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PURPOSE

To determine the accuracy of magnetic resonance imaging-proton density fat fraction (MRI-PDFF)
measurements for detecting liver fat content in potential living liver donors and to compare these
results using liver biopsy findings.

METHODS

A total of 139 living liver donors (men/women: 83/56) who underwent MRI between January 2017
and September 2021 were included in this analysis retrospectively. The PDFFs were measured using
both MR spectroscopy (MRS) and chemical shift-based MRI (CS-MRI) for each donor in a blinded
manner.

RESULTS

Significant positive correlations were found between liver biopsy and MRS-PDFF and CS-MRI PDFF
in terms of hepatic steatosis detection [r = 0.701, 95% confidence interval (Cl): 0.604-0.798, r =
0.654, 95% Cl: 0.544-0.765, P < 0.001, respectively). A weak level correlation was observed between
liver biopsy, MRl methods, and vibration-controlled transient elastography attenuation parameters
in 42 available donors. Based on receiver operating characteristic (ROC) analysis, MRS-PDFF and CS-
MRI PDFF significantly distinguished >5% of histopathologically detected hepatic steatosis with an
area under the ROC curve (AUC) of 0.837 + 0.036 (P < 0.001, 95% Cl: 0.766-0.907) and 0.810 + 0.036
(P < 0.001, 95% Cl: 0.739-0.881), respectively. The negative predictive values (NPVs) of MRS-PDFF
and CS-MRI PDFF were 88.3% and 81.3%, respectively. In terms of distinguishing between clinical-
ly significant hepatic steatosis (=10% on histopathology), the AUC of MRS-PDFF and CS-MRI were
0.871 + 0.034 (P < 0.001 95% Cl: 0.804-0.937) and 0.855 * 0.036 (P < 0.001, 95% Cl: 0.784-0.925),
respectively. The NPVs of MRS-PDFF and CS-MRI were 99% and 92%, respectively.

CONCLUSION

The methods of MRS-PDFF and CS-MRI PDFF provide a non-invasive and accurate approach for
assessing hepatic steatosis in potential living liver donor candidates. These MRI PDFF techniques
present a promising clinical advantage in the preoperative evaluation of living liver donors by elim-
inating the requirement for invasive procedures like liver biopsy.
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Magnetic resonance spectroscopy, proton density fat fraction, chemical shift-based magnetic reso-
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etabolic dysfunction-associated steatotic liver disease (MASLD) is a public health
problem that affects more than 25% of adults worldwide, causing hepatic and ex-
trahepatic morbidity and mortality.” This disease encompasses a broad spectrum
of hepatic conditions, ranging from metabolic dysfunction-associated steatosis, character-
ized by macrovesicular hepatic steatosis that may be accompanied by mild inflammation,
to metabolic dysfunction-associated steatohepatitis, which is additionally characterized by
the presence of inflammation and hepatocyte injury, with or without fibrosis, cirrhosis, or
hepatocellular carcinoma.”? MASLD is the most prevalent chronic liver disease, especially in
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Western countries, and the proportion of
MASLD-related cirrhosis cases among pa-
tients on liver transplantation (LT) waiting
lists has increased over the years.*In Trkiye,
the prevalence of MASLD is estimated to be
more than 30% in the general population.*

Living donor LT (LDLT) is an important
mortality-reducing treatment approach for
patients with acute and chronic liver failure.>®
The use of LDLT has been gradually increas-
ing due to a lack of available cadaveric liver
grafts. Several factors are associated with
successful graft organ survival following LT.>7
Donor liver steatosis is critical for successful
graft function, graft, and recipient survival in
the early post-transplant period, and donor
safety.® Although <5% hepatic steatosis is
universally acceptable for liver organ dona-
tion, the inclusion thresholds of the hepatic
steatosis fraction may vary among liver trans-
plant centers. Some centers use a threshold
of <10%,>'® while others consider <20% or
<30% as acceptable for donation.""'? Liver
biopsy remains the gold standard diagnostic
method for accurately assessing hepatic ste-
atosis. However, due to the invasive nature of
biopsy, the potential for sampling errors, and
intra- and inter-observer variability, there is
a tendency to perform liver biopsies on se-
lect donors rather than on all potential do-
nors.'>1

Magnetic resonance (MR)-based fat
quantification [proton density fat fraction
(PDFF)] is an accurate, non-invasive meth-
od for determining and quantifying hepatic
steatosis.'"'>"® PDFF is the ratio of the MR
signal from fat protons to the total MR sig-
nal from fat and water protons.?’ PDFF is
mainly measured using two MRI methods:
magnetic resonance spectroscopy (MRS) and
chemical shift (CS)-based MRI. MRS data can
be acquired efficiently using a high-speed
T2-corrected multi-echo sequence during a
single-hold breath, minimizing motion arti-

* The magnetic resonance spectroscopy-pro-
ton density fat fraction (MRS-PDFF) and
chemical shift-based-MR imaging (CS-MRI)
PDFF methods are effective, non-invasive
techniques for assessing hepatic steatosis in
living liver donor candidates.

