
UCSF
UC San Francisco Previously Published Works

Title
Liver Steatosis: Concordance of MR Imaging and MR Spectroscopic Data with Histologic 
Grade

Permalink
https://escholarship.org/uc/item/7sw3q1bm

Journal
Radiology, 264(1)

ISSN
0033-8419

Authors
Noworolski, Susan M
Lam, Maggie M
Merriman, Raphael B
et al.

Publication Date
2012-07-01

DOI
10.1148/radiol.12110673
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/7sw3q1bm
https://escholarship.org/uc/item/7sw3q1bm#author
https://escholarship.org
http://www.cdlib.org/


Note:  This copy is for your personal non-commercial use only. To order presentation-ready  
copies for distribution to your colleagues or clients, contact us at www.rsna.org/rsnarights.

Or
ig

in
al

 R
es

ea
rc

h 
n

 G
as

tr
oi

nt
es

ti
na

l 
Im

ag
in

g

88� radiology.rsna.org  n  Radiology: Volume 264: Number 1—July 2012

Liver Steatosis: Concordance of 
MR Imaging and MR Spectroscopic 
Data with Histologic Grade1

Susan M. Noworolski, PhD
Maggie M. Lam, MD
Raphael B. Merriman, MD
Linda Ferrell, MD
Aliya Qayyum, MBBS

Purpose: To determine if the concordance of magnetic resonance 
(MR) imaging and MR spectroscopic data with histologic 
measures of steatosis is affected by histologic magnifica-
tion level, tissue heterogeneity, or assessment of tissue 
area versus that of hepatocytes.

Materials and 
Methods:

This study was institutional review board approved and 
HIPAA compliant. Written informed consent was ob-
tained. In- and out-of-phase MR imaging and MR spec-
troscopic measures of steatosis were compared in 33 
patients with nonalcoholic fatty liver disease and in 15 
healthy volunteers. Concordance of MR imaging and MR 
spectroscopic data with histologic findings was assessed 
for (a) histologic examination at standard (340 and 3100) 
versus high magnification (3200 and 3400), (b) hetero-
geneity and homogeneity of livers, and (c) percentage of 
tissue and hepatocytes that contained lipids. Evaluations 
included linear regression and Fisher exact tests.

Results: In- and out-of-phase MR imaging and MR spectroscopic 
data were well correlated (R2 = 0.93) and generally con-
cordant with histologic measures. Patients in whom MR 
fat fractions were higher than expected compared with 
steatosis grades at standard magnification histologic ex-
amination were upgraded significantly more often when 
high magnification was used than were the remaining pa-
tients (100% [10 of 10] vs 47% [7 of 15], P , .01). MR 
imaging and MR spectroscopic data of homogeneous livers 
were significantly more likely than those of heterogeneous 
livers to be concordant with steatosis grades when high 
magnification was used (81% [13 of 16] vs 47% [8 of 17], 
P , .05). For all patients, percentage of fat in tissue was 
lower than that in hepatocytes, which affected individual 
patients, but not the overall correlation.

Conclusion: MR imaging and MR spectroscopic data were generally 
concordant with histologic measures of steatosis. Discor-
dance between them may reflect differences in magnifica-
tion at histologic examination and in liver heterogeneity.
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if the concordance of MR imaging and 
MR spectroscopic data with histologic 
measures of steatosis is affected by 
histologic magnification level, tissue 
heterogeneity, and assessment of the 
amount of fat in tissue area versus that 
in hepatocytes.

