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Rationale and Objectives: The aim of this study was to assess prostate cancer detection using a broad range of computed b-values
up to 5000 s/mm2.

Materials and Methods: This retrospective Health Insurance Portability and Accountability Act-compliant study was approved by an
institutional review board with consent waiver. Forty-nine patients (63 ± 8 years) underwent 3T prostate magnetic resonance imaging
before prostatectomy. Examinations included diffusion-weighted imaging (DWI) with b-values of 50 and 1000 s/mm2. Seven computed
DWI image sets (b-values: 1000, 1500, 2000, 2500, 3000, 4000, and 5000 s/mm2) were generated by mono-exponential fit. Two blinded
radiologists (R1 [attending], R2 [fellow]) independently evaluated diffusion weighted image sets for image quality and dominant lesion
location. A separate unblinded radiologist placed regions of interest to measure tumor-to-peripheral zone (PZ) contrast. Pathologic find-
ings from prostatectomy served as reference standard. Measures were compared between b-values using the Jonckheere-Terpstra trend
test, Spearman correlation coefficient, and generalized estimating equations based on logistic regression for correlated data.

Results: As b-value increased, tumor-to-PZ contrast and benign prostate suppression for both readers increased (r = +0.65 to +0.71,
P ≤ 0.001), whereas anatomic clarity, visualization of the capsule, and visualization of peripheral-transition zone edge decreased (r = −0.69
to −0.75, P ≤ 0.003). Sensitivity for tumor was highest for R1 at b1500–3000 (84%–88%) and for R2 at b1500–2500 (70%–76%). Sen-
sitivities for both pathologic outcomes were lower for both readers at both b1000 and the highest computed b-values. Sensitivity for
Gleason >6 tumor was highest for R1 at b1500–3000 (90%–93%) and for R2 at 1500–2500 (78%–80%). The positive predictive value
for tumor for R1 was similar from b1000 to 4000 (93%–98%) and for R2 was similar from b1500 to 4000 (88%–94%).

Conclusions: Computed b-values in the range of 1500–2500 s/mm2 (but not higher) were optimal for prostate cancer detection; b-values
of 1000 or 3000–5000 exhibited overall lower performance.
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INTRODUCTION

D iffusion-weighted imaging (DWI) plays a central role
in prostate magnetic resonance imaging (MRI) in-
terpretation, being designated as the dominant

sequence for guiding localization and risk assessment of focal

peripheral zone (PZ) lesions in the American College of Ra-
diology Prostate Imaging Reporting and Data System (PI-
RADS) version 2 guidelines (1). When performing DWI using
conventional b-values up to 1000 s/mm2, the apparent dif-
fusion coefficient (ADC) map serves as the primary image set
for interpretation. In comparison, unsuppressed signal within
benign prostate tissue obscures potential hyperintensity within
tumors on the acquired DWI at such b-values (2). Although
higher b-value DWI yields greater benign tissue suppression
and thus potential improved tumor visualization, direct ac-
quisition of such b-values is technically difficult because of
issues related to reduced signal-to-noise ratio (SNR) and in-
creased anatomic distortion and artifacts resulting from increased
eddy currents at these b-values (3).

A number of studies report techniques entailing novel pulse
sequences and parameter optimization for improving distor-
tion and artifacts of high b-value DWI (4–6). However, an
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alternative approach is to perform “computed” DWI, in which
the very high b-value images are mathematically derived from
the ADC map without being actually acquired themselves (7).
This scheme is intended to provide the benign prostate signal
suppression of acquired very high b-value images while avoid-
ing the challenges of low SNR and increased artifacts that are
encountered when directly acquiring such images. Al-
though computed high b-value DWI does not acquire
additional diffusion data compared to the standard b-values,
this post-processing technique may in practice improve visual
conspicuity of tumors, without requiring any increase in scan
time. Indeed, a number of studies have demonstrated signifi-
cantly improved prostate cancer detection using computed
b-values up to 2000 (3,8–10). Furthermore, PI-RADS v2 for-
mally acknowledges the role of computed DWI in
multiparametric prostate MRI and incorporates findings at the
very high b-values into its lesion assessment categories (1).

