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To retrospectively compare diffusion-weighted (DW) mag-
netic resonance (MR) imaging with standard breath-hold
T2-weighted MR imaging for focal liver lesion (FLL) detec-
tion and characterization, by using consensus evaluation
and other findings as the reference standard.

Approval for this retrospective HIPAA-compliant study was
obtained from the institutional review board; informed con-
sent was waived. Fifty-three consecutive patients (30 men,
23 women; mean age, 60.7 years) with at least one FLL of 1
cm or greater in diameter were evaluated. Two independent
observers reviewed DW (b values of 0, 50, and 500 sec/
mm?) and T2-weighted images for FLL detection and charac-
terization. Reference standard for diagnosis was obtained
from consensus review by the two observers of DW, T2-
weighted, and dynamic contrast material-enhanced images,
pathologic data, and follow-up imaging results. Apparent dif-
fusion coefficient (ADC) was measured for FLLs identified at
consensus review. DW and T2-weighted images were com-
pared for FLL detection and characterization by using a bi-
nary logistic regression model. Receiver operating character-
istic curve analyses were conducted to evaluate the utility of
ADC for diagnosis of malignancy.

Two hundred eleven FLLs (136 malignant, 75 benign) were
detected at consensus review. Overall detection rate (aver-
aged for two observers) was significantly higher for DW
(87.7%) versus T2-weighted (70.1%) imaging (P < .001).
FLL characterization was not significantly different between
DW (89.1%) and T2-weighted (86.8%) imaging (P = .51).
ADCs of malignant FLLs were significantly lower than those
of benign FLLs (P < .001). The area under the curve for
diagnosis of malignancy was 0.839, with sensitivity of 74.2%,
specificity of 77.3%, positive predictive value of 85.5%, neg-
ative predictive value of 62.3%, and accuracy of 75.3%, by
using a threshold ADC of less than 1.60 X 10~® mm?/sec.

DW MR imaging was better than standard breath-hold
T2-weighted imaging for FLL detection and was equal to
breath-hold T2-weighted imaging for FLL characterization.

© RSNA, 2008

Supplemental material: http://radiology.rsnajnls.org/cgi
/content/full/2463070432/DC1
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ccurate detection and charac-
Aterization of focal liver lesions

(FLLs) are important for treat-
ment planning for patients with liver
neoplasms such as hepatocellular car-
cinoma (HCC) and metastases. The
size and number of lesions can affect
therapy. For example, patients with
limited resectable metastatic lesions
may benefit from curative resection
(1) and patients with fewer than three
small HCCs are candidates for liver
transplantation (2). Patients with
more extensive disease should instead
undergo transarterial chemoemboliza-
tion, radiofrequency ablation, or sys-
temic chemotherapy (3,4).

For FLL detection and characteriza-
tion, magnetic resonance (MR) imaging
relies on T1-weighted, T2-weighted,
and dynamic gadolinium-enhanced T1-
weighted imaging (5-7). Results of sev-
eral studies (8-17) have shown that dif-
fusion-weighted (DW) MR imaging can
help characterize FLLs by enabling mea-
surement of lesion apparent diffusion
coefficient (ADC).

A limited number of studies (18-21)
have been performed on the use of DW
imaging for FLL detection. To the best
of our knowledge, only two studies in-
volved the direct comparison of DW im-
aging and T2-weighted imaging in terms
of FLL detection (results showed im-
proved detection with DW vs T2-

Advances in Knowledge

m Diffusion-weighted (DW) MR im-
aging with a small b value (50 sec/
mm?) significantly improves the
detection of focal liver lesions
compared with standard breath-
hold T2-weighted imaging: 87.7%
versus 70.1% (P < .001).

B DW imaging significantly im-
proves detection of small malig-
nant lesions (diameter, 1-2 cm)
compared with standard breath-
hold T2-weighted imaging (78.5%
vs 45.8%) (P < .001).

B Respiratory-triggered DW imag-
ing has a significantly higher de-
tection rate than breath-hold DW
imaging (93.7% vs 84.3%) (P =
.032).

weighted imaging in 49 FLLs) (18) or in
terms of image quality (results showed
comparable image quality with DW im-
aging by using small b values compared
with that with T2-weighted imaging)
(22). DW images with low b values are
similar to T2-weighted black-blood im-
ages, in which background signal of ves-
sels in the liver parenchyma is sup-
pressed (18,22), while higher b values
give diffusion information that helps
with FLL characterization (14,15).

To our knowledge, there are no
published studies on the combination of
detection and characterization of FLLs
with DW imaging by using low and
higher b values and on the comparison
of DW MR imaging with standard T2-
weighted imaging for detection and
characterization of FLLs.

Thus, the purpose of our study was
to retrospectively compare DW imaging
with standard breath-hold T2-weighted
imaging for FLL detection and charac-
terization, by using consensus evalua-
tion and other findings as the reference
standard.

Materials and Methods

Patients

This study was Health Insurance Porta-
bility and Accountability Act compliant.
Approval for this retrospective study
was obtained from our institutional re-
view board. A waiver of informed con-
sent was obtained.

