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Objective—Breast cancer is the most frequent type of cancer among women. This multi-center
study assessed the ability of 3D contrast-enhanced ultrasound to characterize suspicious breast
lesions using clinical assessments and quantitative parameters.

Methods—Women with suspicious breast lesions scheduled for biopsy were enrolled in this
prospective, study. Following 2D grayscale ultrasound and power Doppler imaging (PDI), a
contrast agent (Definity; Lantheus) was administrated. Contrast-enhanced 3D harmonic imaging
(HI; transmitting/receiving at 5.0/10.0 MHz), as well as 3D subharmonic imaging (SHI;
transmitting/receiving at 5.8/2.9 MHz), were performed using a modified Logiq 9 scanner (GE
Healthcare). Five radiologists independently scored the imaging modes (including standard-of-
care imaging) using a 7-point BIRADS scale as well as lesion vascularity and diagnostic
confidence. Parametric volumes were constructed from time-intensity curves for vascular
heterogeneity, perfusion, and area under the curve. Diagnostic accuracy was determined relative
to pathology using receiver operating characteristic (ROC) and reverse, step-wise logistical
regression analyses. The x-statistic was calculated for inter-reader agreement.

Results—Data were successfully acquired in 219 cases and biopsies indicated 164 (75%) benign
and 55 (25%) malignant lesions. SHI depicted more anastomoses and vascularity than HI (P<
.021), but there were no differences by pathology (P> .27). Ultrasound achieved accuracies of

82 to 85%, which was significantly better than standard-of-care imaging (72%; £ < .03). SHI
increased diagnostic confidence by 3 to 6% (£ < .05), but inter-reader agreements were medium to
low (x < 0.52). The best regression model achieved 97% accuracy by combining clinical reads and
parametric SHI.

Conclusions—Combining quantitative 3D SHI parameters and clinical assessments improves
the characterization of suspicious breast lesions.

Keywords

3D ultrasound imaging; breast cancer; contrast-enhanced ultrasound; harmonic imaging;
subharmonic imaging

Breast cancer is the second most common cancer in the world and the most frequent type

of cancer among women (approximately 30% of all cancers) with an estimated 281,550 new
cases expected in the United States alone in 2021.1:2 Moreover, breast cancer accounts for
15% of all cancer deaths in women in America making it the second leading cause of cancer
mortality. Detecting breast cancer by as little as 3 months earlier can yield better treatment
outcomes.3# In the United States, mammography is the primary imaging modality for breast
cancer screening. However, the sensitivity of mammography decreases to around 48 to 64%
in younger patients (<50 years old) and in patients with dense breasts.* Hence, ultrasound
imaging, as an adjunct to mammaography, becomes a cost-effective and patient-friendly
alternative for both screening and diagnosis.*>

The sensitivity and specificity of ultrasound imaging can be improved by intravenous (1V)
injection of encapsulated, gas-filled microbubbles (typically <8 um in diameter) as vascular
contrast agents.>” These contrast agents can produce signal enhancement of up to 30 dB
and have been shown to provide a noninvasive measure of breast tumor neovascularity
corresponding to vessels 20 to 39 pm in diameter.8.7 At higher incident acoustic pressures
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(>200 kPa), these microbubbles oscillate nonlinearly over a wide range of frequencies
from subharmonics (fp/2) to second harmonics (2fy) and ultraharmonics (3fy/2) of the
insonation frequency (fp) as well as its multiples. These signals can be used to create
contrast-specific imaging modes, such as subharmonic imaging (SHI), harmonic imaging
(HI), and superharmonic imaging, respectively.8 Most state-of-the-art ultrasound scanners
provide HI, and more recently, SHI has also become commercially available.?

The utility of SHI has been studied and validated /n vitro as well as /n vivo by many
independent groups.®-22 The first human study of SHI was a pilot study of 14 women with
breast lesions scheduled for a subsequent biopsy.13-1% Results showed that SHI had the
highest accuracy compared to regular grayscale, Doppler, and mammography with receiver
operating characteristic (ROC) analysis producing an area under the curve (A;) of 0.78,
which improved to 0.90 after image processing.1314 Based on these encouraging results, the
use of quantitative biomarkers derived from 3D SHI for characterization of breast lesions
was investigated in a larger cohort of patients.21:22 These SHI biomarkers achieved A,
values from 0.52 to 0.75 based on analyzing 83 lesions, while the best logistical regression
model reached an A, of 0.90.22

Hence, this prospective, multi-center study assessed the ability of 3D HI and SHI to
characterize suspicious breast lesions using clinical assessments on their own and combined
with the above-mentioned quantitative parameters. Results were compared to conventional
ultrasound and mammography, using pathology as the reference standard.