Although the initial literature relating to computed DWI
in the prostate generated images at b-values up to 2000,
such a b-value need not serve as an upper limit, as continual
greater degrees of benign tissue suppression occur as the
b-value increases even further. In fact, one recent study
explored computed DWI of the prostate at b-values up to
4000 (11), reporting greatest signal contrast between tumor
and benign prostate at the highest investigated b-value of
4000. Although the findings appear promising, that earlier
study included a small sample size of only 14 patients,
employed ultrasound-guided biopsy as the reference stan-
dard, and did not compare actual reader accuracy for tumor
detection between the various b-values (11). Given such
limitations, the added clinical value of b-values in the inves-
tigated range remains unknown, and further investigation is
warranted. Therefore, in this study, our aim is to assess
prostate cancer detection using a broad range of computed
b-values ranging from 1000 to 5000s/mm2.

METHODS

Patients

This retrospective study was Health Insurance Portability and
Accountability Act-compliant and was approved by our in-
stitutional review board, receiving a waiver of the requirement
for written informed consent. Initially, 56 consecutive pa-
tients who underwent multiparametric MRI of the prostate
before radical prostatectomy were identified. Patients were
then excluded for the following reasons: MRI performed at
an outside institution (n = 4), MRI performed at 1.5T (n = 2),
and severe artifact on DWI (n = 1). These exclusions left a
final included cohort of 49 patients (mean age: 63 ± 8 years).
MRI was performed in these patients for the following reasons:
no prior biopsy (n = 9), prior negative biopsy with persis-
tent clinical concern for prostate cancer (n = 5), and prior
positive biopsy (n = 37). In patients who had undergone prior
biopsy before MRI, the mean delay between biopsy and MRI
was 383 ± 757 days. The mean delay between MRI and surgery

was 62 ± 67 days. The mean prostate specific antigen level
was 6.4 ± 4.4 ng/mL.

MRI Acquisition and Post-processing

MRI was performed in all patients using a 3T clinical system
and a multichannel pelvic phased-array coil (MAGNETOM
Trio, Biograph, or Skyra, Siemens Healthcare, Erlangen,
Germany; 6, 12, or 18 coil channels, respectively). All ex-
aminations included an axial turbo spin echo T2-weighted
imaging (T2WI) sequence of the prostate and seminal vesicles
[repetition time (TR)/echo time (TE) of 4000–4960/105 ms,
slice thickness of 3 mm, field of view of 180 × 180 mm, matrix
of 256 × 256, parallel imaging factor 2, 3 averages], as well
as an axial single-shot fat-suppressed echo-planar imaging DWI
sequence of the prostate and seminal vesicles (TR/TE of
4100/86 ms, slice thickness of 3 mm, field of view of
200 × 200 mm, matrix of 100 × 220, parallel imaging factor
2, 10 signal averages per b-value; b-values of 50 and
1000 s/mm2), as has been previously published (12). The ADC
map was constructed by the console in an inline fashion on
a voxel-by-voxel basis using a standard mono-exponential fit.
Coronal T2WI, dynamic contrast-enhanced imaging of the
prostate, and delayed post-contrast fat-suppressed T1-
weighted imaging of the pelvic were also performed for all
examinations for all MRI systems, although these were not
evaluated as part of this study. Simultaneous position emis-
sion tomography (PET) was not performed in patients imaged
using the Biograph.

At the time of this investigation, dedicated post-processing
software (ProFuse, Eigen, Grass Valley, CA) was used to con-
struct seven computed DWI image sets for each examination
at the following b-values—1000, 1500, 2000, 2500, 3000, 4000,
and 5000 s/mm2—based on a mono-exponential model. A
greater number of b-values was selected in the lower portion
of this range given that these lower b-values more closely cor-
respond with the b-values used in current clinical practice.
The post-processing software assigned only non-negative voxel
values for computed DWI, consistent with the magnitude re-
construction of acquired DWI in clinical practice.

