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Purpose: This prospective study was to evaluate shear wave elasto-
graphy (SWE) in the detection of prostate cancer (PC).
Methods: Patients scheduled for a transrectal ultrasound (TRUS)
biopsy of the prostate because of elevated prostate-specific antigen
levels or abnormal digital rectal examination result underwent a stan-
dard TRUS and SWE. A second TRUS examination and sextant
biopsy by a second physician blinded to SWE results was then per-
formed. Pathologic result was reviewed, and sensitivity, specificity,
negative predictive value (NPV), and positive predictive value (PPV)
were calculated.
Results:A total of 53 patients (318 sextants) participated in the study.
Mean age was 64.2 years (range, 53Y79 years). A total of 26 foci of
PC were detected in 11 patients (20.7%). On the basis of the receiver
operating characteristic curve, a value of 37 kPa was used as the
cutoff between benign and malignant. This produced a sensitivity of
96.2% (25/26), a specificity of 96.2% (281/292), a PPV of 69.4%
(25/36), and an NPV of 99.6% (281/282). Six (55%) of 11 false-
positive samples were secondary to benign calcifications. The Young
modulus of PC ranged from 30 to 110 kPa (mean [SD], 58.0 [20.7]
kPa). At the patient level, if a cutoff of 40 kPa was used, all PCs
would have been detected, and the positive biopsy rate would be 11
(50%) of 22 compared to 11 (20.8%) of 53 without SWEVa 140%
increase in the positive biopsy rate.
Conclusions: Shear wave elastography has a high sensitivity, spec-
ificity, PPV, and NPV for the detection of PC.With a high PPV, patients
with elevated prostate-specific antigen levels or abnormal results in the
digital rectal examination and negative SWE may not require biopsy.
This could significantly reduce the negative biopsy rate in PC detection.
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P rostate cancer (PC), usually adenocarcinoma of the pros-
tate, is the commonest malignancy in American men

(excluding skin cancers) and is second only to lung cancer as
a cause of cancer-related death.1 However, among men diag-

nosed with the disease, 93% will survive for at least 5 years
and 72% will survive for at least 10 years.1

Prostate-specific antigen (PSA), measured in serum, has
been used as a screening test for PC, with PSA levels above
4.0 ng/mL considered abnormal. In addition to adenocarci-
noma, a variety of benign diseases of the prostate (eg, acute
prostatitis and benign prostatic hypertrophy) as well as pros-
tatic instrumentation will elevate PSA levels, so false-positive
PSA results are common. On the other hand, approximately
20% of PC will present with PSA level less than 4.0 ng/mL.2,3

A commonly used screening protocol for PC combines serum
PSA measurement with digital rectal examination (DRE). The
positive predictive value (PPV) of this combination is quoted
as 60.6%, an improvement over DRE alone (PPV, 31.4%) or
PSA alone (PPV, 42.1%).3,4 Transrectal ultrasound (TRUS)Y
guided prostate biopsies are then used to evaluate those
patients identified as having abnormal levels by this screening
protocol. When sextant biopsies are used, only 25% of these
patients will have at least 1 positive biopsy, whereas the biopsy
technique will fail to detect tumor in at least 25% of patients
proven subsequently to have PC.5,6

T2-weighted magnetic resonance imaging and magnetic
resonance spectroscopy are also used to diagnose PC. The weak-
nesses of magnetic resonance imaging are their low sensitivi-
ties and their inability to accurately detect tumors smaller than
1 cm in diameter.7,8 Magnetic resonance spectroscopy also has
trouble detecting small tumors owing to their relatively small
effect on metabolites.9 The current set of imaging modalities
is not sufficient to properly diagnose PC. One possible solution
to this problem is arising in the form of elasticity imagingVor
elastography.

Contrast-enhanced ultrasound is also being evaluated for
detection and characterization of PC.10

Previous studies using strain elastography have demon-
strated sensitivity and specificities of 55% to 70%, PPV of
57% to 85%, and negative predictive value (NPV) of 72% to
87%.11Y13 Preliminary studies with shear wave elastography
have shown it to possess high sensitivity, high specificity, and
high NPV (all 990%) when compared to the current modal-
ities.14 This high NPV will especially allow patients with high
PSA levels but negative elastic examinations to be monitored
and spared the usual sextant biopsy.

