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To investigate if opposed-phase T1-weighted and fat-sup-
pressed T2-weighted liver signal intensity (SI) loss and
visceral fat measurement at magnetic resonance (MR) im-
aging and body mass index (BMI) are correlated with
grade of liver steatosis in patients with nonalcoholic fatty
liver disease (NAFLD) or hepatitis C virus (HCV) and
human immunodeficiency virus (HIV)-related liver dis-
ease.

Committee on Human Research approval and patient con-
sent were obtained for this HIPAA-compliant study. Fifty-
two patients (15 men, 37 women) with NAFLD (n = 29) or
HCV and HIV-related liver disease (n = 23) underwent
prospective contemporaneous MR imaging and liver bi-
opsy. Liver SI loss was measured on opposed-phase T1-
weighted and fat-suppressed T2-weighted MR images. Vis-
ceral fat area was measured at three levels on water-
suppressed T1-weighted MR images (n = 44). Spearman
rank correlation coefficients and recursive partitioning
were used to examine correlations.

Histopathologic liver steatosis correlated well with liver SI
loss on opposed-phase T1-weighted MR images (p = 0.78),
fat-suppressed T2-weighted MR images (p = 0.75), and av-
erage visceral fat area (p = 0.77) (all P < .01) but poorly with
BMI (p = 0.53, P < .01). Liver SI losses on opposed-phase
T1-weighted MR imaging of less than 3%, at least 3% but less
than 35%, at least 35% but less than 49%, and at least 49%
corresponded to histopathologic steatosis grades of 0 (n = 16
of 17), 1 (n = 11 of 16), 2 (n = 7 of 13), and 3 (n = 5 of 6),
respectively. A visceral fat area of greater than or equal to
73.8 cm? was associated with the presence of histopathologic
steatosis in 41 of 44 patients.

Liver SI loss on opposed-phase T1-weighted MR images
and visceral fat area may be used as biomarkers for the
presence of liver steatosis and appear to be superior to
BMLI.

© RSNA, 2008
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onalcoholic fatty liver disease

(NAFLD) and hepatitis C virus

(HCV) infection are the two most
common causes of chronic liver disease
in North America (1). The prevalence of
NAFLD is approximately 20% in the
United States, and the most important
associated risk factors are obesity, type
II diabetes, and hyperlipidemia (1). Ste-
atosis is a characteristic feature of
NAFLD and may be the only manifesta-
tion of early disease; however, more se-
vere forms of the disease exhibit varying
degrees of steatosis, inflammation and
fibrosis, including cirrhosis (2,3). HCV-
related liver disease affects approxi-
mately 2% of the general population in
the United States, and 50% of these pa-
tients have liver steatosis, particularly
those with genotype 1, which predomi-
nates in the United States (4). The con-
comitant presence of HCV infection and
NAFLD has several important clinical
consequences, including a predisposi-
tion to more aggressive liver fibrosis,
decreased response rate to antiviral
therapy, and an increased risk of hepa-
tocellular carcinoma (4).

The recognition of steatosis as a po-
tential indicator of disease severity and
treatment response has resulted in a
growing interest in the ability to directly
or indirectly determine liver steatosis.
Liver steatosis is linked to obesity be-
cause, in obese subjects, visceral fat
functions as an endocrine organ by pro-
ducing inflammatory mediators that in-
terfere with hepatic glucose metabolism
and cause insulin resistance and liver
steatosis (1,5,6). Some studies (7-10)
have investigated the ability of magnetic
resonance (MR) imaging to help detect
liver steatosis in patients with diffuse
liver disease. Clinically calculated body
mass index (BMI) (patient’s body
weight divided by the square of his or

Advances in Knowledge

B Liver signal intensity (SI) loss on
opposed-phase T1-weighted MR
images may be used to grade the
severity of liver steatosis.

