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Contrast-enhanced spectral mammography: are kinetic patterns useful
for differential diagnoses of enhanced lesions?

Xiaocui Rong

Yihe Kang PURPOSE

Jina Xue To investigate the diagnostic efficiency of the kinetic curves of enhanced lesions on contrast-en-
9 ; hanced spectral mammography (CESM) and whether they were similar to those of magnetic reso-

Pengyln Han nance imaging (MRI).

Guang Yang
. . METHODS

Zhigang Li

Two hundred and twelve patients with 222 enhanced lesions were included in this prospective
study. Single-view craniocaudal of an affected breast was acquired at 3, 5, and 7 min after contrast
media injection. The kinetic patterns of each lesion were evaluated and classified as elevated (type
1), steady (type ), and depressed (type Ill). Statistical comparison used the chi-squared test, the
receiver operating characteristic (ROC) curve, and Cohen'’s kappa.

RESULTS

Of 222 enhanced lesions, 140 were breast cancers, and 82 were benign lesions. The distribution of
the kinetic curves for breast cancer was type |, 3.57%, type I, 35.71%, and type Ill, 60.72%. As for
benign lesions, the distribution was type I, 43.90%, type Il, 45.12%, and type lIl, 10.98%. The differ-
ence in the enhancement patterns between benign lesions and breast cancers was significant (P <
0.001). The likelihood of breast cancer related to a type |, Il, and lll curve was 12.20%, 57.47%, and
90.43%, respectively. For the enhancement intensity, the area under curve (AUC) of the ROC curves
was 0.702 + 0.036; for enhancement patterns, the AUC increased to 0.819 + 0.030. Cohen’s kappa
coefficient was 0.752 (P < 0.001) regarding the kinetic curves for CESM and MRI.

CONCLUSION
The kinetic patterns on CESM show promise in differentiating between benign lesions and breast
cancers, with good agreement, when compared with MRI.
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reast cancer is now the most common cancer and the main cause of cancer-related

death in women. About 2.3 million new breast cancer cases are diagnosed worldwide,

accounting for nearly 25% of all cancer cases among females.! Full-field digital mam-

' mography (FFDM) and digital breast tomosynthesis are widely used in the screening and

Er_i?“ztf_egeeﬁﬁ;?,Zﬂg?ggff;ﬁ%lgﬁ;f{)}’ﬁfg:gﬁfﬂ;; | diagnosis of breast cancer, but some tumors, surrounded mostly by glandular tissue, might

University Fourth Affiliated Hospital, Shijiazhuang, China. be missed with both techniques.? Ultrasound is a commonly used imaging examination for
dense breasts, but its diagnostic efficacy is operator-dependent.?
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Traditionally, dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) has
been considered a sensitive imaging examination for breast cancer detection, and the types
of the time-intensity curve (TIC) can be used as differential diagnostic criteria for breast-en-
hancing lesions.** However, DCE-MRI has a lengthy examination time and a relatively large
number of false positive results, leading to additional examinations and biopsies. It is also
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expensive and not available for all patients.®
Contrast-enhanced spectral mammography
(CESM) is a promising new technology. Sim-
ilar to MRI, CESM reflects the angiogenesis
associated with breast cancer. Fallenberg et
al” and Kim et al.® showed that CESM and
MRI had comparable accuracy for breast
cancer detection. Clauser et al.? also demon-
strated that CESM had a higher specificity
than MRI. However, some benign enhanced
lesions such as fibroadenomas, papillomas,
hamartomas, intra-mammary nodes, and fat
necrosis were misdiagnosed as breast cancer
on CESM.'®'" CESM is a suitable alternative
to MRI if it can provide morphological and
kinetic information equivalent to DCE-MRI.

This pilot study aims to evaluate the diag-
nostic efficacy of kinetic curves of enhanced
lesions on CESM and whether they are simi-
lar to those on MRI.