Materials and Methods

Patients
Our retrospective study was approved 
by our institutional review board and 
was compliant with the Health Insur-
ance Portability and Accountability Act. 
Written informed consent was obtained 
from all patients. Forty-eight partici-
pants, including 33 patients who were 
suspected of having nonalcoholic fatty 
liver disease and 15 healthy volunteers, 
were examined during a 6-year period 
as part of a research study. Healthy vol-
unteers were included to help in deter-
mining MR imaging thresholds between 
steatosis grades 0 and 1. Research 
patients were included if they under-
went a biopsy within 70 days of MR 
imaging and if MR imaging data and 
pathologic slides were available for ret-
rospective review. The participant age 
(mean 6 standard deviation) was 41 
years 6 14. There were 27 men (aged 
36 years 6 12) and 21 women (aged 
47 years 6 15) studied. Women were 
significantly older than the men in the  

An inherent problem with validat-
ing MR imaging and MR spectroscopic 
data with histologic measures is that 
there are several differences among the 
techniques as they are currently per-
formed. MR imaging and MR spectros-
copy measure all the fat in the sample 
studied, whereas histologic estimation 
of fat, in current clinical practice, is 
an examination of a small biopsy spec-
imen at 340 and 3100 magnification. 
In- and out-of-phase MR imaging pro-
vide a global assessment of the liver. 
Single-voxel MR spectroscopy is an 
evaluation of a portion of the liver (typ-
ically 8 cm3), but the samples used for 
histologic comparison may be 105 times 
smaller, which could result in a large 
sampling error. MR imaging and MR 
spectroscopy provide quantitative as-
sessments of the percentage of tissue 
that contains fat. Histologic examina-
tion, however, is a visual assessment 
of the percentage of hepatocytes that 
contain fat vacuoles. Finally, MR imag-
ing and MR spectroscopy provide con-
tinuous measures, whereas histologic 
measures are categorized into grades 
0–3.

The limitations in correlation of MR 
imaging and MR spectroscopic data 
with histologic measures and the differ-
ences among the techniques motivated 
our study. Our goal was to determine 

Nonalcoholic fatty liver disease is 
common, affecting 20%–30% 
of the U.S. population (1). The 

reference standard for determining the 
severity of steatosis (ie, fat deposits in 
hepatocytes) is histologic analysis of a 
liver biopsy specimen. In- and out-of-
phase magnetic resonance (MR) im-
aging and MR spectroscopy have been 
shown to have potential for noninvasive 
assessment of steatosis. Although some 
studies have demonstrated good corre-
lation of MR measures with histologic 
measures of steatosis (2–5), results 
have varied, with R2 values as low as 
0.5 (2).

Implications for Patient Care

nn Patients with nonalcoholic fatty 
liver disease may receive higher 
steatosis grades when high 
(3200 and 3400) rather than 
standard (340 and 3100) magni-
fication is used at histologic ex-
amination: Of the 21 patients 
with steatosis grades 1 or 2, 17 
(81%) were upgraded at high-
magnification histologic 
examination.

nn Patients may receive higher ste-
atosis grades when MR imaging 
is used: Of the 21 patients with 
steatosis grades 1 or 2, 10 
(48%) had higher MR fat frac-
tions than suggested by the stan-
dard-magnification histologic 
grade.

Advances in Knowledge

nn Magnification used at histologic 
examination affected concor-
dance of MR measures with his-
tologic measures of steatosis in 
that standard magnification (340 
and 3100) resulted in steatosis 
grades that were discordant with 
MR spectroscopic data, which 
showed higher fat fractions than 
expected in 40% (10 of 25) of 
patients with steatosis grades 
0–2: All of these patients (100%, 
10 of 10) were upgraded to a 
higher steatosis grade when high 
magnification (3200 and 3400) 
was used at histologic evaluation, 
whereas only 47% (7 of 15) of 
the remaining cases were 
upgraded (P , .01).

nn MR imaging and MR spectro-
scopic data for homogeneous 
livers were significantly more 
likely to be concordant with ste-
atosis grades when high magnifi-
cation was used at histologic 
examination than were data 
from heterogeneous livers (81% 
[13 of 16] vs 47% [8 of 17],  
P , .05).

