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Objective: To evaluate the feasibility of measuring the stiff-
ness of corpus cavernosum penis (CCP) with ShearWave™
Elastography (SWE; SuperSonic Imagine, Aix-en-Provence,
France).

Methods: 40 healthy volunteers with ages ranging from
19 to 81 years (mean, 36 years; standard deviation,
17 years) were selected in this study. The ultrafast ultra-
sound device Aixplorer® (SuperSonic Imagine) was used
for the research and the probe selected was Super-
Linear™ SL15-4 (SuperSonic Imagine). The shear wave
stiffness (SWS) of CCP was measured using SWE images.
The measurement indexes of SWS included (1) SWS of
CCP measured in the transverse section (SWS-T), (2)
SWS of CCP measured in the longitudinal section (SWS-L)
and (3) mean of SWS-T and SWS-L (SWS-M). The interval
between hormone test and SWE examination of each

ShearWave™ Elastography (SWE; SuperSonic Imagine,
Aix-en-Provence, France) is a new ultrasound technol-
ogy that could be used to assess tissue stiffness in clinic
and is currently the only elastography technology certi-
fied by the US Food and Drug Administration. This
technology makes it possible to quantify the tissue
stiffness accurately. Unlike early elastography methods,
which rely on manual compression and measuring tissue
displacement, SWE requires no manual compression,
and it uses ultrasonic pulse to make the tissue generate
shear waves. A real-time SWE map is produced by de-
tection of shear wave velocity and colour coding. Since
the propagation speed of the shear wave is determined by
the stiffness of tissue, the real-time SWE map could be
used to measure the overall and local stiffness of tissue
exactly. Studies have shown that this technology could
be used to evaluate the stiffness of intravital tissue
accurately.'™

subject was less than 7 days. The paired t-test was used to
analyse the differences between SWS-T and SWS-L.
The Pearson correlation was used to analyse the
correlation of SWS of CCP with age as well as with
sex hormone levels.

Results: There was no significant difference between
SWS-T and SWS-L (p>0.05). SWS (SWS-T, SWS-L,
SWS-M) was negatively correlated with age and oestra-
diol value, and SWS (SWS-T, SWS-L, SWS-M) was
positively correlated with testosterone value.
Conclusion: SWE could serve as a new non-invasive
method of evaluating the stiffness of CCP.

Advances in knowledge: It is the first time that we have
discussed the feasibility of measuring the stiffness of CCP
with SWE and analysed the correlation of SWS of CCP
with age as well as with sex hormone levels.

Furthermore, SWE is a safe, non-ionizing and non-
invasive technique that has the same thermal and me-
chanical energy as conventional Doppler imaging. It is
applicable to the examination of human reproductive
organs. The tissue structure of corpus cavernosum penis
(CCP) has important impact on the stiffness of CCP.
Therefore, the stiffness of CCP could be used as an index
for assessing the tissue structure of CCP. At the same time,
the tissue structure of CCP has important impact on the
erectile function. So, it is of great clinical significance to
measure the stiffness of CCP.

The stiffness of CCP is closely associated with age.* Pre-
vious pathological studies have indicated that, with in-
crease in age, sinusoids in CCP gradually decrease,
occlusion and fibrosis occur, the smooth muscle cells also
atrophy and decrease gradually. These changes in tissue
structure and composition of CCP can directly lead to the
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Figure 1. Case 17. Qualified ShearWave™ Elastography (SWE) images of the corpus cavernosum penis (CCP): each area of the CCP
was filled with colour, the image was like an oil painting and there were no mosaic-like coloured points. (a) The transverse section
and (b) the longitudinal section. Diam, diameter; Max, maximum; Min, minimum; Q-Box™, measurement results of shear wave

stiffness; SD, standard deviation.

change of its stiffness. The stiffness of CCP is also associated
with sex hormone levels. Testosterone can promote the gener-
ation of smooth muscle cells and enhance cell vitality in CCP.
Cell vitality and generation of smooth muscle cells in CCP de-
cline with testosterone decrease, which can lead to cell atrophy
and reduction in their number and consequently a change of
stiffness of CCP.>”

However, at present, no accurate and non-invasive method can
be used to assess stiffness of CCP in clinic. In this study, we
evaluated the feasibility of measuring stiffness of CCP with SWE
by analysing the correlation of the stiffness value of CCP with
age as well as sex hormone levels.

