
 

AJR:183, October 2004

 

1079

 

Organ-Confined Prostate Cancer:

 

 
Effect of Prior Transrectal Biopsy on 
Endorectal MRI and MR Spectroscopic 
Imaging

 

OBJECTIVE.

 

 

 

Our aim was

 

 

 

to determine the effect of prior transrectal biopsy on endorectal
MRI and MR spectroscopic imaging findings in patients with organ-confined prostate cancer.

 

MATERIALS AND METHODS.

 

 

 

Endorectal MRI and MR spectroscopic imaging were
performed in 43 patients with biopsy-proven prostate cancer before radical prostatectomy
confirming organ-confined disease. For each sextant, two independent reviewers scored the
degree of hemorrhage on a scale from 1 to 5 and recorded the presence or absence of capsular
irregularity. A spectroscopist recorded the number of spectrally degraded voxels in the periph-
eral zone. The outcome variables of capsular irregularity and spectral degradation were corre-
lated with the predictor variables of time from biopsy and degree of hemorrhage after biopsy. 

 

RESULTS. 

 

Capsular irregularity was unrelated to time from biopsy or to degree of hemor-
rhage. Spectral degradation was inversely related to time from biopsy (

 

p

 

 < 0.01); the mean
percentage of degraded peripheral zone voxels was 18.5% within 8 weeks of biopsy com-
pared with 7% after 8 weeks. Spectral degradation was unrelated to the degree of hemorrhage.

 

CONCLUSION. 

 

In organ-confined prostate cancer, capsular irregularity can be seen at
any time after biopsy and is independent of the degree of hemorrhage, whereas spectral degra-
dation is seen predominantly in the first 8 weeks after biopsy. MRI staging criteria and guide-
lines for scheduling studies after biopsy may require appropriate modification.

he American Cancer Society esti-
mated that there would be 230,110
new cases of prostate cancer and

29,900 deaths due to prostate cancer in the
United States in 2004 [1]. Tumor extension be-
yond the prostate gland is an important histo-
pathologic finding that influences staging,
prognosis, and treatment [2–4]. Endorectal MRI
can accurately detect extracapsular extension
and seminal vesicle invasion, particularly when
used in conjunction with MR spectroscopic im-
aging or analyzed with serum prostate-specific
antigen levels [4–7]. It has been suggested that
the magnitude and extent of metabolic abnor-
mality on MR spectroscopic imaging may be
indicative of tumor aggressiveness and stage [8,
9]. Many centers in the United States are now
routinely performing MRI and MR spectro-
scopic imaging of the prostate, and an American
College of Radiology Imaging Network multi-
institutional trial has been initiated. Despite
such enthusiasm, hemorrhage after biopsy is a
substantial limitation of MRI and MR spectro-
scopic imaging, resulting in both over- and un-
derestimation of tumor extent [10–12]. The

timing of MRI and MR spectroscopic imaging
of the prostate after transrectal biopsy is there-
fore important. Prior studies have recom-
mended an interval of 3 weeks between
transrectal biopsy and MRI [2, 12–14]. Re-
cently, there has been a trend toward increased
prostate sampling during transrectal biopsy;
currently, greater than six core biopsies are fre-
quently obtained [15]. The increase in prostate
sampling has raised new questions about the op-
timal timing of MRI and MR spectroscopic im-
aging after transrectal biopsy and the impact of
hemorrhage after biopsy on the interpretation of
MRI and MR spectroscopic imaging. There-
fore, we undertook this study to determine the
effect of prior transrectal biopsy on endorectal
MRI and MR spectroscopic imaging findings in
organ-confined prostate cancer.

