, with ifs

width showing the Cl. The red squares represent the observed study effect size. GLMM = generalized linear mixed model.

the assessment of steatosis. These methods are typically used as
screening tools in patients at risk and for longitudinal surveil-
lance. A substantial proportion of patients with SLD are un-
aware of their underlying liver condition. As such, opportunistic
identification of steatosis plays a major role in this population
(79). CT is a widely accessible imaging technique, with over
80 million scans acquired annually in the United States (80).
Although not currently considered a screening tool for this task,
CT can play an important role in opportunistic identification
of steatosis when patients undergo scanning for other indica-
tions. These patients can be referred for clinical and laboratory
assessment to screen for risk factors for advanced fibrosis that
would require more advanced care.

At least moderate steatosis has emerged as the optimal fo-
cus for opportunistic CT screening (49). The currently ac-
cepted definition of at least moderate steatosis is more than
33% lipid content at biopsy or more than 17% PDFF at MRI.
Less stringent definitions were used in many prior studies, with
thresholds in the range of 20%—-33% to distinguish mild from
moderate steatosis. This level of steatosis is associated with an
increased risk of fibrosis progression, considerably influencing
overall prognosis and increasing the risk of major cardiovascular
events (81). A mild degree of steatosis may not cause a consider-
able decrease in liver attenuation to be consistently detectable at
NCCT. As such, aiming to detect mild steatosis with reasonable
sensitivity will inadvertently result in a high rate of false positiv-
ity. Given the high prevalence of hepatic steatosis and the high

Radiology: Volume 313: Number 2—November 2024 = radiology.rsna.org

risk of false positivity, opportunistic detection of all degrees of
steatosis and the allocation of diagnostic work-ups for all pa-
tients may lack scientific justification within the current man-
agement guidelines. Notably, a heterogeneous and wide range
of definitions for moderate steatosis, ranging from at least 20%
to at least 33% fat at biopsy, was used in the studies included in
this meta-analysis.

Results of this meta-analysis support the utility of NCCT in
detecting hepatic steatosis. Although the literature on the value
of CECT and DECT for the detection of steatosis is encourag-
ing, more data are needed to support their use. Interestingly, the
calculated pooled performance of NCCT based on our study is
similar to that reported for US in a previous meta-analysis (82).
Notably, the performance of CT is better than that of currently
available serum markers (83). Other noninvasive biomarkers have
been proposed for the diagnosis of steatohepatitis; however, data
on their true clinical performance are limited (84).

Prior studies on CT-based detection of steatosis used dif-
ferent parameters (absolute liver attenuation, liver-spleen at-
tenuation differences, and liver to spleen attenuation ratio),
with substantial heterogeneity in the thresholds used (24).
This stemmed mainly from their different goals of optimum
sensitivity, optimum specificity, or a balance between the two.
Continued debate revolves around whether to prioritize sensi-
tivity or specificity.

Establishing reliable thresholds is essential for clinically
meaningful screening of steatosis. With the emergence and
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Figure 3: Summary receiver operating characteristic curve shows the test ac-
curacy of noncontrast CT compared with that of biopsy or proton density fat fraction
for the defection of any degree of hepatic steatosis.

rapidly increasing use of artificial intelligence solutions for
automated opportunistic identification, the importance of de-
fining practical and evidence-based thresholds is multifold. A
commonly used threshold of liver attenuation of less than 40
HU at NCCT correlates with a liver PDFF of 15% or greater,
based on regression formula proposed by a study (49), and can
be used to diagnose moderate hepatic steatosis. Few studies
focused on subjective signs such as pericholecystic fat sparing
and the visibility of intrahepatic vessels (42) or compared liver
attenuation with muscle attenuation, which resulted in high
specificity but very low sensitivity (66,69). In several large
sample studies, absolute liver attenuation under 40-45 HU,
liver-spleen attenuation differences less than -5 to 0 HU, or
a liver to spleen attenuation ratio under 0.9-1 achieved high
specificity (with variable sensitivities) for the detection of at
least moderate steatosis.

On the basis of the existing data, it is difficult to conclude
which parameter is the preferred one for the detection of steatosis
at NCCT. The difference in liver and spleen attenuation appeared
to be the most consistent. This parameter is also theoretically less
prone to variations with CT tube voltage and scanner type (46).