Methods

Patients

This prospective study was approved by
the Fourth Hospital of Hebei Medical Uni-
versity ethics committee (no: 2020KY182).
Written informed consent was obtained
from all patients. The inclusion criteria were:
(1) suspected lesions determined by breast
sonography, mammography, or both; (2) all
breast lesions confirmed by pathology via ei-
ther percutaneous breast core needle biopsy
or excision surgery; (3) cases where CESM
were conducted according to our standard-
ized protocol: conducting craniocaudal (CC)
views of the normal breast first and CC views
of the affected breast later acquired at 3, 5,
and 7 min after a contrast agent injection. Pa-
tients who did not meet the inclusion criteria
and those who met the following exclusion
criteria were not accepted to this study: con-
traindications to iodinated contrast media
and poor image quality. As the study flow
chart (Figure 1) shows, a total of 212 patients
(mean age, 48.09 + 10.17 years; range, 21-74
years) with 222 lesions were included in this
study from April 2019 to June 2020.

* The kinetics of the contrast agent can be
evaluated using contrast-enhanced spectral
mammography (CESM).

+ Contrast agent kinetic patterns on CESM
show good performance in differentiating
between benign and malignant breast-en-
hanced lesions.

* The kinetic patterns on CESM are similar to
those on magnetic resonance imaging.

Image acquisition and assessment

CESM

CESM was conducted using the Seno-
graphe Essential (GE Healthcare), which is
equipped with an amorphous silicon flat pan-
el detector. All patients received an intrave-
nous injection of iodine contrast media (370
mg iodine/mL, 1.22 mL/kg body weight, flow
rate 3 mL/s) through the antecubital vein.
Two min after the injection, bilateral breast
images were obtained by the sequence of
contralateral CC projection, and ipsilateral
CC projection acquired at 3 (a relatively early
phase), 5, and 7 min (a relatively late phase)
with the breast compressed after a contrast
agent injection. For each exposure, both the
low-energy and high-energy images were
obtained. The recombined images were ac-
quired by automated post-processing. In
the recombined CESM images, a region of
interest (ROI) was manually delineated by
two radiologists (readers A and B), and the
signal values of enhanced lesions and the
percentage signal difference between the
enhanced lesion and the background (%RS),
according to the enhancement formula (S'c
- S'b) / S'b x 100%,'? were measured to eval-
uate enhancement intensity, where S'c and
S’b were signal values in the ROI of the breast
lesion and the background, respectively.
The enhancement formula (%RS1 - %RS2) /
%RS2 x 100% was applied to calculate the
value of the pattern of kinetics curves, where
%RS1 and %RS2 were %RS values measured

in the CC projection at 3 and 7 min after the
injection, respectively. An ROl was selectively
placed in the areas of the breast lesion with
the fastest and strongest enhancement, and
its size varied with the size of the enhanced
lesion ranging from 5 to 216 mm?2 Attention
was given to keeping the ROl in the same
location of the lesion and at the exact sizes
at each time point to ensure the accuracy of
the curve measurement. The ROI of the back-
ground was placed in an area of the most
homogeneous fatty tissue, far away from
the enhanced focus or breast parenchyma.
The enhancement intensity was measured
at the first postcontrast image (3 min). The
patterns of the kinetic curve were classified
into three categories: (1) type |, elevated
pattern (the enhancement increased more
than 10%), (2) type ll, steady pattern (the
enhancement changed within 10%), and (3)
type lll, depressed pattern (the enhancement
decreased more than 10%) (Figure 2).

MRI

All breast MRI examinations were con-
ducted on a 1.5T MR scanner (Signa HDe,
GE Healthcare) with dedicated phased-array
breast-surface coils. Patients were in a prone
position, with naturally sagging breasts. The
DCE-MRI was performed using volume imag-
ing for the breast assessment (VIBRANTI) and
fat-suppressed technology with the follow-
ing scanning parameters: repetition time 5.6
ms, echo time 1.0 ms, the field of view 320
mm, flip angle 15°, matrix 320 x 288, slice

2020 (n=313)

Women with breast suspicious lesions who
underwent CESM from April 2019 to June

Excluded for the following reasons(n=91):
-Lack of enhancement on CESM(n=12)
-Lack of Pathological diagnosis(n=77)
-Poor image quality(n=2)

222 lesions finally
enrolled in this study

Benign lesions

n=82 n=140

malignant lesions

Figure 1. The flow of the study. CESM, contrast-enhanced spectral mammography.
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thickness 1.2 mm without an intersection
gap, and an imaging time of 62 s per dynam-
ic image. The dynamic series included eight
dynamic images: one was acquired before
and seven following a 30 s delay after the
intravenous injection of Gadoterate meglu-
mine (0.1 mmolL/kg body weight) at a flow
rate of 3 mL/s. The MRI-enhanced images
were acquired between 1 minand 7 min 12s.

