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Abstract

Objective To systematically review studies about the diagnostic accuracy of magnetic resonance imaging proton density fat
fraction (MRI-PDFF) in the classification of hepatic steatosis grade in patients with non-alcoholic fatty liver disease (NAFLD).
Methods Areas under the summary receiver operating characteristic curves (AUROC), sensitivity, specificity, overall diagnostic
odds ratio (DOR), diagnostic score, positive likelihood ratio (+LR), and negative likelihood ratio (—LR) for MRI-PDFF in
classification of steatosis grades 0 vs. 1-3, 0—1 vs. 2-3, and 0-2 vs. 3 were compared and analyzed.

Results A total of 6 studies were included in this meta-analysis (n = 635). The summary AUROC values of MRI-PDFF for
classifying steatosis grades 0 vs. 1-3, 0—1 vs. 2-3, and 0-2 vs. 3 were 0.98, 0.91, and 0.90, respectively. Pooled sensitivity
and specificity of MRI-PDFF for classifying steatosis grades 0 vs. 1-3, 0—1 vs. 2-3, and 0-2 vs. 3 were 0.93 and 0.94, 0.74
and 0.90, and 0.74 and 0.87, respectively. Summary +LR and —LR of MRI-PDFF for classifying steatosis grades 0 vs. 1-3,
0-1 vs. 2-3, and 0-2 vs. 3 were 16.21 (95%CI, 4.72-55.67) and 0.08 (95%CI, 0.04-0.15), 7.19 (95%ClI, 5.04—10.26) and
0.29 (95%CI, 0.22-0.38), and 5.89 (95%CI, 4.27-8.13) and 0.29 (95%CI, 0.21-0.41), respectively.

Conclusions Our meta-analysis suggests that MRI-PDFF has excellent diagnostic value for assessment of hepatic fat content and
classification of histologic steatosis in patients with NAFLD.

Key Points

* MRI-PDFF has significant diagnostic value for hepatic steatosis in patients with NAFLD.

* MRI-PDFF may be used to classify grade of hepatic steatosis with high sensitivity and specificity.
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QUADAS  Quality assessment of diagnostic
accuracy studies

ROC Receiver operating characteristic
TE Transient elastography
Introduction

Non-alcoholic fatty liver disease (NAFLD) is a chronic liver
disease affecting approximately 20-30% of adults and 10% of
adolescents in western developed countries [1-3]. The condi-
tion is common in the Middle East, with a prevalence of
24.8% in Saudi Arabia and 23.7% in the United Arab
Emirates [4]. NAFLD ranges from non-alcoholic fatty liver
(NAFL) which is characterized as simple benign hepatic
steatosis to non-alcoholic steatohepatitis (NASH), whose his-
tologic features are macrovesicular steatosis, hepatocellular
ballooning, lobular inflammation, and pericellular fibrosis.
NASH can progress to the more severe fibrosis that is defined
as the accumulation of extracellular matrix proteins in the liver
interstitial space, cirrhosis (characterized as the histological
development of regenerative nodules surrounded by fibrous
bands), and even the hepatocellular carcinoma (HCC) [5-9].
Biopsy remains the diagnostic gold standard for NAFLD.
However, biopsy is invasive in nature and operator dependent.
These characteristics, in addition to the relatively small por-
tion of tissue biopsied, limit its utility as a population-
screening tool for longitudinal clinical trials or clinical moni-
toring in early-stage disease [10—12]. Accurate and non-
invasive methods for the clinical assessment of NAFLD are
therefore urgently needed.