Materials and Methods

Study Population

Adult women (=21 years old) scheduled for a clinically indicated biopsy of an indeterminate
breast lesion (or abnormal area) based on standard of care (SoC) imaging (mammography
and/or grayscale ultrasound) were enrolled in this IRB-approved multi-center clinical study
after providing written informed consent. Complete inclusion and exclusion criteria are
provided in Table 1. The study was conducted between January 2011 and December 2015

at Thomas Jefferson University (TJU) and University of California—San Diego (UCSD),
while data analysis was completed by June 2019. The study was carried out under a

Food and Drug Administration (FDA) approved IND (# 112,241) and registered with
ClinicalTrials.gov (NCT01490892).

Ultrasound Contrast Agent

This study used perflutren lipid microspheres (Definity®; Lantheus Medical Imaging

Inc., N Billerica, MA) as the ultrasound contrast agent.623 Per the manufacturers’
recommendations, the Definity vials were warmed to room temperature and mixed for 45
seconds using a VIALMIX (Lantheus Medical Imaging). After this activation, each vial
contained around 1.3 mL of agent with up to 1.2 x 1019 microbubbles (mean diameters of
1.1-3.3 pm with 98% being less than 10 pm), and about 150 pL/mL of octafluoropropane
(i.e., CgFg).23

J Ultrasound Med. Author manuscript; available in PMC 2023 January 29.
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Ultrasound Imaging

Ultrasound scanning was performed by an experienced sonographer or physician at each
site. A modified Logiq 9 scanner (GE Healthcare, Waukesha, WI) was used with a 4D10L
probe in 2D grayscale ultrasound, 2D power Doppler imaging (PDI), 3D HI, and 3D SHI
modes prior to the clinically indicated biopsy.2:22 Cine clips in 2D and 3D (i.e., image
volumes) were acquired as well as radiofrequency (RF) data from 3D HI (transmitting

at 5.0 MHz and receiving at 10.0 MHz using a pulse inversion technique) and 3D SHI
(transmitting at 5.8 MHz and receiving at 2.9 MHz using pulse inversion).1” These transmit
and receive frequencies were optimized for use with Definity based on testing in previous
studies.1”:18 The mechanical index (MI) at maximum transmit settings was measured as
0.36 for 3D HI (peak negative pressure of 0.80 MPa) and 0.33 (peak negative pressure of
0.79 MPa) for 3D SHI using a calibrated, 0.5 mm needle hydrophone (Precision Acoustics,
Dorchester, Dorset, UK).

The target lesion was located with grayscale ultrasound and the maximum diameter was
measured. Next, baseline 2D grayscale and 2D PDI cine clips (optimized on an individual
basis according to good scanning practices) were acquired by manually sweeping across the
entire lesion. Prior to acquiring 3D volumes, the imaging parameters (gain, depth, output
power, etc.) were optimized for each subject (based on previous /in vitro and pre-clinical
animal imaging studies!?:18) to allow visualization of the entire lesion with good contrast-
to-tissue signal ratio. The volume angle was set to 19 degrees, which produced volume

rates of 1.1 to 3.0 Hz (depending on lesion size). Contrast agent dosages were selected
based on previous imaging experience by our group for each of the contrast modes.13.18

For 3D HI, 0.25 mL of Definity was administered IV via a peripheral vein (typically the
antecubital vein) followed by a 10 mL saline flush and then 3D HI volumes were acquired
until sufficient contrast agent washout was observed (typically around 60 s). After waiting
10 minutes (to avoid any cumulative effect of the contrast agent and to ensure a return to
baseline conditions) a second contrast bolus injection (20 pL/kg up to a maximum of 1.25
mL and afterward a 10 mL saline flush) was administrated for collecting 3D SHI volumes.
Following the second ultrasound contrast agent injection, participants were monitored for 30
minutes before proceeding to their clinically indicated biopsy and the final histopathological
assessment, which served as the reference standard for this study.