Our MR imaging database was ret-
rospectively queried to identify patients
who underwent DW MR imaging of the
liver between May 2005 and September
2005 and who had at least one FLL mea-
suring at least 1 cm in maximum diame-
ter. Patients who did not undergo DW
imaging and/or had no FLL or had an

Implication for Patient Care

B DW imaging could potentially im-
prove care of patients with cancer
and cirrhosis by improving liver
lesion detection over that
achieved with standard breath-
hold T2-weighted imaging.

FLL less than 1 cm were excluded (n =
149).

The final cohort included 53 patients
(30 men, 23 women; mean age, 60.7
years; age range, 25-83 years). There
were 24 patients with chronic liver dis-
ease (including chronic hepatitis and
cirrhosis) related to chronic viral hepa-
titis C (n = 16), chronic viral hepatitis B
(n = 35), viral hepatitis B and C (n = 2),
and alcohol abuse (n = 1). There were
13 patients with history of primary ma-
lignancy (colon cancer [n = 3|, pancre-
atic cancer [n = 3|, breast cancer [n =
3], gastric cancer [n = 1], malignant
neuroendocrine tumor of the pancreas
[n = 1], ovarian cancer [n = 1], and
acute myelogenous leukemia [n = 1]).
There were 16 patients with no history
of chronic liver disease or malignancy
who underwent MR imaging for evalua-
tion of presumably benign FLL.

MR Imaging

MR imaging of the liver was performed
by using different 1.5-T clinical systems
(Magnetom Avanto, Sonata, Symphony;
Siemens Medical Solutions, Erlangen,
Germany) and torso phased-array coils
(eight elements [Sonata and Symphony
systems] or 12 elements [Avanto sys-
tem]). Gradient strengths were 33
(Symphony), 40 (Sonata), and 45 mT/m
(Avanto).

Published online before print
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DW MR imaging.—Breath-hold
(n = 30) or respiratory-triggered (with
a navigator-echo technique [23]) (n =
23) fat-suppressed single-shot echo-
planar DW imaging was performed in
the transverse plane with tridirectional
diffusion gradients by using three b val-
ues (0, 50 [for FLL detection], and 500
[for FLL characterization] sec/mm?)
within the same acquisition. Parallel im-
aging with generalized autocalibrating
partially parallel acquisition (GRAPPA)
with an acceleration factor of two was
applied to improve image quality (24).
The other parameters were as follows:
repetition time msec/echo time msec,
1300-1400/67-82; matrix, 144 X 192;
section thickness, 7 mm; intersection
gap, 1.4 mm; field of view, 300-400
mm with 80% rectangular field of view;
number of signals acquired, two (breath
hold) to four (respiratory triggered); ac-
quisition time, less than 25 seconds for
breath-hold acquisition and 120 sec-
onds or more for respiratory-triggered
acquisition.

T2-weighted MR imaging.—Trans-
verse breath-hold T2-weighted images
were obtained by using a fast short in-
version time inversion-recovery se-
quence (TurboSTIR; Sonata and Sym-
phony systems) (n = 29) or by using a
fat-suppressed fast spin-echo T2-
weighted sequence (Avanto system)
(n = 24). The following parameters
were used for the fast short inversion
time inversion-recovery sequence:
3620-4350/85; inversion time, 150
msec; matrix, 174 X 256; section thick-
ness, 8 mm; intersection gap, 2 mm,;
number of signals acquired, one; paral-
lel imaging (GRAPPA with acceleration
factor of two); echo train length, 29;
echo spacing, 5 msec; 20-30 sections;
and acquisition time, 36 seconds (in two
concatenations). The following parame-
ters were used for the fat-suppressed
fast spin-echo T2-weighted sequence:
3570/101; matrix, 192 X 256; section
thickness, 8 mm; intersection gap, 1.6
mm; 20-30 sections; one signal ac-
quired; parallel imaging (GRAPPA with
acceleration factor of two); echo train
length, 29; echo spacing, 5 msec; and
acquisition time, 18 seconds. In our in-
stitution, we routinely use breath-hold

TurboSTIR or fast spin-echo T2-
weighted imaging, which have been
shown to be equal or superior to respi-
ratory-triggered T2-weighted imaging
for FLL detection in several prior stud-
ies (25-32).

In- and out-of-phase T1-weighted gra-
dient-recalled-echo sequence.—Trans-
verse breath-hold in- and out-of-phase T1-
weighted images were obtained by using
the following parameters: 126/2.3 (out of
phase)-4.6 (in phase); flip angle, 80°; ma-
trix, 179 X 256; section thickness, 8 mm;
intersection gap, 2.5 mm; and one signal
acquired.