 

Materials and Methods

 

Patients

 

This was a retrospective single-institutional study.
The patients were recruited as part of an ongoing Na-
tional Institutes of Health study investigating the use of
MRI in patients with prostate cancer. The study re-
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ceived approval from the institutional committee on
human research, and written informed consent was ob-
tained. We included all patients with organ-confined
prostate cancer who underwent radical prostatectomy
over a 1-year period and who had preoperative en-
dorectal MRI and MR spectroscopic imaging of the
prostate gland at our institution (

 

n

 

 = 43). We limited
the study to patients with organ-confined prostate can-
cer because they constitute most patients undergoing
radical prostatectomy at our institution and because we
wished to study prostate biopsy changes that might
mimic extracapsular extension and to determine
whether capsular irregularity may occur as a normal
variant in organ-confined prostate cancer without con-
founding real extracapsular extension. The patients
had prostate cancer proven on transrectal biopsy per-
formed before MRI and MR spectroscopic imaging
(mean interval, 8 weeks from biopsy to MRI and MR
spectroscopic imaging; range, 2–17 weeks). Thirteen
of the 43 patients underwent transrectal biopsy at our
institution, and 30 patients underwent transrectal bi-
opsy at outside institutions. The mean number of core
biopsies was seven (range, five to 18). The median tu-
mor Gleason score was 6 (range, 5–9). The mean pros-
tate-specific antigen level at diagnosis was 6.6 ng/mL
(range, 1.6–19.3 ng/mL). The mean patient age was 57
years (range, 44–75 years). None of the patients re-
ceived preoperative hormonal or radiation therapy. 

 

Imaging Technique 

 

MRI was performed on a 1.5-T whole-body MRI
scanner (Signa, GE Healthcare). The details of the
MRI technique have been previously described [16,
17]. Patients were examined using the body coil for
excitation and a pelvic phased-array coil in combina-
tion with a commercially available balloon-covered
expandable endorectal coil for signal reception. Axial
spin-echo T1-weighted images were obtained from the

aortic bifurcation to the symphysis pubis, using the
following parameters: TR/TE, 700/8; slice thickness, 5
mm; interslice gap, 1 mm; field of view, 24 cm; ma-
trix, 256 

 

× 

 

192; frequency direction, transverse (to pre-
vent obscuration of pelvic nodes by motion artifact of
the endorectal coil); and 1 excitation. Thin-section
high-spatial-resolution axial and coronal T2-weighted
fast spin-echo images of the prostate and seminal vesi-
cles were obtained using the following parameters:
TR/TE

 

eff

 

, 5,000/96; echo-train length, 16; slice thick-
ness, 3 mm; interslice gap, 0 mm; field of view, 14 cm;
matrix, 256 

 

× 

 

192; frequency direction, anteroposte-
rior (to prevent obscuration of the prostate by motion
artifact of the endorectal coil); and 3 excitations. All
MR images were routinely postprocessed to compen-
sate for the reception profile of the endorectal and pel-
vic phased-array coils [18]. After review of the axial
T2-weighted images, a spectroscopic imaging volume
was selected by an experienced spectroscopist in con-
junction with a technologist to maximize coverage of
the prostate, while minimizing inclusion of peripros-
tatic fat and rectal air. MR spectroscopic imaging of
the peripheral zone is only routinely performed be-
cause of limitations in gland coverage and the variable
metabolic spectra in the transition zone attributed to
stromal and glandular hyperplasia in benign prostatic
hyperplasia [16]. 

Three-dimensional MR spectroscopic imaging data
were acquired using a water- and lipid-suppressed
double spin-echo point-resolved spectroscopic imag-
ing sequence optimized for the quantitative detection
of both choline and citrate [16]. Water and lipid sup-
pression was achieved using the band-selective inver-
sion with a gradient dephasing technique [19]. Outer
voxel saturation pulses were also used to improve vol-
ume selection, to eliminate contamination from
periprostatic fat, and to reduce susceptibility problems
due to the rectal air–tissue interface [20]. Data sets

were acquired as 16 

 

×

 

 8 

 

×

 

 8 phase-encoded spectral ar-
rays (1,024 voxels) with a nominal spectral resolution
of 0.24–0.34 cm

 

3

 

 (TR/TE, 1,000/130; acquisition
time, 17 min). The total examination time was 1 hr, in-
cluding coil placement and patient positioning.