* MRI methods, with their high negative pre-
dictive value, can eliminate the need for liv-
er biopsy by detecting clinically significant
hepatic steatosis.

* The MRS-PDFF and CS-MRI PDFF methods
exhibit a high level of correlation in evalu-
ating hepatic steatosis, suggesting that they
can be used interchangeably.

facts. This streamlined approach facilitates
the rapid acquisition of metabolic informa-
tion from a specific voxel region, as described
previously.?’ Conversely, the multi-echo CS-
MRI technique, which employs six echoes
and is known by various commercial ven-
dor-specific names (e.g., Multi-echo Dixon for
Siemens, IDEAL 1Q for GE, and mDixon Quant
for Philips), can generate a comprehensive
PDFF map of the entire liver. As mentioned in
one of the initial studies using this technique,
there is a close correlation between liver bi-
opsy results and CS-MRI PDFF in patients with
non-alcoholic fatty liver disease. The most
significant advantages of this technique in-
clude the ability to obtain a PDFF map for the
entire liver and perform measurements in dif-
ferent liver regions. In contrast, MRS is limited
to sampling a voxel area of a few cm?®. MRl is
also used in donor hepatic vascular and bili-
ary system anatomy examination.

Increasingly prevalent in the general pop-
ulation, MASLD poses a significant problem
in LDLT, leading to morbidity and mortality
in both the recipient and the donor. MRS and
CS-MRI are proven techniques for assessing
and quantifying liver fat presence. Howev-
er, data regarding the diagnostic accuracy
and utility of MRI-based fat quantification in
transplant settings is limited. Accordingly, this
study aims to determine the accuracy of MRS-
PDFF and CS-MRI PDFF measurements for de-
tecting and quantifying the liver fat content in
potential living liver donors and to compare
these results with liver biopsy findings.

Methods

Participants

This retrospective study comprised 145
potential living liver donors who underwent

Consecutive patients who underwent living
donor transplantation
and preoperative MRI between
January 2017 and September 2021
n=145

an MRI examination between January 2017
and September 2021. Six donors with sub-
optimal examinations due to artifacts were
excluded from the investigation to ensure
the reliability of the data analysis (Figure 1
represents patient accrual). The median time
interval between MR and liver biopsy was 12
days (range: 1-30 days). Data were collected
from outpatient visit charts. Percutaneous
liver biopsy was performed in living liver
donors who had abnormal liver injury and/
or cholestatic liver tests, obesity, or hepatic
steatosis detected by ultrasonography. This
study was approved by the Ankara Universi-
ty Human Research Ethics Committee (date:
October 2021, decision no: 15-365-21). Writ-
ten informed consent was waived due to the
study’s retrospective design.

Serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), gam-
ma-glutamyl transpeptidase (GGT), alkaline
phosphatase, bilirubin, fasting glucose, lip-
id profiles, and complete blood cell counts
were measured in our central laboratory.

Magnetic resonance imaging technique

The MRI scans were performed using a
1.5 Tesla MRI device (Aera, Siemens Health-
care, Erlangen, Germany) with an 18-chan-
nel body matrix coil and a 32-channel spine
matrix coil, utilizing eight channels. In liver
donor candidates, in addition to the stan-
dard non-contrast abdomen MRI protocol,
the LiverLab program provided by the ven-
dor was used to determine and quantify the
presence of iron and fat accumulation in the
liver. The LiverLab program integrated into
liver MRI comprised three sequences: T1
volumetric interpolated breath-hold exam-
ination (VIBE) e-Dixon, VIBE g-dixon, and HIS-
TO. The VIBE g-dixon is a single-breath-hold
sequence comprising six echoes, which en-

Patients with supoptimal MRI

|

Living donors with preoperative MRS
and/or CS-MRI methods
n=139

n=6

Figure 1. Flowchart summarizing patient accrual. MRI, magnetic resonance imaging; MRS, magnetic

resonance spectroscopy; CS, chemical shift.
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ables the acquisition of volumetric PDFF and
R2* maps, forming the basis of CS-MRI. The
HISTO sequence, forming the basis of MRS,
was obtained using a 15-second breath-hold
T2-corrected multi-echo stimulated echo ac-
quisition mode sequence, utilizing a single
voxel of 3 x 3 x 3 cm dimensions. The MRS
data were acquired from a single voxel posi-
tioned by an experienced MR technician in a
homogenous area away from vascular and
biliary structures and liver edges in the right
lobe during the scan.

