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To investigate the diagnostic accuracy (area under the re-
ceiver operating characteristic curve [AUROC]) of mag-
netic resonance (MR) elastography for the early detection
of nonalcoholic steatohepatitis (NASH) among patients
with nonalcoholic fatty liver disease (NAFLD).

An institutional review board-approved and HIPAA-
compliant retrospective study was conducted in 58 NAFLD
patients. Informed consent was waived by the review
board. Hepatic stiffness, relative fat fraction, inflammation
grade, and fibrosis stage were assessed from MR elastog-
raphy, in-phase and out-of-phase gradient-echo imaging,
and liver biopsy histopathologic review, respectively. Pair-
wise t testing, receiver operating characteristic analysis,
and partial correlation analysis were performed.

The mean hepatic stiffness for patients with simple ste-
atosis (2.51 kPa) was less (P = .028) than that for patients
with inflammation but no fibrosis (3.24 kPa). The mean
hepatic stiffness for patients with inflammation but no fi-
brosis was less (P = .030) than that for patients with he-
patic fibrosis (4.16 kPa). Liver stiffness had high accuracy
(AUROC = 0.93) for discriminating patients with NASH
from those with simple steatosis, with a sensitivity of 94%
and a specificity 73% by using a threshold of 2.74 kPa.

In patients with NAFLD, hepatic stiffness measurements
with MR elastography can help identify individuals with
steatohepatitis, even before the onset of fibrosis; NAFLD
patients with inflammation but no fibrosis have greater
liver stiffness than those with simple steatosis and lower
mean stiffness than those with fibrosis.

©RSNA, 2011
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onalcoholic fatty liver disease

(NAFLD) is an increasingly prev-

alent clinical syndrome associated
with obesity and type 2 diabetes melli-
tus (1-4). NAFLD is estimated to affect
one-third of the general adult popula-
tion in the United States (5). Individuals
with hepatic steatosis alone are thought
to have a benign long-term prognosis.
However, up to 25% of these patients
may develop nonalcoholic steatohepati-
tis (NASH), which may progress to cir-
rhosis in susceptible individuals (1,3,6).
Based on the prevalence of NAFLD, it
is anticipated that NASH-induced cir-
rhosis will become the most common
indication for liver transplantation in the
future (3). Differentiating NASH from
simple steatosis is important for the
clinical management of NAFLD patients.
Evidence to date confirms that early stage
NASH has a probability of 18%-39%
to progress to more advanced stages
of hepatic fibrosis within 3.5-8.2 years
(7-11). Therefore, given the current high
prevalence of NAFLD in the general popu-
lation, it has even been suggested that
early liver biopsy may be indicated in all
NAFLD patients, because it is expected
that earlier intervention and more ag-

Advances in Knowledge

B Liver stiffness increases signifi-
cantly in early nonalcoholic ste-
atohepatitis (NASH) even if fibro-
sis has not yet developed.

B Liver stiffness increases with the
severity of NASH: The partial
correlation coefficient of liver
stiffness to inflammation grade
was 0.462 (P = .0097), and was
0.651 (P < .0001) between stiff-
ness and fibrosis stage.

B Liver stiffness measured at MR
elastography appears to be an
accurate noninvasive biomarker
for NASH: MR elastography had
a sensitivity of 94% and a spec-
ificity of 73% by using a thresh-
old of 2.74 kPa to discern
NASH from simple steatosis;
the area under the receiver
operating characteristic curve
was 0.93.

gressive treatment would reduce overall
mortality (11).

Currently, a diagnosis of NASH re-
quires liver histology results. Thus, liver
biopsy is considered the reference stan-
dard to detect and stage liver cell injury
from NASH (12-15). However, liver bi-
opsy has several disadvantages, includ-
ing sampling error, inter- and intrarater
variability, poor patient acceptance, and
potential complications including exces-
sive bleeding and death (11,12,16-18).
Traditional imaging modalities (eg, ul-
trasonography [US], computed tomog-
raphy [CT], and magnetic resonance
[MR] imaging) can help to detect the
presence of hepatic steatosis; however,
none of them can help to distinguish
necroinflammation and mild fibrosis
from simple steatosis. New noninvasive
methods including serologic biomark-
ers, US-based transient elastography,
and MR elastography have been devel-
oped for assessing hepatic fibrosis. Se-
rologic tests have high accuracy (area
under the receiver operating character-
istic curve [AUROC] = 0.77-0.91) for
differentiating advanced fibrosis from
mild or no fibrosis (12,19-23) but are
poor for diagnosing mild fibrosis and
necroinflammation, which is the his-
tologic biomarker required for transi-
tion from simple steatosis to NASH. Re-
cently, plasma pentraxin 3 (PTX3) and
cytokeratin 18 (CK18) fragments have
shown improved accuracy for detecting
NASH (AUROC = 0.75-0.83), yet fur-
ther validation is still required (24-27).
US-based transient elastography has a
high accuracy (AUROC = 0.79-0.98)
for detecting fibrosis by measuring the
Young modulus (stiffness) of liver tis-
sue (28-30). However, there has been
difficulty in measuring liver stiffness