Dynamic T1-weighted MR imag-
ing.—All patients were imaged by using
a transverse breath-hold three-dimen-
sional T1-weighted fat-suppressed
spoiled gradient-recalled-echo se-
quence (volumetric interpolated breath-
hold examination) before and after dy-
namic injection of 20 mL of gado-
pentetate dimeglumine (Magnevist;
Berlex Laboratories, Wayne, NJ) fol-
lowed by a 20-mL saline flush (2 mL/
sec) with a power injector (Spectris;
Medrad, Pittsburgh, Pa). At least three
time points were used: arterial, portal
venous, and equilibrium phases. To de-
termine the timing for the hepatic arte-
rial phase, a 1-mL test bolus of contrast
material was administered to determine
the time to peak arterial enhancement.
Portal venous and equilibrium phase im-
aging was performed 60 and 180 sec-
onds, respectively, after the administra-
tion of contrast material. Acquisition
parameters were as follows: 3.3-4.5/
1.4-1.9; flip angle, 12°; one signal ac-
quired; matrix, 128 -192 interpolated to
256 X 256; field of view, 300-400 mm,
with 80% rectangular field of view; in-
terpolated section thickness, 2-3 mm;
and slab thickness, 160-200 mm to en-
sure full coverage of the liver.

Image Analysis

Independent evaluation of DW and T2-
weighted images.—Two observers (ob-
server 1 [T.P.] and observer 2 [S.J.D.],
each with 2 years of experience in MR
imaging) retrospectively and indepen-
dently reviewed DW images and T2-
weighted images on a commercial work-
station (Syngo; Siemens Medical Solu-

tions). The observers were blinded to
clinical MR imaging reports, clinical his-
tory, and pathologic results. DW images
and T2-weighted images were randomly
analyzed in two different sessions sepa-
rated by at least 3 weeks to minimize
recall bias. T2-weighted and DW data
sets were read separately, and, as such,
T2-weighted data sets were not ac-
cessed when reading DW data sets and
vice versa.

Lesion detection.—For FLL detec-
tion with DW imaging, the two observ-
ers used images with b values of 0 and
50 sec/mm?. The low b-value images are
similar to T2-weighted black-blood im-
ages (18,22). The observers were asked
to record only FLLs with a diameter of
1 em or larger (because of the limited
spatial resolution of DW images). De-
tected lesions were recorded on a data
sheet on which diagrams of liver anat-
omy (with Couinaud segments delin-
eated), lesion size, image number, and
corresponding segment
noted for DW imaging and T2-weighted
imaging. A maximum number of 10
FLLs per patient were recorded on the
basis of the largest size. Each reader
circled the 10 largest lesions and saved
the digital images on the workstation.
These images were used during the con-
sensus evaluation (see below).

Lesion characterization.—The ob-
servers were asked to characterize de-
tected lesions as benign or malignant,
and they were not asked to specifically
diagnose each type of FLL. Lesion char-
acterization was performed by using a
three-point scale (a score of 1 indicated
benign; a score of 2, indeterminate; a
score of 3, malignant) by using images
with b values of 0 and 500 sec/mm? on
the basis of lesion morphology, signal
intensity, degree of signal intensity de-
crease with increasing b values, and
qualitative assessment of ADC maps
(11,14,15) (Fig 1). More specifically,
the following criteria were used: A le-
sion was considered benign (mostly cyst
and hemangioma) if the lesion was hy-
perintense on T2-weighted images and
on DW images at b = 0 sec/mm?
(33,34), with a strong signal intensity
decrease at b = 500 sec/mm? and an
ADC that was subjectively higher than

liver were
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that of the liver (15). A lesion was con-
sidered malignant (mostly metastasis or
HCCQ) if the lesion was mildly to moder-
ately hyperintense on T2-weighted im-
ages (35-37) and on DW images at b =
0 sec/mm? and remained hyperintense
compared with liver parenchyma at b =
500 sec/mm?, with an ADC qualitatively
lower than that of the surrounding liver
(15). A lesion was considered indeter-
minate if the above criteria were not
met (eg, if there was a partial signal
intensity decrease or isointense ADC).
Consensus evaluation and reference
standard.—The standard of reference
for FLL detection and characterization
was represented by the consensus read-
ing of the two observers (T.P. and
S.J.D.), which was performed 8 weeks
after the initial interpretation of DW
and T2-weighted images and included
T2-weighted precontrast in- and out-of-
phase images and dynamic postcontrast
images. All FLLs detected by the two
observers were reviewed by comparing
the liver maps saved during the inde-
pendent review with those at the con-
sensus review. The standard of refer-
ence was represented by typical MR im-
aging findings and was confirmed by
relevant clinical history, pathologic find-
ings, angiographic findings, and fol-
low-up MR imaging results. Benign le-
sions (cysts, hemangiomas, focal nodu-

Figure 1

Figure1:

ADC.

Radiology: \/olume 246: Number 3—March 2008

MR images in 55-year-old woman with metastatic breast cancer treated with chemotherapy. Trans-
verse single-shot echo-planar DW images at b = 0 sec/mm? (left) and b = 500 sec/mm? (middle) and ADC map
(right) show metastatic lesion (long arrows) and cyst (short arrows). Metastatic lesion demonstrates restricted diffu-
sion: Itis mildly hyperintense at b= 0 sec/mm? and remains hyperintense at b= 500 sec/mm?, with low ADC. Cyst
demonstrates free diffusion: Itis hyperintense at b = 0 sec/mm?and hypointense at b= 500 sec/mm?, with high