Hepatic steatosis is a significant feature of NAFLD and
characterized as the excessive accumulation of triglyceride
in the hepatocytes [13]. Steatosis is graded as 0, 1, 2, and 3
according to the hepatocellular fat proportion (< 5%, 5-33%,
33-66%, and > 66%) by the standardized NASH CRN histo-
logic scoring system for NAFLD [14, 15]. In addition, hepatic
steatosis combined with inflammation, steatohepatitis, liver
cell injury (ballooning degeneration), and various degrees of
fibrosis is the histological characteristic of NASH [16].
Computed tomography provides only a semi-quantitative es-
timate of liver fat content and is inconvenient to evaluate the
fat content of whole liver [11]. Controlled attenuation param-
eter (CAP), derived from transient elastography, may be asso-
ciated with severe fat accumulation. However, the accuracy of
CAP is significantly decreased when body mass index (BMI)
> 28 kg/m? [17, 18]. Magnetic resonance imaging proton den-
sity fat fraction (MRI-PDFF) is an accurate and highly sensi-
tive method for the measurement of steatosis throughout the
liver. This technique can accurately detect even 5% micro-
scopic steatosis [19-22]. One study conducted by Bannas
et al validated the accuracy of MRI-PDFF in determining the
concentration of triglycerides in ex vivo human livers [23]. In

a single-center study, Tang et al showed that PDFF was asso-
ciated with histologic steatosis grade of 0 vs. 1; in this context,
PDFF demonstrated a sensitivity of 68% and specificity of
98% [24]. Recently, MRI-PDFF had been used as a reference
to evaluate the accuracy of conventional ultrasonography in
the assessment of hepatic steatosis [25]. Loomba et al also
used MRI-PDFF as the diagnostic reference of hepatic
steatosis in investigating the effects of GS-0976 on hepatic
steatosis [26]. Some researchers have used MRI-PDFF to
measure fat content in other organs and tissues such as the
pancreas, kidney, and bone marrow of NAFLD patients
[27-29]. The diagnostic value of MRI-PDFF was also validat-
ed in animal models such as fish and mice [30, 31].

Although MRI-PDFF had been used to evaluate hepatic
steatosis in some studies, the number of patients included in
such studies has been relatively small, and the overall perfor-
mance of MRI-PDFF in grading histologic steatosis in NAFLD
was inconsistent. Therefore, we conducted this meta-analysis to
evaluate the diagnostic accuracy of MRI-PDFF in histologic
grading of steatosis in patients with NAFLD.

Materials and methods
Search strategy

The aim of our study was to identify published studies that
investigated the diagnostic accuracy of MRI-PDFF in the as-
sessment of hepatic steatosis and classification of steatosis
grades 0 vs. 1-3, 0-1 vs. 2-3, and 0-2 vs. 3. A systematic
literature search was performed in PubMed, EMBASE, and
the Cochrane library until September 2018. The search terms
used in this search were as follows: MRI-PDFF, MRI-based
proton density fat fraction, Non-alcoholic fatty liver disease,
nonalcoholic fatty liver disease, fatty liver, nonalcoholic, non-
alcoholic fatty livers, nonalcoholic fatty liver, nonalcoholic
steatohepatitis, and steatohepatitis. Only articles written in
English were included.

Selection and exclusion criteria

Studies were included if they met the following inclusion
criteria: (1) The study assessed the diagnostic value of MRI-
PDFF for the prediction and classification of steatosis grade in
NAFLD patients. Studies could also be included while the
data for NAFLD was available even if the patients have com-
bined other liver diseases. (2) Pathological examination was
used as the reference standard for assessing the grade of
steatosis. (3) Information included in the studies should be
able to construct at least one 2 x 2 table to test the performance
of MRI-PDFF for steatosis grade with the threshold. (4) The
study included at least 30 patients. (5) The study must be full-
text articles to achieve adequate data. Review articles, case
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reports, and conference abstracts were excluded because of
insufficient/inadequate data.