Implication for Patient Care

B The results suggest that MR elas-
tography should be further inves-
tigated as a way to stratify
patients with fatty liver disease
by distinguishing between those
with simple steatosis and those
with steatohepatitis who may be
candidates for early intervention
and more aggressive therapy.

with US-based transient elastography in
obese subjects.

MR elastography is an MR imaging—
based method for quantitatively imaging
tissue stiffness and requires the addi-
tion of special hardware and software to
standard MR imaging systems. Quanti-
tative stiffness images (elastograms) of
the liver can be rapidly obtained during
breath-hold acquisitions and therefore can
be readily included in conventional liver
MR imaging protocols. Multiple studies
have also shown that MR elastography-
based hepatic stiffness measurements
provide an accurate biomarker (AUROC =
0.96-0.99) for detecting the presence
of fibrosis (31-36).

Given that the spectrum of fatty
liver disease ranges from simple ste-
atosis, through stages of liver cell in-

jury (steatohepatitis), to fibrosis, and

eventually to cirrhosis, it is appropriate
to ask whether hepatic stiffness as a
biomarker can be used to identify the
presence of liver cell injury prior to the
onset of fibrosis. A study of US-based
quantitative elastography reported that
the technique is not sensitive in iden-
tifying steatohepatitis without fibrosis
in patients with fatty liver disease (30).
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However, a recent in vivo animal study
reported that MR elastography-based
liver stiffness measurements were able
to discriminate the presence of steato-
hepatitis from simple steatosis prior to
the onset of fibrosis in a rat model of
fatty liver disease (37).

We performed a retrospective study
to investigate the variation of liver stiff-
ness in NAFLD patients with a spec-
trum of disease varying from simple
steatosis to NASH. The hypothesis was
that the hepatic stiffness in patients
with NASH but no fibrosis is higher
than that in patients with simple steato-
sis. The purpose was to investigate the
diagnostic accuracy of MR elastography
for the early detection of NASH among
patients with NAFLD.

Materials and Methods

This retrospective study was approved
by the institutional review board at Mayo
Clinic, and informed consent was waived
for all study subjects after the nature of
the study had been fully explained. The
study was Health Insurance Portability
and Accountability Act compliant.
Patients who had undergone MR
elastography for the assessment of clini-
cally suspected NAFLD between January
2007 and March 2010 were identified
for this study. Inclusion criteria were
as follows: age 18 years and older; a
diagnosis of NAFLD made by (a) ex-
clusion of known causes for chronic
liver disease and/or (b) cross-sectional
imaging identifying hepatic steatosis
within 1 year of MR elastography ex-
amination; and liver histology findings
consistent with NAFLD within 90 days
of MR elastography examination. Fifty-
nine patients were identified based on
the inclusion criteria. Exclusion criteria
were as follows: (a) current or previ-
ous history of decompensated cirrhosis
(0 of 59 patients), (b) history of hepato-
cellular carcinoma, cholangiocarcinoma,
or secondary hepatic metastases (one
patient), and (c) history of prior liver
resection or transplantation (0 of 59 pa-
tients). Fifty-eight patients were included
in this study based on these selection
criteria. The indications for MR elastog-
raphy in these patients were evaluation

of abnormal liver enzymes (eight of
58 patients), follow-up of known NAFLD
(45 of 38), follow-up of known cirrho-
sis (four of 58), and known total par-
enteral nutrition use (one of 58). Liver
MR elastography images, in-phase and
out-of-phase liver images, and liver bi-
opsy specimens were retrieved from
the clinic archives for measurement and
interpretation.