Statistical analysis

Data analysis and graphical work were
performed using SPSS Statistics (version
21.0, IBM, Armonk, NY) and GraphPad Prism
8.0. The Kolmogorov-Smirnov test was used
to assess the normality of the data. Descrip-
tive data statistics were presented with n
(%), and normal distributions were shown as
mean + standard deviation. The independ-
ent samples t-test and the One-Way analysis
of variance were used to compare the differ-
ence in enhancement degree (%RS) in differ-
ent lesion types, followed by multiple com-
parisons using the least significant difference
test. A chi-squared test was used to test the
significance of the curve-type distribution in
benign and malignant breast lesions. The re-
ceiver operating characteristic (ROC) analysis
was performed to evaluate the diagnostic
performance of enhancement intensity and
patterns on the CESM, and the areas under
the curve (AUCs) were calculated and shown
as AUC + standard error. The best cut-off
value was determined using the Youden in-
dex. Qualitative agreement between CESM
and MRI and the inter-reader agreement in
contrast agent kinetics were analyzed using
Cohen’s kappa. A kappa coefficient of <0.20
indicated poor agreement; 0.21-0.40, fair
agreement; 0.41-0.60, moderate agreement;
0.61-0.80, good agreement; and >0.80, ex-
cellent agreement.’ For all tests, a two-sided
P value of <0.050 was considered statistically
significant.

Results

Diagnosis of lesions

Of the 222 enhanced lesions, 140 (63.06%)
were breast cancers, consisting of 116
(52.25%) infiltrating cancers and 24 (10.81%)
non-infiltrating cancers (ductal carcinoma
in situ). The infiltrating cancers included 104
invasive ductal cancers not otherwise spec-
ified, 8 papillary carcinomas, 1 metaplastic
carcinoma, 1 apocrine carcinoma, 1 muci-
nous cancer, and 1 invasive lobular cancer.
Of the 82 (36.94%) benign lesions, 24 were
adenosis, 23 fibroadenomas, 19 intraduct-
al papillomas, 11 inflammatory lesions, 3

cysts with infection, 1 phyllodes tumor, and
1 myofibroblastic neoplasia. All the diagno-
ses were confirmed by core needle biopsy or
excisional biopsy.

Enhancement intensity on CESM

The comparison of %RS by lesion type is
presented in Figure 3. In the malignant lesion
group, the mean %RS was 4.50 + 2.20 (4.77
+ 2.18 for infiltrating cancers, 3.58 + 2.02 for
non-infiltrating cancers), while in the benign
lesion group, the mean %RS was 3.19 + 1.81.
The comparison between %RS for the benign
and malignant groups was statistically signif-
icant (P < 0.001). There was a significant sta-
tistical difference in %RS among the benign
lesions, non-infiltrating cancers, and infiltrat-
ing cancers groups (P < 0.001, Table 1). The

(%)
9 -

(S'c-S'b) /S'b

%RS of infiltrating cancers was higher than
non-infiltrating and benign lesions (P = 0.004,
P < 0.001). There was no significant difference
between %RS for the non-infiltrating cancers
and benign lesions (P = 0.337).

Enhancement patterns of CESM

Among breast cancers, a type lll curve ac-
counted for 60.72% (85 of 140), a type Il curve
for 35.71% (50 of 140), and a type | curve for
3.57% (5 of 140). As for benign lesions, a type
| curve occurred in 43.90% (36 of 82), a type
Il curve was seen in 45.12% (37 of 82), and a
type Ill curve presented in 10.98% (9 of 82).
The difference in enhancement patterns be-
tween malignant and benign lesions was sig-
nificant (P < 0.001, Table 2). Table 3 provides
the enhancement patterns of CESM in differ-

elevated pattern

steady pattern(+10%)

depressed pattern

time

Figure 2 The patterns of the kinetic curve. Any change from —10% to 10% was considered a steady pattern,
more than 10% was considered an elevated pattern, and less than —10% was considered a decreased

pattern.
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Figure 3. (a, b) Comparison of %RS with lesion type. SD, standard deviation.
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Table 1. Descriptive and multiple comparison statistics

Type of lesion

Benign (A)

%RS (mean + SD) 3.19+ 1.81

Non-infiltrating cancers (B)

3.58 +£2.02 477 +£2.18

Infiltrating cancers (C)

P (LSD)
P (ANOVA)
Avs.B Avs.C Bvs.C
<0.001 0.337 <0.001 0.004

A, benign; ANOVA, One-Way analysis of variance; B, non-infiltrating cancers; C, infiltrating cancers; LSD, least significant difference; SD, standard deviation.