 

Image Interpretation

 

Two independent attending radiologists with sub-
specialty interest in abdominal and prostate MRI
and MR spectroscopic imaging retrospectively re-
viewed the MR images of all 43 patients. Reviewers
were aware that patients had prostate cancer but
were unaware of all other clinical and histopatho-
logic findings. In particular, reviewers were not
aware that only patients with organ-confined disease
were included. The reviewers recorded the degree of
visible hemorrhage in the peripheral zone for each
sextant on T1-weighted images using a 5-point scale
where 0 indicated no hemorrhage, 1 indicated hem-
orrhage involving less than 25% of a sextant, 2 indi-
cated hemorrhage involving 25–49% of a sextant, 3
indicated hemorrhage involving 50–75% of a sex-
tant, and 4 indicated hemorrhage involving greater
than 75% of a sextant.

 

 

 

In addition, the sum of the
hemorrhage score in each sextant was used to give a
hemorrhage score for each patient. A total hemor-
rhage score was then obtained for each patient by
combining the scores for both reviewers. 

On T2-weighted images, both reviewers docu-
mented the presence or absence of capsular irregu-
larity, loss of the rectoprostatic angle, and
neurovascular bundle involvement for each sextant
and also recorded the presence or absence of semi-
nal vesicle invasion [5]. Capsular irregularity was
defined as spiculated or streaky low signal inten-
sity extending from the capsule (Fig. 1), low signal
intensity in the periprostatic tissue, or focal irregu-
lar bulging of the capsule.    

Fig. 1.—50-year-old man with mean prostate-specific antigen level of 17.6 ng/mL and pos-
itive transrectal biopsy indicating Gleason-score-6 tumor at right base and mid gland.
A, Thin-section high-spatial-resolution axial T2-weighted image (TR/TEeff, 5,000/96;
slice thickness, 3 mm; interslice gap, 0 mm; field of view, 14 cm) shows spiculated
low-signal-intensity change extending from prostate capsule at right base (arrow).
B, Axial T1-weighted image (TR/TE, 700/8; slice thickness, 5 mm; interslice gap, 1
mm; field of view, 24 cm) shows high-signal-intensity hemorrhage in peripheral zone
of right base (arrow) after biopsy.
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The MR spectroscopic imaging data were overlaid
on the corresponding axial T2-weighted images and
evaluated by an experienced spectroscopist to deter-
mine those voxels in the peripheral zone that were un-
suitable for analysis because of spectral degradation.
Two spectral changes were associated with hemor-
rhage: The first was defined as a reduction in citrate
but not choline and creatine because most of the cit-
rate is in the ducts in which the blood collects. The
second was an overall loss of all metabolites due to
both a reduction in cell density and the blood occupy-
ing part or all of the spectroscopic voxel and spectral
line broadening due to the presence of deoxyhemo-
globin. Voxels were considered spectrally degraded
by hemorrhage if they did not contain detectable
peaks (peak area-to-noise ratio, > 5:1) for the prostatic
metabolites (choline, creatine, and citrate) (Fig. 2) or
if the voxels contained broad metabolite peaks (water-
line width, > 20 Hz) in the regions of T1-weighted ar-
tifact. The number of voxels with degraded spectra
and the total number of voxels in the peripheral zone
were recorded for each patient. 

Lipid contamination and motion artifact may
also result in spectral degradation but are associ-
ated with distinctive features (Fig. 3). Large lipid
peaks are a feature of spectral degradation due to
periprostatic lipid contamination. Broad water-
and metabolite-line widths throughout the 3D MR
spectroscopic imaging data set are features of
spectral degradation due to motion artifact.

 

Statistical Analysis

 

All statistical analysis was performed using SAS
software version 8.2 (SAS Institute). A 

 

p

 

 value of less
than 0.05 was considered statistically significant. We
assessed interobserver agreement of reviews on the
basis of sextant results. Kappa statistics were calcu-
lated using generalized estimation equations to adjust
for the correlation among sextants from the same
subjects. Spearman’s rank correlation was used for
ordinal hemorrhage scores for each sextant. The
analysis of MRI results was based on a per-sextant
analysis (i.e., the outcome variable of per-sextant
capsular irregularity was correlated with the predictor
variables of time from biopsy and degree of per-sex-
tant postbiopsy hemorrhage using a linear regression
analysis). The analysis of MR spectroscopic imaging
results was based on a per-prostate analysis (i.e., the
outcome variable of percentage voxels with degraded
spectra in the peripheral zone was correlated with the
predictor variables of time from biopsy and degree of
hemorrhage [total hemorrhage in peripheral zone]
using Spearman’s rank correlation and Wilcoxon’s
rank sum tests, respectively).