Owing to the limited number of published studies, high
heterogeneity, and inconsistencies in reference standards, in-
sufficient evidence exists to establish thresholds for CECT and
DECT. Particularly in the case of DECT, there are inherent
technical differences between platforms and reconstructions,
which makes it difficult to reach a concrete and generalizable
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Figure 4: Summary receiver operating characteristic curve shows the test ac-
curacy of noncontrast CT compared with that of biopsy or proton density fat fraction
for the defection of at least moderate steatosis.

conclusion. Despite these limitations, CECT and DECT meth-
ods show encouraging results, highlighting the need for future
studies to address knowledge gaps and define reliable thresh-
olds. Interestingly, we found that the heterogeneity between
DECT studies that used PDFF or biopsy as a reference was low,
and these studies showed good performance with high sensitiv-
ity and specificity. This further highlights the need to investigate
this emerging modality.

Our study has several limitations. First, reference studies
were published from 1998 to 2024. Some of the variability
in study results may be attributed to rapid changes in CT
acquisition and reconstruction techniques over this period.
Second, variability in studies and other liver conditions, such
as fibrosis and hepatic iron overload, were not addressed in
this meta-analysis. Third, there was no consistent threshold
for the definition of “at least moderate” steatosis among stud-
ies, and many studies used arbitrary thresholds lower than
the currently accepted threshold of 33% at biopsy. Given the
small number of articles included in this meta-analysis, we did
not exclude those studies. Theoretically, the performance of
CT for the detection of at least moderate steatosis would have
been better if the 33% threshold had been used in all studies.
Fourth, variations in biopsy results, such as microvascular ver-
sus macrovascular steatosis, were not assessed in our study. Fi-
nally, several studies lacked crucial information regarding the
CT protocol and acquisition techniques, which can impact
the attenuation values.
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Figure 5:
defection of any degree of hepatic steatosis at noncontrast CT; the size of the
circles corresponds to the size of the cohorf(s). Liver HU = liver aftenuation, liver-
spleen HU = liver-spleen attenuation difference, liver/spleen = liver to spleen

Plot shows sensitivity and specificity of different thresholds for the

attenuation ratio.

In conclusion, our meta-analysis demonstrated that noncon-
trast CT is a reliable method for detecting at least moderate
steatosis. We propose the use of an absolute liver attenuation
of less than 40—-45 HU, liver-spleen attenuation differences less
than -5 to 0 HU, or a liver to spleen attenuation ratio under
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Figure 6:  Plot shows sensitivity and specificity of different thresholds for the detec-
tion of at least moderate hepatic steatosis at noncontrast CT; the size of the circles
corresponds to the size of the cohort(s). Liver HU = liver attenuation, liver-spleen HU
= liver-spleen attenuation difference, liver/spleen = liver to spleen attenuation ratio.

0.9-1 for the detection of at least moderate steatosis. The sup-
porting evidence for contrast-enhanced CT and dual-energy
CT is insuficient for strong evidence-based conclusions at this
time, although the initial results are promising, highlighting the
need for further investigations.
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Forest plot shows overall sensitivity (left) and specificity (right) of contrast-enhanced CT for the detection of at least moderate hepatic steatosis or any degree of

hepatic steatosis on the basis of proton density fat fraction or biopsy. The vertical dotted line represents the pooled sensitivity and specificity estimate. The horizontal bars indicate

the 95% Cl. The black diamond represents the pooled effect, with its width showing the Cl. The red squares represent the observed study effect size. GLMM = generalized

linear mixed model.

1.0 H

0.6

Sensitivity

0.4

0.2

® Studies
—— 95% Cl region

0.0

I B \ I I B \ 1
0 01 0.3 0.5 0.7 0.9 1.0

False Positive Rate

Figure 8: Summary receiver operafing characterisfic curve shows the test

accuracy of contrast-enhanced CT compared with biopsy or the proton density fat
fraction for the defection of hepatic steatosis.
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Figure 9: Summary receiver operating characteristic curve plot shows the test

accuracy of contrast-enhanced CT compared with biopsy or the proton density fat
fraction for the detection of at least moderate steatosis.

Table 6: Meta-Regression Analysis of NCCT, CECT, and DECT Studies

P Value for Grade P Value for Grade P Value for Cutoff P Value for Cutoff P Value for Time P Value for Time
Modality Sensitivity Specificity Sensitivity Specificity Frame Sensitivity ~ Frame Specificity
NCCT .29 22 49 22 24 .13
CECT .86 22 NA NA .16 .10
DECT NA NA .16 .10 .16 .10

Note.—CECT = contrast-enhanced CT, DECT = dual-energy CT, NA = not available, NCCT = noncontrast CT.
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