Table 2. Kinetic patterns on CESM between benign and malignant breast lesions

Kinetic pattern Benign lesions n (%)  Malignant lesionsn (%)  Pvalue

Typel 36 (43.90) 5(3.57)

Typelll 37 (45.12) 50 (35.71) <0.001

Type lll 9(10.98) 85 (60.72)

CESM, contrast-enhanced spectral mammography.

Table 3. Enhancement patterns on CESM in different histopathological results

Type of curve
Type of lesion Type | Type ll Type Il Total
n (%) n (%) n (%) n (%)

Adenosis 8(22.22) 15 (40.54) 1(11.11) 24 (29.27)
Fibroadenoma 16 (44.44) 4(10.81) 3(33.33) 23 (28.05)
Intraductal papilloma 4(11.11) 11(29.73) 4 (44.45) 19(23.17)

Benign Inflammatory lesion 4(11.11) 6(16.22) 1(11.11) 11(13.41)
Cysts with infection 3(8.34) 0(0.00) 0(0.00) 3(3.66)
Phyllodes tumor 0 (0.00) 1(2.70) 0(0.00) 1(1.22)
Myofibroblastic neoplasia 1(2.78) 0(0.00) 0 (0.00) 1(1.22)

Total 36 37 9 82
Invasive ductal cancer 2(40.00) 30(60.00) 72(84.70) 104 (74.29)
Ductal carcinoma in situ 3(60.00) 15 (30.00) 6 (7.06) 24 (17.15)
Papillary carcinoma 0(0.00) 3(6.00) 5(5.88) 8(5.72)

Malignant Metaplastic carcinoma 0(0.00) 0(0.00) 1(1.18) 1(0.71)
Apocrine carcinoma 0 (0.00) 0 (0.00) 1(1.18) 1(0.71)
Mucinous cancer 0(0.00) 1(2.00) 0(0.00) 1(0.71)
Invasive lobular cancer 0 (0.00) 1(2.00) 0 (0.00) 1(0.71)

Total 5 50 85 140

CESM, contrast-enhanced spectral mammography.

ent histopathological results. The likelihood
of breast cancer related to a type |, Il, and Il
curve was 12.20% (5 of 41), 57.47% (50 of 87),
and 90.43% (85 of 94), respectively.

The ROC analysis results

For the enhancement intensity, the AUC
was 0.702 + 0.036 [95% confidence interval
(Cl) from 0.631 to 0.773, P < 0.001]. Accord-
ing to the Youden index, the optimal cut-off
value of %RS for the differentiation between
benign and malignant lesions was 3.60, sen-
sitivity was 64.00%, specificity was 72.00%,
accuracy was 66.20%, positive likelihood
ratio was 2.14, and negative likelihood ratio
was 0.50. For enhancement patterns, the
AUC increased to 0.819 + 0.030 (95% CI from
0.761 to 0.877, P < 0.001). Figure 4 shows the
ROC curves. The difference between the two

AUC values was statistically significant (P <
0.001).

Inter-reader variability of enhancement
pattern classification

In 91.89% (204 of 222) of cases, the two
readers had consistent results in enhance-
ment patterns. In the 18 (8.11%) cases with
inconsistent classification, there were differ-
ences between type | and type Il or type Il
and type Ill. There was no difference in classi-
fication between type | and type Il (Table 4).
The kappa coefficient was 0.873 (P < 0.001),
indicating excellent inter-reader agreement.

Comparison of enhancement patterns in
CESM and MRI

One hundred twenty patients with 120
lesions underwent CESM and MRI examina-

tion. Comparing the types of kinetic curves
on CESM and MRI, the results showed that
the accordance rate between the two ex-
amination methods was 85.00%, of which
10.00% (12 of 120) were type | curve, 35.83%
(43 of 120) were type Il, 39.17% (47 of 120)
were type lll (Figure 5), and the other 15.00%
(18 of 120) had inconsistent kinetic curves
(Table 5). Cohen'’s kappa coefficient for CESM
and MRI was 0.752 (P < 0.001), indicating
good agreement (0.6-0.8).