Image Interpretation

Two radiologists (JR and AK with 2- and 1-year experience
in prostate MRI, and having reviewed approximately 500 and
250 prostate MRI examinations prior to this study, respec-
tively) independently evaluated the ADC map, the acquired
b1000 images, and the six computed DWI image sets for each
patient, blinded to clinical and pathologic information aside
from the knowledge that each patient had undergone radical
prostatectomy. All image sets were initially assigned a unique
identifier in order to be blinded in terms of both patient iden-
tity and b-value (aside from the ADC map, for which only
the patient identity was blinded). The seven computed b-value
image sets (1000 through 5000 s/mm2) and the ADC maps
were then individually evaluated in a random order in terms
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of both of these factors. The readers were able to freely adjust
the window and level settings of each individual image set at
the time of interpretation. Each distinct DWI image set was
reviewed simultaneously with the axial T2WI, which had been
replicated a sufficient number of times in order to be sepa-
rately associated with each image set for each patient. Using
this approach, during each assessment, readers reviewed T2WI
in combination with a single computed b-value (1000 through
5000 s/mm2) or the ADC map, blinded to the other image
sets. The directly acquired b1000 image set was not included
in the analysis, so as to solely compare computed DWI of varying
b-values. The T2WI was used only as an anatomic reference,
with the readers’ interpretations reflecting solely abnormali-
ties identified on the given DWI image set.

For computed b-value image sets, the readers first evaluated
the image set using a 1–5 scale for various measures of subjec-
tive image quality: background signal suppression of the prostate
(5 = maximal signal suppression), anatomic clarity (5 = excel-
lent clarity), visualization of the prostatic capsule (5 = excellent
visualization), and visualization of the peripheral-transition zone
(TZ) boundary (5 = excellent visualization). Then, for all image
sets, the readers identified the dominant visualized lesion using
the given image set, considered to be an area exhibiting focal
increased signal intensity (or decreased voxel values when evalu-
ating an ADC map). If multiple lesions showing increased signal
intensity (or decreased voxel values for the ADC map) were iden-
tified, then the readers selected only a single area based on
consideration of the lesion’s size, focality, and degree of signal
alteration. The readers recorded for each selected lesion its lat-
erality, slice position, and location within either the anterior versus
posterior and medial versus lateral aspect of the prostate. The readers
had the option to select no suspicious lesion for a given image
set if no area of abnormal signal intensity (SI) could be identi-
fied. Also, for each identified lesion, the readers recorded using
a 1–5 scale the lesion’s degree of visual conspicuity (5 = excel-
lent conspicuity) and their degree of confidence in the lesion
(5 = very high confidence).

One month following the initial interpretations, one of the
two radiologists (JR) evaluated all image sets using addition-
al post-processing software (FireVoxel; https://wp.nyu
.edu/firevoxel/), aware of pathologic findings. The radiolo-
gist manually traced a region of interest (ROI) within an
identified abnormality on the ADC map for each patient cor-
responding with the location of the pathologically defined index
tumor, as subsequently described, aside from two patients in
whom no corresponding abnormality could be identified during
retrospective unblinded evaluation. The ROI was traced just
within the outer edge of the lesion. A similar-sized ROI was
also placed in an area of normal-appearing PZ that was benign
on histologic assessment. The software was then used to di-
rectly copy the ROIs to all of the b-value images. The mean
value of all ROIs was recorded. Tumor-to-PZ contrast was
then calculated as (SItumor − SIPZ)/(SItumor + SIPZ), giving a value
between 0 and 1 and that is greater in the setting of higher
relative contrast (13,14). Mean ROI size was 0.85 ± 0.69 cm2

and the range was 0.07–4.30 cm2.

