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Abstract: This research is to develop ultrasound vibro-elastography (UVE), Nakagami imaging
and power doppler intensity (PDI) image for assessing choroidal nevus and melanoma lesions of
human eyes. Significant differences between the ratios of shear wave speed (SWS) between
the nevus and melanoma lesions are obtained. Significant differences in contrast to noise ratio
of Nakagami-m map are found between the nevus and melanoma lesions. The PDI within the
nevus is significantly lower than that of melanoma which corresponds to lower blood volume.
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1. Background, Motivation and Objective

Ocular lesions can only be accurately diagnosed based
on tumor biopsy; however, this is an invasive method
and is not recommended for use in clinical diagnosis [1,
2, 3, 4]. Therefore, the development of non-invasive
imaging tools plays an important role in the diagnosis
and monitoring of ocular lesions. Ultrasound is one
of the non-invasive methods that plays an important
role in the detection and assessment of abnormal eye
tumors [1, 5].

Ultrasound elastography is a novel imaging tech-
nique for assessing the biomechanical properties of
soft tissues. The ultrasound vibro-elastography (UVE)
systems use ultrafast frames to capture high-speed
images to detect tissue motion. Therefore, using UVE
systems to study eye lesions is an effective method and
has great potential when applying ultrafast imaging
techniques to analyze various components in the lesion
including vessel density, back scattering distribution,
and biomechanical properties [1, 6, 5].

Quantitative ultrasound (QUS) technique is widely
used to analyze tissue characteristics based on the
distribution of scattering and reflection amplitudes of
radio frequency (RF) signals [7, 8, 9, 10]. QUS im-
ages are reconstructed based on tissue microstructure,
mechanical properties have demonstrated significant
potential in the assessment of abnormal tumors. Shear
wave elastography technique is mainly applied to as-
sess the mechanical properties of tissue based on the
measurement of shear wave velocity (SWV) in tis-
sue. In addition, Nakagami distribution is a statistical
model to use shape parameters to describe the me-
chanical characteristics of soft tissue by determining
the scattering characteristics in tissue [10, 11, 12,
13, 14]. The vessel density is another technique to
assess the structure of tissue based on the density of
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vessels in tumor [5]. All the above techniques have
made important contributions to the study of lesion
assessment.

For UVE systems, there are 3 basic components in
the RF signal: first, the RF signal for reconstructing
B-mode image; second, SWV propagating in the tu-
mor; third, the signal for reconstructing the amplitude
of SWV in the tumor. To combined with the analysis
above, we evaluated the eye lesion based on the anal-
ysis of the 3-signal obtained from the UVE system
combined with three different imaging techniques.

2. Materials and Methods
2.1 Participants

Ten patients (i.e., 5-melanoma and 5-nevus) were
enrolled in this study (i.e., from October 2023 to April
2024) with an institutional review board-approved
protocol (IRB: 23-003112, Mayo Clinic, Rochester,
MN, USA). Details of the 10 subjects were presented
in our previous study and Table 1 below.

2.2 Ultrasound vibro-elastography system

Fig. 1 shows that the UVE system (Vantage-256)
was equipped with a linear array transducer (L11-5v,
Philips Healthcare, Andover, MA). This UVE system
was used for a plane wave imaging sequence with
a 0.1second data accumulation (i.e., total of 200
frames with a pulse-repetition-frequency of 2000Hz
at 100Hz, 150Hz, and 200Hz with an effective
pulse-repetition-frequency (PRF) of 2000Hz). A
numerical Butterworth band-pass filter of the fifth
order with a cutoff frequency of 50Hz to 250Hz
was used to remove tissue signal to give a good
tradeoff between motion artifact filtering and
microvasculature detection of the radiofrequency
(RF) data of ultrasound systems [1, 15].

169



DOI 10.5162/Ultrasonic2025/B14-a4

Tab 1: Details of 10 subjects [1, 6]

Melanoma (M) Nevus (N) p-value
s M-1 |[M-2 |M-3 | M4 M-5 N-1 N2 | N3 N4 | N5 | Setumnd
Age (years) | 63 40 54 53 56 73 63 85 63 77 0.0098
Sex M F M F M M F F M F
Le(sli;);‘lf)ize 3447 (2917 |2572 | 1887 | 17027 | 1197 | 1479 | 13.00 | 18.12 | 1237 | 0.1892

Verasonic 256
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\ Patient model
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Power Amplifier

Fig. 1: Enter Caption
Overview of UVE system for eye study.

2.3 Parametric imaging methods
2.3.1 Power doppler intensity image technique

After applying filter autocorrelation to RF data of
UVE system, we obtained complex ultrasonic signal
s(x, z, t). Then, a power doppler intensity (PDI) image
was calculated by estimating the average intensity of
each pixel from this filtered data and converted to
decibel scale (dB) [15].

1 N
I'= NZS?B(%) (1)
k=0

where N is the number of samples acquired and S
the filtered signal. Color flow images were generated
by using the 2-D autocorrelation method.

fsy2
/ F1S2(f)df

1 —-fs)2
fp = N fsy2

[ Iskar
—fs/2
where S is the Fourier transform of the filtered

signal (Sg) and fs is the PRF. We masked the axial
velocity image using power Doppler data to keep only
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the pixels with a sufficient intensity of blood signal.

2.3.2 Nakagami imaging technique

The distribution of the backscattered envelope r
under the Nakagami model [6, 12] was calculated as:
B 2mmr2mfl

£r) = o g ()

where T" and U are the gamma and unit step func-
tions, respectively.
The scaling parameter Q2 (omega) was calculated as:
E(R?), while the Nakagami parameter m associated
with its distribution can be obtained as:

0= B(R?) (4)

- E(R2)2
"= B - B ©

where E denotes the statistical mean.