® Histopathologic liver steatosis is
associated with a threshold vis-
ceral fat area.

her height) has often been used as a
surrogate anthropometric marker of
obesity-related morbidity, even though
this measurement does not account for
body tissue composition or distribution
of body fat. The use of imaging to esti-
mate visceral fat may be more appropri-
ate for assessing the risk of obesity-
related diseases such as liver steatosis
(1,5,6). However, we are unaware of any
large studies comparing the relative utility
of MR imaging-derived biomarkers of
hepatic steatosis (either direct evaluation
of liver signal intensity [SI] loss on op-
posed-phase T1-weighted or fat-sup-
pressed T2-weighted MR imaging se-
quences or indirect markers such as vis-
ceral fat measurement) and BMI in
patients with diffuse liver disease. There-
fore, we undertook this study to deter-
mine if opposed-phase T1-weighted and
fat-suppressed T2-weighted liver SI loss
and visceral fat measurement at MR im-
aging are correlated with the histopatho-
logic grade for liver steatosis in patients
with NAFLD or with liver disease related
to coinfection with HCV and human im-
munodeficiency virus (HIV).

Materials and Methods

Patients

Patients were recruited from December
2003 through March 2007 as part of two
ongoing prospective trials. Approval
was obtained from the Committee on
Human Research, and the study was in
compliance with the Health Insurance
Portability and Accountability Act. In-
formed consent was obtained from all
patients specifically for the purpose of
this MR imaging study.

The NAFLD patients were part of a
study titled “Novel MR imaging and
spectroscopy in the non-invasive evalu-
ation of NAFLD.” The specific aims of

Implication for Patient Care

m Liver Sl loss on opposed-phase
T1-weighted MR images and MR
imaging measurement of visceral
fat area may be used as biomark-
ers for the presence of liver
steatosis.

this study include MR imaging and MR
spectroscopic evaluation of NAFLD and
examining the correlation between vis-
ceral fat and liver fat. All the patients
with NAFLD were enrolled through our
institution’s Nonalcoholic Steatohepati-
tis Clinic if they had recently had or
were willing to have a liver biopsy.

The second trial, the Women’s In-
teragency HIV Study (11,12),
started in 1994 to investigate the pro-
gression of HIV in women with or at risk
for HIV. It resulted in a substudy to
identify noninvasive markers of liver
conditions such as liver steatosis on MR
imaging and visceral fat measurement.
HCV-infected patients were recruited
from the northern California site of the
Women’s Interagency HIV Study if they
were considered suitable for and were
willing to undergo a liver biopsy.

A final population of 532 patients (15

was
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Abbreviations:

BMI = body mass index

HCV = hepatitis C virus

HIV = human immunodeficiency virus
NAFLD = nonalcoholic fatty liver disease
ROI = region of interest

SI = signal intensity
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men, 37 women; mean age, 46 years; age
range, 12-68 years) formed the study
group (Table). There was no significant
difference in the patient age distribution
between men and women or between the
two disease groups. All patients under-
went MR imaging within 4 months of liver
biopsy. The mean for patients with
NAFLD was 2 days (range, 1-30 days),
and the mean for patients with HCV and
HIV was 40 days (range, 7-122 days).
BMI was routinely recorded as part of the
clinical assessment for all patients. A BMI
greater than 25 is generally accepted as
indicative of clinically overweight status,
and a BMI greater than 30, of obese sta-
tus.

MR Imaging Technique

MR imaging was performed with a 1.5-T
superconducting magnet (Signa; GE Med-
ical Systems, Milwaukee, Wis) and a
torso phased-array coil (GE Medical Sys-
tems). The imaging protocol included the
following: coronal T1-weighted dual-
phase gradient-echo sequence (repetition
time msec/echo time msec, 120/2.1 [op-
posed phase|, 120/4.2 [in phase]; flip an-
gle, 70°; section thickness, 8 mm; gap, 1
mm; matrix, 256 X 128-192; field of
view, 32-40 cm), axial T2-weighted sin-
gle-shot fast spin-echo (/100 [effective];
section thickness 6mm; gap, 1 mm; ma-
trix, 256 X 160-192; field of view, 32—-40
cm), axial breath-hold fast recovery fast
spin-echo sequence with and without fat-
suppression (2500-3000/100; echo train
length, 23; section thickness, 8 mm; gap,
2 mm; matrix, 256/160 X 0.75; number
of signals acquired, 1; fat suppression was
applied by using manual frequency selec-
tion); axial breath-hold T1-weighted fast
gradient-echo in-phase sequence with
water-suppression by using spectrally se-
lective chemical saturation (90-150/4.2;
flip angle, 70°; section thickness, 10 mm;
gap, 10 mm; matrix, 256 X 128-192).