Reference Standard

The prostatectomy specimens underwent fine-needle forma-
lin injection followed by 24-hour fixation. Standard 4-μm
step-section slides using H&E staining were then prepared of
the specimens in their entirety. The slides for each speci-
men were reviewed by one of three institutional uropathologists
using a standardized diagram of the prostate for recording the
location, size, and Gleason score of all tumor foci. For each
patient, the index tumor was selected as the tumor focus having
the highest Gleason score. If multiple tumor foci shared the
highest Gleason score, then the largest of these foci was se-
lected as the index tumor. An index tumor was identified for
all patients.

An additional radiologist (AR, with 7 years of experience
in prostate MRI) compared the radiologists’ MRI readings
and the standardized prostate diagrams constructed by the pa-
thologists in order to compare the assigned locations of the
identified suspicious lesion on MRI and the index tumor iden-
tified on pathologic assessment. Lesions were considered to
be a match when occurring within the same position of the
prostate in terms of all evaluated location attributes (right vs
left, medial vs lateral within the given lobe, base vs midgland
vs apex, and anterior vs posterior).

Statistics

All analyses were performed separately for the two readers.
The subjective image quality measures were assessed for a
generic monotonic trend across b-values using the Jonckheere-
Terpstra (JT) trend test, and the Spearman rank correlation
coefficient was used to characterize the strength of such mono-
tonic associations. In order to fulfill the assumption of the JT
test of independent samples (implying that each subject pro-
vides data for a single b-value), the sample of 49 subjects was
randomly partitioned into 7 disjoint subgroups of 7 subjects
each, and the subgroups were randomly assigned to the 7
b-value, thereby creating proper subsets wherein no one subject
provided data for more than one b-value. The JT test was
then applied to these subsets. This approach was applied across
b-values ranging from 1000 through 5000 s/mm2 for back-
ground suppression, anatomic clarity, visualization of the capsule,
visualization of the PZ/TZ edge, and tumor-to-PZ con-
trast, s/mm2. Inter-reader agreement for the subjective features
was computed by combining each reader’s assessments for all
b-values into a single vector and computing weighted kappa
coefficients. Logistic regression for correlated data was used
to compare the image sets with respect to sensitivity and the
positive predictive value (PPV) for the detection of the index
tumor relative to pathology as reference standard. Logistic re-
gression for correlated data was also used to compare image
sets with respect to the sensitivity for detection of tumors with
Gleason score ≥7 relative to pathology. Specifically, gener-
alized estimating equation (GEE) based on binary logistic
regression was used to model concordance between reader
interpretation and results from pathology as a function of image
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set. This model accounted for statistical dependencies among
results provided for the same subject. GEE avoids potential-
ly erroneous assumptions of the more conventional general
linear mixed model and may therefore provide more
reliable estimates of associations among model variables (15).
The analysis required a difference in interpretation of at least
25% of cases in order to achieve 80% power to detect a dif-
ference in sensitivity of 10% between any given combination
of two DWI image sets. All statistical tests were conducted
at the two-sided 5% significance level using SAS 9.3 (SAS
Institute, Cary, NC).

RESULTS

Image Quality

Background prostate tissue suppression showed a significant
increase with increasing b-value for both readers (r = +0.65
to +0.71, P ≤ 0.001) (Table 1). However, anatomic clarity,
visualization of the capsule, and visualization of the peripheral-
transition zone boundary all showed significant decreases with
increasing b-value readers (r = −0.69 to −0.75, P ≤ 0.003)
(Table 1). Inter-reader agreement was moderate for all of these
features (background prostate tissue suppression: 0.412; an-

atomic clarity: 0.532; visualization of the capsule: 0.527;
visualization of the peripheral-transition zone boundary: 0.507).

Pathologic Findings

The distribution of Gleason scores of the index tumor in the
49 patients was as follows: 3 + 3 (n = 9), 3 + 4 (n = 30), 4 + 3
(n = 2), 4 + 4 (4), 4 + 5 (n = 3), and 5 + 5 (n = 1). Thirty-
six were located primarily in the PZ, and 13 were located
primarily in the TZ. The mean tumor diameter was 17 ± 8 mm.
Extraprostatic extension was present in 12 patients and seminal
vesicle invasion in one patient.