Discussion

The CESM technique is an emerging mo-
dality that combines traditional mammog-
raphy with administering an intravenous
contrast agent and is increasingly being
used in diagnostics to differentiate benign
lesions from breast cancers. Most malignant
lesions are hypervascular, with immature
tumor blood vessels. Hence, malignant le-
sions usually exhibit earlier and stronger en-
hancement than benign lesions.*'*This study
showed a significant correlation between
a lesion’s enhancement intensity (%RS) on
CESM and malignancy. The enhancement
intensity of benign lesions was lower than
that of malignant tumors, and the degree of
enhancement of benign lesions and non-in-
vasive cancers was lower than invasive can-
cers, consistent with the results of Rudnicki
et al."»"> Nonetheless, the diagnostic effi-
ciency is low (accuracy was 66.20%, AUC was
0.702 £ 0.036) if the differentiation between
benign and malignant lesions depends on
the enhancement intensity. To further im-
prove the diagnostic efficiency of CESM, this
study investigated enhancement patterns
on CESM between benign lesions and breast
cancers. The preliminary research indicated
that the difference in enhancement patterns
on CESM between malignant and benign
lesions was significant, and the AUC was
0.819 £ 0.030. In breast cancers, the steady or
depressed patterns (type Il or Ill) were dom-
inant. On the contrary, benign lesions main-
ly showed an elevated and steady pattern
(type | or ). According to the results of this
study, the likelihood of breast cancer related
to a type Ill curve was 90.43%, whereas the
likelihood of breast cancer related to a type |
curve was only 12.20%.
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Figure 4. Receiver operating characteristic curves for enhancement intensity and enhancement patterns.

ROC, receiver operating characteristic.

Table 4. Comparison of enhancement patterns between reader 1 and reader 2

Reader 2
Reader 1 Total
Typel Type ll Type lll
Type 41 1 0 42
Type ll 2 78 9 89
Type Il 0 6 85 91
Total 43 85 94 222

Until now, there have been only a few
studies about the kinetic investigation of
CESM. Jong et al.'® and Dromain et al.'” con-
ducted a small sample study using a tempo-
ral subtraction method instead of a dual-en-
ergy approach to CESM. In their studies, a
mask image and a post-contrast image were
obtained before and after the injection of a
contrast agent, and a subtraction image was
derived from imaging post-processing. Their
technique was more susceptible to motion.
Jong et al.’® showed that 4 of 10 (40%) breast
cancer lesions had a plateau curve, 3 of 10
(30%) presented with a washout curve, 1 of
10 (10%) had increasing enhancement, and
2 of 10 (20%) had no enhancement. Due to
a limited number of patients, statistical sig-
nificance was not measured in that study. In
the study by Dromain et al.", they acquired
the images from 30 s to 7 min and consid-
ered early if the enhancement peak was be-
fore 1 min 30 s. In their few cases, gradually
increasing enhancement (35%, 7/20) was
the most common kinetic curve observed
in breast cancers, and a washout curve was
only found in 20% of cases. They considered
that the discrepancy between kinetic curves
observed using CESM and MRI might be due
to the compression of the breast, which may
alter blood flow. In addition, the different ki-
netic patterns may be caused by the differ-

ence in acquisition times. Recent studies'®?°
showed that the comparison of enhance-
ment patterns on CESM between malignant
and benign lesions was significant. Deng et
al.’® used the time interval between the CC
projection and mediolateral (MLO) projec-
tion to assess relative enhancement patterns.
Among the relative enhancement patterns,
the incidence of malignant and benign le-
sions was 73.08% (19/26) and 26.92% (7/26)
in the elevated pattern, 92.86% (13/14) and
7.14% (1/14) in the steady pattern, 94.29%
(66/70) and 5.71% (4/70) in the depressed
pattern, and 20.0% (32/40) and 80.00% (8/40)
in non-enhancement lesions, respectively.
Liu et al.” also evaluated the enhancement
patterns based on two different views of CC
and MLO. This may affect the results since the
tissues superimposed and adjacent to the le-
sions will be different in different positions.
Reported in their study was an accordance
rate of 64.2% for enhancement patterns on
CESM and MRI. The study by Huang et al.®
demonstrated that the washout pattern was
significantly associated with malignant le-
sions at 2-4 and 2-10 min frames based on
two readers’ interpretations. However, they
did not evaluate the diagnostic efficacy of
enhancement patterns on CESM in detail, nor
did they compare it with TIC on MRI. All imag-
es in that study were obtained on MLO view
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without releasing the paddle. The enhance-
ment of suspicious lesions was semi-quanti-
tatively analyzed using a 10-point grayscale
reference bar.