nn Patients with nonalcoholic fatty 
liver disease and grades 1 or 2 
steatosis were likely to be 
upgraded to the next higher ste-
atosis grade if high magnification 
was used at histologic evaluation 
(81% [17 of 21]).
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and 2.2 ppm) and CH3 lipids (0.8 ppm) 
were summed. The CH lipids peak at 
5.3 ppm was not included, because it 
was complicated by overlap with water. 
The peak at 4.6 ppm, representing 
water, was integrated. The unsup-
pressed water spectra were similarly 
analyzed. Area ratios (total lipids/[total 
lipids + unsuppressed water]) were cal-
culated for each patient. These ratios 
were corrected for differential T2 decay 
by using global values for T2 of 66 msec 
for lipids and 45 msec for water, on the 
basis of measurements in our popula-
tion and in the literature (2,3,9). At 
the repetition time of 2500 msec, sig-
nals from both lipids and water were 
presumed to be at full longitudinal re-
laxation. Automated spectral results 
were reviewed by an MR spectroscopist 
(S.M.N., with 17 years of MR spectros-
copy experience), who was blinded to 
the histologic results.

The in- and out-of-phase MR im-
ages were analyzed to obtain estimates 
of hepatic steatosis. A 2-cm circular 
region of interest was placed on one 
8-mm section of the in- and out-of-
phase images in the right lobe midaxil-
lary plane at the level of the portal vein, 
to approximate a typical biopsy loca-
tion. An estimated fat fraction was cal-
culated from the in- and out-of–phase 
images by using the following equation: 
(SIin 2 SIout)/(2 ⋅ SIin), where SIin and 
SIout represent the signal intensities on 
the in-phase and out-of-phase images, 
respectively. Assuming that the signal 
intensity followed the standard, closed-
form spoiled gradient-recalled acqui-
sition equation, these measurements 
were affected by this relationship and 
the T1 and T2* of water and fat. Global 
values for T1 and T2* were approx-
imated as 570 msec and 42 msec for 
liver water and 420 msec and 19 msec 
for liver fat, on the basis of literature 
values and measurements in sample 
patients (2,9). Then, the fat fractions 
were corrected for T1 and T2* decay 
given the echo times and repetition 
times. In addition, the out-of-phase 
measurement did not take into account 
that the different lipid peaks are not 
all exactly out of phase. We adjusted 
the fat measures for this by assuming 

the guidance of a senior liver patholo-
gist (L.F., with 31 years of experience). 
Slides were reviewed by using an Olym-
pus B53 microscope (Olympus, Ham-
burg, Germany) during a 1-year period. 
Steatosis was assessed histologically by 
using four techniques. First, by following 
standard clinical practice, steatosis was 
graded by estimating the approximate 
percentage of hepatocytes that contain 
fat, as visible by using standard magni-
fication (defined as 34 and 310 lenses 
and 310 eyepieces; [340 and 3100 
magnification]). Steatosis grades were 
then assigned as described in the liter-
ature (7,8) on the basis of the following 
percentages: grade 0, fewer than 5% 
of hepatocytes containing fat; grade 1, 
5% to 33%; grade 2, 33% to 66%; and 
grade 3, more than 66%. Second, ste-
atosis was regraded by using both stan-
dard and high magnification (the latter 
defined as 320 and 340 lenses and 
310 eyepieces [3200 and 3400 mag-
nification]). Large droplets of fat were 
visible at both magnification levels, and, 
additionally, small droplets of fat were 
visible at high magnification. Third, the 
percentage of hepatocytes that con-
tained fat was visually estimated to the 
nearest 5% and not assigned to grades. 
Fourth, the percentage of the whole 
tissue sample (hepatocytes and other 
tissue such as fibrosis) that contained 
fat as viewed with both low and high 
magnification was visually estimated 
to the nearest 5%. These alternative 
histologic methods are not in standard 
clinical use but were performed for 
comparison with MR imaging for our 
study.