Tumor Detection

Tables 2 and 3 summarize and compare tumor detection using
the various image sets for both readers. The highest sensitiv-
ity for tumor was achieved at b-values of 1500–3000 for reader
1 and of 1500–2500 for reader 2, and for Gleason score ≥7
tumor at b-values of 1500–3000 for reader 1 and of 1500–
2500 for reader 2. Sensitivities for both pathologic outcomes
were lower for both readers at a b-value of 1000 as well as
at the highest computed b-values. Reader 1 achieved signifi-
cantly higher sensitivity for Gleason ≥7 tumor at b-values of

TABLE 1. Comparison of Measures of Image Quality Between Diffusion-weighted Images Using Various b-values (Provided as
Mean ± Standard Deviation)

b-Value

Background Suppression Anatomic Clarity Visualization of Capsule Visualization of PZ-TZ Edge

Reader 1 Reader 2 Reader 1 Reader 2 Reader 1 Reader 2 Reader 1 Reader 2

1000 2.29 ± 0.71 2.37 ± 0.86 4.53 ± 0.65 4.65 ± 0.75 4.69 ± 0.51 4.69 ± 0.74 4.49 ± 0.77 4.33 ± 0.77
1500 3.08 ± 0.81 3.49 ± 0.82 3.82 ± 0.39 3.90 ± 0.42 4.14 ± 0.68 3.80 ± 0.50 3.67 ± 0.63 3.98 ± 0.80
2000 3.55 ± 0.54 4.20 ± 0.54 3.63 ± 0.49 3.06 ± 0.24 3.80 ± 0.46 3.31 ± 0.47 2.98 ± 0.32 3.04 ± 0.20
2500 3.63 ± 0.57 4.59 ± 0.61 3.00 ± 0.29 2.71 ± 0.46 3.12 ± 0.33 2.98 ± 0.14 3.29 ± 0.76 2.71 ± 0.50
3000 3.67 ± 0.72 4.90 ± 0.31 2.84 ± 0.37 2.37 ± 0.53 3.04 ± 0.41 2.61 ± 0.53 2.80 ± 0.91 2.41 ± 0.67
4000 4.43 ± 0.65 4.94 ± 0.43 2.59 ± 0.57 1.55 ± 0.54 2.90 ± 0.42 1.80 ± 0.46 2.18 ± 0.91 1.39 ± 0.53
5000 4.35 ± 1.01 4.49 ± 1.32 2.45 ± 1.12 2.35 ± 1.88 2.76 ± 0.90 2.16 ± 1.52 1.94 ± 0.90 2.10 ± 1.58

PZ-TZ, peripheral zone-transition zone.

TABLE 2. Comparison of Diagnostic Performance for Index Tumor Localization and Tumor-to-peripheral Zone (PZ) Contrast
Between Various Diffusion-weighted Image Sets

b-Value

Sensitivity (All Tumors) Sensitivity (Gleason score > 6) PPV
Tumor-to-PZ
ContrastReader 1 Reader 2 Reader 1 Reader 2 Reader 1 Reader 2

ADC map 81.6% (40/49) 71.4% (35/49) 82.5% (33/40) 75.0% (30/40) 95.2% (40/42) 85.4% (35/41) 0.18 ± 0.08
1000 79.6% (39/49) 63.3% (31/49) 80.0% (32/40) 67.5% (27/40) 95.1% (39/41) 82.1% (32/39) 0.18 ± 0.13
1500 85.7% (42/49) 75.5% (37/49) 92.5% (37/40) 80.0% (32/40) 93.3% (42/45) 92.5% (37/40) 0.25 ± 0.16
2000 87.8% (43/49) 71.4% (35/49) 92.5% (37/40) 77.5% (31/40) 95.6% (43/45) 87.5% (35/40) 0.33 ± 0.18
2500 85.7% (42/49) 69.4% (34/49) 90.0% (36/40) 77.5% (31/40) 97.7% (42/43) 91.9% (34/37) 0.41 ± 0.19
3000 83.7% (41/49) 65.3% (32/49) 90.0% (36/40) 70.0% (28/40) 93.2% (41/44) 94.1% (32/34) 0.49 ± 0.21
4000 75.5% (37/49) 57.1% (28/49) 80.0% (32/40) 60.0% (24/40) 94.9% (37/39) 93.3% (28/30) 0.68 ± 0.23
5000 65.3% (32/49) 36.7% (18/49) 65.0% (26/40) 37.5% (15/40) 86.5% (32/37) 75.0% (18/24) 0.77 ± 0.27