Elastography Principles
Elastography evaluates tissue stiffness instead of echo-

genicity. This adds a new method of detecting any pathologic
abnormality that could otherwise be missed by conventional
ultrasound.12 Presently, there are 2 types of ultrasound elasto-
graphy: strain and shear wave. This study used shear wave
elastography (SWE). Tissue stiffness is expressed as Young
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modulus or simply the ratio of stress put on a material to the
tissue deformation caused by the stress.15 Shear wave is a
technique that uses a sonographic push pulse to generate a shear
wave in the tissues. Shear wave velocity (Vs) through the tis-
sue is affected by the stiffness, with stiffer tissues allowing it
to move faster (Fig. 1).16,17 The shear wave speed Vs (m/s) or
Young modulus (kPa) for each pixel is color coded and over-
laid on the B-mode image. A detailed discussion of the dif-
ferences of strain and shear wave elastography imaging can be
found elsewhere.18

Prostate Anatomy
The prostate lies in the anterior pelvis and surrounds the

middle portion of the male urethra, termed the prostatic ure-
thra. It is composed of glandular (exocrine) and stromal tis-
sues. The prostate has been described as having 5 lobes or 4
zones (Fig. 2).20 Of greatest significance are the zones because
they differ significantly in types and frequency of pathologic
abnormalities. These 4 zones are the peripheral zone, central
zone, transitional zone, and periurethral zone. The peripheral
zone is disk-shaped, located anterolaterally, and occupies ap-
proximately 70% of the prostate. This is the zone in which
70% to 80% of PC arises, making it a prime target for prostatic
surveillance. The central zone is wedge shaped and is located
between the urethra and the peripheral zone. It occupies ap-
proximately 25% of the prostate and is rarely the site of PC.
The transitional zone is made up of 2 separate lobes adjacent
to the anterior prostatic urethra. It comprises only 5% of the
prostate but is significant because this is the area in which

benign prostatic hypertrophy arises in a majority of men later
in life. The remaining 10% to 20% of PC arises in the tran-
sitional zone.20

METHODS
This prospective study was performed under local in-

stitutional review board supervision and was in compliance
with the Health Insurance Portability and Accountability Act
of 1996. Patients scheduled for TRUS biopsy because of an
elevated PSA level and/or abnormal DRE result were asked
to participate in this study. Transrectal ultrasound was performed
on an Aixplorer (SuperSonic Imagine, Aix en Provence, France)
with an SE12-3 MHz probe including B-mode, color Doppler,
and SWE imaging. The SWE scale is set to a maximum value of
90 kPa. In general, the SWE penetration setting was required
because the prostates were enlarged. Imaging was performed in
both the axial and transverse planes from seminal vesicles to the
apex of the gland. Usually, the field of view of the SWE is not
wide enough to evaluate the entire prostate, requiring the right
and left lobes be imaged separately. The least amount of pres-
sure on the prostate as possible while maintaining contact with
the probe was used in all cases. At each imaging plane, the
probe was held steady for approximately 3 to 5 seconds (several
frames) to obtain a stabilized image. Measurement of the Young
modulus (kPa) was made in every nodule and area with SWE
velocity above the baseline prostate tissue. Images were stored
digitally.