MR Data Analysis
The MR spectra were postprocessed to 
reduce the effects of respiratory motion 
(6). First, each spectrum was individu-
ally Fourier transformed and phase and 
frequency shifted on the basis of the 
water peak. Next, spectra with water 
or lipid peaks more than 25% differ-
ent from the median spectral peaks 
were identified and not included in the 
data. The remaining artifact-free spec-
tra were averaged (6). To calculate the 
total lipids, the integrated peak areas 
attributed to CH2 lipids (at 1.2, 2.0, 

patient group and in the total group 
(P , .01). Twenty-six of these patients 
were part of a different study (6). There 
was no overlap in reported results be-
tween these studies.

MR Imaging
MR imaging was performed by using 
a 1.5-T clinical MR imaging unit (GE 
Healthcare, Waukesha, Wis) with a 
torso phased-array coil for signal re-
ception. MR imaging included coronal 
breath-hold T1-weighted imaging. For 
MR spectroscopy, fat-suppressed T2-
weighted fast spin-echo axial imaging 
was performed (echo time, 100 msec; 
echo train length, eight; section thick-
ness, 8 mm; section gap, 1 mm). The 
in- and out-of-phase (two-point Dixon 
technique) MR images were acquired 
by using a dual-echo (echo times, 2.2 
and 4.4 msec) fast spoiled gradient-re-
called echo sequence (repetition times, 
90 or 120 msec; flip angle, 75°; field 
of view, 32–44 cm; section thickness, 8 
mm; section gap, 1 mm). For MR spec-
troscopy, an 8 cm3 voxel was placed in 
the liver, avoiding blood vessels and the 
edges of the liver in all dimensions. The 
MR spectroscopic data were acquired 
by using a chemical shift–selective 
water-suppressed 128-acquisition time 
series of point-resolved spectroscopic 
single voxels (repetition time msec/
echo time msec, 2500/30 [n = 46] or 
2500/27 [n = 2]). Unsuppressed water 
spectra with eight acquisitions were 
also acquired at each location. An addi-
tional four spectra were acquired at the 
start of each acquisition but were not 
recorded, to ensure that an equilibrium 
state had been reached.

Histologic Analysis
All 33 patients who were suspected of 
having nonalcoholic fatty liver disease 
underwent liver biopsy as part of clin-
ical care. The median time between 
MR imaging and biopsy was 11 days, 
with 11 patients having undergone the 
biopsy within a day of imaging. Liver 
biopsy was not obtained from the 15 
healthy volunteers.

A single pathologist (M.M.L., with 
3 years of experience) retrospectively 
reviewed all the histologic slides under 
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from these two techniques arise when 
the amount of lipids in the hepatocytes 
differs greatly from that in tissues or 
when the tissue consists of more than 
hepatocytes (ie, fibrosis). Particularly 
in patients with fibrosis, MR measures 
were expected to be more concordant 
with the percentage of tissue with lipids 
rather than the percentage of hepato-
cytes with lipids.

Statistical Analysis
The ages of the men and women were 
compared for the patient, healthy vol-
unteer, and total populations by using 
a Student t test with Bonferroni cor-
rection for multiple comparisons. The 
corrected fat fractions measured with 
MR spectroscopy and in- and out-of-
phase MR imaging were compared by 
using linear regression analysis to con-
firm similarity. MR imaging measures 
were then compared with histologic 
measures. When the MR imaging 
and MR spectroscopic measures were 
highly correlated, only the MR spectro-
scopic measures were used. The Fisher 
exact test was used to assess the rate 
of upgrade in groups that were concor-
dant with standard histology versus dis-
cordant. It was also used to assess the 
role of heterogeneity versus homogene-
ity of steatosis concordance versus dis-
cordance with high-magnification histo-
logic examination. A P value of .05 was 
deemed to indicate a statistically sig-
nificant difference. The JMP statistical 
software package (SAS Institute, Cary, 
NC) was used for statistical analyses.

