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Abstract 

Introduction: We sought to evaluate the accuracy of prostate 
volume estimates in patients who received both a preoperative 
transrectal ultrasound (TRUS) and magnetic resonance imaging  
(MRI) in relation to the referent pathological specimen post-radical 
prostatectomy.
Methods: Patients receiving both TRUS and MRI prior to radical 
prostatectomy at one academic institution were retrospectively ana-
lyzed. TRUS and MRI volumes were estimated using the prolate 
ellipsoid formula. TRUS volumes were collected from sonography 
reports. MRI volumes were estimated by two blinded raters and the 
mean of the two was used for analyses. Pathological volume was 
calculated using a standard fluid displacement method.
Results: Three hundred and eighteen (318) patients were included 
in the analysis. MRI was slightly more accurate than TRUS based on 
interclass correlation (0.83 vs. 0.74) and absolute risk bias (higher 
proportion of estimates within 5, 10, and 20 cc of pathological 
volume). For TRUS, 87 of 298 (29.2%) prostates without median 
lobes differed by >10 cc of specimen volume and 22 of 298 (7.4%) 
differed by >20 cc. For MRI, 68 of 298 (22.8%) prostates without 
median lobes differed by >10 cc of specimen volume, while only 
4 of 298 (1.3%) differed by >20 cc. 
Conclusions: MRI and TRUS prostate volume estimates are consist-
ent with pathological volumes along the prostate size spectrum. MRI 
demonstrated better correlation with prostatectomy specimen vol-
ume in most patients and may be better suited in cases where TRUS 
and MRI estimates are disparate. Validation of these findings with 
prospective, standardized ultrasound techniques would be helpful.

Introduction

Prostate volume estimates are routinely reported with pel-
vic imaging. Volume estimates may be useful for radical 
prostatectomy, brachytherapy, and benign prostate surgery 
planning.1-6 Prostate volume can also be used for calculating 

prostate-specific antigen (PSA) density when selecting active 
surveillance candidates.2 Volume estimation using other 
means, such as digital rectal exam or PSA are inaccurate.7-8

Studies evaluating the accuracy of transrectal ultrasound 
(TRUS) for estimating prostate volume have reported mixed 
results.1,3,5,8,9 Some studies have reported that TRUS under-
estimates prostate volume, while others have found that 
TRUS overestimates prostate volume.1,4,5,8,9 A small number 
of studies have evaluated the accuracy of magnetic reson-
ance imaging (MRI) prostate volume estimates. MRI is pro-
posed to be more accurate than TRUS, but has overestimated 
prostate volume in most studies.5,6,9 Two smaller-powered 
studies were also found to have mixed results when compar-
ing volume estimations from TRUS and MRI using patho-
logical specimens as the referent standard.5,9

An increasing number of patients are receiving both TRUS 
and MRI and may have prostate volume estimates that are 
discordant between these two methods. In these situations, 
the imaging modality that provides the most accurate vol-
ume is unknown. The purpose of this study was to determine 
the accuracy of preoperative TRUS and MRI prostate vol-
ume estimates by comparing them to radical prostatectomy 
pathological volume. 

Methods 

Patient selection

The Ottawa Hospital institutional review board approved 
this study (protocol #20130779-01H). Patients who received 
open, laparoscopic, or robotic-assisted radical prostatec-
tomy at The Ottawa Hospital between January 1, 2003 and 
October 31, 2013 were eligible. To be included, patients 
must have received both preoperative TRUS and MRI. 
Clinical information was obtained retrospectively from a 
prospectively populated database. 
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TRUS prostate volume measurements

TRUS volume measurements were obtained from the most 
recent sonography report prior to surgery. The prolate ellips-
oid formula (height x width x length x p/6) was used to cal- was used to cal-
culate volume.3 TRUS reports were completed prior to MRI 
imaging, therefore readers were not biased by MRI findings. 
Complete ultrasound images were not always available for 
review in our picture archiving and communications system 
(PACS), therefore repeat measurements by multiple raters 
was not possible. 

MRI prostate volume measurements

MRI was performed using a 3-Tesla or 1.5-Tesla whole-
body MRI (Siemens Symphony, Malvern, PA, U.S.), MR 
2004A software, and a pelvic phased-array surface coil. 
T2-weighted images were obtained in the axial, sagittal, 
and coronal planes. Two trained investigators blinded to the 
ultrasound and prostatectomy volumes retrospectively meas-
ured MRI prostate dimensions independently and calculated 
prostate volumes using the prolate ellipsoid formula (height 
x width x length x p/6).3 Prostate width was measured in 
the T2 axial view and the length and height were measured 
in the T2 mid-sagittal view, as recommended by previous 
evidence.9 The mean of the two raters’ MRI volume esti-
mates was used for analyses. The presence of a prominent 
median lobe >5 mm on MRI was determined using the T2 
mid-sagittal view and was considered positive if both raters 
independently noted this finding. 