Image analysis

The values of MRS PDFF were obtained from
the report generated by the HISTO sequence
provided by the manufacturer (calculated us-
ing Siemens software). Then, CS-MRI PDFF was
performed on a dedicated workstation (Syn-
go., Siemens Healthcare), using the volumetric
FF map transferred to it. The measurements of
PDFF were conducted by two abdominal ra-
diologists, with 10 (D.K.0.) and 2 (M.A.) years of
experience. Measurements were obtained by
placing three 200-300 mm? regions of inter-
est (ROI) in at least 3 sections of the FF map at
the level of the mid-right hepatic lobe (Figure
2). The radiologists conducting the measure-
ments were unaware of the clinical data. In-
consistent measurement results were reeval-
uated until a consensus was reached. In cases
of similar results, measurements performed
by experienced radiologists were evaluated
statistically. The ROIs were positioned within
the homogeneous parenchymal area, avoid-
ing vascular and biliary structures and the liver
edges. The average PDFF values for each par-
ticipant were calculated.

Transient elastography

Hepatic steatosis was also measured
using a FibroScan probe (Echosens, Paris,

France) with an M or XL probe to cater to pa-
tients with different body types. All measure-
ments were performed by one of the authors
(Z.E.). Patients were examined after fasting
overnight. The FibroScan probe was placed
in the appropriate intercostal space window
on the anterior axillary line. At least 10 valid
measurements were obtained within 5-10
minutes. The median ratio of 10 successive
measurements to the interquartile range was
<30%. Simultaneously, vibration-controlled
transient elastography (VCTE) was used to
measure the controlled attenuation param-
eter (CAP) (dB/m) and liver stiffness (kPa).
Morbidly obese patients [body mass index
(BMI) >40 kg/m?] and severely underweight
patients (BMI <16 kg/m?), patients with asci-
tes, and patients with moderate and severe
cholestasis were excluded.

Histological assessments

Two pathologists (S.K., B.S.) blinded to the
clinical and biochemical data re-evaluated
all liver biopsy specimens. The histological
features of the samples were interpreted us-
ing the criteria of Brunt et al.* Hepatocellular
steatosis was graded on a scale of 0-3 based
on the percentage of hepatocytes: 0 = <5%,
1 =5%-33%, 2 =33%-66%, and 3 = >66%.

Definitions

The primary endpoint was the assessment
of hepatic steatosis using MRl methods, MRS-
PDFF, and CS-MRI PDFF. The secondary end-
point was to compare the MRI results with
the liver biopsy findings.

Statistical analysis

Descriptive statistics were summarized
as percentages for categorical variables,
mean and standard deviations for normally

Figure 2. The CS-MRI PDFF measurements were obtained by averaging the values of circular ROIs placed at
the level of the mid-right hepatic lobe of the liver in at least three different areas, each measuring 200-300
mm?, on the FF map. CS-MRI, chemical shift-magnetic resonance imaging; PDFF, proton density fat fraction;

RO, regions of interest; FF, fat fraction.

distributed continuous variables, and me-
dian, minimum, and maximum for ordinal
and non-normally distributed continuous
variables. Spearman’s correlation coefficient
analysis was performed to determine the
degree of association between PDFF and
histopathology. Bootstrapping was used to
estimate confidence intervals (Cls) for Spear-
man’s correlation coefficient. Intra-group
comparison of categorical variables was per-
formed using the McNemar test. Receiver
operating characteristic (ROC) curves were
used to describe and compare the perfor-
mance of the diagnostics value of the MRI
methods. Youden’s index was used to de-
termine the optimal cut-off value. The PDFF
measurement results were compared with
the liver biopsy results. The significance level
was established as a = 0.05, and the R pro-
gramming language 4.3.1 was used for sta-
tistical analysis.