Results

Concordance of MR Imaging and MR 
Spectroscopic Data with Histologic 
Measures
The two MR measures of fat fraction, 
in- and out-of-phase MR imaging and 
MR spectroscopy, showed similar re-
sults (Fig 1). The correlation between 
the two was high (R2 = 0.93), although 
the slope was less than 1.0 (0.89). Be-
cause of this strong correlation, com-
parisons with pathologic measures 
were performed by using the MR spec-
troscopic data only.

all patients: (a) high magnification ver-
sus standard magnification histologic 
examination, (b) heterogeneous versus 
homogeneous livers, and (c) percent-
age of tissue area containing fat versus 
percentage of hepatocytes with lipids.

Thresholds to separate grades 0 
from 1, 1 from 2, and 2 from 3 were 
used to define concordance of MR 
measures with histologic measures. 
The threshold values were determined 
on the basis of maximizing the accu-
racy of concordance between the MR 
measures and the high-magnification 
histologic measures. When a range of 
MR measures yielded the same accu-
racy (no data points in that range), the 
threshold was chosen as the midpoint 
between the two neighboring points. 
Datapoints that were higher or lower 
than these thresholds were labeled as 
high or low discordance, respectively.

The concordance of MR measures 
with high- versus standard-magnifica-
tion histologic measures was studied. 
MR imaging and MR spectroscopy were 
expected to delineate both large and 
small droplets of fat in the hepatocytes, 
as would high-magnification histology. 
However, small droplets of fat were not 
visible when standard magnification 
was used. For patients with small drop-
lets of fat, the MR measures and high 
magnification histologic measures were 
expected to reflect higher levels of fat 
than standard-magnification histologic 
measures.

Concordance of MR imaging data 
with high-magnification histologic 
measures was also compared between 
heterogeneous and homogeneous livers. 
Because biopsy samples were taken 
of a very small portion of the liver, 
measures of heterogeneous livers were 
anticipated to show lower concordance 
between MR imaging and histology.

Last, concordance of MR measures 
with high-magnification histologic 
measures was examined by comparing 
the percentage of tissue area with lipids 
with the percentage of hepatocytes with 
lipids (standard practice measure of 
steatosis). MR measures were antici-
pated to reflect the percentage of tis-
sue with lipids but not the percentage 
of hepatocytes with lipids. Differences 

that the percentages of total fat for the 
peaks were 0.8 ppm, 8%; 1.2 ppm, 
84%; 2.0 ppm, 7%; and 2.2 ppm, 1%; 
on the basis of average relative con-
tributions of peak areas to total lipids 
in 10 patients with fatty liver disease. 
This is similar to other correction tech-
niques for multiple fat peaks (10,11). 
These corrections were performed by 
an MR physicist (S.M.N., with 17 years 
of MR imaging experience), who was 
blinded to the histologic results.

Steatosis Heterogeneity Assessment
The livers were classified as hetero-
geneous or homogeneous in steatosis 
grade on the basis of color maps made 
from the in- and out-of-phase MR im-
ages. Liver image pixels were assigned 
colors that represented values ascribed 
to the different grades of steatosis 
(grades 0–3) and to threshold values 
for grades 0–1, 1–2, and 2–3.   This 
color-mapping assignment was based 
on a comparison of in- and out-of-
phase MR imaging data with standard 
histologic steatosis grading of biopsy 
samples as developed, assessed, and 
reported in Nystrom et al (12). This 
color-mapping system was designed 
to provide simple rapid assessment of 
severity and heterogeneity of liver ste-
atosis. An MR imaging researcher with  
3 years of experience in liver MR imag-
ing visually assessed these color maps 
for heterogeneity. Livers were deemed 
homogeneous when greater than 90% 
of the liver was assigned to one steato-
sis grade. More varied livers were clas-
sified as heterogeneous (12).