METHODS AND MATERIALS

Subjects

The study received the Human Subject Ethic Subcommitees of
Shanghai First People’s Hospital approval and informed
written consents were obtained from all the subjects. 40 vol-
unteers with ages ranging from 19 to 81 years (mean, 36 years;
standard deviation, 17 years) were selected, whose blood
pressure, blood glucose and blood lipid were all within the
normal range (the range of systolic blood pressure is from
90 to 140 mmHg and diastolic blood pressure is from 60
to 90 mmHg; the range of fasting plasma glucose is from 3.9 to

6.9mmoll™" and the range of triglyceride is from 0.56 to
1.70 mmol1~"). Peyronie’s disease, penis trauma and con-
genital deformity were all excluded.

ShearWave Elastography imaging

The SWE imaging of CCP was carried out using the ultrafast
ultrasound device Aixplorer® (SuperSonic Imagine) and the
probe selected was SuperLinear™ SL15-4 (SuperSonic Imagine).
SWE mode was started after CCP was shown clearly by two-
dimensional ultrasound. When SWE imaging was carried out for
each patient, we first selected each of the three modes (“Res”,
“Std” and “Pen”) for SWE imaging, according to the image
quality to determine the best mode. Then SWE imaging and
measurement was carried out again under this mode. In this
study, the best mode of all the patients was “Pen”. The mid
segment of CCP was chosen for imaging in transverse and
longitudinal sections, respectively. When scanning transversely,
the probe was perpendicular to the long axis of penis and the
SWE imaging box contained both left CCP (Left-CCP) and right
CCP (Right-CCP). When scanning longitudinally, the probe was
parallel to the long axis of each CCP and the maximum longi-
tudinal section was selected. The standard of a qualified SWE
image was that each area of the region of interest (ROI) was
filled with colour, the image was like an oil painting and there
were no mosaic-like coloured points. All the SWE images were

Figure 2. Case 28. (a) Shear wave stiffness (SWS)-measured in the transverse section (SWS-T) measurement, region of interest
(ROI) was a circle depicted with tunica albuginea as the boundary. (b) SWS measure in the longitudinal section (SWS-L)
measurement, ROl was a circle depicted with tunica albuginea as the boundary. Diam, diameter; Max, maximum; Min, minimum;
Q-Box™, measurement results of SWS; SD, standard deviation; SWE, ShearWave™ Elastography.
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Table 1. ShearWave™ Elastography measurement results of the stiffness of corpus cavernosum penis (CCP)
Case Age SWS-T SWS-T-R SWS-T-L SWS-L SWS-L-R SWS-L-L SWS-M
(years) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)
1 19 28.8 29 28.5 28.3 28.9 27.7 28.5
2 25 23.0 22.8 23.2 23.6 23.5 23.7 23.3
3 26 22.7 22 23.3 22.2 21.9 22,5 22.4
4 26 28.5 29 28 29.0 31 27 28.8
5 26 24.5 24.4 24.5 25.5 26 25 25.0
6 26 22.6 20.3 24.8 22.5 24.2 20.8 22,5
7 26 24.3 24.5 24 24.4 24.5 24.3 24.3
8 27 21.1 21.52 20.7 214 21.48 21.35 21.3
9 27 24.9 24.5 25.3 25.4 24.7 26 25.1
10 27 23.5 23.7 23.2 23.3 22.5 24 234
11 28 20.8 20 21.5 21.5 21.7 21.3 21.1
12 29 249 249 24.88 25.1 25.05 25.14 25.0
13 29 24.4 24 24.8 23.3 22.7 23.8 23.8
14 29 23.1 23.7 22.5 22.8 224 23.1 229
15 30 23.2 24.4 22 229 23.5 22.2 23.0
16 30 24.4 25.2 23.5 25.2 25.7 24.7 24.8
17 30 23.8 24.4 23.1 23.5 23.4 23.6 23.6
18 31 21.8 21.4 22.2 23.0 23.2 22.8 224
19 31 224 23 21.8 21.8 22.1 214 22.1
20 32 22.6 21.7 23.5 21.0 20 22 21.8
21 32 18.9 18.6 19.2 19.0 18.5 19.5 19.0
22 36 22.0 21.2 22.7 22.1 19.7 24.4 22.0
23 36 22.5 21.2 23.7 22.1 21.7 22.5 22.3
24 36 20.2 19.6 20.8 18.7 18.3 19.1 19.5
25 37 17.4 16.3 18.5 16.8 15.8 17.7 17.1
26 55 20.6 19.4 21.8 20.7 20.8 20.5 20.6
27 58 18.3 18.6 17.9 18.5 18.7 18.2 18.4
28 61 17.8 17.4 18.2 18.6 18.7 18.5 18.2
29 72 15.9 15 16.7 13.4 13.1 13.6 14.6
30 78 16.7 16.9 16.5 16.5 15.8 17.2 16.6
31 81 14.7 15.9 13.4 13.2 13.8 12.6 13.9
32 81 17.7 16.9 18.5 20.0 20.6 19.4 18.9
33 20 22.9 229 22.8 23.0 22.9 23 229
34 20 24.2 24.4 24 25.3 24.8 25.7 24.7
35 20 26.9 27.2 26.6 27.2 27.8 26.6 27.1
36 25 22.8 23.1 224 22.8 23.6 22 22.8
37 25 22.3 224 22.1 22.7 22.8 22.5 22.5
38 35 26.7 27.1 26.3 24.9 24.9 24.8 25.8
39 35 26.2 27.4 249 28.0 28.2 27.8 27.1