lar hyperplasia, and adenomas) were
diagnosed by using validated criteria
(33,34,38-40) and by their stable ap-
pearance at follow-up MR imaging. HCC
and metastases were diagnosed on the
basis of clinical history; MR imaging
findings, including enhancement char-
acteristics (35-37); pathologic find-
ings (10 patients); typical angio-
graphic findings demonstrating arteri-
al-phase enhancement of the tumors
before transarterial chemoemboliza-
tion (41,42) (13 patients with HCC);
and follow-up imaging results showing
interval progression (nine patients).
ADC measurement.—Pixel-based
ADC maps were obtained on a commer-
cial workstation (Syngo). ADC was cal-
culated with a linear regression analysis
of the function S = Sy * exp(—b - ADC),
where S is the signal intensity after ap-
plication of the diffusion gradient and S,
is the signal intensity at b = 0 sec/mm?.
Three b values (0, 50, and 500 sec/
mm?) were used for ADC calculation.
After the consensus reading, observer 1
measured the mean ADC of each FLL
detected during consensus evaluation
by drawing a region of interest over the
lesion. If the lesion was larger than
3 cm, ADC was measured twice and the
two measurements were averaged. To
ensure that the same areas were mea-
sured, regions of interest were copied

and pasted from DW images to ADC
maps. For lesions not visualized on DW
images, the location was determined by
using postcontrast T1-weighted images.

Statistical Analysis

Software (SAS, version 9.0, 2002; SAS
Institute, Cary, NC) was used for analy-
sis. Generalized estimating equations
based on a binary logistic regression
model were used to compare sequences
(DW imaging, T2-weighted imaging)
with respect to the percentage of FLLs
that were detected by the two observers
(detection rate) and the percentage of
times each FLL was correctly character-
ized as benign or malignant. A separate
analysis was conducted for each of the
two end points— detection rate and le-
sion characterization. In each case, the
logistic regression model included ob-
server identification, sequence type
(T2-weighted imaging vs DW imaging),
and the reference standard assessment
of each lesion (benign vs malignant) as
classification factors and terms repre-
senting the interaction of a sequence
with each observer. The analysis was
performed to assess whether any differ-
ence between sequences was stronger
for one observer than the other and to
test whether the difference between se-
quences depended on whether the le-
sion was benign or malignant. The co-
variance structure was modeled by as-
suming observations to be correlated or
independent if derived for the same pa-
tient or different patients, respectively,
with the strength of correlation depen-
dent on whether or not the observations
were of the same lesion.

The detection rate of lesions stratified
by location (right lobe vs left lobe) was
compared between DW and T2-weighted
images. Short inversion time inversion-
recovery versus fat-suppressed fast spin-
echo T2-weighted imaging and breath-
hold versus respiratory-triggered DW
imaging were compared in terms of de-
tection rate. Only detected FLLs were
evaluated for characterization for statis-
tical analysis. An FLL that was charac-
terized as indeterminate was classified
as an incorrect characterization, irre-
spective of the reference standard as-
sessment for that lesion. Short inver-
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sion time inversion-recovery and fat-
suppressed fast spin-echo T2-weighted
imaging were compared in terms of FLL
characterization.

Simple k coefficients were used to
assess interobserver agreement for le-
sion detection and characterization
(0.00-0.20 indicated slight agreement;
0.21-0.40, fair agreement; 0.41-0.60,
moderate agreement; 0.61-0.80, sub-
stantial agreement; and 0.81-1.00, al-
most perfect agreement) (43). The size
of missed and indeterminate lesions on
DW images versus T2-weighted images
was compared by using a x* test. Binary
logistic regression and receiver operat-
ing characteristic curve analyses were
conducted to evaluate the utility of the
ADC measures for the prediction of ma-
lignancy. All reported P values are
type-3 Wald significance levels and
were declared to indicate a significant
difference if less than .05.

Consensus Reading

Overall, 211 lesions (136 malignant
and 75 benign FLLs) with an average
diameter of 2.8 cm (range, 1.0-15.1
cm) were detected at the consensus
reading (Fig 2). There was an average
of four FLLs per patient. Among the 53
included patients, there were 22 with 77
HCCs (including two completely ne-
crotic HCCs after chemoembolization),
10 with 59 metastatic lesions, and 21
with 75 benign lesions (37 cysts in 14
patients, 23 hemangiomas in 10 pa-
tients, five adenomas in two patients,
five liver abscesses in one patient, four
cases of focal nodular hyperplasia in
four patients, and one posttransplanta-
tion intrahepatic hematoma in one pa-
tient). Two patients with chronic hep-
atitis had benign FLL without HCC, and
three patients with primary malignancy
had benign FLL without metastatic in-
volvement of the liver. Five patients had
HCC and benign FLL, and two patients
had liver metastases and benign lesions.