2.3.3 Two-dimensional speed map technique

The in-phase/quadrature (1Q) data consisted of
two-dimensional (2D) intensity information for the
duration of the vibration excitation. Particle velocity
in the axial direction of the ultrasound beam (V)
caused by wave propagation was used for wave speed
(WS) estimation. V was calculated from IQ data of
consecutive frames using an autocorrelation method.
Then, Anderssen-Hegland techniques was used to
calculate two-dimensional speed map (2D-SM) image
value based on shear wave propagation [1, 16]. Details
of the processing method for reconstructing 2D-SM
were shown in Fig. 2 and our previous studies.

2.3.4 Statistical analysis

Mean values of PDI, contrast-to-noise ratio (CNR)
of Nakagami-m, and ratio-WS were compared
between N and M using t-test unpaired, two-tails,
parametrics. Statistical analysis was performed using
GraphPad Prism version 10.0 software [1].
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Fig. 2: Overview of reconstruction 2D-SM method from IQ data based on UVE system.
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Fig. 3: An example of B-mode image, PDI with ROI, m map with ROl and CNR formular, 2D-SM with ROl and
Ratio-WS formular.

3. Results

3.1 Select a region of interest for analysis

Nakagami distribution was used to calculate shape
parameter (m) of SWP to create m maps. The 2D-SM
and m map image was calculated for all differences
frequencies. A region-of-interest (ROl as a circle with
diameter of 2mm) was applied to PDI image for cal-
culating PDI in the lesion. Two ROIs were applied
to the near surface and central of lesion to calculate
ratio-WS (WS of surface/ WS of central lesion). The
contrast-to-noise ratio (CNR) of m map was obtained
by using two ROls (i.e., one ROI places inside lesion
and another one places at normal tumor close to le-
sion) [1, 6]. Fig. 3 shows details of these selection.
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3.2 Evaluation eye lesion with three different imaging
techniques

Fig. 4 shows the comparison of three parametric
imaging techniques between N vs. M. The PDI within
the nevus was significantly lower than melanoma (N:
-68.08 + 6.47dB vs. M: -51.33 + 8.55dB; p = 0.0095)
which corresponds to lower blood volume. There were
significant differences (p = 0.0109) of ratio-WS be-
tween N vs. M and significant differences (p = 0.0086)
in CNR of m map reconstruct from 2D-SM between
nevus and melanoma. Details of these results were
shown in Table 2.

4. Discussion

The purpose of this study was to investigate effec-
tive methods for assessing of choroidal nevus and
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Tab 2: Comparison of PDI, CNR of m map image of ROl from 2D-SM, and Ratio-WS.

Nevus Melanoma
p-value
mean £+ SD 95% CI of mean mean = SD 95% CI of mean
PDI -51.33 £ 8.55 -57.48 to -45.17 -68.08 = 6.47 -72.54 to -55.63 0.0095
CNR of m 1.32+0.15 1.14 to 1.52 394 +1.68 1.85 t0 6.02 0.0086
Ratio-WS 1.70 £0.14 1.52 to 1.88 3.314+1.08 1.96 to 4.64 0.0174
(a) PDI mNR of m map of 2D-SM @200Hz Ratio-WS@200Hz
-301 [ Melanoma [ Nevus 8 0.0086 6 0.0109
0.0095 | 0Melanoma ] | 0 Melanoma
-40
] - T O Nevus O Nevus
N4 (
o 50 o = o
® Bs 54 | & £3
-60 ° -_‘j &
o 2
Lo 2] L= =]
e S 1
-80 0 T T
Melanoma Nevus Melanoma Nevus Melanoma Nevus

Fig. 4: The comparison of: (a) PDI (n = 5) between N vs. M, (b) CNR of m map with ROl of image reconstructed
from 2D speed map (n = 5) between N vs. M, (c) Ratio-WS from 2D-SM (n = 5) between N vs. M with ROl a

circle with diameter of 2mm.

melanoma lesions of the human eye based on ultra-
sound UVE, ultrafast ultrasound microvessel imaging,
and parametric imaging techniques. We demonstrated
the purposes based on two main objectives: 1) to
evaluate data from the UVE system with 3 different
imaging techniques including PDI, Nakagami, 2D-SM;
2) to search for biomarkers [9] that can be considered
for clinical trials for eye lesions based on the above
3 imaging techniques. In this context, we found that
PDI, CNR of Nakagami-m image of 2D-SM, and ratio-
WS were statistically significant. These biomarkers
have the potential to facilitate the design of smaller,
more efficient clinical studies in future studies, thereby
reducing the number of subjects exposed to exper-
imental treatments. In addition, we demonstrated
lower blood volume with nevus, which suggests a dif-
ference between nevus and melanoma patients. These
findings are consistent with other studies of nevus
vs. melanoma in different regions of the body [2].
Melanoma has a rapid and aggressive growth pat-
tern and therefore requires a larger blood supply than
nevus [3].

5. Conclusion

In the present study, we demonstrated three quan-
titative imaging techniques for assessing choroidal
nevus and melanoma lesions of human eyes. Signifi-
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cant differences between the ratios of SWS between
the nevus and melanoma lesions are obtained. Signifi-
cant differences in CNR of m map are found between
the nevus and melanoma lesions. The PDI within the
nevus is significantly lower than that of melanoma.
These techniques provide noninvasive and quantitative
measurements for analyzing ocular lesions
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