(Continued)
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Case Age SWS-T SWS-T-R SWS-T-L SWS-L SWS-L-R SWS-L-L SWS-M
(years) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)
40 44 20.6 20.4 20.8 20.0 20.2 19.8 20.3
Mean,
standard 36 £17 222*32 222 %35 223 *3.1 222*35 22.2*38 222*34 222*33
deviation

SWS-L, shear wave stiffness of CCP measured in the longitudinal section; SWS-L-L, SWS-L of left CCP; SWS-L-R, SWS-L of right CCP; SWS-M, mean of
SWS-T and SWS-L; SWS-T, shear wave stiffness of CCP measured in the transverse section; SWS-T-L, SWS-T of left CCP; SWS-T-R, SWS-T of right CCP.

obtained with the penis in the flaccid state. All patients kept
breathing regularly during the whole examination.

Measurement of stiffness

The shear wave stiffness (SWS) of Left-CCP and Right-CCP
was measured, respectively, using SWE images. Kilopascal (kPa)
was selected as the unit. ROI was a circle depicted with tunica
albuginea as the boundary. Measurement indexes of SWS in-
cluded (1) SWS of CCP measured in the transverse section
(SWS-T), SWS-T was equal to the average of Left-CCP and
Right-CCP; (2) SWS of CCP measured in the longitudinal sec-
tion (SWS-L), SWS-T was equal to the average of Left-CCP and
Right-CCP; (3) mean of SWS-T and SWS-L (SWS-M), SWS-M
was equal to the average of SWS-T and SWS-L.

Hormone test

The interval between hormone test and SWE examination of
each subject was less than 7 days. The measurement indexes
included testosterone and oestradiol.

Statistical analysis

The paired t-test was used to analyse the differences between
SWS-T and SWS-L. The Pearson correlation was used to analyse
the correlation of SWS of CCP with age as well as sex hormone
levels. The partial correlation was used to analyse the correlation
of testosterone with age. The statistical analyses were performed
using SPSS® software v. 18.0 for Windows (SPSS Inc., Chicago,
IL). p<0.01 was considered statistically significant.

RESULTS

The SWE imaging of CCP of all the subjects was finished suc-
cessfully, and the images were all qualified (Figure 1). The SWS-T
and SWS-L of CCP of all the subjects were measured exactly
using SWE images (Figure 2). The examination time ranged

Table 2. Comparison of shear wave stiffness (SWS) of corpus
cavernosum penis (CCP) measured in different sections
(mean * standard deviation)

Section SWS of CCP (kPa)
SWS-T 222+32
SWS-L 222*35
p-value 0.817

SWS-L, SWS of CCP measured in the longitudinal section; SWS-T, SWS
of CCP measured in the transverse section.

from 5 to 10 min. After the examination, all the subjects in-
dicated that there was not any physical or psychological dis-
comfort during the examination, and they would like to accept
this examination.

The results of SWS are shown in Table 1. There was no signif-
icant difference between SWS-T of Left-CCP and Right-CCP
(p=0.476), and there was no significant difference between
SWS-L of Left-CCP and Right-CCP (p = 0.885). There was no
significant difference between SWS-T and SWS-L (p>0.05)
(Table 2).

The results of the analysis of correlation of the SWS of CCP with
age showed that SWS-T, SWS-L and SWS-M were all highly
correlated with age (p <0.01) (Figure 3). The correlation co-
efficient of SWS-T and age was —0.781; the correlation co-
efficient of SWS-L and age was —0.749; and the correlation
coefficient of SWS-M and age was —0.770 (Table 3).