Results

A total of 139 potential living liver donors
(men/women: 83/56) were included in this
study. The median age of the donors was
31.0 years (range: 17-59 years). The median
BMI was 24.9 kg/m? (range: 17.6-33.2 kg/
m?), 40% of the patients were overweight
(25-29.9 kg/m?), and 18% were obese (=30
kg/m?). Of the donors, 35% had diabetes
mellitus, and 28% had hypertension. The
median serum ALT level was 18 U/L (range:
6-56 U/L), the median AST level was 20 U/L
(range: 10-4 U/L), and the median GGT lev-
el was 20 U/L (range: 7-95 U/L). The donors’
clinical data and laboratory values are pre-
sented in Table 1.

Hepatic steatosis was detected in 54 do-
nors in the liver biopsy assessment. A total of
50 (36%) donors had grade 1 steatosis, 3 (2%)
had grade 2 steatosis, and 1 (1%) had grade
3 steatosis, whereas 85 (61%) had no steato-
sis. Using the threshold values obtained from
ROC analysis with MRS and CS-MRI methods,
9 out of 54 donors confirmed to have he-
patic steatosis histopathologically showed
no steatosis with MRS, while 12 showed no
steatosis with CS-MRI. While there were 7
cases with no detected steatosis by both
MRI methods, the PDFF value of 1 case using
MRS and 2 cases using CS-MRI could not be
obtained due to artifacts. In 5 out of 7 cas-
es, histopathologically, there was minimal
steatosis at the lower limit (5%), whereas in
the remaining cases, there was mild steatosis
(8%-10%).

The mean MRS-PDFF and CS-MRI PDFF
were 5.8% + 3.9% and 4.1% =+ 3.9%, respec-
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tively. Significant positive correlations were
found between liver biopsy and MRS-PDFF
and CS-MRI-PDFF in terms of hepatic steato-
sis detection (r = 0.701, 95% Cl: 0.604-0.798
and r=0.654, 95% Cl: 0.544-0.765, P < 0.001,
respectively). Additionally, VCTE was per-
formed on 42 available donors. The mean
CAP was 248.4 + 60.0 dB/m. A weak-moder-
ate correlation was observed between liver
biopsy, MRS-PDFF, CS-MRI PDFF, and VCTE
CAP in terms of hepatic steatosis detection (r
=0.616, P < 0.001, 95% Cl: 0.402-0.831, and
r=0.513,P <0.001,95% Cl: 0.254-0.772, and

r=0.351,P=0.017, 95% Cl: 0.062-0.640, re-
spectively) (Table 2).

An ROC analysis was performed to dis-
tinguish between clinically significant and
non-significant hepatic steatosis. Signifi-
cantly, MRS-PDFF and CS-MRI PDFF distin-
guished >5% of histopathologically detect-
ed patients of hepatic steatosis with an area
under the ROC curve (AUC) of 0.837 + 0.036
(95% Cl: 0.766-0.907) and 0.810 + 0.036
(95% Cl: 0.739-0.881), P = 0.345 (Table 3,
Figure 3a). The optimal thresholds for MRS-
PDFF and CS-MRI were 4.65% and 3.45%,

Table 1. Clinical data and laboratory values of donors

Demographics n, % Mean + SD Median (min-max)
Age (years) 31 (17-59)
Men 83(59.7)

Women 56 (40.3)

BMI 133 (95.7) 248 +3.11

Overweight and obesity 80 (58)

Laboratory tests

Serum ALT levels 139 (100) 18 (6-56)
Serum AST levels 139 (100) 20 (10-44)
Serum ALP levels 139 (100) 78 (28-208)
Serum GGT levels 139 (100) 20 (7-95)
Total bilirubin levels 139 (100) 0.59 (0.20-3.10)
Albumin levels 139 (100) 45,5 +3.11

Thrombocyte count 139 (100) 268 (141-548)
INR 139 (100) 1.02 (0.82-1.30)
LDL levels 137 (98.6) 114.6 + 34.7

HDL levels 137 (98.6) 45 (29-80)
Total cholesterol level 136 (97.8) 184.5 + 40.5

Non-HDL levels 136 (97.8) 137.1 £39.7

Triglyceride levels 137 (98.6) 99 (18-606)
VLDL levels 137 (98.6) 20 (3-121.2)
VCTE-CAP 42 (30.2) 2484 +60.0

SD, standard deviation; min, minimum; max, maximum; BMI, body mass index; ALT, alanine transaminase; AST,
aspartate transaminase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transferase; INR, international normalized
ratio; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; VLDL, very low-density
lipoprotein cholesterol; VCTE-CAP, vibration controlled transient elastography-controlled attenuation parameter.