Grading of hepatic steatosis

All the studies included in this meta-analysis defined hepatic
steatosis grade as 0, 1, 2, and 3 which are corresponding to the
steatosis affecting < 5%, 5-33%, 33—66%, and > 66% by the
standardized NASH CRN histologic scoring system for
NAFLD [14]. In each included study, images of the entire
liver were obtained using a standard torso-phased array coil
centered over the liver. Parameters were selected to correct for
or avoid confounding factors such as T1 bias, T2* decay, or
multi-frequency interference. The differences of sensitivity,
specificity, ROC plot, and diagnostic odds ratio (DOR) values
between each grade were compared, respectively. So, we sum-
marized the overall sensitivity, specificity, ROC plot, and
DOR values of each grade in this meta-analysis.

Data extraction and quality assessment

Two investigators (Gu and Liu) independently carried out data
extraction and evaluated the study eligibility and quality.
Consensuses regarding the differences of opinion were
reached after discussion or by consultation with another inves-
tigator. For each study, author, year of publication, region
where the study was performed, and methodology were re-
corded. The detailed information of MRI devices in the 6
studies was also recorded. The following data related to the
diagnostic value of MRI-PDFF were extracted: threshold for
classification of steatosis stage, sensitivity, specificity, and
ROC values. Moreover, histological scoring system and aver-
age liver biopsy length were also included. Quality
Assessment of Diagnostic Accuracy Studies (QUADAS)
questionnaire was used to assess the quality of the studies
included in our study [32].

Statistical analysis and data synthesis

Available data were used to construct 2 X 2 tables for each
included study. Areas under the summary receiver operating
characteristic curves (AUROC), summary sensitivity and
specificity, +LR, and —LR were calculated with Meta-Disc
software (version 1.4). Stata 12.0 software (StataCorp) was
used to evaluate the overall diagnostic performance of MRI-
PDFF in distinguishing stages of hepatic steatosis. Besides,
the summary DOR was also used to examine the diagnostic
accuracy of MRI-PDFF; data were presented with 95%CI.
When the AUROC is 100%, the diagnostic tool was defined
as perfect, greater than 90% as excellent, and greater than 80%
as good. In addition, a 0.5 value was automatically added to all
cells with 0 for adjustment. The heterogeneity of accuracy
estimates across studies was explored with the I statistic.
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Values of *>50% were considered to represent substantial
heterogeneity. To detect the possible publication bias, a linear
regression analysis of asymmetry funnel plot visualized on a
Deeks plot was conducted.

Results
Study characteristics

A total of 80 studies were yielded with the search strategies as
described above. After removing duplications (n =2), 78 re-
cords remained for evaluation. In all, 72 studies were excluded
for the following reasons: relevant to treatment, review and
only abstract, animal studies, other human organs or tissues,
insufficient data, or failure to use biopsy as the reference stan-
dard (Fig. 1). The final dataset for the meta-analysis com-
prised 6 studies [15, 24, 33-36].

The main features of the 6 studies included in this meta-
analysis were shown in Table 1, and a total of 635 patients

Records identified through database
inquiry = 78

Studies exclude = 31

Reasons for exclusion:
Reviews and only abstract = 3
Relevant to treatment = 21
Animal studies = 2

Other human organs = 3

In ex vivo human livers = |
Missing information = 1

\4

Potentially relevant studies identified
for evaluation = 47

Studies exclude = 33

Reasons for exclusion:

Not relevant to diagnosis = 15
No liver biopsy = 4
Methodological paper = 11
Used as controlled = 3