 

 

 

Per-voxel or per-sextant
analysis of hemorrhage score with MR spectroscopic
imaging was not performed because of the limitation
of misregistration of the spectroscopic voxels with
T1- and T2-weighted images. The MR spectroscopic
data were not obtained from identical levels to T1-
and T2-weighted images and were subject to partial
volume averaging effect from adjacent tissue; there-
fore, we correlated total peripheral zone hemorrhage
with the total percentage of degraded spectra in the
entire peripheral zone.

 

Results

 

There was good interobserver agreement
for hemorrhage scores (Spearman’s rank cor-
relation coefficients for per-sextant reviewer
hemorrhage scores ranged from 0.55 to 0.75).
The extent of postbiopsy hemorrhage on T1-
weighted images was inversely related to
time from biopsy (

 

p

 

 < 0.01); the mean total
postbiopsy hemorrhage score per patient was

39.3 (

 

n 

 

= 27) within 8 weeks of biopsy and
5.1 (

 

n

 

 = 16) after 8 weeks (Fig. 4).

 

 

 

The two reviewers identified capsular irregu-
larity in 36 (14%) and 30 (12%) of 258 sextants,
respectively (

 

κ

 

 = 0.45). Reviewers did not iden-
tify loss of rectoprostatic angle, neurovascular
bundle enlargement, or seminal vesicle invasion
in any patient. The observation of capsular irreg-
ularity was not related to the time from biopsy or

Fig. 2.—58-year-old man with mean prostate-specific antigen level of 6.3 ng/mL and positive transrectal biopsy in-
dicating Gleason-score-6 tumor at left lateral apex. Axial T1-weighted image (TR/TE, 700/8) shows high-signal-in-
tensity hemorrhage in right apex and spectral degradation in voxels (asterisks) from this region. Voxels adjacent to
regions of hemorrhage show normal metabolic spectra, even though one voxel contains some high-signal-intensity
change on T1-weighted image. Low-signal-intensity change is present in peripheral zone bilaterally on T2-weighted
image. Cho = choline, Cr = creatine.

Fig. 3.—Patterns of spectral degradation from lipid contamination and motion artifact. Top image is from 65-year-
old man with negative findings on prostate biopsy, and bottom image is from 68-year-old man with Gleason-score-
6 tumor at right base. Spectra on top are obtained from left base location (small rectangle) of adjacent T2-weighted
axial image (TR/TEeff, 5,000/96) and are examples of spectral degradation from periprostatic lipid contamination as
shown by presence of large lipid peak. Spectra on bottom are obtained from left base location (small rectangle) of
adjacent T2-weighted axial image (5,000/96) and are examples of spectral degradation from motion artifact as
shown by broad metabolite peaks and frequency shift of lipid peak that overlaps citrate peak. 



 

1082

 

AJR:183, October 2004

 

Qayyum

 

 

 

et al.

 

degree of visible postbiopsy hemorrhage in the
sextant on T1-weighted images (

 

p

 

 > 0.05). 
Spectral degradation was inversely related to

time from biopsy (

 

p

 

 < 0.01) (Fig. 5); the mean
percentage of degraded voxels was 18.5% in pa-
tients imaged within 8 weeks of biopsy compared
with 7% in patients imaged more than 8 weeks af-

ter biopsy. Spectral degradation was not related to
total hemorrhage score (

 

p

 

 = 0.37) (Fig. 6). 