Image Interpretation

MR images were reviewed on a picture
archiving and communication system
workstation (Impax; Agfa, Mortsel, Bel-
gium) by a single reader (A.C.W., with
3 years subspecialty experience in ab-
dominal imaging) who was unaware of
histopathologic and clinical results. The

methods used to measure Sl values from
regions of interest (ROIs) in the liver
and spleen and to calculate the relative
Sl losses of the liver were based on pre-
viously described methods (10). The SI
of the spleen was used to adjust for the
lack of an objective Sl scale at MR imag-
ing (13). The percentage of relative SI
loss on opposed-phase and fat-sup-
pressed MR images was considered to be
a reasonable measurement of liver fat on
the basis of the known effect of fat on SI
values but was not considered to a be a
direct measurement of the histopatholog-
ically determined percentage of fat.

The SI values of the liver and spleen
were recorded on in- and opposed-phase

T1-weighted MR images and T2-weighted
MR images with and without fat-suppres-
sion. The ROIs measured 1-2 cm in di-
ameter and were placed at anatomically
matched locations on paired sequences
by using a coregistration tool available on
the picture archiving and communication
system workstation. Locations were se-
lected to exclude major vessels and arti-
facts. Twelve circular ROIs were obtained
in the liver (two in the right lobe and two
in the left lobe at each of three levels
|above, below, and at the level of the
porta hepatis|). The standard deviation of
the SI measurements within each ROI
was kept to less than 10%. The ROls
were placed at a similar depth from the

Patient Demographics, Histopathologic, and MR Imaging Findings and Correlation of

Variables with Histopathologic Results

A: Patient Demographics

Variable Men with NAFLD Women with NAFLD Women with HCV and HIV
No. of
patients™ 15 14 23
Age (y)t 35 (21 to 50) 49 (20 to 64) 48 (33 t0 60)
B: Clinical, Histopathologic, and MR Imaging Findings
Variable Patients with NAFLD Patients with HCV and HIV

BMI (kg/m?3)*
Histopathologic fibrosis stage™
0
1
2
Histopathologic steatosis grade™
0
1
2
3
Relative liver Sl loss on opposed-phase
T1-weighted images (%)™
Relative liver S loss on fat-suppressed
T2-weighted images (%)"*
Visceral fat area (cm?)"

31.2 (22.7 10 46.8)

33.5(—6.7 10 71.5)

36.9 (—3.4t0 65.7)
154.3 (77.3 10 353.1)

26.1 (17.3 to 38.6)

9

15 10

0 17

10 6

13 0
0

0.1(~8.41011.8)

4.3 (—27.11030.1)
61.3 (11.4t0 163.1)

C: Correlation of Steatosis Grade with Other Variables in All Patients

Variable p Value
Relative liver Sl loss on opposed-phase T1-weighted images* 0.78%
Relative liver Sl loss on fat-suppressed T2-weighted images* 0.75%
Visceral fat area 0.77%
BMI 0.53%

* Data are number of patients.
T Data are the mean, with the range in parentheses.

* Relative liver Sl loss was determined as previously described (10).

Sp< .ot
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liver and spleen surfaces on the paired
T1- and T2-weighted MR images.

A mean liver SI was obtained for the
liver in each patient to account for signal
heterogeneity. The SI of the spleen was
similarly measured with a circular ROI of
1-2 cm in diameter. A mean spleen SI
was calculated from nine ROIs (three
ROIs obtained at each of three levels) in
the spleen corresponding to the selected
liver levels by using the coregistration
tool. Liver fat was estimated on opposed-
phase MR images as the percentage of
relative SI loss of the liver on opposed-
phase images with a previously used for-
mula (10): [(SL, — SL,)/SL.,] X 100,
where SI;, is in-phase mean liver SI di-
vided by in-phase mean spleen SI, and
Sl,. is opposed-phase mean liver SI di-
vided by opposed-phase mean spleen SI.

Adequacy of fat suppression was
qualitatively assessed and determined to
be adequate on the T2-weighted images.
Liver fat was quantified on fat-suppressed
MR images as the percentage of relative
SI loss of the liver on fat-suppressed im-
ages with the following formula: [(SI,,,¢.
— SI,)/SLontad X 100, where ST ... is
mean liver SI without fat suppression di-
vided by mean spleen SI without fat sup-
pression, and Sl is mean liver SI with fat
suppression divided by mean spleen SI
with fat suppression.