The diagnosis of FLL was confirmed
with pathologic findings in 12 patients:
six HCCs (six patients), four metastatic
lesions (four patients), one intrahepatic

Eligible patients
n=202
Excluded patients (n = 149)
y No liver lesion or no DWI
Index test (DWI)
n =53 and 211 liver lesions
\
Abnormal Result Normal Result Inconclusive Result
(ADC < 1.60 x 10 mm%sec) (ADC = 1.60 x 10°*mm¥sec) 0O lesions
118 lesions 93 lesions
No ] No |-
reference reference
standard standard
0 lesions 0 lesions
\ \
Reference standard Reference standard
118 lesions 93 lesions
Inconclusive - Inconclusive -
0O lesions 0 lesions
Y \ \/ \
Target Target Target Target
condition condition condition condition
present absent present absent
101 malignant 17 benign 35 malignant 58 benign
lesions lesions lesions lesions
Figure2:  Flowchart shows patient population, index test results (ADC measured with DW MR imaging) for
diagnosis of malignant FLLs, and reference standard.

hematoma, one adenoma, and one bili-
ary hamartoma. In 13 additional pa-
tients with cirrhosis, the diagnosis of
HCC was based on typical angiographic
findings before transarterial chemoem-
bolization (41,42). In the remaining
nine patients with malignant FLLs, the
diagnosis of malignancy was based on
follow-up MR imaging results that dem-
onstrated interval progression (mean
follow-up time, 318 days; range, 85—
467 days). The diagnosis of a benign
FLL was based on typical MR imaging
findings (33,34,38-40), except for the
three patients described above with
pathologic confirmation. The patient
with liver abscesses had complete reso-
lution of lesions after drainage and med-
ical treatment. All five adenomas had
intravoxel fat present at in- and out-of-
phase imaging. There were 125 lesions
in the right liver lobe, 83 in the left liver

lobe, and three bridging the two liver
lobes.

Lesion Detection

There was no significant interaction be-
tween observer and sequence (P = .40)
and no significant difference between ob-
servers (P = .38). For both observers,
DW imaging was associated with a signif-
icantly higher detection rate of both
malignant and benign FLLs (Table 1,
Figs 3-6). When the detection perfor-
mance of both observers was averaged,
the number of malignant FLLs detected
with DW imaging (117.5 of 136 [86.4%])
was significantly greater than that de-
tected with T2-weighted imaging (85.5 of
136 [62.9%]) (P < .001).

Stratification according to malignant
lesion size.—When detection rate was
stratified according to malignant lesion
size, there was a significant difference

816
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only for detection of malignant FLLs with
a diameter of 1-3 cm and no significant
difference between DW imaging and T2-
weighted imaging for lesions 3 cm in di-
ameter or larger (Table 2). For example,
DW imaging depicted significantly more
malignant lesions with a diameter be-

tween 1 and 2 cm than standard T2-
weighted imaging (78.5% vs 45.8%) (P <
.001). On average, 15.5 malignant lesions
with a diameter between 1 and 2 cm were
missed at DW imaging, compared with
39 missed at T2-weighted imaging.
Stratification by lesion location.—DW

Table 1

Detection Rate of FLLs in 53 Patients with DW and T2-weighted MR Imaging

Parameter All Lesions (n = 211)  Malignant Lesions (7 = 136)  Benign Lesions (n = 75)
DW imaging 87.7 (185/211) 86.4 (117.5/136) 90.0 (67.5/75)
T2-weighted imaging ~ 70.1 (148/211) 62.9 (85.5/136) 83.3 (62.5/75)

Pvalue <.001 <.001 <.03

Note.—Data are averaged for two independent observers. Unless otherwise indicated, numbers are percentages, with raw data

in parentheses.

Figure 3

Figure 3: MRimages in 68-year-old man with liver cirrhosis and small HCC in caudate lobe. Small HCC
(arrows) was not visualized on transverse fat-suppressed fast spin-echo T2-weighted image (upper left) but
was identified on transverse single-shot echo-planar DW image at b = 50 sec/mm? (upper right) and was
hyperintense at b = 500 sec/mm? (lower left), compatible with a malignant lesion. Transverse postcontrast
T1-weighted image (lower right) confirms arterial-phase enhancing lesion that is compatible with HCC.

Radiology: \/olume 246: Number 3—March 2008

imaging was significantly better than T2-
weighted imaging in terms of detection
for both lobes (Table El, http://radiology
.rsnajnls.org/cgi/content/full/2463070432
/DC1 ). There was no significant difference
for detection rate with DW imaging be-
tween right and left liver lobes (88.4% and
86.1%, respectively); however, T2-
weighted imaging was significantly better at
detection in the right lobe than in the left
lobe (75.2% and 61.4%, respectively).

Stratification by sequence.—There
was no significant difference between
short inversion time inversion-recovery
(average between the two observers,
86.5 of 126 [68.6%]) and fat-sup-
pressed fast spin-echo T2-weighted im-
aging (61.5 of 85 [72.3%]) with respect
to detection rate (P = .658). On the
other hand, respiratory-triggered DW
imaging had a significantly higher detec-
tion rate than breath-hold DW imaging
(74 of 79 [93.7%] vs 110.5 of 131
[84.3%]) (P = .032). Breath-hold DW
imaging was still superior to T2-
weighted imaging in terms of lesion de-
tection (P < .035).

Missed FLLs

There was no significant difference in size
between lesions missed at DW imaging
versus those missed at T2-weighted imag-
ing for both observers (P = .61 for ob-
server 1 and 0.65 for observer 2) (Table
E2, http://radiology.rsnajnls.org/cgi
/content/full/2463070432/DC1).