ADC, apparent diffusion coefficient; PPV, positive predictive value.
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1500 and 2000 in comparison with the ADC map. In addi-
tion, PPV for tumor was similar across most b-values for both
readers, although lower at a b-value of 5000 for reader 1 and
at b-values of 1000 and 5000 for reader 2.

Quantitative tumor-to-prostate contrast showed a signifi-
cant increase with increasing b-value (r = +0.69, P < 0.001)
(Table 2).

Figures 1 and 2 demonstrate representative patients. Figure 3
graphically summarizes trends in anatomic clarity, tumor-to-
PZ contrast, and reader sensitivity across b-values.

DISCUSSION

We compared the accuracy for tumor detection of com-
puted DWI using a wide range of b-values. Consistent with
previous studies (12,16), accuracy initially improved signifi-
cantly when increasing the b-value past 1000 s/mm2, attributed
to increasing background prostate tissue suppression. However,

there is a paucity of data regarding the diagnostic impact of
extremely high b-values. As would be expected, back-
ground signal suppression progressively increased with increasing
b-values. However, this phenomenon provided diminishing
benefit at the highest investigated b-values owing to even-
tual excessive lose of signal within the prostate and surrounding
tissues, leading to diminished anatomic clarity and dimin-
ished visualization of normal landmarks such as the prostate
capsule and PZ-TZ edge. This effect at the highest b-values
may have led to difficulty in tumor location, thereby pro-
viding an explanation for the observed decreases in reader
performance at b-values in the range of 3000–5000 s/mm2.

Based on our data, it is not possible to favor a single b-value
as optimal (ie, as achieving highest diagnostic performance,
when considering both sensitivity and PPV) in comparison
with the others given comparable performance of a number
of the consecutive b-values. However, in consideration of the
data, a b-value in the range of 1500–2500 s/mm2 appears to

TABLE 3. P-values From Comparison of Image Sets with Respect to Measures of Reader Performance

Sensitivity (All Tumors)

ADC b1000 b1500 b2000 b2500 b3000 b4000

b1000 R1: 0.654
R2: 0.282

— — — — — —

b1500 R1: 0.413
R2: 0.526

R1: 0.254
R2: 0.028r

— — — —

b2000 R1: 0.176
R2: 1.000

R1: 0.098
R2: 0.151

R1: 0.313
R2: 0.412

— — — —

b2500 R1: 0.314
R2: 0.739

R1: 0.175
R2: 0.252

R1: 1.000
R2: 0.252

R1: 0.313
R2: 0.313

— — —

b3000 R1: 0.705
R2: 0.363

R1: 0.479
R2: 0.763

R1: 0.313
R2: 0.089

R1: 0.151
R2: 0.252

R1: 0.563
R2: 0.412

— —

b4000 R1: 0.253
R2: 0.029c

R1: 0.478
R2: 0.363

R1: 0.021c
R2: 0.001c

R1: 0.011c
R2: 0.005c

R1: 0.021c
R2: 0.028c

R1: 0.039c
R2: 0.095

—

b5000 R1: 0.009c
R2: <0.001c

R1: 0.016c
R2: 0.002c

R1: 0.006c
R2: <0.001c

R1: 0.002c
R2: <0.001c

R1: 0.003c
R2: <0.001c

R1: 0.010c
R2: <0.001c

R1: 0.089
R2: 0.002c

Sensitivity (Gleason Score > 6)