Visceral fat area was measured on
our picture archiving and communication

Figure 1

a. b.

system workstation at the L.2-3, 13-4, and
[4-5 intervertebral disk levels on axial
water-suppressed T1-weighted images by
using a sagittal localizer image to select
the required levels (Fig 1). A free-form
ROI and manual thresholding were used
to select tissue of fat SI (high SI) within
the confines of the abdominal wall. A
mean visceral fat area was calculated for
each patient from the measurements at
the three intervertebral disk levels. The
time to measure the visceral fat for each
patient was 5-10 minutes and was slower
at the onset of the study. Although a stan-
dardized MR imaging technique was used
for all patients, insufficient coverage of
the abdomen occurred in eight patients
with NAFLD due to insufficient imaging
time resulting from a delay in starting the
patient’s imaging session or the patient
being unable to stay in the imager for the
duration of the session. Therefore, the
visceral fat area could not be measured
according to our study protocol in eight of
the 52 patients. Liver fat analysis was not
affected in these eight patients.

Histopathologic Analysis

Liver tissue was obtained by using per-
cutaneous core biopsy for histopatho-
logic analysis and was reviewed by a
single pathologist (L.F., with 26 years
faculty experience with liver expertise),
who was unaware of imaging findings
(14). Liver steatosis grade was deter-

Figure 1:  Visceral fat measurement technique. (a) Sagittal T1-weighted localizer MR image used to select
levels for analysis (ie, L2-3, L3-4, L4-5). (b) Axial T1-weighted MR image with water suppression atthe L2-3
level. Contrast was manually adjusted to select signal from fat (high SI), and ROIs were manually drawn to
outline intraperitoneal fat (inside white lines). Area of this fat was calculated by the workstation.

mined by estimating the percentage of
fat-containing hepatocytes on hematox-
ylin-eosin-stained specimens (15,16).
The grading system for liver steatosis
was based on that used in prior studies
(15): grade 0 corresponding to less than
5% steatosis; grade 1, 6%-33% steato-
sis; grade 2, 34%-66% steatosis; and
grade 3, greater than 66% steatosis.
The grading system incorporates the ac-
cepted normal value of histopathologic
liver fat, which is less than 5%, and is
the standard applied in the clinical as-
sessment of severity of liver steatosis by
hepatologists and gastroenterologists.
Fibrosis was staged according to the
Brunt and Ishak classification (15,17),
with stage O indicating no fibrosis and
subsequent stages indicating increasing
fibrosis; stage 3 or greater was indica-
tive of advanced fibrosis.

Statistical Analysis

Statistical analysis was performed by us-
ing software (SAS Release, version 8.2;
SAS Institute, Cary, NC). The Spearman
rank correlation coefficient (p) was used
to examine the association of histopatho-
logic liver steatosis grade with relative
liver SI loss on opposed-phase and fat-
suppressed T2-weighted MR imaging, av-
erage visceral fat area, and BMI. A P
value of less than .05 was considered to
indicate a significant difference.

A classification tree analysis (recur-
sive partitioning) (18,19) was used to
derive a simple decision algorithm for
staging steatosis on the basis of a pa-
tient’s known covariate values. Recur-
sive partitioning attempts to “split” a
sample of observations into increasingly
homogeneous subsets in terms of their
observed covariate values, which is ac-
complished through a computer-inten-
sive iterative process that is inherently
nonparametric and implicitly examines
interactions between the covariates in-
cluded in the model. Recursive parti-
tioning was performed by using the R
add-on package (rpart, version 3.1-3.4)
initially developed for use in S-Plus (In-
sightful, Seattle, Wash) by Terry Ther-
neau and Beth Atkinson of the Mayo
Clinic (Rochester, Minn) and subse-
quently ported to R by Brian Ripley.
Recursive partitioning was also used to
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determine if a threshold average vis-
ceral fat area could be used to discrimi-
nate between patients without (grade 0)
and with liver steatosis (grades 1-3)
(n = 44).

Histopathology

The number of patients with different ste-
atosis grades and fibrosis stages are given
in the Table. None of the patients had
clinical evidence of hemachromatosis.