v

Eligible studies identified for
evaluation = 14

Studies exclude = 8

o Reasons for exclusion:
Sample size less than 20 = 3
Data incomplete = 5

A 4

Studies included in quantitative
synthesis (meta-analysis) = 6

Fig. 1 The study demonstration
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a
STUDY(YEAR) SENSITIVITY (95% Cl) STUDY(YEAR) SPECIFICITY (95% Cl)
An Tang, USA,2013 —t—*— | 0.97 [0.90 - 1.00] An Tang, USA,2013 | 1.00 [0.48 - 1.00]
An Tang, USA,2015 = 0.86 [0.76 - 0.92] An Tang, USA,2015 #—— | 0.83[0.36- 1.00]
Kento Imajo, Japan,2016 - 0.90 [0.79 - 0.96] Kento Imajo, Japan,2016 —a- 0.93[0.85-0.97]
Charlie C. Park, USA,2017 —+=— | 0.96[0.88 -0.99] Charlie C. Park, USA,2017 —— | 1.00[0.59 - 1.00]
COMBINED > 0.93[0.86 - 0.97] COMBINED <> | 0.94[0.82-0.98)
Q=10.66, df =3.00, p= 0.01 Q= 257,df=3.00,p= 046
12 =71.86 [42.49 - 100.00] 12=0.00 [0.00 - 100.00]
0.8 1.0 0.4 1.0
SENSITIVITY SPECIFICITY
C
SROC with Confidence and Predictive Ellipses
1.0 Study %
x Observed Data
o SEEVLRTER0M © DOR(%CD et
SPEC =0.94[0.82-0.98)
SROC Curve
AUC =0.98[0.96 - 0.99] H
=== 95% Conidence Elipse Charlie C. Park, ———&——— 20357(1380,624598) 954
.é‘ ''''''' 95% Prediction Elipse !
% 05 Kento Imajo, —.._ 113.36 (34.68, 370.55) 63.60
& AnTang, —_— 2058 (3.17,275.80) 1790
AnTang, —i—o— 310.20(13.19,729638) 895
"""" Overall (-squared = 0.0%, p = 0.543) @ 106.80 (41.53, 274.67) 100.00
0.04 NOTE: Weights are from random effects analysis :
T T T H
1.0 0.0 I I

0.5
Specificity
Fig.2 Summary sensitivity, specificity, ROC plot, and DOR values of the

MRI PDFF for the classification of steatosis 0 vs. 1-3. a, b The pooled
sensitivity and specificity were 0.93 (0.86-0.97) and 0.94 (0.82—0.98),

(median age 41.35 years; 53.6% male) were included. Among
the 6 studies included, the overall prevalence of steatosis stage
0, 1, 2, or 3 was 3.15% (range, 0-8.65%), 36.22% (range,
17.27-47.12%), 34.65% (range, 27.88—41.55%), and
25.83% (range, 15.38-54.55%), respectively. The

00014 1

respectively. ¢ The summary AUROC value was 0.98 (0.96-0.99). d The
overall DOR is 106.80 (95%CI: 41.53-274.67)

7296

Nonalcoholic Steatohepatitis Clinical Research Network
Scoring System was used to assess steatosis grade in all 6
studies. Besides, the methodological quality of the included
studies was excellent according to the QUADAS scale which
evaluated by the two investigators (Gu and Liu) (Table 2). The

Table 3 Summary sensitivities

and specificities of the MRI PDFF Thresholds (%)

Number of studies (patients)

Summary sensitivity

Summary specificity

at various thresholds for the
classification of histologic
steatosis

Ovs. 1-3 3.71
5.20
6.40

13.03

17.50

16.30

11.30

17.40

16.37

23.30

21.70

17.10

22.10

0-1 vs. 2-3

0-2vs.3

1(104) 0.96 1

1 (142) 0.90 0.93
2 (166) 091 091
1 (104) 0.80 0.83
1(110) 0.74 0.90
1(113) 0.83 0.90
1(142) 0.79 0.84
2 (166) 0.62 0.93
1(104) 0.82 0.84
1(110) 0.60 0.90
1(113) 0.84 0.90
1 (142) 0.74 0.81
2 (166) 0.70 0.92
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Table 4 Summary sensitivity, specificity, and ROC plot of the MRI-PDFF in detecting liver fat content

Diagnostic score
(95%CT)

Summary DOR

(95%CTI)

Summary

Summary —LR

(95%CI)

Summary +LR

(95%CTI)

Summary specificity

(95%CTI)

Summary sensitivity

(95%CTI)