Liver Stiffness Measurement

All of the included patients underwent
hepatic MR elastography examinations
performed with 1.5-T imagers (GE
Healthcare, Milwaukee, Wis) located at
several different clinical sites on our
campus with a two-dimensional MR
elastography protocol similar to one
previously described in the literature
(35) and briefly summarized here. Each
patient was imaged in the supine posi-
tion. A drumlike acoustic passive driver
was positioned against the body wall
(over the liver and centered at the level
of the xiphoid process) and secured with
an elastic belt. The passive driver was
connected to an active acoustic driver
system located outside of the scanner
room via a polyvinylchloride tube. The
active driver produces acoustic vibra-
tions at 60 Hz, which are transmitted
to the passive driver, which then trans-
mits the vibrations into the body pro-
ducing shear wave motion within the
liver. A gradient-echo MR elastography
sequence was used to acquire images
showing shear wave propagation within
the liver by encoding tissue motion into
the phase of the measured MR signal.
The shear wave images were processed
to produce images of hepatic stiffness
(elastograms) by using a previously de-
scribed direct inversion algorithm (38).
The MR elastography sequence param-
eters were as follows: phase offsets,
four; motion sensitivity, 10.2 wm/radian;
axial imaging plane; superior-inferior
motion-sensitizing direction; field of view,
34-44 cm; acquisition matrix, 256 X 96;
fractional phase field of view, 0.75-1;
flip angle, 30°; one signal acquired;
bandwidth, 31.25 kHz; echo time msec/
repetition time msec, 24.5/50; section
thickness, 10 mm; number of sections,
two to four; imaging time, two to four

breath holds (about 17 seconds each).
A custom drawing program was used to
draw regions of interest by one author
(J.C.) who had 4 years of MR elastogra-
phy experience and was blinded to the
liver histology results. On each section of
the MR magnitude image from the MR
elastography acquisition, the regions of
interest were drawn to include only the
parenchyma of the liver, avoiding the
edges of the liver and large blood ves-
sels. The regions of interest also excluded
regions where the phase signal-to-noise
ratio (the ratio of wave amplitude to
the noise in the wave images) was less
than 5. The mean liver stiffness was
reported from the region obtained by
pooling the regions of interest drawn on
all of the sections. The mean size of the
pooled regions of interest was 2324 pix-
els (range, 219-5375 pixels) for the 58
patients in this study.

Hepatic Relative Fat Fraction
Measurement

Hepatic relative fat fraction (RFF) was
measured by using a two-point Dixon
method (39,40). A fast gradient echo
sequence was performed to acquire in-
phase and out-of-phase images with the
following parameters: repetition time
msec/echo times msec, 110/2.1, 4.3; flip
angle, 70°; matrix, 256 X 192; axial
imaging plane; section thickness, 6 mm;
field of view, 34-44 cm; fractional
phase field of view, 0.75-1; one signal
acquired; bandwidth, 62.5 kHz; imag-
ing time, two breath holds (about 16
seconds each). Close to the regions of
interest drawn for the hepatic stiffness
measurements, new regions of interest
were drawn on the in-phase and out-of-
phase images for RFF measurements.
The RFF was calculated as follows

(39,40):

SIP - SOP
2xS,

RFF =

’

where S, is the signal intensity measured
on the in-phase images and S, is the
signal intensity measured on the out-
of-phase images. Hepatic stiffness and
RFF were analyzed by one author (J.C.)
who was blinded to the liver histology
results.
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Figure 1

d.
Figure 1:

fibrosis, and (c, f) fibrosis. The mean liver stiffness was 2.02, 3.59, and 7.52 kPa, respectively.

Histopathologic Interpretation

Liver biopsy specimens retrieved from
our clinic archives were interpreted ac-
cording to the Brunt classification (14,41).
Inflammation grade and fibrosis stage
were recorded by one author (S.0.S.)
who had 6 years of experience and was
blinded to the imaging results.

Statistical Analysis

Mean liver stiffness and RFF were re-
corded as continuous values, and in-
flammation grade and fibrosis stage, as
ordinal values. A natural log transform
was performed on the mean stiffness
and RFF data to produce approximately
normal distributions for analysis. The
liver stiffness and RFF data were com-
pared between three patient groups:
group S (simple steatosis), group I (in-
flammation with no fibrosis), and group F
(fibrosis). Multiple comparisons were
performed by using the least signifi-
cant difference procedure and paired
t tests. The mean and standard deviation

of the transformed data were inverse
transformed to yield the geometric mean
and coefficient of variation (CV), re-
spectively, of the original data. Receiver
operating characteristic analysis was
performed to determine the diagnos-
tic value of liver stiffness for differ-
entiating NASH from simple steatosis.
The partial correlation coefficient using
type III partial sums of squares was cal-
culated to determine the relationship
between liver stiffness, RFF, inflamma-
tion grade, and fibrosis stage. A P value
less than .05 was considered to indicate
a statistically significant difference. Sta-
tistical software (JMP 8.0; SAS, Cary,
NC) was used to perform the statistical
analysis.