Qualitative Assessments

Evaluation of the ultrasound clips and volumes was performed independently and off-line
by five experienced radiologists blinded to the mammographic and pathological findings.
Two readers assessed the data at each site (AS & AW at TJU and HOF & RFM at UCSD),
while one radiologist evaluated all the cases across both sites (CWP selected due to her
experience with breast SHI1314), The 3D HI and 3D SHI volumes were visualized using a
proprietary software 4DView (GE Medical Systems, Zipf, Austria). This software allowed
the volumes to be viewed and manipulated as a function of time in 3D space or as individual
2D imaging planes (Figure 1A-D). Ultrasound diagnosis was scored based on a 7-point
BIRADS scale: 1) no lesion seen or no findings, 2) benign, 3) probably benign, 4a) low
suspicion of malignancy, 4b) intermediate suspicion of malignancy, 4c) moderate suspicion
of malignancy, and 5) high suspicion of malignancy.2*

J Ultrasound Med. Author manuscript; available in PMC 2023 January 29.
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The ultrasound diagnostic criteria were evaluated for each patient as follows: grayscale
ultrasound; grayscale and PDI (baseline); and baseline and contrast-enhanced 3D volumetric
clip randomized to either HI or SHI. After a waiting period of at least 6 weeks to

minimize bias, readers were presented with baseline imaging clips and the remaining 3D

HI or SHI volume. While this may have introduced some bias from pre- to post-contrast
results, it was considered the more realistic approach to how contrast-enhanced ultrasound
imaging (CEUS) is being used in clinical practice. Finally, SoC imaging (mammogram
and/or ultrasound) was read by a radiologist as part of the patient’s clinical assessment and
evaluated using the BIRADS scale.?4

All imaging variables collected were compared to all histopathological variables. The

pre- and post-contrast ultrasound diagnostic criteria included: overall diagnosis; diagnostic
confidence (in %), the size of the lesion (in mm); degree of enhancement (none, mild, good,
or excellent); degree of vascularity (avascular, mild, moderate, highly focused, or highly
diffuse); vascular morphology (none, in the lesion, immediately adjacent to the lesion, or
diffusively surrounding the lesion); and vessel anastomoses (present or absent).

Quantitative Assessments

Custom image processing tools were built using MATLAB (The Mathworks Inc., Natick,
MA) to perform quantitative analyses as described in our previous work.21:22 Briefly, lesions
that demonstrated contrast-enhanced flow in 3D HI or SHI modes were identified by a
radiologist and an ultrasound physicist in consensus (PM & AS) in 4DView and time
intensity curves (TIC) calculated from the RF data across all 2D slices making up a 3D
volume resulting in a single 3D TIC volume. Subsequently, these 3D TIC volumes were
used to generate vascular heterogeneity (i.e., the distribution of vascularity within a volume),
perfusion (PER) and area under the curve (AUC) or blood volume maps in the central, and
peripheral regions of the lesion as well as the ratio within these two regions.2122 The central
region was defined as the inner two-thirds of the entire tumor, while the remainder, including
2 mm around the lesion boundary constituted the peripheral region. A detailed description of
the complete processing algorithm can be found elsewhere.21.22

Statistical Analysis

Diagnostic accuracy, optimal sensitivity, and specificity for the four ultrasound imaging
modes and SoC imaging was assessed with ROC and reverse, step-wise logistical regression
analyses (individually as well as in combination with each other and with the quantitative
TIC parameters) using histopathological biopsy results as the reference standard.2>:26
Differences between ROC curves were tested by computing Mann-Whitney statistics, while
the «x-statistic was calculated for inter-reader agreement. Imaging judgments on diagnoses
and characteristics of vascularity for the different modalities were compared (using two-way
tests) to each other and to the histopathological results using t-tests or Wilcoxon sign rank
tests. Statistical analyses were performed using Stata version 15.1 (Stata Corp LLC, College
Station, TX) with a P-value of .05 or lower being considered statistically significant.

J Ultrasound Med. Author manuscript; available in PMC 2023 January 29.
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Results

Patient and Lesion Characteristics

The study enrolled 236 subjects, but image data were only available for 219 cases (56 at
UCSD and 163 at TJU; average age 51 + 13 years), due to technical failures with the
ultrasound scanner (A= 9) and lack of 1V access (N = 8). The 219 subjects that were
successfully scanned were almost evenly split between Caucasian women (108 or 49%) and
African-American women (97 or 44%), while 14 were of Asian descent (6%). There were 15
Hispanic women (7%) in this study.

Histopathology identified 164 lesions as benign (164/219, 75%) and 55 as malignant
(55/219, 25%). Among the malignant lesions, invasive ductal carcinomas were the most
common (42/55, 76%), while fibroadenomas were the most frequent benign lesion sub-type
(51/164, 31%). Other lesion types encountered in this study are listed in Table 2. Finally,
while malignant lesions were almost identical in size to benign lesions (13.5 £ 8.7 mm

vs 13.2 £ 0.6 mm; P=.83), the average age of the women with a malignant lesion was
significantly greater than that of women with benign lesions (58 + 12 years vs 48 + 13
years), P<.0001).