Table 2. The correlation analysis between histopathology and MRI PDFF methods and VCTE

CAP
Histopathology MRS CS-MRI
Fat content PDFF PDFF
r P r P r P
0.704 .
MRS PDFF (n=136) <0.001
CS-MRI PDFF 0.690 <0.001* 0.823 <0.001*
(n=125)
0.616
VCTE CAP (n=42) <0.001* 0.566 <0.001*  0.379 0.014*

*Statistically significant. MRS, magnetic resonance spectroscopy; PDFF, proton density fat fraction; CS-MRI, chemical
shift-magnetic resonance imaging; VCTE-CAP, vibration-controlled transient elastography-controlled attenuation

parameter.
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respectively. The sensitivities of MRS-PDFF
and CS-MRI were 83.3% (95% CI: 71.3%-
91.0%) and 74.1% (95% Cl: 61.1%-83.9%, P
= 0.063), respectively, whereas the specific-
ities of MRS-PDFF and CS-MRI were 80.0%
(95% Cl: 70.3%-87.1%) and 71.8% (95%
Cl: 61.4%-80.2%, P = 0.118), respectively.
The negative predictive values (NPVs) of
MRS-PDFF and CS-MRI PDFF were 88.3%
(95% Cl, 79.3%-93.7%) and 81.3% (95%
Cl: 71.1%-88.5%), respectively. In terms of
distinguishing clinically significant hepat-
ic steatosis (=10% on histopathology), the
AUCs of MRS-PDFF and CS-MRI were 0.871
+ 0.034, (95% Cl: 0.804-0.937, P < 0.001)
and 0.855 + 0.036, (95% Cl: 0.784-0.925, P
< 0.001), respectively (Table 3, Figure 3b).
The cut-off values were 4.65% and 3.95%,
respectively. The sensitivity of MRS-PDFF
was significantly better than that of CS-MRI
PDFF for distinguishing significant hepatic
steatosis (=10% on histopathology) [97.2%
(95% Cl: 85.8%-99.5%) vs. 80.6% (95% Cl:
0.65.0%-90.2%), P = 0.031]. The specific-
ities of these MRI methods were 73.8%
(95% Cl: 64.5%-81.3%) and 78.6% (95%
Cl: 69.8%-85.5%, P = 0.302), respectively.

ROC Curve
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Figure 3. ROC curve for MRS-PDFF and CS-MRI PDFF
for the detection of hepatic fat content, (a) >5% on
histopathology, and (b) =10% on histopathology.
ROC, receiver operating characteristicc MRS,
magnetic resonance spectroscopy; PDFF, proton
density fat fraction; CS-MRI, chemical shift-magnetic
resonance imaging.
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The NPVs of MRS-PDFF and CS-MRI were
98.7% (95% Cl: 93.0%-99.8%) and 92%
(95% Cl: 84.5%-96.1%), respectively.

Discussion

This large-sample study compared the
accuracy of MRI techniques in assessing he-
patic fat content in potential living liver do-
nors. It was found that MRS-PDFF and CS-MRI
PDFF accurately assessed hepatic fat content
and were strongly positively correlated with
evaluating hepatic steatosis by liver biopsy.
However, VCTE showed a weak-moderate
correlation with liver biopsy assessment and
MRI methods.

Steatotic liver graft has been associat-
ed with an increased risk of graft dysfunc-
tion or graft failure, especially in the early
post-transplant period, mainly due to isch-
emia-reperfusion injury.® There are still un-
answered questions regarding what consti-
tutes acceptable risk concerning the level of
fat content in living liver donors. The prev-
alence of MASLD is increasing globally, and
LDLT is a vital therapeutic option for man-
aging end-stage liver disease. Therefore, it
is crucial to understand how to effectively
assess donor liver fat content. Several pre-
vious studies have investigated the role of
MRI in liver fat content assessment in both
transplant and non-transplant settings.'242¢
A meta-analysis reported that MRI-PDFF
demonstrated 89% specificity and 84% sen-
sitivity in detecting donor candidates with
>5% hepatic steatosis, as determined by
liver biopsy.” In addition, in a study of 32
potential liver donors, MRS distinguished
donors with significant hepatic steatosis
designated as >10% on histopathological
examination. The investigators concluded

that CS-MRI and MRS would eliminate the
need for liver biopsy.? In this study, MRS-
PDFF and CS-MRI PDFF could distinguish
between liver donors with/without clini-
cally significant hepatic steatosis (>5%) on
histopathological examination, with high
NPVs. The accuracy and the NPVs of the MRI
methods were increased when distinguish-
ing donors with >10% hepatic steatosis on
histopathology.