Number of studies

(patients)

AUROC

106.80 (41.53-274.67) 5.38 (3.69-7.06)

25.19 (15.13-41.95)
20.21 (12.17-33.56)

0.98

16.21 (4.72-55.67) 0.08 (0.04-0.15)

0.94 (0.82-0.98)
0.90 (0.85-0.93)
0.87 (0.83-0.91)

0.93 (0.86-0.97)
0.74 (0.66-0.80)
0.75 (0.64-0.82)

4(412)

0vs. 1-3

091 321 (2.73-3.69)
3.00 (2.48-3.51)

7.19 (5.04-10.26) 0.29 (0.22-0.38)

4 (635)

0-1vs. 2-3
0-2vs.3

0.90

0.29 (0.21-0.41)

5.89 (4.27-8.13)

4 (635)

detailed information of MRI devices in the 6 studies was sum-
marized in supplementary Table 1.

Diagnostic accuracy of MRI-PDFF for classification
of steatosis 0 vs. 1-3

The performance of MRI-PDFF for the classification of
steatosis 0 vs. 1-3 was examined in a total of 4 studies (412
patients). The average prevalence of steatosis 1-3 in these
studies was 95.15% (from 91.35 to 100%). The summary
AUROC values using MRI-PDFF for classification of
steatosis 0 vs. 1-3 was 0.98 (0.96-0.99) (Fig. 2). The diag-
nostic score of MRI-PDFF was 5.38 (3.69-7.06); the overall
DOR of MRI-PDFF is 106.80 (95%CI, 41.53-274.67). No
significant heterogeneity was observed in the analysis of
steatosis 0 vs. 1-3 (0 =0.007, IF=0). The sensitivity and
specificity of MRI-PDFF for the identification of steatosis
1-3, at various thresholds, are presented in Table 3. The
pooled sensitivity and specificity of the 4 studies using
MRI-PDFF for the classification of hepatic steatosis is 0.93
(0.88-0.95) and 0.94 (0.82—0.98), respectively (Table 4).
Besides, the summary +LR is 16.21 (95%CI, 4.72-55.67)
(0=2.32, 12=0), and the summary —LR is 0.08 (95%CI,
0.04-0.15) (0=9.41, F = 68.13) (Table 4).

Diagnostic accuracy of MRI-PDFF for classification
of steatosis 0-1 vs. 2-3

The performance of MRI-PDFF for the classification of
steatosis 0—1 vs. 2-3 was examined in all 6 included studies
(635 patients). The average prevalence of steatosis 0—1 in
these studies was 39.37% (range, 17.27-55.77%), and the
average prevalence of steatosis 2-3 in these studies was
60.47% (range, 43.27-82.73%). The summary AUROC
values using MRI-PDFF for classification of steatosis 0—1
vs. 2-3 was 0.91 (0.88-0.93) (Fig. 3); the overall DOR of
MRI-PDFF was 25.19 (95%CI, 15.13-41.95), and the diag-
nostic score of MRI-PDFF was 3.21 (2.73-3.69). The analysis
of steatosis 0 vs. 1-3 revealed no significant heterogeneity
(0=2.102, F =4.86). The pooled sensitivity and specificity
of the 6 studies using MRI-PDFF for the identification of
steatosis is 0.74 (95%CI, 0.66—0.80) and 0.90 (95%CI,
0.85-0.93). Besides, the summary +LR is 7.19 (95%CI,
5.04-10.26) (0 =3.62, F =0), and the summary —LR is 0.29
(95%CI, 0.22-0.38) (0 =8.8, I =43.2) (Table 4).