Contrast-enhanced flow was identified in 83 lesions with 3D SHI mode, which was similar
to the vascularity seen with PDI (83 vs. 93 lesions; P=.52), but significantly greater than
number of vascular lesions observed in 3D HI mode (83 vs. 8 lesions; P< .0001).21.22
Hence, no additional quantitative processing and analysis were performed on these 3D HI
cases.21:22

Imaging Findings
An example of ultrasound imaging in a 68-year-old woman with a 1.93 by 1.49 cm invasive
ductal carcinoma (ER and PR negative and HER-2 positive with a Ki-67 expression of 36%)
is shown in Figure 1A-D. The ability to view multiple individual 2D imaging planes across
the lesion volume (and as a function of time) in 4DView is demonstrated in Figure 1C
and D. Hence, readers were able to identify regions of vascularity in 2D and 3D, which
combined with the anatomical information of grayscale ultrasound (cf., Figure 1A) allowed
them to characterize the breast mass.

The area under the individual ROC curves (A;) for the diagnosis of breast cancer based on
all 219 cases was 0.83, 0.82, 0.85, and 0.82 for grayscale ultrasound, PDI, 3D HI, and 3D
SHI, respectively (P=0.31; Figure 2A). For SoC imaging, the A, was 0.72, which was
statistically significantly lower than that of all the ultrasound modes (P < .03). Very similar
results were achieved in the subset of lesions that demonstrated contrast-enhanced flow
(A;’s of 0.82-0.83; P=.84; Figure 2B). The optimal sensitivities and specificities derived
from Figure 2A and B were 78 to 84% and 69 to 83%, respectively, for the ultrasound modes
as well as 58% and 68% for SoC imaging (i.e., mammography and/or ultrasound).

The diagnostic accuracy (i.e., A;) for all five readers across the two sites is shown in Tables
3 and 4. There was no consistent improvement in diagnostic accuracy with volumetric
contrast-enhanced HI or SHI. Out of the five readers, three saw an increase in diagnostic

J Ultrasound Med. Author manuscript; available in PMC 2023 January 29.
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confidence with 3D SHI on the order of 3 to 6% (£ < .041), while two did not (P> .11).
Inter-reader agreements were low to medium (0.01 < x < 0.52). Overall, 3D SHI depicted
more anastomoses, more vascularity, and a more diffuse vascular pattern than 3D HI (P<
.021), but both CEUS modes did worse than 2D PDI (P < .001). Moreover, there were no
differences for any of the vascularity assessments by any of the ultrasound modes when
compared grouped by pathology (P> .27). Very similar results were achieved when the
data were analyzed split by readers (not shown for brevity); although lesion vascularity did
differentiate between malignant and benign lesions for two readers (one from each site; P<
.042) the other two readers observed no such separation (P> .09).

Comparison of Imaging Modalities and Quantitative Parameters

Reverse, step-wise, logistical regression techniques were used to combine the four
ultrasound imaging modes (i.e., grayscale, PDI, 3D HI, and 3D SHI) and SoC imaging both
overall as well as for readers split by site and in the subset of cases with contrast-enhanced
flow. However, the only indication of synergy was in the overall data set where SoC imaging
(mammaography and/or ultrasound), grayscale ultrasound, and 3D HI combined for an Az of
0.88. All other logistical models reduced to just a single imaging mode (i.e., no synergistic
improvements).

Finally, the ability to improve the characterization of the breast lesions identified with
contrast-enhanced flow based on combining clinical reads and the vascular heterogeneity,
PER or AUC parametric maps were determined. The quantitative parameters from the
central and peripheral zones of the lesion as well as a ratio of these two regions were
included in logistic models together with the readers’ assessments. No single model was
optimal for all five readers, but the best all-round results were achieved by combining

the heterogeneity ratio with the central SHI PER parameter and the grayscale ultrasound
evaluations (Figure 3). Diagnostic accuracies (i.e., A, values) for all five readers across the
two sites ranged from 0.90 to 0.91 overall to 0.93, 0.97, and 1.00 (however, this last perfect
result was based on only 18 cases with contrast-enhanced flow scanned at UCSD).