 

Discussion 

 

Our study provides several important results
related to the performance and interpretation of
endorectal MRI and MR spectroscopic imaging

of the prostate after biopsy. We did not observe a
significant relationship between capsular irregu-
larity and the time interval from biopsy or the
degree of hemorrhage on T1-weighted images.
Capsular irregularity is considered an important
MRI sign of extraprostatic tumor extension [3,
10, 11, 21–28]; however, it has been suggested
that capsular changes may be related to trauma,
including prostatic biopsy [12]. Other features of
local disease extension, such as loss of the recto-
prostatic angle, neurovascular bundle enlarge-
ment, and seminal vesicle invasion [2, 5, 12, 17,
29, 30], were not observed in our patient popula-
tion with organ-confined disease and may be
more specific. Our study suggests that less spe-
cific capsular changes are common in organ-
confined prostate cancer and are unrelated to
time from biopsy and extent of postbiopsy hem-
orrhage; these findings suggest that these
changes may represent a normal variant rather
than a biopsy artifact.

Spectral degradation was found to be unre-
lated to the presence of visible postbiopsy hem-
orrhage on T1-weighted images but was
significantly more frequent within the first 8
weeks after transrectal biopsy. This finding sug-
gests that although postbiopsy hemorrhage and
spectral degradation can occur together, postbi-
opsy change other than visible hemorrhage on
T1-weighted images may be responsible for
spectral degradation. The presence of postbi-
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Fig. 4.—Graph shows correlation of total hemorrhage score after biopsy with time
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opsy hemorrhage on T1-weighted images is
considered important because of the potential to
over- or underestimate tumor extent or stage on
MRI and MR spectroscopic imaging [12]. The
inverse correlation of time from biopsy with
spectral degradation in our study suggests that
an interval of 8 weeks between MRI and MR
spectroscopic imaging may be beneficial, rather
than the previously recommended interval of 3
weeks [2, 12–14]. Such an increase in postbi-
opsy interval for optimal MRI and MR spectro-
scopic imaging would need to be balanced
against patient anxiety, although this interval is
probably negligible in terms of the natural his-
tory of prostate cancer.

Limitations of our study include the use of a
patient population with organ-confined dis-
ease, which prevents assessment of the capsule
appearances in patients with local tumor ex-
tension. In addition, we did not localize tumor
nodules in this study because our purpose was
to determine whether prostate capsule irregu-
larity occurs in patients with organ-confined
prostate cancer and to determine the impact of
biopsy interval rather than local tumor staging
on MR spectroscopic imaging. In a study of
patients imaged within and after 3 weeks of bi-
opsy, White et al. [12] showed a reduction in
reviewer accuracy in the presence of postbi-
opsy hemorrhage within 3 weeks of biopsy.
MRI and MR spectroscopic imaging are not
routinely performed before prostate biopsy in
patients suspected of having prostate cancer
for logistic and economic reasons, and we
could not evaluate patients with MRI and
MR spectroscopic imaging performed before
transrectal biopsy to confirm that the capsular
changes were unrelated to any biopsy trauma
or to determine the number of degraded voxels
occurring in patients without biopsy. However,
spectral degradation was inversely related to
time from biopsy suggesting a causal relation-
ship. Prostate biopsies were performed with
variable techniques at a number of institutions
rather than using a single standard institutional
approach; this practice reflects the usual pa-
tient-referral procedure for preoperative MRI
and MR spectroscopic imaging. However, the
lack of a temporal relationship between capsu-
lar findings and biopsy indicates that capsular
irregularity may not be related to prostate bi-
opsy, irrespective of the technique. Localiza-
tion of exact biopsy sites on imaging was not
possible because of the limitations of accurate
documentation of biopsy position inherent in
the transrectal sonographic technique. Correla-
tion of capsular irregularity on imaging with
biopsy location and histopathologic findings is

also difficult because they are not contempora-
neous. Some overlap between hemorrhage
grade and sextant localization is likely to have
occurred because these observations are quali-
tative by nature, although the total number of
abnormal sextants should not be affected. 

In conclusion, in patients with organ-con-
fined prostate cancer, capsular irregularity can
be seen at any time after biopsy and is indepen-
dent of the degree of hemorrhage, whereas
spectral degradation is seen predominantly in
the first 8 weeks after biopsy. MRI staging crite-
ria and guidelines for scheduling studies after
biopsy may require appropriate modification.
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