Liver Stiffness in Patients with NAFLD

In total, 58 patients with NAFLD who
underwent hepatic MR elastography

MR elastography magnitude images (top row) and MR elastograms (bottom row) in NAFLD patients with (a, d) simple steatosis, (b, €) inflammation but no

within 90 days of liver biopsy were iden-
tified. The mean age was 51.5 years
(range, 25-78 years), mean body mass
index was 38.3 (range, 21.2-50.6), and
83% (48 of 58) of the patients were
female. For the male patients, the mean
age was 52 years (range, 27-69 years)
and the mean body mass index was
37.5 (range, 22.4-50.6). For the female
patients, the mean age was 51.4 years
(range, 25-78 years) and the mean body
mass index was 38.5 (range, 21.2-50.4).
The patient distribution based on liver
histology results were as follows: stage 4
fibrosis in 10.35% (n = 6), stage 3 fi-
brosis in 8.62% (n = 35), stage 2 fibro-
sis in 5.17% (n = 3), stage 1 fibrosis in
25.86% (n = 15), inflammation without
fibrosis (group I) in 12.07% (n = 7),
simple steatosis (group S) in 37.93%
(n = 22), and stage 1-4 fibrosis (group
F) in 50% (n = 29). Figure 1 shows
representative examples of MR elastog-
raphy results for the three NAFLD pa-
tient groups (groups S, I, and F).
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Figure 2 Figure 3
1
2-
7 0.8
E 1.5 >
z @ g 06 AUC=0.93
[o)] . 7
g ! % S 0.4
v
0.5 F ' 1 ' S Each Pair 0.2
Student’s t
NAFLD Level 0.05 0
Figure 2. Mean hepatic stiffness for the three NAFLD patient groups on a 0 02 04 06 08 1

logarithmic scale. Stiffness was significantly greater in group | than in group S
(P=.028), and was significantly greater in group F than in group | (P = .030).
F = fibrosis, / = inflammation without fibrosis, S = simple steatosis.

The geometric mean liver stiffness
and CV for groups S, I, and F were
2.51 kPa (CV = 14.3%), 3.24 kPa
(CV =13.0%), and 4.16 kPa (CV =40.9%),
respectively. The mean liver stiffness
in group | was significantly greater than
that in group S (P = .028), and the
mean liver stiffness in group F was sig-
nificantly greater than that in group I
(P =.030) (Fig 2).

Diagnostic Performance of MR
Elastography for Detection of NASH
Receiver operating characteristic anal-
ysis demonstrated that liver stiffness
is a highly accurate metric (AUROC =
0.93) for differentiating NASH from sim-
ple steatosis (Fig 3). The Table shows
the sensitivity, specificity, positive pre-
dictive value, and negative predictive
value at two different stiffness thresh-
olds for differentiating NASH from sim-
ple steatosis.

Hepatic RFF of NAFLD Patients

Hepatic RFF was measured using the re-
trieved in-phase and out-of-phase images.
For two patients, there were no data
available to calculate the RFF. Among
the other 56 patients, the mean age was
51.8 years (range, 25-78 years), the
mean body mass index was 38.2 (range,
21.2-50.6), and 82% (46 of 56) of pa-
tients were women. For the male pa-
tients, the mean age was 52 years (range,
27-69 years), and the mean body mass
index was 37.5 (range, 22.4-50.6). For

the female patients, the mean age was
51.8 years (range, 25-78 years) and the
mean body mass index was 38.2 (range,
21.2-50.4). The patients were identi-
fied according to liver histology results
as having simple steatosis in 37.5%
(21 of 56) of cases, inflammation with
no fibrosis in 12.5% (seven of 56) of
cases, or varying degrees of fibrosis in
50% (28 of 56) of cases.

The geometric mean RFF and CV
for patient groups S, I, and F were 0.050
(CV =196%), 0.098 (178%), and 0.106
(142%), respectively. Pairwise t tests
with the least significant difference rule
accompanied by multiple comparisons
showed that the RFF of group I was not
significantly different from that of group
S (P =.117), and that the RFF of group
F was not significantly different from
that of group I (P = .853) (Fig 4).