FIGURE 1. A, Technique for SWE. Step 1: The
sonographic push pulse being released and
propagating a shear wave through the tissue.
Step 2: Ultrafast imaging being used to pick up
longitudinal wave echoes coming back from the
tissue. Step 3: An ‘‘elastic map,’’ or phantom, being
made based on how fast the echoes came back.
The stiffer the tissue the faster the shear wave
propagates through them. B, A sample elastic
phantom of breast tissue. Note the obvious red foci
in the middle of the image. It represents a tumor,
which has a higher stiffness value and thus a faster
shear wave velocity.
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Nodules and other suspicious areas were noted by the
radiologist. Afterward, the urologist performed a DRE, per-
formed a TRUS with S2000 (Siemens Ultrasound, Mountain
View, Calif ) using an EC 9-4 probe with B-mode ultrasound,
and performed sextant biopsy based on standard clinical prac-
tice without knowledge of the SWE findings. Prostate volume
was calculated using the volume measurement on the ultra-
sound unit. Any abnormalities on B-mode alone were also ex-
amined by biopsy per standard protocol. If abnormalities on
the SWE were not included in the original biopsy, additional
samples of these areas were obtained after the completion of
standard biopsy.

The prostate was divided into sextants for analysis. The
central and transitional zones are complex, deep, and often
contain calcifications that make interpretation difficult. The
peripheral zone lends itself to excellent shear wave imaging.
Therefore, we limit our interpretation to the peripheral zone.
Nodules identified on B-mode were documented and corre-
lated with SWE values. The SWE and biopsy results were
compared for each sextant. Biopsies were staged based on the
Gleason score (scale of 2Y10). The receiver operating char-
acteristic (ROC) curve was generated using the Young mod-
ulus and the pathologic result (benign or malignant). The
highest Young modulus value in the sextant was used.

In patients undergoing total prostatectomy, the speci-
mens were sliced in the plane of imaging for correlation with
imaging findings.

RESULTS
A total of 53 patients participated in the study, provid-

ing 318 sextants. Mean patient age was 64.2 years (range,
53Y79 years). Mean PSA level was 5.05 ng/mL (range, 0.21Y
18.6 ng/mL). A total of 26 foci of cancer were detected in 11
(20.7%) of the 53 patients. Of the 11 patients with cancer,
5 have undergone total prostatectomy for which histologic result
was available for comparison.

Pathologic results also included 242 benign prostate
tissues, 21 with atypia, 13 with acute prostatitis, and 16 with
chronic prostatitis. The results are summarized in Table 1.

The ROC curve of the Young modulus for benign
lesions (benign, atypia, acute, and chronic inflammation) and
malignant lesions is presented in Figure 3. On the basis of the
ROC curve, a value of 37 kPa was used as the cutoff between
benign and malignant. This produced a sensitivity of 96.2% (25/
26), specificity of 96.2% (281/292), PPVof 69.4% (25/36), and
NPVof 99.6% (281/282). Of 11 false-positive samples, 6 (55%)
were secondary to calcifications noted on B-mode in benign
tissue. The Young modulus of cancers ranged from 30 to 110
kPa, with a mean (SD) value of 58.0 (20.7) kPa. Benign lesions
had Young modulus ranging from 9 to 107 kPa, with a mean
(SD) value of 21.5 (11.5) kPa.

The Young modulus values of PC were statistically sig-
nificant compared to each of the benign categories: cancer
versus benign (P G 0.0001), cancer versus atypia (P G 0.0001),
cancer versus acute inflammation (P G 0.0001), and cancer
versus chronic inflammation (P G 0.0001). The Young modulus
values between benign lesions were all statistically nonsignifi-
cant: benign versus atypia (P = 0.818), benign versus acute
inflammation (P = 0.606), benign versus chronic inflammation
(P = 0.0509), and acute inflammation versus chronic inflam-
mation (P = 0.096).

TABLE 1. Summary of Results

n Pathologic Result
Minimum

kPa
Maximum

kPa
Mean
kPa SD

242 Benign 9 107 21.2 11.8

21 Atypia 14 38 20.6 5.3

26 Cancer 30 110 58.0 20.7

13 Acute inflammation 9 28 19.5 5.5

16 Chronic inflammation 13 63 27.3 15.5

FIGURE 2. Anatomy of the prostate gland. Note the 3 zones and their spatial relationship to one another. The transition zone
surrounds the urethra and is the least posterior. It is also the site of BPH, which is why urination is compromised. The peripheral
zone is the most posterior and is the thus the easiest to image with elastography. This is useful considering it is a high rate of
pathology. Reprinted from Kundra et al19 by permission of American Roentgen Ray Society.
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There were 51 nodules noted on B-mode imaging. Of these, 6
(11.8%) were malignancies on pathology. Of 45 benign lesions,
43 (95.6%) were classified as benign on SWE, and all 6 (100%)
malignant lesions were classified as malignant on SWE. There
were 2 false-positives, both benign lesions with calcifications.
This corresponds to a sensitivity of 100%, specificity of 95.6%,
PPVof 75%, and NPVof 100% in SWE predicting malignancy
in nodules detected in B-mode imaging.