This study found cut-off values for
MRS-PDFF and CS-MRI PDFF of 4.65% and
3.45%, respectively, for distinguishing >5%
of hepatic steatosis, as detected by liver bi-
opsy. These values improved the identifica-
tion of histopathological liver fat content
with a high NPV. These findings suggest
that living donor candidates with <4.65%
PDFF on MRI could potentially qualify as
living liver donors. Previous studies report-
ed no significant differences between the
two MRI methods for identifying hepatic
fat content.?! According to Idilman et al.?,
in scanners where one of the two software
tools is not available, the hepatic steatosis
percentage can be accurately determined
using the alternative method currently in
place. However, having both methods in
the standard MRI protocol for liver donors
offers several advantages. The results of
both methods can be used to corroborate
each other. For instance, in cases of hetero-
geneous fat deposition or misplacement
of the voxel, MRS may yield incorrect re-
sults. Furthermore, in the case of fat-water
swapping artifacts, the PDFF cannot be
obtained through CS-MRI. In such cases,
PDFF can be determined using MRS. The
increase in the correlation with histopa-
thology when both MRI methods are used
to complement each other, despite miss-

ing PDFF data, is the strongest evidence of
the advantages of using both MRI meth-
ods with donors.

The VCTE CAP values exhibited a relative-
ly weak correlation with the histopatholog-
ical findings. Previous studies have report-
ed a VCTE moderate correlation between
VCTE CAP and MRI-PDFF3%3" This study
confirms previous studies demonstrating a
weak-moderate correlation between CAP
and liver biopsy, as well as MRl methods as-
sessing hepatic steatosis.

While this study demonstrated a cor-
relation between histopathology and MRI
methods in identifying hepatic fat content,
it possesses several notable limitations. First,
it relied on retrospective observational data
from a tertiary referral center. Moreover,
there is a potential for bias related to the
participants’ data and confounding factors.
Additionally, although all candidates under-
went extensive investigation before dona-
tion and were deemed healthy, the donor’s
hepatic iron content was not measured, po-
tentially impacting fat quantification with
MRI. Despite being costly techniques for rou-
tine practice, they should be acknowledged
as cost-effective methods in evaluating pa-
tients before complex surgical procedures
such as LT, which carry high morbidity and
mortality rates in tertiary referral healthcare
centers.

In conclusion, MRS-PDFF and CS-MRI
PDFF accurately assess the presence and
grade of hepatic fat content in potential liv-
ing liver donor candidates. MRl is a non-in-
vasive and valuable tool for use in the liver
donor selection process for LDLT.

Table 3. The diagnostic accuracy of MRI methods in detecting >5% and >10% hepatic steatosis on histopathology

n=139 > 5% steatosis >10 steatosis

MRS CS-MRI P MRS CS-MRI 1
Cutt-off FF (%) 4.65 3.45 4.65 3.95
AUC 0.837 £ 0.036 0.810 £ 0.036 0.871 £0.034 0.855 £ 0.036
95% Cl (0.766-0.907) (0.739-0.881) 0.345 (0.804-0.937) (0.784-0.925) 0.508
Pvalue <0.001 <0.001 <0.001 <0.001
Sensitivity 0.833 0.741 0.063 0.972 0.806 0.031
95% Cl (0.712-0.910) (0.611-0.839) ’ (0.858-0.995) (0.650-0.902) ’
Specificity 0.800 0.718 0118 0.738 0.786 0302
95% Cl (0.703-0.871) (0.615-0.803) ’ (0.645-0.813) (0.698-0.855) ’
PPV 0.726 0.625 0.565 0.569
95% Cl (0.604-0.821) (0.503-0.734) (0.441-0.681) (0.433-0.695)
NPV 0.883 0.814 0.987 0.920
95% Cl (0.792-0.937) (0.711-0.886) (0.930-0.998) (0.845-0.961)
Accuracy 0.813 0.727 0.799 0.791

MRI, magnetic resonance imaging; FF, fat fraction; AUC, area under the curve; Cl, confidence interval; PPV, positive predictive value; MRS, magnetic resonance spectroscopy; CS,

chemical shift; NPV, negative predictive value.
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