Comparisons of MR Imaging, MR 
Spectroscopy, and Histology
The corrected fat fractions measured 
with MR spectroscopy and in- and out-
of-phase MR imaging were compared 
to confirm similarities. MR measures 
were then compared with histologic 
measures. If the MR imaging and MR 
spectroscopic measures were highly 
correlated, only the MR spectroscopic 
measures were used. The MR fat frac-
tions were expected to increase as 
the levels of fat identified at histologic 
examination increased. The effect of 
each of the following was assessed for 
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more likely than heterogeneous livers 
to show concordance of MR measures 
with high-magnification histologic find-
ings (81% [13 of 16] vs 47% [eight of 
17], P , .05).

Fat as Percentage of Tissue Area versus 
as Percentage of Hepatocytes
In addition, histologic measures of fat as 
a percentage of tissue area were com-
pared with measures of fat as a per-
centage of hepatocytes (Fig 3). Fat as a 
percentage of area was lower than fat 
as a percentage of cells, but they were 
roughly linearly correlated. In one case, 
however, 50% of the hepatocytes had 
fat, but this represented only 10% of the 
area. The use of percentage of area for 
a histologic classification made a differ-
ence in this case, in which the MR spec-
troscopic fat fraction was much lower 
than expected for grade 2 steatosis but 
matched that expected for grade 1 ste-
atosis. However, this did not improve the 
overall correlation in our study.

Examples of MR Imaging, MR 
Spectroscopy, and Histology
An example fat fraction map based 
on in- and out-of-phase MR imaging 
is shown in Figure 4a, and the cor-
responding MR spectrum is shown 
in Figure 4b. These MR measures 
were high compared with the steato-
sis grade of 2, which was determined 
at standard magnification histologic 
examination. The grade assigned at 
high-magnification examination was 
grade 3. Respective histologic slides 
are shown in Figure 4c and Figure 4d. 
Note that more lipids are visible in 
the high-magnification slide, leading 
to an increased percentage of hepato-
cytes with lipids.

A second example is shown in 
Figure 5, in which the high magnifica-
tion steatosis grade is 3, although the 
fat fractions determined at in- and out-
of-phase MR imaging and MR spectros-
copy seemed to indicate lower-grade 
steatosis. This liver was classified as 
heterogeneous; therefore, the area 
from which the biopsy sample was 
taken may have shown a different grade 
of steatosis than the overall liver or the 
area examined at MR spectroscopy.

than in the remaining samples in grades 
0–2, for which 47% (seven of 15) were 
upgraded (P , .01). In total, 74% (17 
of 23) of patients with grades 0–2 ste-
atosis were upgraded, including 63% 
(five of eight) of those in whom MR 
measures seemed to be concordant 
with histologic findings (Fig 2). Cases 
that were evaluated as grade 3 at stan-
dard-magnification histologic examina-
tion were excluded from these analyses 
because they could not be upgraded.

Steatosis Heterogeneity
In our investigation of liver heterogene-
ity, we determined that 52% (17 of 33) 
of the patients with steatosis showed 
heterogeneous and 48% (16 of 33) 
showed homogeneous steatosis. Of the 
patients with low discordance of MR 
measures and histologic findings who 
were upgraded at high-magnification 
histology, 86% (six of seven) were het-
erogeneous, which was a higher per-
centage than that for the remaining 
patients (42% [11 of 26]) (P , .051). 
In general, discordance between MR 
measures and histologic findings was 
significantly more likely than concor-
dance (75% [nine of 12] vs 38% [eight 
of 21], P , .05) in heterogeneous livers. 
Homogeneous livers were significantly 

In the comparison of the MR spec-
troscopic fat fractions with the stan-
dard histologic measures, some MR 
measures were high in each steatosis 
grade, and grades 2 and 3 overlapped to 
a large extent (Fig 2, Table 1). A linear 
correlation yielded an R2 of 0.77. When 
high magnification was used, grades 2 
and 3 became better separated, but 
grade 1 overlapped with grades 0 and 
2, in large part because few biopsy 
specimens remained grade 1 when 
high magnification was used. Even with 
these changes, the linear correlation 
coefficient, R2, remained at 0.77.