Markers of Steatosis

The mean percentages of liver Sl loss on
opposed-phase and fat-suppressed images
for patients with NAFLD and liver disease
due to HCV and HIV are given in the Table.
The mean visceral fat area on MR imaging
for all patients was 105.7 cm? (range, 11.4-
353.1 cm?) (n = 44) (Table).

Correlation Analysis

Histopathologic liver steatosis grade cor-
related well with relative liver SI loss on
opposed-phase images (p = 0.78), with
relative liver Sl loss on fat-suppressed im-
ages (p = 0.75), and with visceral fat area
as measured on MR images (p = 0.77) (all
P < .01) (Table). A weaker correlation
was observed between histopathologic
liver steatosis grade and BMI (p = 0.33)
(P <.01) (Fig2). The correlations of liver
SI loss on both opposed-phase and fat-
suppressed images and visceral fat area
with steatosis were all significantly
greater than the correlation of BMI with
steatosis (P < .01).

Recursive partitioning produced a
simple decision algorithm for grading
steatosis solely on the basis of SI loss on
opposed-phase images. The cut-points
of relative liver SI loss on opposed-
phase images derived from this analysis
were at less than 3%, at least 3% but
less than 35%, at least 35% but less
than 49%, and greater than or equal to
49%, which correspond to histopatho-
logic steatosis grades of 0 (n = 16 of
17), 1 (n = 11 of 16), 2 (n = 7 of 13),
and 3 (n = 5 of 6), respectively (Fig 2a).
By using the same model, visceral fat area
greater than or equal to 73.8 cm?® was
found to be predictive of presence of clin-

SIL (opposed-phase)

(I) 2|0 4|0 6|0

Steatosis Grade

Average visceral fat area

0 1CIJO | 200 300

SIL (fat-suppressed T2-weighted)

-20 0 20 40 60
| | 1 1 1

o-}---
14 F--

Steatosis Grade

Body mass index
2|0 2|5 3|0 315 4|O 45

S

] 1
2 F- F- °
<+ L[}

Steatosis Grade

-

Steatosis Grade

C.

dence interval, © = outliers.

Figure2:  Correlation between steatosis grade and (a) relative liver MR Sl loss (S/L)on opposed-phase
images (p = 0.78), (b) relative Sl loss on fat-suppressed T2-weighted images (p = 0.75), (c) visceral fat area
(p=0.77),and (d) BMI (p = 0.53). Bold line = median, box = 1st=3rd quartile, dashed line = 95% confi-

d.

ical liver steatosis (grades 1, 2, or 3) in
93% (41 of 44) of patients (Fig 2c). A
clear separation of patients with grade 2
and those with grade 3 steatosis was dem-
onstrated by an SI loss of greater than
20% on opposed-phase images.

Liver biopsy is the current standard of
reference for the diagnosis and grading
of steatosis, but it is an invasive proce-
dure with recognized morbidity and
mortality and is not desirable if repeat
investigations are required or when
evaluating liver disease in children. Our
findings suggest that liver steatosis can
be reliably detected by observing rela-

tive liver SI loss on opposed-phase T1-
weighted and fat-suppressed T2-
weighted MR images and that his-
topathologic liver steatosis is better
correlated with the measurement of vis-
ceral fat area than with BMI in patients
with diffuse liver disease.