Diagnostic accuracy of MRI-PDFF for classification
of steatosis 0-2 vs. 3

The performance of MRI-PDFF for the classification of
steatosis 0—2 vs. 3 was examined in all 6 studies (635 pa-
tients). In these studies, the average prevalence of steatosis
0-2 was 74.02% (range, 45.45-84.27%); the average
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a STUDY(YEAR) SENSITIVITY (95% Cl) b STUDY(YEAR) SPECIFICITY (95% Cl)
An Tang, USA,2017 = 0.61[0.45-0.75] An Tang, USA,2017 — 0.90 [0.74 - 0.98]
An Tang, USA,2017 L 0.64[0.48 - 0.78] An Tang, USA,2017 ——*— | 0.96[0.85-0.99]
Kento Imajo, Japan,2016 -+ 0.79[0.70 - 0.86] Kento Imajo, Japan,2016 —— 0.83[0.63 - 0.95]
Michael S, USA,2017 ——*— | 0.84[0.69-0.94] Michael S, USA,2017 — e 0.91[0.82 - 0.96]
Michael S. Middleton, USA,2017 | ————&—— | 0.74[0.49-0.91] Michael S. Middleton, USA,2017 —e— 0.90 [0.82 - 0.95]
Charlie C. Park, USA,2017 — . 0.80[0.61-0.92] Charlie C. Park, USA,2017 -t 0.83[0.70 - 0.93]
COMBINED < 0.74[0.66 - 0.80] COMBINED <> 0.90[0.85 - 0.93]
Q=10.68, df =5.00, p= 0.06 Q= 483,df=5.00,p= 0.44
12=53.16[10.20-96.13] | . 12'=0.00 [0.00 - 100.00]
T T
0.5 0.9 06 1.0
SENSITIVITY SPECIFICITY
c d
SROC with Confidence and Predictive Ellipses
1.04 Study %
X ObsenedData ) DOR (95% Cl) Weight
Summary Operating Point
@  SENS=074[066-080)
SPEC =0.90 0.85- 0.93] :
JR— 2582 8‘379[0 88-093) Charlie C. Park, + 20.00 (6.19, 64.65)  18.89
> —— —— 95% Confidence Eliipse Michael S. Middleton, —&—: 2551 (7.45,87.40) 17.15
= T e 95% Prediction Ellipse
205 Michael S, ——@—— 51.81(16.10, 166.69) 19.05
[ =
% Kento Imajo, —_— 18.60 (5.83,59.38)  19.30
An Tang, —-o— 37.63 (8.03, 176.40) 10.89
An Tang, — 1452 (384,54.88) 1471
Overall (I-squared = 0.0%, p = 0.732) 0 25.19 (15.13,41.95) 100.00
0.0 . . . NOTE: Weights are from random effects analysis H
1.0 0.0 T T

0.5
Specificity
Fig. 3 Summary sensitivity, specificity, ROC plot, and DOR values of

MRI PDFF for the classification of steatosis 0—1 vs. 2-3. a, b The pooled
sensitivity and specificity were 0.74 (0.66—0.80) and 0.90 (0.85-0.93),

prevalence of steatosis 3 was 25.83% (range, 15.38-54.55%).
The summary AUROC values using MRI-PDFF for classifi-
cation of steatosis 0-2 vs. 3 was 0.90 (0.87-0.92) (Fig. 4). The
overall DOR for MRI-PDFF is 20.21 (12.17-33.56), and the
diagnostic score for MRI-PDFF was 3.00 (2.48-3.51).
Analysis of steatosis 0-2 vs. 3 revealed no significant hetero-
geneity (0=2.12, P =5.51). The pooled sensitivity and spec-
ificity of these 6 studies using MRI PDFF for the identification
of steatosis is 0.74 (0.64—0.82) and 0.87 (0.83—-0.91) (Table 3).
Besides, the summary +LR is 5.89 (95%CI, 4.27-8.13) (O =
5.25, 12=O), and the summary —LR is 0.29 (95%CI, 0.21—
0.41) (0=9.53, F =47.54) (Table 4).