Discussion

This multi-center study investigated the ability of 3D CEUS to characterize suspicious
breast lesions using the clinical assessments of radiologists on their own or in combination
with quantitative vascular parameters derived from 3D SHI compared to SoC imaging
(mammaography and/or ultrasound) and histopathology (the reference). Overall, the four
ultrasound modes achieved accuracies of 82 to 85%, which was significantly better than SoC
imaging (72%; P < .03; cf., Figure 2). Volumetric 3D SHI increased diagnostic confidence
by 3 to 6% (P < .05) for 3 out of 5 readers, but inter-reader agreements were low to medium
(0.01 < x<0.52).

Logistical regression analyses found only limited synergy between individual imaging
modes (i.e., between grayscale, PDI, 3D HI, 3D SHI, and SoC imaging). However,

in the sub-set of cases with quantitative parametric vascular data (i.e., the 83 breast
lesions identified with contrast-enhanced flow), the best all-round results were achieved
by combining the heterogeneity ratio with the central SHI PER parameter (i.e., functional

J Ultrasound Med. Author manuscript; available in PMC 2023 January 29.
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information), and the grayscale ultrasound evaluations (i.e., anatomical information). The
overall A, reached 0.91, with 0.93 and 0.97 attained at TJU as well as 0.90 and 1.00
achieved at UCSD (the latter most likely influenced by the small number of cases; /= 18).
These results are excellent (cf., Figure 3) and better than the accuracies obtained by the
quantitative parameters alone (up to 0.90).21.22

The use of 3D CEUS as a tool for evaluating the structural and functional features of breast
lesions is also supported by Chen and co-workers who showed significant differences in
peripheral vessel characteristics between benign and malignant breast lesions using 3D
contrast ultrasound.2” Moreover, two recent meta-analyses of CEUS for characterizing
breast lesions reported pooled summary ROC A, values of 0.92 and 0.95,28:2% which are
very similar to the results of this study.

As previously established, 3D SHI was considerably better at detecting vascular flow in
these breast lesions compared to 3D HI.22 In addition, SHI depicted more anastomoses

and vascularity than HI (£ < .021), but there were no differences when assessed by
pathology (P> .27). As discussed in detail elsewhere, we attribute the poor performance

of 3D HI to a number of factors, including low HI contrast dose (although dosages were
selected based on previously reported work7-30), insufficient acoustic power output, and the
transducer’s reduced sensitivity in the CEUS modes or most likely a combination of all of
these factors.21.22

Diagnosing breast lesions with CEUS has been studied for over 25 years, since conventional
Doppler techniques lack the sensitivity to image vessels much below 200 pm in diameter
whereas CEUS can detect signals in neovessels an order of magnitude smaller (down to 20—
39 um).6:7:31 However, there are other ultrasound techniques capable of providing functional
information on breast lesions such as shear wave elastography (SWE) and, more recently,
(non-contrast) microvascular flow imaging modes.*>28 A recent meta-analysis directly
compared CEUS and SWE for characterizing breast lesions and reported an odds ratio of
27.14 in favor of CEUS.28 Xiao and colleagues compared microvascular imaging and CEUS
in breast imaging and found very similar performances (A, of 0.88 and 0.92, respectively; P
= .13).32 The diagnostic accuracy of breast microvascular imaging was reported to be 0.87
in a meta-analysis of over 2000 breast masses.33 There may be synergy in combining CEUS
and microvascular imaging directly for detecting breast cancer, but this possibility awaits
future investigations.

It is important to note the limitations of this study. Only one overall reader evaluated all 219
cases. Nonetheless, since 74% of the cases (163 out of 219 women) were enrolled at one
site (TJU), we feel that the reproducibility was reasonably well established by comparing
the three readers at that site (unfortunately as medium at best). Moreover, our study may
have been biased from the pre- to post-contrast assessments, because of the order of the
reading (although this is how CEUS is being used in clinical practice). Less than 40% of the
breast lesions imaged in this study were vascular, which was surprising. A combination of
low contrast agent dosages and limited probe sensitivity in the CEUS modes are most likely
the cause. Advances in transducer technology and the development of matrix arrays for 3D
imaging may overcome these limitations in future clinical trials. Alternatively, further image

J Ultrasound Med. Author manuscript; available in PMC 2023 January 29.
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(or rather volume) processing using a maximum intensity projection algorithm may improve
results.14 However, the raw image data are saved at a low resolution (usually around 40 x 50
pixels per 2D image slice), which makes this a technically challenging proposition.22