DW imaging.—Missed FLLs on DW
images included 13 HCCs (in nine pa-
tients), two metastatic lesions (in two
patients), and seven benign lesions (in
seven patients: two cysts, two cases of
focal nodular hyperplasia, one hemangi-
oma, one abscess, and one adenoma)
for observer 1 and 17 HCCs (in 10 pa-
tients), five metastatic lesions (in four
patients), and eight benign lesions (in
eight patients: three cysts, three cases
of focal nodular hyperplasia, one hem-
angioma, and one adenoma) for ob-
server 2. The majority (16 of 21
|76.2%]) of FLLs missed by both ob-
servers were isointense on DW images
at b = 0 and b = 50 sec/mm?. Eight
FLLs (eight of 21 [38.1%]) that were
missed at the initial reading by both ob-
servers were retrospectively identified
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Figure 4

Figure4: MRimages in 69-year-old man with liver cirrhosis and HCC. Transverse fast short inversion time inversion-recovery (left), single-shot echo-planar DW
(b= 50 sec/mm?) (middle), and T1-weighted postcontrast (right) images show HCC (long arrows) in right lobe that appears mildly hyperintense on T2-weighted and DW images
and hypervascular. DW and T1-weighted postcontrast images show additional small lesion (shortarrows) in segment |1l that is not seen on T2-weighted image.

at the consensus reading. FLLs detected
on DW images included all lesions de-
tected on T2-weighted images, except
for four (observer 1) and six FLLs (ob-
server 2).

T2-weighted imaging.—Missed FLLs
on T2-weighted images included 35
HCCs (in 14 patients), 15 metastatic
lesions (in five patients), and 12 benign
lesions (in 12 patients: six cysts, four
cases of focal nodular hyperplasia, one
abscess, and one adenoma) for ob-
server 1 and 36 HCCs (in 14 patients),
15 metastatic lesions (in five patients),
and 13 benign lesions (in 13 patients:
five cysts, four cases of focal nodular
hyperplasia, one abscess, two hemangi-
omas, and one adenoma) for observer
2. More than half (29 of 57 [50.9%]) of
the FLLs missed by both observers were
isointense on T2-weighted images.
Thirty FLLs (30 of 37 [52.6%]) that
were missed at the initial reading by
both observers were retrospectively
identified at the consensus reading.

Lesion Characterization

Both observers had similar character-
ization accuracy with both sequences
(P = .88). The overall accuracy of DW
images (165 of 185 [89.1%]) was
slightly better than that of T2-weighted
images (128.5 of 148 [86.8%]), but this
was not a significant difference (P =
.51) (Table 3). In addition, there was no
statistically  significant improvement
with DW images compared with T2-
weighted images for the evaluation of
benign and malignant FLLs. Overall,

Figure 5

Figure 5: MR images in 62-year-old woman with metastatic colon cancer. Transverse fat-suppressed fast
spin-echo T2-weighted image (left) shows several areas of T2 hyperintensity (long and short arrows), adjacent
to portal vessels, that are questionable for liver lesions. Single-shot echo-planar DW images at b = 0 sec/
mm? (second image from left) and b = 50 sec/mm? (third image from left) demonstrate only one lesion
(arrows). Other areas of hyperintensity are vessels suppressed by small diffusion gradients, as seen on post-
contrast images (not shown). Persistent hyperintensity at b = 500 sec/mm? on DW image (right) demon-
strates the malignant nature of this lesion.

818

Figure 6

Figure 6: MR images in 59-year-old woman with focal nodular hyperplasia (arrows) of right liver lobe.
Hyperplasia was not conspicuous on transverse fat-suppressed fast spin-echo T2-weighted image (left) and
was detected on transverse single-shot echo-planar DW image at b = 50 sec/mm? (middle). Transverse post-
contrast T1-weighted image in arterial phase (right) demonstrates early enhancement of lesion.
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both T2-weighted and DW images were
more accurate (P = .04) in the charac-
terization of malignant FLLs (93.5 of
100.5 [93.0%]) than of benign FLLs (42
of 53 [79.2%]). There was no significant
difference between short inversion time
inversion-recovery (average between
two observers, 72.5 of 86.5 [83.8%])
versus fat-suppressed fast spin-echo T2-
weighted (55 of 61.5 [89.4%]) (P = .48)
sequences in terms of lesion character-
ization.

Indeterminate FLLs

Indeterminate lesions identified on DW
images were generally smaller than those
identified on T2-weighted images; how-
ever, the difference was significant only
for observer 2 (P < .02) (Table E2, http://
radiology.rsnajnls.org/cgi/content
/full/2463070432/DC1).

DW images.—There were 10 and
11 indeterminate FLLs for observers 1
and 2, respectively. For observer 1,
these included four HCCs, four liver ab-
scesses, one metastatic lesion, and one
case of focal nodular hyperplasia (in six
patients). For observer 2, these in-
cluded three HCCs, five liver abscesses,

two metastatic lesions, and one heman-
gioma (in six patients).