Discussion

This meta-analysis included 6 original articles (635 patients)
with sufficient data for an investigation of the diagnostic per-
formance of MRI-PDFF in the classification of steatosis. In
these studies, hepatic steatosis of all the patients was evaluated
by liver biopsy. The AUROC values of MRI-PDFF methods
in different stages of steatosis were evaluated; the summary
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respectively. ¢ The summary AUROC value was 0.91 (0.88-0.93). d The
overall DOR is 25.19 (95%CI: 15.13-41.95)

AUROC values of MRI-PDFF for the classification of
steatosis grades 0 vs. 1-3, 0—1 vs. 2-3, and 0-2 vs. 3 were
0.98, 0.91, and 0.90, respectively. No heterogeneity was ob-
served in all the analysis, indicating that the data extracted
from the 6 studies were comparable. The overall DOR at each
steatosis grade was > 1, suggesting that MRI-PDFF may be
used to accurately stage hepatic steatosis. The sensitivity and
specificity of MRI-PDFF under the cutoff values correspond-
ing to various grades of steatosis showed that a higher cutoff
value was associated with more severe hepatic steatosis. The
higher pooled sensitivities and specificities and the summary
+LR and —LR of MRI-PDFF for hepatic steatosis grade indi-
cated a high veracity of the diagnostic results.

NAFLD is a prevalent chronic liver disease that may prog-
ress to cirrhosis and/or hepatocellular carcinoma. The repre-
sentative feature of NAFLD is hepatic fat accumulation,
which is associated with obesity and other metabolic diseases
and may interfere with liver transplantation [37-39]. Because
no effective therapies and medicines are available at present,
patients with NAFLD require an early diagnosis to begin the
appropriate dietary modifications. Biopsy as the golden stan-
dard for identifying the hepatic steatosis, limited by the defect
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a STUDY(YEAR) SENSITIVITY (95% Cl) b STUDY(YEAR) SPECIFICITY (95% CI)
An Tang, USA,2013 | ———&1— 0.68 [0.43 - 0.87] An Tang, USA,2013 —*— | 0.91[0.81-0.97]
An Tang, USA,2015 . 0.71[0.42-0.92] An Tang, USA,2015 —_—— 0.92[0.83-0.97]
Kento Imajo, Japan,2016 —= 0.75[0.53 - 0.90] Kento Imajo, Japan,2016 - 0.81[0.73-0.88]
Michael S, USA,2017 = 0.84[0.74 - 0.91] Michael S, USA,2017 —_— = 0.90 [0.74 - 0.98]
Michael S. Middleton, USA,2017 - 0.60 [0.45 - 0.74] Michael S. Middleton, USA,2017 —_— 0.90 [0.79 - 0.96]
Charlie C. Park, USA,2017 | ————= 0.82[0.48 - 0.98] Charlie C. Park, USA,2017 —— 0.84[0.73-0.92]
COMBINED <> 0.74[0.64 - 0.82] COMBINED > 0.87(0.83 - 0.91]
Q=10.17,df=5.00,p = 0.07 Q= 8.04,df=5.00,p= 0.15
12 =50.82 [5.50 - 96.14] s : 12=37.79 [0.00 - 95.13]
0.4 1.0 0.7 1.0
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— — — — 95% Confidence Eliipse
Michael S. Middleton, 13.50 (4.89, 37.27)  24.95

+ 95% Prediction Elipse
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o
()]

0.04
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Fig.4 Summary sensitivity, specificity, ROC plot, and DOR values of the
MRI PDFF for the classification of steatosis 0-2 vs. 3. a, b The pooled
sensitivity and specificity were 0.74 (0.64-0.82) and 0.87 (0.83-0.91),