Threshold points of 0.064, 0.134, 
and 0.205 to separate grades 0 from 1, 
1 from 2, and 2 from 3, respectively, 
were used to define concordance of MR 
measures with histologic findings. The 
ranges for each grade are indicated in 
different shades of gray in Figure 2. 
When viewed at high magnification, 
100% (10 of 10) of specimens from 
livers that showed high discordance 
(MR spectroscopic data that were high-
er than expected compared with ste-
atosis grade at standard-magnification 
histologic examination) in grades 0–2 
were upgraded to the next higher ste-
atosis grade (Fig 2, Table 2). This was 
a significantly higher rate of upgrading 

Figure 1

Figure 1:  SQ27catterplot shows good correlation between MR imaging fat fraction and MR 
spectroscopic fat fraction (R2 = 0.93). In- and out-of-phase MR imaging fat fraction estimates 
include global corrections for multispectral fat and T1 and T2*. MR spectroscopic fat fraction 
estimates include global T2 corrections. L = lipids; W = waterQ28. 
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used (14,15). These studies further 
support the idea that the use of MR 
imaging and MR spectroscopy can yield 
comparable metrics of liver fat fraction. 
In the comparison of MR imaging and 

similar to that of others in the litera-
ture (4,10,13). Higher correlations 
have also been reported when addi-
tional acquisition and postprocessing 
approaches that reduce artifacts were 

Discussion

Our study showed that, although MR 
measures and histologic findings of ste-
atosis were generally concordant, dis-
cordance between the techniques may 
partly reflect their different methods 
of estimating fat percentage. Magnifi-
cation level played an important role; 
for cases in which the MR spectroscopy 
fat fractions were higher than expected, 
compared with the standard-magnifica-
tion histologic findings, steatosis grades 
were significantly more likely to be up-
graded at high-magnification histologic 
examination than were the remaining 
cases (P , .02). Liver heterogeneity 
also played a role and significantly af-
fected concordance (P , .05). Although 
using the percentage of tissue area with 
fat as opposed to the percentage of 
hepatocytes with fat was shown to im-
prove the concordance of MR measures 
and histologic findings for one case, it 
did not significantly improve the overall 
correlation in our study. The patients in 
our study tended to have low stages of 
fibrosis. Higher fibrosis stages may lead 
to more disparate estimates of the per-
centage of hepatocytes versus the per-
centage of tissue with fat. The percent-
age of the tissue with fat may be more 
important in validating MR measures in 
a population with greater amounts of 
fibrosis.

High-magnification histologic evalu-
ation and MR evaluation of steatosis re-
flected higher levels of fat than did stan-
dard-magnification histologic grading. 
Our study demonstrated that patients 
with nonalcoholic fatty liver disease 
had higher steatosis grades when his-
tologic evaluation was made (a) at a 
high-magnification level (81% [17 of 21] 
of patients with steatosis grades 1 or 2 
were upgraded when high magnification 
was used) or (b) when MR imaging was 
used (48% [10 of 21] of patients with 
steatosis grades 1 or 2 had higher MR 
imaging fat fractions than suggested by 
the standard-magnification histologic 
grade). Whether this has a clinical ef-
fect for these patients is not known.

The correlation of in- and out-of-
phase MR imaging with MR spectros-
copy in our study was high and was 

Table 1

MR Spectroscopic Fat Fractions and Standard Magnification Histologic Measures of 
33 Patients with Biopsy Results

MR Spectroscopic  
Thresholds Grade 0 Grade 1 Grade 2 Grade 3 Total

,0.064 4* 3 0 0 7
,0.134 0 3* 0 0 3
,0.205 0 4 5* 1 10
.0.205 0 1 5 7* 13
  Total 4 11 10 8 33

Note.—Data are numbers of patients. Data for 15 healthy volunteers are not included; MR spectroscopic fat fraction for these 
volunteers was ,0.064.

* Indicates concordance of MR spectroscopic and histologic data (19 of 33 [58%]).