T2-weighted images.—There were
nine and 12 indeterminate FLLs, re-
spectively, for observers 1 and 2. For
observer 1, these included three HCCs,
three cysts, two hemangiomas, and one
intrahepatic hematoma (in six pa-
tients). For observer 2, these included
seven HCCs, three cysts, one metastatic
lesion, and one intrahepatic hematoma
(in nine patients).

Interobserver Agreement

There was substantial to almost perfect
agreement both for FLL detection (Co-
hen k = 0.832 for the pooled data,
0.764 for DW imaging, and 0.842 for
T2-weighted imaging) and for charac-
terization (Cohen k = 0.800 for the
pooled data, 0.772 for T2-weighted im-
aging, and 0.913 for DW imaging).

ADC Values

ADC values were obtained for all 211
lesions detected at consensus reading.
Mean ADC values of malignant lesions
were significantly lower than those of
benign lesions: 1.39 X 1072 mm?/sec +

Table 2

Detection Rate in 32 Patients of 136 Malignant FLLs Stratified by Type and Size

Lesion Type Lesion Diameter (cm)
HCC Metastatic Lesion  1-2 2-3 =3
Parameter (n=17) (n=59) (n=T72) (n = 20) (n = 44)
DW imaging 80.5 (62/77)  94.0 (55.5/59)  78.5(56.5/72) 97.5(19.5/20) 94.3 (41.5/44)
T2-weighted imaging 53.9 (41.5/77) 74.6 (44/59) 45.8 (33/72)  75.0(15/20)  85.2 (37.5/44)
Pvalue <.001 .025 <.001 .034 .096

Note.—Data are averaged for two independent observers. Unless otherwise indicated, numbers are percentages, with raw data

in parentheses.

Table 3

Correctly Characterized FLLs with DW and T2-weighted MR Imaging

Parameter All Lesions (n = 211)  Benign Lesions (7 = 75)  Malignant Lesions (7 = 136)
DW imaging 89.1 (165/185) 83.0 (56/67.5) 92.3 (108.5/117.5)
T2-weighted imaging ~ 86.8 (128.5/148) 80.0 (50/62.5) 91.8 (78.5/85.5)

Pvalue .51 .33 .60

Note.—Data are averaged for two independent observers. Unless otherwise indicated, numbers are percentages, with raw data

in parentheses.

Radiology: \/olume 246: Number 3—March 2008

0.38 (standard deviation) versus 2.19 X
107* mm?/sec = 0.67, respectively (P <
.001), with overlap (Fig 7). The mean
distribution of lesion ADCs was as fol-
lows: cysts, 2.54 X 1072 mm?/sec =
0.67; hemangiomas, 2.04 X 1072 mm?/
sec = 0.42; liver abscesses, 1.64 X 1073
mm?/sec = 0.05; focal nodular hyper-
plasia and adenomas, 1.49 X 1073
mm?%/sec * 0.49; liver metastases,
1.50 X 107% mm?/sec *+ 0.42; and
HCGCs, 1.31 X 107® mm?*/sec = 0.33.
The calculated area under the receiver
operating characteristic curve for diag-
nosis of malignancy was 0.839 (95%
confidence interval: 0.812, 0.863), with
sensitivity of 74.2% (101 of 136), speci-
ficity of 77.3% (58 of 75), positive pre-
dictive value of 85.5% (101 of 118),
negative predictive value of 62.3% (58
of 93), and accuracy of 75.3% (159 of
211), by using a threshold ADC of less
than 1.60 X 10~% mm?/sec.

Our study results showed significantly
improved detection rates of both malig-
nant and benign FLLs when using DW
imaging with a small b value compared
with standard breath-hold T2-weighted
imaging, particularly for small malig-
nant lesions measuring 1-3 cm. Our
study results also demonstrated equiva-
lent detection of lesions located in the
right versus left lobe at DW imaging and
poorer performance of T2-weighted im-
aging for detection of FLLs located in
the left lobe. In addition, respiratory-
triggered DW imaging (with a navigator
echo) was better for detection than
breath-hold DW imaging (in that only
five lesions were missed). We showed
equivalent performance of DW imaging
and T2-weighted imaging for FLL char-
acterization. Better FLL detection with
DW imaging by using a small b value (50
sec/mm?) is attributed to suppression of
background vessels, equivalent to that
achieved with black-blood images, with
better contrast-to-noise ratio and better
lesion conspicuity.