ADC b1000 b1500 b2000 b2500 b3000 b4000

b1000 R1: 0.654
R2: 0.364

— — — — — —

b1500 R1: 0.042r
R2: 0.478

R1: 0.023r
R2: 0.052

— — — — —

b2000 R1: 0.042r
R2: 0.705

R1: 0.023r
R2: 0.094

R1: 1.000
R2: 0.654

— — — —

b2500 R1: 0.077
R2: 0.705

R1: 0.040r
R2: 0.094

R1: 0.313
R2: 0.654

R1: 0.313
R2: 1.000

— — —

b3000 R1: 0.177
R2: 0.526

R1: 0.100
R2: 0.739

R1: 0.313
R2: 0.095

R1: 0.313
R2: 0.173

R1: 1.000
R2: 0.173

— —

b4000 R1: 0.654
R2: 0.051

R1: 1.000
R2: 0.313

R1: 0.023c
R2: 0.002c

R1: 0.001c
R2 <0.001c

R1: 0.040c
R2: 0.005c

R1: 0.040c
R2: 0.037c

—

b5000 R1: 0.015c
R2: <0.001c

R1: 0.028c
R2: 0.001c

R1: 0.001c
R2: <0.001c

R1: 0.001c
R2: 0.001c

R1: 0.001c
R2: <0.001c

R1: 0.001c
R2: <0.001c

R1: 0.010c
R2: 0.001c

ADC, apparent diffusion coefficient.
Values listed in bold when statistically significant at p<0.05. For statistically significant differences, “r” and “c” are used to denote whether
the image set represented by the given row or column, respectively, had higher sensitivity.
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be optimal, with similar excellent performance observed for
both readers across this range, and decreased performance to
a varying degree between readers at even higher b-values.
While an individual b-value within this range cannot be
specifically advised for clinical practice, our findings do high-
light the importance of incorporating high b-value images
within this range into routine prostate MRI interpretation,
as is also advised by PI-RADS v2 (1). Such b-values heavily

outperformed the images obtained using a b-value of 1000
for both readers, and to a lesser extent outperformed the ADC
map as well. At present, only certain MRI systems include
the ability to perform computed DWI in combination with
clinically available DWI sequences. In addition, while soft-
ware packages can be used to retrospectively perform computed
DWI, such packages are not available at many centers and
also may be more difficult to integrate into clinical workflows

Figure 1. A 64-year old man with Gleason score 3 + 4 tumor in the right posterolateral peripheral zone at radical prostatectomy that shows
decreased apparent diffusion coefficient (ADC) (arrows). Tumor is best visualized relative to surrounding prostate tissue at intermediate b-values.

Figure 2. An 80-year old man with Gleason score 3 + 4 tumor in the right anterior transition zone at radical prostatectomy that shows
decreased apparent diffusion coefficient ADC (arrows). Tumor is best visualized relative to surrounding prostate tissue at intermediate b-values.
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in order to allow for incorporation of computed DWI into
formal interpretations. When software is available for dynamic
or interactive generation of computed b-value DWI, one in-
teresting idea would be to simultaneously evaluate an array
of computed very high b-values, rather than a single com-
puted b-value, in an effort to integrate the benefits of the
various b-values (ie, better anatomic clarity vs better back-
ground signal suppression), without requiring additional
acquisition time.

Feuerlein et al. also evaluated computed DWI in prostate
tumors at b-values up to 4000 s/mm2, reporting increased qual-
itative and quantitative tumor conspicuity at the highest b-values
(11). However, their study sample comprised 14 patients having
undergone prostate biopsy, which was not sufficient to perform
a meaningful assessment of diagnostic reader accuracy (11).
Moreover, these past authors anecdotally acknowledged limi-
tations of the highest b-values, noting extreme variations in
signal intensity in normal structures, including periprostatic
tissues, at the highest b-values (11). Such signal intensity vari-
ation was accounted for by the error propagation theory (9)
and suggested to be a source of potential difficulty during clin-
ical image evaluation (11). In addition, Vural et al. evaluated
computed DWI of prostate cancer at b-values up to
3000 s/mm2 in 29 patients using consensus interpretations (17).