such as invasive, easy to sample error, and operator dependent
[11, 40]. With the emergence of numerous studies referred to
the non-invasive methods for the detection of hepatic steatosis
in NAFLD patients, MRI-PDFF received more attention due
to the high accuracy for evaluation of steatosis grade. Previous
studies have shown that MRI-PDFF was superior to TE tech-
nology in quantifying liver fat content in NAFLD patients;
one of the advantages of MRI-PDFF is the larger measured
area of liver and reduced sampling variability [11, 15, 41]. In
addition, the 3-Tesla magnetic resonance imaging had been
used to measure the liver iron concentration, which is tightly
associated with the pathological conditions of the liver [42].
Compared with MRI-PDFF, "H MR spectroscopy (MRS) re-
quires sophisticated processing after diagnosis. Furthermore,
common MRI scanners may not have the capability for MRS
[43-45]. In our study, the summary AUROC values of MRI-
PDFF in the classification of steatosis grades 0 vs. 1-3, 0-1
vs. 2-3, and 0-2 vs. 3 were significantly higher, similar to the
previous individual study which was conducted by Charlie
et al [15]. In addition, we found that the overall sensitivity
and specificity were decreased with the increased liver fat
content, which implied the lower accuracy of MRI-PDFF in
patients with severe hepatic steatosis. Noureddin et al found

Michael S, el 49.54 (13.10, 187.30) 14.55

Kento Imajo, 13.09 (4.66, 36.80) 24.09

An Tang, —_—— 28.75 (6.89, 119.95) 1261

An Tang, + 2297 (6.06, 87.09) 14.49
'

Overall (I-squared = 0.0%, p = 0.651) Q 20.21(12.17,33.56) 100.00

NOTE: Weights are from random effects analysis :
! I

00534 1 187

respectively. ¢ The summary AUROC value was 0.90 (0.87-0.92). d The
overall DOR is 20.21 (95%CI: 12.17-33.56)

that MRI-PDFF was more sensitive than histological exami-
nation in detecting small changes in liver fat content [46]. This
finding is in line with the results of our meta-analysis.

Although MRI-PDFF exhibits higher accuracy in diagnos-
ing hepatic steatosis in most cases, the application of MRI-
PDFF in patients with NASH, fibrosis, inflammation that in-
duced by the injured steatotic hepatocytes, and who were too
obese to fit into the MRI scanner was limited accordingly [47].
Another non-invasive diagnostic method, acoustic radiation
force impulse (ARFI), has several advantages over transient
elastography (TE), including greater accuracy, and has been
used in the diagnostic of liver steatosis, fibrosis, and liver
stiffness [48—50]. Elastography point quantification
(ElastPQ) is an ARFI-based point shear wave elastography
(pPSWE) technique that had been used in the diagnosis of fi-
brosis and liver stiffness [S1-55]. In view of the significant
diagnostic value of ARFI and ElastPQ in NASH, fibrosis, and
liver stiffness, more attention should be paid to the utility of
MRI-PDFF, ARFI, and ElastPQ in the diagnosis of different
grades of NAFLD.

Our meta-analysis had several limitations. First, the num-
ber of studies that met our inclusion criteria was relatively
small. The number of patients who underwent MRI-PDFF
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for the classification of hepatic steatosis grade with liver biop-
sy as a reference standard was relatively small. This may have
decreased the diagnostic accuracy of MRI-PDFF. Secondly,
we did not compare children and adults in terms of the diag-
nostic accuracy of MRI-PDFF in predicting hepatic steatosis
grade because of insufficient data. Thirdly, hepatic iron con-
tent was a confounding factor which may have affected the
likelihood of diagnosis with hepatic steatosis [56, 57].
However, it was not possible to examine the influence of
hepatic iron in the classification of hepatic steatosis because
of insufficient data. Finally, because this meta-analysis includ-
ed only studies written in English, language bias and publica-
tion bias may have influenced the results.

In summary, our meta-analysis suggests that MRI-PDFF is
an accurate non-invasive diagnostic method for the classifica-
tion of hepatic steatosis grade in patients with NAFLD. Future
studies should focus on improving MRI-PDFF sufficiently for
this technique to replace invasive methods of detection.
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