Despite significant differences in de-
tection of benign and malignant FLLs on
a group basis, characterization of FLLs
by using ADCs showed overlap, with
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sensitivity and specificity for diagnosis
of malignant lesions lower than what we
described previously (15) owing to a dif-
ferent lesion distribution. Most prior
studies (8-17) have used DW imaging
for FLL characterization, and there are
limited data on the use of DW imaging
for FLL detection (18-20,22). Only two
of these studies (18,22) involved a di-
rect comparison of DW imaging and T2-
weighted imaging by using small b val-
ues (20-188 sec/mm?). In 48 patients
with 49 FLLs, Okada et al (18) showed
better detection of metastatic lesions
with DW imaging (with a b value of 55
sec/mm?) than with T2-weighted imag-
ing. Hussain et al (22) (who used a b
value of 20 sec/mm?) demonstrated that
DW imaging can be optimized by com-
bining parallel imaging, decreased fre-
quency encoding points, and small diffu-
sion gradients to achieve image quality
and signal-to-noise ratio similar to those
of T2-weighted imaging. Although we
did not measure contrast-to-noise ratio
of DW imaging and T2-weighted imag-
ing, it was shown previously to be gen-
erally improved by using small b values
(17,18,22), potentially improving lesion
detection. Moteki and Sekine (19) dem-
onstrated higher liver-to-lesion signal
intensity ratios with small diffusion gra-
dients for HCC and metastatic lesions
compared with images without diffusion
gradient, with improved detection of a
small number of liver lesions (three
metastatic lesions and six HCCs) and
worsened detection of two HCCs. To
our knowledge, prior to our study,
there were no studies on the evaluation
of detection and characterization of
FLLs by using DW imaging and compar-
ing that with standard breath-hold T2-
weighted imaging. The improved detec-
tion of FLLs that measure 1-3 cm with
DW imaging is one of the important
findings in our study and a potential
emerging application of DW imaging.
While results of a study by Nasu et
al (20) have shown increased detection
of metastatic lesions with a combination
of DW imaging and precontrast T1- and
T2-weighted imaging (82%) compared
with pre- and postcontrast (superpara-
magnetic iron oxide) imaging (66%),
and results of another recently pub-

lished study (21) have demonstrated
added detection of tumor foci with DW
imaging compared with that with con-
ventional sequences (pre- and postcon-
trast imaging), the potential benefit of
DW imaging in association or compared
with conventional gadolinium-enhanced
liver MR imaging remains to be investi-
gated.

T2-weighted imaging is helpful in
the diagnosis of FLLs in the noncirrhotic
and cirrhotic liver (26,35,44-48), and
standard T2-weighted imaging se-
quences are part of routine liver MR
imaging protocols. Results of several
studies (25-27,29-32) have demon-
strated the equivalent or better perfor-
mance of breath-hold T2-weighted im-
aging compared with respiratory-trig-
gered T2-weighted imaging in terms of
image quality and FLL detection and
characterization, with a much shorter
acquisition time. Many centers (includ-
ing ours) have been routinely using
breath-hold T2-weighted imaging for
liver imaging. Limitations of T2-
weighted imaging include difficulty in
differentiation of vessels from lesions,
limited detection of small liver lesions,
and image artifacts in patients with as-
cites. For example, results of two prior
studies (49,50) have shown the limited
role of T2-weighted imaging in the de-
tection and characterization of HCC in
cirrhosis, mostly related to HCC signal
intensity on TZ2-weighted images, ap-
pearing iso- or hypointense in 42.1%-
53% of HCCs. It is possible that the
heterogeneity and increased signal in-
tensity of the cirrhotic liver parenchyma
as a result of nodular regeneration, fi-
brosis, and scarring obscures the mildly
hyperintense HCC nodules on T2-
weighted images (51,52). Our study re-
sults confirm that T2-weighted imaging
is poor for HCC detection, with im-
proved detection by using DW imaging.
On DW images, we found much higher
contrast between HCC and cirrhotic
liver than on T2-weighted images. One
potential explanation is the possible as-
sociated iron deposition seen in Kupffer
cells and hepatocytes in cirrhotic liver
that can cause T2* shortening, which
results in increased lesion-to-liver con-
trast on echo-planar images (53,54).

Figure 7
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Figure 7:  Scatterplot shows distribution of
ADC values of 211 focal liver lesions. There was a
significant difference in mean ADC between be-
nign (n = 75) and malignant (n = 136) lesions:
2.19x 10~ mm?/sec = 0.67and1.39 x 102
mm?/sec + 0.38, respectively (P<.001). Bars =
mean ADC values.

Our study had limitations. First, the
T2-weighted data set included a combi-
nation of short inversion time inversion-
recovery and fat-suppressed fast spin-
echo images that have slightly different
image contrasts. We used this combina-
tion because we prefer the robust fat
suppression and the insensitivity to
magnetic field inhomogeneity of the
short inversion time inversion-recovery
method with certain imagers at our in-
stitution. However, we did not find dif-
ferences between the two sequences in
terms of FLL detection and character-
ization. Second, the DW data set in-
cluded a combination of breath-hold
and respiratory-triggered images that
have different signal-to-noise ratio and
image quality. However, despite the su-
periority of respiratory-triggered DW
imaging over breath-hold DW imaging
for lesion detection, breath-hold DW
imaging still was better than T2-
weighted imaging for lesion detection.
Third, pathologic diagnosis was not
available for most patients and/or le-
sions. Fourth, the same observers were
used for the reference standard evalua-
tion and for the initial interpretations,
potentially leading to bias. Fifth, the pa-
tient population did not include patients
without FLLs. This precluded our ability
to assess false-negative findings.
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In conclusion, our study results

show improved detection of malignant
and benign FLLs by using DW imaging
compared with standard breath-hold
T2-weighted imaging, with equivalent
performance of DW imaging and T2-
weighted imaging for lesion character-
ization.
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