Correlation between Liver Stiffness, RFF,
Inflammation Grade, and Fibrosis Stage

By using liver stiffness as the response
variable and RFF, grade, and stage as
the effect variables, the partial correla-
tion coefficient and P value with liver
stiffness was 0.095 (P = .52) for RFF,
0.462 (P = .0097) for inflammation grade,
and 0.651 (P < .0001) for fibrosis stage.
By using RFF as the response and liver
stiffness, grade, and stage as the effects,
the partial correlation coefficient of RFF
was 0.095 (P = .52) with liver stiffness,
0.334 (P = .132) with grade, and 0.114
(P = .960) with stage.

1-specificity
Figure 3:  Receiver operating characteristic
analysis shows performance of MR elastography—
measured liver stiffness for differentiating NASH
from simple steatosis. The graph indicates a high
diagnostic accuracy with an AUROC of 0.93.

In this retrospective study, we found that
liver stiffness was significantly higher in
patients with NASH without progres-
sion to fibrosis compared with patients
with simple steatosis (P = .028). Liver
stiffness in patients with fibrosis was
significantly higher than that in patients
with inflammation and no fibrosis (P =
.030). Liver stiffness was significantly
correlated with inflammation grade (P =
.0097) and fibrosis stage (P < .0001)
but not with RFF (P = .52).

Several animal studies have shown
an increase in liver stiffness at the stage
of liver cell injury preceding the develop-
ment of hepatic fibrosis. In vitro cell cul-
ture studies have shown that increased
stiffness of the elastic microenviron-
ment is one of the necessary precur-
sors for transdifferentiation of hepatic
stellate cells and portal fibroblasts into
contractile myofibroblasts, which are
responsible for development of fibro-
sis (42-44). In rat models, liver stiff-
ness measured by ex vivo rheometry and
in vivo MR elastography has been shown
to increase significantly before the on-
set of deposition of fibrosis in the ex-
tracellular matrix, as identified by sirius
red staining, and liver stiffness contin-
ued to increase with the severity of fi-
brosis (37,45). It has been speculated
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Differentiation of NASH from Simple Steatosis by Using Different Stiffness Thresholds

Threshold (kPa) Sensitivity (%) Specificity (%) PPV (%) NPV (%)
2.74 94 (34/36) 73 (16/22) 85 (34/40) 89 (16/18)
2.90 83 (30/36) 82 (18/22) 88 (30/34) 75 (18/24)

Note.—Data in parentheses are raw data used to calculate percentages. NPV = negative predictive value, PPV = positive

predictive value.

-1
ol [ ]
2 ) 8
37 ¢
€ ]
2 -] °
- 5] ®
-6 - .
F ) I ' S Each Pair
Student’s t
NAFLD Level 0.05

Figure 4:  Mean RFF for the three NAFLD patient groups on a logarithmic
scale. No significant differences were found (P > .05). F = fibrosis,
| = inflammation without fibrosis, S = simple steatosis.

that increased cross-linking of the ex-
tracellular matrix by lysyloxidase, in-
flammatory cell infiltration, and edema
could all be contributing factors to the
observed increased stiffness (37,45). In
summary, there is strong emerging evi-
dence that early liver injury leads to
changes in the extracellular matrix that
increase the stiffness of hepatic tissue,
which through a process known as mech-
anotransduction promotes the activa-
tion of stellate cells and the develop-
ment of fibrosis.

Receiver operating characteristic
analysis showed that by using a thresh-
old of 2.74 kPa, liver stiffness had a sen-
sitivity of 94% and a specificity of 73%
for discriminating NASH from simple
steatosis, with a high diagnostic accu-
racy (AUROC = 0.93). An alternative
threshold of 2.90 kPa would provide a
sensitivity and specificity of 83% and
82%, respectively.

The discrimination between NASH
and simple steatosis may be important
for the clinical management of NAFLD.
In clinical practice, the basic therapy

for NASH may involve lifestyle changes
including exercise and diet (caloric re-
striction). In one study, in 60% of NASH
patients there was histologic improve-
ment after 1 year of intensive dietary
intervention and in 100% of patients,
histologic response was maintained or
improved (46). Patients with early-stage
NASH who have inflammation but no
fibrosis can undergo more intensive
counseling and follow-up on the impor-
tance of adopting lifestyle changes given
the presence of liver stiffness. On the
other hand, patients with hepatic fibro-
sis from NASH may be eligible for more
aggressive treatment, such as bariatric
surgery (47-55).