Figure 2

Figure 2:  Liver MR spectro-
scopic fat fractions compared 
with histologic steatosis grades 
determined by using (a) standard 
magnification and (b) high 
magnification. Dotted lines = 
threshold points of steatosis 
gradesQ29. Q30
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This percentage is similar to those in 
other reports in the literature, with 
rates of 20% for grade 1 and 75% for 
grades 2 and 3 steatosis, in a large, 
ultrasonography-based study (16) and 
rates of 45% in an MR imaging–based 
study (17).

Validation of MR measures of steato-
sis may be enhanced by modified histo-
logic measures of steatosis rather than 
standard, clinical methods for increased 
concordance of the data. Furthermore, 
our study suggests that most patients 
with grades 1 or 2 steatosis would be 
upgraded if they were evaluated histo-
logically at higher magnification. The 
clinical effect of this is not known. MR 
measures seem to reflect the presence of 
both large and small droplets of fat, and 
they provide data for a larger portion of 
the liver or the entire liver, which may 
exhibit heterogeneous steatosis. Thus, 
our results suggest that MR measures 
may be more accurate and robust as 
estimates of steatosis than standard 
histologic grades. This may be particu-
larly valuable for interventional studies 
in which an assessment of less than a 
grade level change in steatosis would 
be valuable, because MR spectroscopic 
measures can be provided on a contin-
uous scale. The prevalent heterogeneity 
in this population also suggests that his-
tology may be more valuable if guided 
by a prior MR imaging or MR spectro-
scopic examination. Future studies are 
needed to validate this.

Our study had several limitations. 
First, there were a limited number of 
patients for each steatosis grade, par-
ticularly when the high-magnification 
grading was performed, leaving only 3 
patients with grade 1 steatosis. How-
ever, we were still able to detect signif-
icant findings with this population. Sec-
ond, tissue sampling errors may have 
limited our concordance between MR 
measures and histologic findings. Histo-
logic examination was performed on a 
single standard biopsy sample. This rep-
resented perhaps 1/50 000 of the liver 
and may not have been an adequate 
representation of the histologic find-
ings in the region of interest examined 
at MR spectroscopy. Heterogeneity can 
exist on a small scale, not represented 

Individual pathologists may, in practice, 
use higher magnification, but this may 
not necessarily be recorded. Other re-
searchers have demonstrated a higher 
correlation than our series, with rs = 
0.93 and r = 0.85, when comparing MR 
spectroscopy to percentage hepatocytes 
with fat at histologic examination (4,5).

Fifty-two percent (25 of 48) of the 
participants in our study were consid-
ered to have heterogeneous steatosis. 

MR spectroscopic measures to histo-
logic findings, the correlation coefficient 
we obtained, R2 = 0.77, was similar to 
or better than those that others have 
reported in the literature (R2 values of 
0.5–0.68) (2,3). The authors of these 
prior studies do not report the mag-
nification levels used for the histologic 
reference standard; however, the stan-
dard protocol is that low- to medium-
power evaluation should be used (7). 

Table 2

MR Spectroscopic Fat Fractions and High-Magnification Histologic Measures of 33 
Patients with Biopsy Results

MR Spectroscopic  
Thresholds Grade 0 Grade 1 Grade 2 Grade 3 Total

,0.064 4* 1 2 0 7
,0.134 0 2* 1 0 3
,0.205 0 0 5* 5 10
.0.205 0 0 1 12* 13
  Total 4 3 9 17 33

Note.—Data are numbers of patients. Data for 15 healthy volunteers are not included; MR spectroscopic fat fraction for these 
volunteers was ,0.064.

* Indicates concordance of MR spectroscopic and histologic data (23 of 33 [70%]).

Figure 3

Figure 3:  Graph shows that histologic estimates of fat as percentage of tissue area were 
lower than fat as percentage of hepatocytes. Solid line = unity. Results show good correlation of 
measures (dashed line = linear fit), except for individual cases. Arrow = outlier in which 50% of 
hepatocytes and 10% of tissue area were fat.
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