The results of the analysis of correlation of the SWS of CCP with
testosterone showed that SWS-T, SWS-L and SWS-M were all
positively correlated with testosterone (p << 0.01) (Figure 4). The
correlation coefficient of SWS-T and testosterone was 0.427; the
correlation coefficient of SWS-L and testosterone was 0.424; and
the correlation coefficient of SWS-M and testosterone was 0.430
(Table 4).

The results of the analysis of correlation of the SWS of CCP with
oestradiol showed that SWS-T, SWS-L and SWS-M were all
negatively correlated with oestradiol (p <0.01) (Figure 5). The
correlation coefficient of SWS-T and oestradiol was —0.513; the
correlation coefficient of SWS-L and oestradiol was —0.433; and
the correlation coefficient of SWS-M and oestradiol was —0.475
(Table 5).

Table 3. Linear correlation analysis of shear wave stiffness
(SWS) of corpus cavernosum penis (CCP) and age (n=40)

SWS of Correlation
CCP coefficient (r-value) p-value
SWS-T —0.781 0.000
SWE-L —0.749 0.000
SWs-M —0.770 0.000

SWS-L, SWS of CCP measured in the longitudinal section; SWS-M,
mean of SWS-T and SWS-L; SWS-T, SWS of CCP measured in the
transverse section.

4 of 7 birpublications.org/bjr

Br J Radiol;88:20140671


http://birpublications.org/bjr

Full paper: A new method of measuring the stiffness of CCP with SWE™ BJR

Figure 3. (a) Shear wave stiffness (SWS) of corpus cavernosum penis (CCP) measured in the transverse section (SWS-T) plotted
against age. (b) SWS of CCP measured in the longitudinal section (SWS-L) plotted against age. (¢) Mean of SWS-T and SWS-L

(SWS-M) plotted against age.
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At the same time, the result of partial correlation analysis
showed that there was no significant correlation of testosterone
with age (p = 0.296) in this population of 40 patients.

DISCUSSION

SWE is a new ultrasound technology that could be used to
measure the stiffness of intravital tissue precisely. Studies have
found that SWE could be used to identify the difference of stiff-
ness of normal thyroid tissue, Hashimoto’s thyroiditis, malignant
and benign thyroid nodules.® The stiffness of invasive ductal
carcinoma, mastopathy, intraductal papilloma, fibroadenomas,
mammary glands and adipose tissue decreases gradually.” SWE
could also be used to monitor the stiffness of liver in different
stages of hepatocirrhosis.'’ At the same time, Richards et al''
diagnosed Peyronie’s disease with SWE for the first time. The
results showed that sonoelastography provides an additional way
to characterize, localize and deliver therapy to a lesion in patients
with Peyronie’s disease and is particularly useful when palpation
and B-mode ultrasonography have failed to demonstrate a plaque.

CCP is composed of lots of smooth muscle cells (about 40%),
fibre tissues, a tiny amount of endothelial cells and vascular
smooth muscle cells etc. The main process of penis erection is
as follows: with sexual stimulation, the smooth muscles of

Table 4. Linear correlation analysis of shear wave stiffness
(SWS) of corpus cavernosum penis (CCP) and testosterone
(n=40)

T
40.00

age (years)

(c)

2000
age (years)

(b)

CCP and vessels relax, CCP congests and swells and the
intracavernous pressure increases gradually. At the same time,
the subalbugineous veniplex are compressed, which can lead
to decrease of blood reflux. When the intracavernous pressure
is high enough, the inflow of penis arteries stops and there is
no outflow of subalbugineous veniplex, the penis is under
a fully closed condition. Thus, the change of tissue structure
of CCP has important effects on penis erection and evaluating
the tissue structure of CCP exactly is of great significance in
theory and clinic. The current method of evaluating the tissue
components of CCP is penis biopsy, by which we can observe
the density of smooth muscles and the content of collagen
fibres."®'? But the process is complicated, invasive and liable
to cause some severe side effects including penis pain and
fibrosis of cavernous tissue; therefore, patients are unlikely to
accept this method. So, the clinical application of penis bi-
opsy has been greatly restricted. Since the changes of tissue
structure of CCP can directly lead to the change of CCP
stiffness, the stiffness of CCP can also be used to evaluate the
tissue structure of CCP and measuring the stiffness of CCP
has important clinical significance.