In the present study, the CC view was
used because it was easier for the patients
to remain motionless in this projection.’s"
The patients’ motion can cause faulty kinetic
curves. Thus, care was taken to keep the ROI
at the same position of the lesion at each im-
aging time point.?' Only three CC views were
performed on the affected breast to reduce
the patients’ radiation dose. Because the
signal value differences of the lesions at dif-
ferent time points after enhancement were
small in absolute values, and the pre-con-
trast signal values on the recombined imag-
es of breast lesions were roughly equal to the
post-contrast signal values of background,
the %RS on CESM was used to make it com-
parable to DCE-MRI."?

Some studies have shown a significant
correlation between enhancement patterns
and a moderate agreement (Cohen’s kappa
coefficient was 0.438 and 0.515) between
contrast-enhanced digital breast tomosyn-
thesis or CESM and MRL.'®?> By comparing
the enhancement patterns of CESM and MRI,
we found that the accordance rate of the
two examination methods was 85.0%, and
the agreement was good (Kappa coefficient:
0.752).

The present study had some limitations.
Firstly, this study had a limited number of pa-
tients from a single institution. Nonetheless,
the sample size in this study was the largest
for kinetic curves on CESM. Secondly, the
radiation dose of CESM was not considered.
Previous studies have shown that the com-
bined radiation dose estimated from low-
and high-energy views is about 1.2 times
that of conventional FFDM."* The dose
values of CESM meet the recommendations
for the maximum dose in mammography.*
Although the radiation dose is increased,
CESM provides radiologists with a standard
low-energy image (similar to FFDM) and a
recombined image highlighting angiogene-
sis areas. In the future, when a CESM exam-
ination is planned, additional FFDM can be
avoided, with the possibility of saving up to
48.5% of the radiation dose (depending on
the system used).” This study’s authors plan
to explore ways to reduce radiation doses
in further studies. Thirdly, CESM was not ar-
ranged according to the patients’ menstrual
cycles. The background parenchymal en-
hancement may be more obvious in patients
with CESM before menstruation, which will

Rong et al.
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Figure 5. An invasive ductal carcinoma in the left breast of a 45-year-old woman. An early post-contrast magnetic resonance image depicts a strongly enhancing
lesion (a). The time-signal intensity curve of the mass on magnetic resonance imaging shows a washout time course (b). The subtraction images of contrast-
enhanced spectral mammography (CESM) obtained 3, 5, and 7 min after the contrast agent injection show a round circumscribed mass, and the enhancement
intensity decreases with time (c-e). The kinetic curve of contrast enhancement derived from the receiver operating characteristics drawn in this lesion on CESM

shows a depressed pattern (f).

Table 5. Comparison of enhancement patterns between CESM and MRI

MRI
CESM Total
Typel Typelll Type lll
Typel 12 3 0 15
Type ll 4 43 4 51
Typellil 0 7 47 54
Total 16 53 51 120

CESM, contrast-enhanced spectral mammography; MRI, magnetic resonance imaging.

affect the accuracy of the measurement re-
sults. In addition, the enhancement patterns
in breast cancers with different histopathol-
ogy were not discussed because of the small
number of patients in each subtype. Finally,
there is no commercial tool for the quanti-
tative analysis of the kinetic curve on CESM.

The ROl was drawn manually, which was sub-
jective and time-consuming. The inter- and
intra-observer reproducibility may be poor.
Nevertheless, this study demonstrated that
the agreement was excellent (Kappa coeffi-
cient: 0.873) for the curve types between the
two readers.

In conclusion, our results showed that the
kinetic pattern of enhanced lesions on CESM
effectively differentiates benign from malig-
nant breast lesions, with good agreement,
when compared with MRI.
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