These authors reported better background tissue suppression
and tumor contrast ratios at the b-value of 3000 s/mm2, yet
better zonal delineation and similar tumor detection rate at
a b-value of 2000 s/mm2, such that a b-value of 2000 s/mm2

was selected as preferable. Such trends are consistent with the
overall pattern of findings within our study.

Our study has a number of limitations. First, the study was
retrospective and did not have a large sample size. Second,
the computation of the very high b-values using a standard
mono-exponential model precludes assessment of the non-
Gaussian properties of tissue diffusion, as can be evaluated by
applying a diffusion kurtosis model to the directly acquired
very high b-value images (18). The diffusion kurtosis model
is hypothesized to better reflect heterogeneity of tissue mi-
crostructure and influences of the intracellular environment,
which may have particular value for detecting cellular, high-
grade tumors (19). However, the impact of this potential loss
of information through the use of computed very high b-values
was not explored in our study. Moreover, a recent study
showed the feasibility of performing computed DWI using
non-mono-exponential models, such as the non-Gaussian kur-
tosis model or the intra-voxel incoherent motion model (16).
Although we did not investigate such models in our study,
the earlier study did not demonstrate a clear diagnostic benefit

Figure 3. Graphical summary of trends in anatomic clarity, tumor-to-peripheral zone (PZ) contrast, and reader sensitivity across b-values.
Results of the two readers are averaged for illustrative purposes.
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from use of these other models in comparison with acquired
DWI (16). Likewise, the mono-exponential model does not
reflect perfusion contributions to the measured SI, as are
assessed by the intravoxel incoherent motion model of dif-
fusion behavior (20). Such perfusion effects would be anticipated
to be non-negligible at the low acquired b-value of 50 s/mm2

in our study. Third, we did not perform separate analyses for
peripheral and transition zone tumors given the small number
of transition zone tumors in our cohort. Fourth, we were unable
to report specificity for tumor detection given the analysis on
a per-lesion basis, in which true-negative findings are unde-
fined. However, we have reported PPV as a reflection of the
frequency of false-positive interpretations. Fifth, we only evalu-
ated computed DWI obtained using a single software platform.
It is possible that performance of computed DWI at very high
b-values depends on aspects of the algorithm used (for
instance, the handling of potentially negative voxel values at
increasing b-values), and that findings may be different when
using other platforms. Sixth, we did not evaluate the diag-
nostic performance of multiple different b-values being assessed
in a joint fashion, possibly also in combination with the ADC
map. Seventh, although the computed high b-value images
compared favorably with the ADC map, the ADC map has
the additional established role in providing a quantitative
biomarker of tumor aggressiveness, which is not achieved using
the high b-value images. In this regard, we acknowledge that
computed DWI’s primary role in practice seems to be to aid
the visual detection of suspicious regions during clinical
interpretation, although not to replace the ADC map itself.
Finally, the readers in our study were aware that all patients
had undergone radical prostatectomy for prostate cancer, thereby
influencing their interpretations for the presence of tumor.
The relative impact of computed very high b-value DWI for
initial prostate cancer detection is unknown from our
study.

In conclusion, computed b-values in the range of 1500–
2500 s/mm2 were optimal for prostate cancer detection. In
comparison, b-values of 1000 or 3000–5000 s/mm2 exhib-
ited lower performance, relating to insufficient signal suppression
at the low b-value and excessive signal suppression leading
to diminished anatomic clarity at the higher b-values. Given
the findings, widespread availability of computed DWI with
b-values in the range of 1500–2500 s/mm2 across clinical mag-
netic resonance platforms should be considered a priority for
optimizing prostate MRI interpretation.
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