To date, liver biopsy remains the
only way to detect and confirm NASH,
even though it is an invasive method and
has limitations such as sampling errors,
inter- and intrarater variability, poor
acceptance, and potential complications,
including death. In addition to these
limitations, another important factor
is the poor acceptance likely to occur
if it were recommended that early liver

biopsy be performed in all potential
NASH patients, especially among those
who do not have significant medical symp-
toms. The frequency of patient refusal
to undergo biopsy may exceed 50% in
some centers in this situation, and the
frequency of physician reluctance may
be as high as 30% (56). Therefore, to
satisfy the need for early detection of
NASH while maintaining high compli-
ance among physicians and patients,
it is very important to find noninvasive
biomarkers for discriminating NASH
from simple steatosis.

In this study, there were a number
of false-positive and false-negative clas-
sifications among this cohort of patients
depending on the chosen stiffness thresh-
old used to differentiate simple steato-
sis and steatohepatitis. These can be
partially explained based on sampling
errors associated with liver biopsy, which
can cause misclassification of fibrosis
stage by one category in 20%-30% of
patients (57). Another source of error
is variations in the reading of the bi-
opsy findings, which was shown in one
study to have an intrarater agreement
0f 0.66 (18). Also, a reproducibility study
has shown that the variability of MR
elastography examinations performed
on different days with different read-
ers can be as low as 12% (58), and it
is possible that this variability in liver
stiffness measurements could contribute
to false-positive and false-negative find-
ings. Another limiting factor was that
the time window between liver biopsy
and MR elastography examination was
up to 90 days for some patients. Patients
with hepatic inflammation at the time of
biopsy may have adopted healthier life-
style changes by the time of MR elas-
tography, which may have also improved
liver stiffness. We also did not consider
the dynamic effect of hepatic perfusion
in our study, which could cause elevated
liver stiffness unrelated to the liver dis-
ease itself. This effect has been observed
in other US-based transient elastography
and MR elastography studies (59-62).

In the future, MR elastography could
facilitate our understanding of the mech-
anobiology underpinning the develop-
ment of liver disease, which could lead
to techniques for the early detection of
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liver cell injury using liver stiffness mea-
surements and new therapies that target
the altered matrix stiffness as a means
to prevent and treat liver fibrosis.

In this retrospective study, the mean
hepatic RFFs in the three patient groups
were not significantly different from
one another. RFF was not significantly
correlated to liver stiffness (P = .52),
inflammation grade (P = .13), or fibro-
sis stage (P = .96), and it did not sig-
nificantly correlate with the severity of
NAFLD. In fact, we observed several
patients with advanced fibrosis who did
not have steatosis. This is probably be-
cause steatosis is gradually replaced by
the extracellular matrix deposition as fi-
brosis progresses. While there has been
little evidence to suggest a correlation
between RFF and stiffness, grade, or
stage, it must be noted that the accuracy
of the two-point Dixon method used
to quantify RFF is limited by an intrin-
sic ambiguity in the nature of the signal
intensity variations on the in-phase and
out-of-phase images, susceptibility ef-
fects, and the high flip angle used in this
study (39,40,63). More sophisticated
methods could improve the accuracy of
hepatic fat measurements, such as MR
spectroscopy (40,64).

The current study was limited due
to its retrospective nature, sample size,
and the long allowed time window be-
tween liver biopsy and the MR elas-
tography examination. While it is well
known that the spectrum of NAFLD
ranges from simple steatosis to steato-
hepatitis (1-4,6,7,14), this study did
not include prospective or longitudinal
data to track liver stiffness through the
stages of disease progression from sim-
ple steatosis to NASH in individual pa-
tients, which would require many years
of patient monitoring.

The results of this retrospective study
support the hypothesis that NAFLD
patients with inflammation but no fibro-
sis have significantly higher liver stiff-
ness than do those with simple steato-
sis. Liver stiffness measured by means
of MR elastography may prove to be an
accurate biomarker (AUROC = 0.93)
for detecting NASH, which suggests
that MR elastography should be further
investigated for its potential to stratify

patients with NAFLD. If confirmed by
future prospective studies, then MR elas-
tography could be used to distinguish
between those individuals with simple
steatosis and steatohepatitis who may
be candidates for early intervention and
more aggressive therapy.
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