At the sextant level, to obtain a 100% sensitivity, a
cutoff value of 30 kPa is required. At the patient level (patient
with cancer of 30 kPa also had 2 other PC foci with 40 kPa),
if a cutoff of 40 kPa was used, all cancers would have been
detected, and the positive biopsy rate would be 11 (50%) of
22 compared to 11 (20.8%) of 53 without SWEVa 140% in-
crease in the positive biopsy rate.

The shear wave pulse penetrates 3 to 4 cm. In a large
prostate, this may not penetrate deep enough to measure the
entire peripheral zone (Fig. 4).

Figure 5 is a benign prostate gland in a 74-year-old black
man who presented with a PSA level of 12.3 ng/mL. Five years
earlier, his PSA level was 8.0 ng/mL. Result from the DRE was
unremarkable. Sextant biopsy was negative for disease. B-mode
ultrasound was negative for disease, with a prostate volume of
26 mL. On SWE, the peripheral zone is blue, corresponding to
a low (G20 kPa) Young modulus throughout.

A selected image from a 65-year-old white man who
presents with a PSA level of 4.6 ng/mL is presented in Figure 6.
Firmness on the left side of the gland was present on DRE.
No abnormality is identified on B-mode or Color Doppler
imaging. On SWE, there is a lesion with a high Young modu-
lus of 119 kPa (red). Image-guided biopsy confirms PC with
Gleason grade 6.

Figure 7 is a selected image from a 54-year-old white
man with a hypoechoic nodule in the peripheral zone. Note that
the nodule has a low Young modulus of less than 20 kPa con-
sistent with a benign etiology. However, there is an area of

FIGURE 4. Image demonstrating the depth of penetration of the push pulse generating the shear wave. The image on the top
is the shear wave image. The image on the bottom is the B-mode image. Measurement of elasticity is expressed as the Young
modulus (kPa) displayed on a color scale. In the areas without color in the field of view, the shear wave is not generated, and
therefore, the elasticity (stiffness) is not measured.

FIGURE 3. The ROC curve for kPa measurements between
malignant and benign prostate pathology. With a value of
37 kPa as cutoff, the sensitivity is 96.2%, the specificity is
96.2%, PPV is 69.4%, and NPV is 99.6%.
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FIGURE 6. True positive for Gleason 6 carcinoma. This patient presented with a low PSA but firm left side on digital rectal
exam. B-mode imaging and color Doppler produced no findings. Shear wave elastography presented this image. Note the
posterior high stiffness lesion on the left side. This lesion read at a high stiffness (119 kPa) and was confirmed on biopsy to be
a Gleason 6 carcinoma.

FIGURE 5. A prostate gland of a patient who recently had an elevation of PSA from 8 to 12.3 ng/mL. While increased PSA
may be cause for concern, elastic imaging revealed a benign prostate gland. Note the homogenous blue reading, indicative of
uniform low stiffness (G 20 kPa) and likely ruling out carcinoma.
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high Young modulus of 75 kPa (red), suggestive of a malig-
nancy. On image-guided biopsy, the hypoechoic nodule was
benign, whereas the red area was PC with Gleason grade 7.
This highlights the clinical strength of elastic imaging. Malig-
nant lesions can be differentiated from benign prostatic hyper-
trophy or prostatitis quite easily, because often, their stiffness
differs by a factor of 3 and can reach a factor of 10 in extreme
cases. Elastography can also be used to guide biopsy of the
prostate similar to B-mode imaging.