In conclusion, this prospective, multi-center study assessed the ability of 3D HI and 3D
SHI to characterize suspicious breast lesions using clinical assessments and quantitative
parameters. Results were compared to conventional ultrasound and mammography and
although the ultrasound modes did better than SoC imaging 3D CEUS was not in and of
itself better than the other ultrasound modes. However, when anatomical information from
grayscale imaging was combined with functional vascular data from quantitative 3D SHI
parameters the ability to accurately characterize breast lesions improved markedly (with
A, reaching 0.97). Hence, clinical reads and quantitative 3D SHI parameters together may
provide a new, accurate, and patient-friendly imaging tool for the diagnosis of suspicious
breast lesions.
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Figure 1.
Example of a 1.93 x 1.49 cm invasive ductal carcinoma imaged in a 68-year-old woman. A,

Baseline grayscale imaging. B, Baseline PDI demonstrating marked vascularity throughout
the lesion. C, Visualization of the lesion in 3D HI mode with contrast enhancement

using 4DView. Multiple individual 2D imaging planes across the lesion volume (the slice
separation was 2 mm) are shown. D, Visualization of the lesion in 3D SHI mode with
contrast enhancement using 4DView. Notice the marked enhancement seen compared to the
3D HI images.
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Figure 2.

Overall clinical assessments. A, ROC curves for grayscale ultrasound, PDI, 3D HI, and 3D
SHI as well as SoC imaging (mammography and/or ultrasound) with A,’s of 0.83, 0.82,
0.85, 0.82, and 0.72, respectively. The diagnostic accuracy of SoC imaging was significantly
lower than those of the ultrasound modes (P < .03). B, ROC curves for the subset of lesions
that demonstrated contrast-enhanced flow (A;’s of 0.82-0.83).
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Figure 3.

ROC curves for the best regression model combining the heterogeneity ratio with the central
SHI perfusion parameter and grayscale ultrasound evaluations split by reader. Diagnostic
accuracies were 0.90 (UCSD reader1), 0.91 overall, 0.93 (TJU reader 1), 0.97 (TJU reader
2), and 1.00 (UCSD reader 2).
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Lesion Subtypes in the Study

Table 2.

Lesions

Number  Percent (%)

Malignant (V= 55)

Benign (V= 164)

Invasive ductal carcinoma
Invasive lobular carcinoma
Invasive papillary carcinoma
Ductal carcinoma /n situ
Fibroadenoma

Cysts

Hyperplasia

Lymph nodes

Adenosis

Intraductal papilloma
Fibroepithelial lesion

Fat

Mastitis

Other benign components

42
4
2
7

51

31

22

N B~ N W

27

76
7
4

13

31

19

13

R N P N O ©

16

J Ultrasound Med. Author manuscript; available in PMC 2023 January 29.

Page 16



Page 17

Forsberg et al.

‘sisA|eue J0j |ews 00} Sem apoW |H € Ul MO4 UM PaIJIIUSPI SUOIS3| 40 Jaquinu auL,

9.0 6.0 - G8'0 6.0 080 080 ¢80 ¢€d
160 S80 - ¥80 €60 880 ¥60 830 <o
080 180 - G8'0 ¢80 T80 980 ¢80 Td

moid IV pMoId NIV Moid IV Mol IV

IHS @€ IHae 1ad SpoN-4

(€9T =) NCL ¥e (€4—TY) siapeal Ag (“v) Adeandde onsoubel
‘€ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Ultrasound Med. Author manuscript; available in PMC 2023 January 29.



Page 18

Forsberg et al.

‘sisA|eue J0j |ews 00} Sem apoW |H € Ul MO4 UM PaIJIIUSPI SUOIS3| 40 Jaquinu auL,

€90 290 - 650 /90 990 /90 ¢90 ¢&d
G50 190 - €90 ¢S50 /90 T90 SS0 <o
v.'0 690 - €90 G0 T90 690 190 TH

moid IV pMoId NIV Moid IV Mol IV

IHS @€ IHae 1ad SpoN-4

(95 =) @son 1 (ed—TY) siapesy Aq (“v) Adeindoy ansoubelq
v alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Ultrasound Med. Author manuscript; available in PMC 2023 January 29.



	Abstract
	Materials and Methods
	Study Population
	Ultrasound Contrast Agent
	Ultrasound Imaging
	Qualitative Assessments
	Quantitative Assessments
	Statistical Analysis

	Results
	Patient and Lesion Characteristics
	Imaging Findings
	Comparison of Imaging Modalities and Quantitative Parameters

	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.
	Table 3.
	Table 4.