In concordance with our findings,
Levenson et al (7) also found a good
correlation between histopathologically
determined liver steatosis and liver-to-
spleen SI ratios on opposed-phase gra-
dient-echo MR images in a small cohort
of patients with noncirrhotic livers (n =
16, r = 0.86, P < .01). A small number
of additional studies (8-10) have also
shown the ability to measure liver fat
with TT-weighted MR imaging. By using
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rat models of simple fatty infiltration
and fatty liver with hepatocellular in-
jury, Kreft et al (8) found that conven-
tional T1-weighted images and chemical
shift images showed good correlation
(r = 0.83 and 0.80, respectively) be-
tween SI and the degree of steatosis,
although only chemical shift imaging
was reportedly reliable. Qayyum et al
(10) demonstrated that liver fat may be
quantified with both opposed-phase gra-
dient-echo and fat-suppressed fast spin-
echo MR imaging (r = 0.69 and 0.92,
respectively; P < .01) in patients with-
out cirrhosis (n = 11). In this larger
study, we observed similar correlations
with opposed-phase (p = 0.78) and fat-
suppressed imaging (p = 0.75).
Although ultrasonography (US) and
computed tomography (CT) have been
used to quantify liver steatosis (20-22),
there are several well-established limita-
tions (eg, inability to distinguish between
fibrosis and fat with US, masking effect of
factors that increase liver attenuation on
CT images [iron, copper, glycogen, or
amiodarone therapy|) (23).
Fat-suppressed T2-weighted fast
spin-echo MR imaging is less commonly
used to measure liver fat than the other
cross-sectional techniques, and although
this technique has been subject to contro-
versy, it may be more robust than T1-
weighted gradient-echo imaging in pa-
tients with increased amounts of liver
iron (7,8,10,24). An additional consider-
ation that may reduce the correlation of
liver fat with SI loss on fat-suppressed
T2-weighted images is potential inhomo-
geneity of fat suppression, which was only
qualitatively determined to be adequate
in our study. Such inhomogeneity may be
an explanation for the observed negative
correlation between SI loss on fat-sup-
pressed T2-weighted images and grade 0
steatosis in some patients. In patients
with diffuse liver disease who do not have
hemochromatosis or end-stage liver dis-
ease (both associated with increased like-
lihood of liver iron deposition), there is
not necessarily an advantage to using T2-
weighted imaging in addition to the more
widely used opposed-phase imaging tech-
nique for liver fat estimation. However, it
may be prudent to repeat the opposed-
phase imaging sequence with an addi-

tional two echo times to ensure no Sl loss
occurs with increasing echo time, which
would indicate the presence of liver iron
in a broader population.

In concordance with our study, sev-
eral prior publications (25-31) have
shown a greater correlation between
visceral adiposity and liver steatosis
than that between BMI and liver steato-
sis. More recently, the use of BMI has
been superceded by the waist-to-hip ra-
tio as an indirect measure of visceral
adiposity. However, the reported corre-
lations with liver steatosis have been
low (r=10.44,n = 83; and r=0.30,n =
126) (25,30). We are unaware of any
studies in which histopathologically de-
termined liver steatosis was compared
to MR imaging- determined visceral fat
area. The high correlation observed in
our study (p = 0.77) suggests that imag-
ing is a better surrogate marker of obe-
sity-related morbidity than anthropo-
metric indexes. Our findings support
the theory of adipokine (such as visfa-
tin) production by visceral fat (6), since
a threshold visceral fat area was found
to be associated with liver steatosis.

Some limitations of our study should
be noted. First, the 23 HCV-infected pa-
tients were all women who also had HIV
infection. The independent effect of the
latter virus or its treatment was not
within the scope of this study, since our
aim was to evaluate the relationship be-
tween liver steatosis measured at bi-
opsy with MR imaging and anthropo-
metric measurements. Similarly, HIV
may affect visceral adiposity; however,
despite this potential limitation, a good
correlation was observed between vis-
ceral fat area and liver steatosis.

Second, the HCV-infected women
had steatosis grades of 0 or 1, while
higher grades of steatosis occurred in
the patients with NAFLD, which may
have resulted in additional discrimina-
tory factors influencing the relationship
between histopathologic findings and
the recorded parameters. However, the
inclusion of both HCV and HIV-infected
women and patients with NAFLD al-
lowed us to examine the correlation be-
tween MR imaging and a wider range of
steatosis grades than would have been
possible with a single group.

Third, liver biopsy and MR imaging
were separated by an interval of up to 4
months in the HCV and HIV-infected
patients, and some alteration in the de-
gree of liver fat may have occurred dur-
ing this time, which may have reduced
our observed correlations.

Fourth, our classification analysis
represents a relatively small number of
patients within each steatosis grade and
therefore should be validated with
larger studies.

Fifth, the liver biopsies were not
stained for iron, since this was not part
of the routine clinical assessment and
hemochromatosis was not suspected on
clinical evaluation. Furthermore, our
patient population had early liver dis-
ease, and liver iron deposition is gener-
ally a feature of advanced liver disease
and cirrhosis. Similarly, since none of
the patients had advanced fibrosis or
hemochromatosis, evaluation of T2*-
weighted effects of iron in the spleen
was not thought to be necessary.

In conclusion, liver SI loss on op-
posed-phase T1-weighted images and
MR imaging visceral fat measurement
may be used as biomarkers for the pres-
ence of liver steatosis.
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