Calcifications appear as hard nodules on SWE and can
lead to false-positive findings (Figs. 8 and 9). Figure 8 is an
image from a 68-year-old white man showing an area with a

high Young modulus of 73 kPa, suggestive of a malignant
lesion. Small echogenic foci consistent with calcifications
were noted on B-mode imaging. SWEYguided biopsy of the
suspicious area confirms a benign prostatic tissue with focal
calcifications. Figure 9 is a selected SWE image from a 56-year-
old white man with a focal area of high Young modulus of
67 kPa. SWEYguided biopsy of the lesion revealed acute and
chronic inflammation with focal calcifications.

Shear wave elastography can also be used to evaluate for
extracapsular extension of tumor. Extracapsular extension of a
PC into the seminal vesicles is presented in Figure 10 with the
associated pathology on total prostatectomy. The area with a

FIGURE 7. Comparison of ultrasound and SWE. This patient presented with a hypoechoic nodule on ultrasound (black lesion
with arrow). Shear wave elastography was preformed, and the nodule was found to be of low stiffness (G20 kPa). Note the blue
area with a yellow arrow. However, another lesion was found with a high stiffness (75 kPa) and was found on biopsy to be PC
with Gleason grade 7. Note the red lesion with a red arrow.

FIGURE 8. False-positive on SWE. This patient had a stiff (73 kPa) and echogenic lesion that suggested malignancy. Note the
posterior red lesion circled. Upon biopsy, it was found to be benign prostatic tissue that had been calcified. This highlights a
current limitation to SWE.

Barr et al Ultrasound Quarterly & Volume 28, Number 1, March 2012

18 www.ultrasound-quarterly.com * 2012 Lippincott Williams & Wilkins

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



high Young modulus is observed to extend beyond the prostate
capsule and into the seminal vesicles on SWE, which was
confirmed on surgical pathology.

DISCUSSION
Shear wave elastography is a very promising technique

for the detection and biopsy of PC. Additional studies are
needed before it can become part of the standard protocol in
PC treatment. Of particular interest is its high negative pre-
dictive value that may reduce the need for invasive procedures

such as biopsies. At present, only 25% to 30% of patients have
a positive biopsy. In our study, there was a 20.8% positive
biopsy rate. If SWE was used, the biopsy rate could have been
decreased by 52.6%, yielding a biopsy rate of 50.0%. Fur-
ther study needs to be performed to determine whether elim-
inating calcifications from biopsy is appropriate, which would
have improved the biopsy rate to 68.8%. The ability to detect
and guide biopsies of areas suspicious for cancer will also
help to improve PC detection rates.

This study is limited by relatively small number of cases.
Our cutoff value of 37 kPa needs to be validated in a larger

FIGURE 9. False-positive on SWE. This patient had a high (67 kPa) stiffness nodule noted on SWE. Note the posterior
yellow-orange area circled. It was found on biopsy to be an inflamed prostatic tissue with focal calcifications, again
highlighting a weakness of SWE.

FIGURE 10. A 45-year-old black man with a PSA level of 6.6 ng/mL. On SWE, the PC is identified with a Young modulus of
63 kPa with extension into the right seminal vesicle with a Young modulus of 72 kPa (red arrows). At sextant biopsy, PC was
confirmed in the right base. The patient underwent total prostatectomy. Histology at total prostatectomy confirms PC with
Gleason grade 7 at the right base extending into the right seminal vesicle.
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multicenter trial. A larger number of cases is required to de-
termine whether the Young modulus is correlated to the tumor
grade. Our initial results suggest that shear wave elastography
may be more sensitive and specific in diagnosing PC than
strain elastography.

Transrectal SWE of the prostate has the potential to
become the primary imaging modality for detection of PC.
The US Preventive Services Task Force recently advised not
to recommend PSA screening because of possible complica-
tions of the low positive biopsy rate.21 Their concern is that
the risk of complications negated any benefit of detecting PC.
The addition of SWE imaging to PSA and DRE PC screen-
ing has the potential to improve the risk/benefit ratio favoring
screening.
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