So far, there has been no accurate and non-invasive way to adopt
to measure the stiffness of CCP in clinic, so it is necessary to

Table 5. Linear correlation analysis of shear wave stiffness
(SWS) of the corpus cavernosum penis (CCP) and oestradiol
(n=40)

SWS of Correlation SWS of Correlation
CCP coefficient (r-value) p-value CCP coefficient (r-value) p-value
SWS-T 0.427 0.006 SWS-T —0.513 0.001
SWS-L 0.424 0.006 SWS-L —0.433 0.005
SWS-M 0.430 0.006 SWS-M —0.475 0.002

SWS-L, SWS of CCP measured in the longitudinal section; SWS-M,
mean of SWS-T and SWS-L; SWS-T, SWS of CCP measured in the
transverse section.

SWS-L, SWS of CCP measured in the longitudinal section; SWS-M,
mean of SWS-T and SWS-L; SWS-T, SWS of CCP measured in the
transverse section.
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Figure 4. (a) Shear wave stiffness (SWS) of corpus cavernosum penis (CCP) measured in the transverse section (SWS-T) plotted
against testosterone. (b) SWS of CCP measured in the longitudinal section (SWS-L) plotted against testosterone. (c) Mean of SWS-T

and SWS-L (SWS-M) plotted against testosterone.
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explore a non-invasive method of measuring the stiffness of
CCP for clinical application. Accordingly, this study is intended
to explore the feasibility of measuring the stiffness of CCP with
SWE, which is a new method that could be used to measure the
stiffness of intravital tissues.

Since stiffness of CCP tissue is closely associated with age and
sex hormone levels, we analysed the correlation of SWS with age
as well as sex hormone levels after excluding other factors that
could influence the tissue structure of CCP, such as blood
pressure, blood glucose, blood lipid'*'> and organic diseases
including penis trauma and Peyronie’s diseases.'®'” The results
of the analysis showed that the stiffness of CCP was linearly
correlated with age and sex hormone levels. That was to say, the
SWS of CCP would decrease linearly with increase in age, de-
crease in testosterone and increase in oestradiol. This finding
was completely consistent with the pathological changes of CCP.
According to the results of existing research, we found that with
increase in age, the CCP tissue would change pathologically as
follows: smooth muscle cells would atrophy and decrease

200 4 :ﬂ Stﬁ 800 200 4 !w
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gradually, elastic and collagen fibres would reduce gradually,
reduction in the number of sinusoids would occur and then
occlusion and the sinus gap would become smaller and smaller,
finally fibre tissues would proliferate gradually.* These changes
would inevitably lead to the change of shear wave propagation
velocity produced in CCP tissue. According to the principles of
SWE imaging, SWS is proportional to the square of shear wave
velocity, so theoretically SWS of CCP changes with an increase
in age. At the same time, studies found that similar pathological
changes to CCP tissue would also occur with testosterone
decrease,”'®!'” so SWS of CCP would also change with testos-
terone decreasing.

We also found that there was no significant difference between
SWS-T and SWS-L. This suggested that the stiffness of CCP
measured with SWE was not affected by section selection. As
a non-invasive method, the examination procedure is simple
without special preparation, is quick (from 5 to 10 min) and is
easily accepted by patients. These features make it a promising
method for measuring the stiffness of CCP in clinics.

Figure 5. (a) Shear wave stiffness (SWS) of corpus cavernosum penis (CCP) measured in the transverse section (SWS-T) plotted
against oestradiol. (b) SWS of CCP measured in the longitudinal section (SWS-L) plotted against oestradiol. (¢c) Mean of SWS-T and

SWS-L (SWS-M) plotted against oestradiol.
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There are some limitations in the present study. Firstly, we did not
compare the new technique with a gold standard. Secondly, we
lacked the data from scanning in the state of tumescence. We did
not get the data for the patients who would not accept the
technique easily, and it was very difficult to ensure the same
tumescence degree when SWE examination was carried out for
each patient. However, the tumescence degree could affect the
SWS values.

CONCLUSION

The use of SWE to measure the stiffness of CCP is not affected
by section selection, and the SWE value is highly correlated with
age and sex hormone levels. At the same time, the examination
time is short, and the success rate is high. There is also no

BUR

contraindication, and it is easy to be accepted by the patients. In
summary, SWE is very promising in clinical application, and it
could serve as a new clinical method of measuring the stiffness
of CCP.
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