Pathological prostate volume measurements

Pathological volumes were collected from radical prosta-
tectomy pathology reports. Volumes were determined using 
standardized pathological techniques by measuring the vol-
ume of water displaced by the prostate after removal of 
peri-prostatic tissue. Prostate weight and volume are highly 
correlated,10 therefore prostate weight was also abstracted 
in all patients. If prostate volume was not reported, prostate 
weight was used instead.

Data analysis

Inter-rater agreement in MRI linear prostate dimensions and 
volume were assessed using interclass correlation coeffi-
cients (ICC). ICC can range from -1‒1, with 0 representing 
no correlation, +1 being a perfect positive correlation, and 
-1 being a perfect negative correlation. We determined if 
imaging volume estimates were consistently biased by sub-
tracting each pathological volume from imaging estimates 
to calculate the absolute volume bias. Results were stratified 
by presence or absence of a median lobe. The accuracy of 

volume estimates was characterized by calculating propor-
tion of patients whose TRUS and MRI volume estimates dif-
fered by greater than 5, 10, or 20 cc of pathological volume. 

Covariate analyses were performed to determine if linear 
associations existed between patient, tumour, and imaging 
characteristics with pathological prostate volume. Covariates 
evaluated included patient height and weight, body mass 
index (BMI), pathological tumour stage, Gleason score, pre-
operative PSA, and year the imaging was performed. 

Results 

During the study period, 2117 patients received radical 
prostatectomy at The Ottawa Hospital (Fig. 1). Of those, 
318 (15.0%) patients had both preoperative TRUS and MRI 
performed. Mean patient age at surgery was 62.7 years (stan-
dard deviation [SD] 7.3), BMI was 28.2 (SD 4), and PSA 
was 9.4 (SD 8.3). Mean prostate volume from TRUS, MRI, 
and pathological measurements were 34.4 cc (SD 18.3), 
39.2 cc (SD 17.8), and 37.3 cc (SD 15.9), respectively. A 
prominent median lobe was present in 20 (6%) patients. 
In 34 (11%) pathology reports, prostate volume was not 
reported and prostate weight was used instead (interclass 
correlation coefficient between prostate volume and prostate 
weight was 0.96; p<0.0001 for the 284 patients that had 
both measurements documented). 

Radical prostatectomies (open,
laparoscopic, and robot-assisted) done at
The Ottawa Hospital during study period

n=2117

Patients with preoperative MRI
n=365

Patients with preoperative MRI and
TRUS, and postoperative pathology report

n=318

Excluded n=1752
• Patients with no
preoperative MRI

 Excluded n=47
• No TRUS report (n=30)
• Primary colon cancer (n=9)
• No pathology report (n=6)
• Large prostate cyst (n=1)
• MRI artifact (n=1)

Fig. 1. Flow chart of patients included/excluded from study cohort. MRI: 
magnetic resonance imaging; TRUS: transrectal ultrasound.
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Inter-rater reliability of investigators MRI prostate volume 
measurements

There was agreement between the two the independent 
raters of MRI prostate volume. Volume estimates calculated 
using the prolate ellipsoid formula had an ICC of 0.91.

Accuracy of TRUS prostate volume measurements

The ICC for TRUS and pathological volume was 0.74 (95% 
confidence interval [CI] 0.71‒0.80). The mean TRUS vol-
ume underestimated prostate volume by 3.4 cc (Fig. 2A). 
For TRUS, 87 of 298 (29.2%) prostates without median 
lobes differed by >10 cc of specimen volume and 22 of 
298 (7.4%) differed by >20 cc (Table 1). In prostates with 
median lobes, 25% (n=5) had >20 cc discrepancy from the 
specimen volume.

Accuracy of MRI prostate volume measurements

The ICC for MRI and pathological volume was 0.83 (95% CI 
0.79‒0.93). MRI overestimated prostate volume by a mean 

of 1.4 cc (Fig. 2B). This overestimation was magnified in the 
cohort identified to have a prominent median lobe (n=20) 
(mean overestimation 6.9 cc). For MRI, 68 of 298 (22.8%) 
prostates without median lobes differed by >10 cc of speci-
men volume, while only four of 298 (1.3%) differed by >20 
cc (Table 1). In prostates with median lobes, 20% (n=4) had 
>20 cc discrepancy from the specimen volume.

Agreement between MRI and TRUS

Prostate volume estimations from TRUS and MRI showed 
high agreement (Fig. 2C). Eighty-seven (87) (27%) patients 
had a 10‒20 cc difference between MRI and TRUS esti-
mates, while 15 (5%) had a difference >20 cc. When the 
difference was between 10 and 20cc, MRI estimated patho-
logical specimen volume more accurately than TRUS in 
63% of cases. When the difference was >20 cc, MRI was 
more accurate in 73% of cases. Presence of a median lobe 
decreased the ability for TRUS and MRI to accurately esti-
mate prostate volume (Table 2).

Patient and tumour characteristics and prostate volume

Multivariable analyses of baseline patient characteristics 
showed no statistically significant associations between 
patient, tumour, and imaging characteristics with patho-
logical volume measurements, with the exception of an 
intravesical median lobe (Table 2). 

Discussion 

This is the largest study to date assessing prostate volume 
using MRI and TRUS compared to prostate volumes from 
pathological specimens. Overall, MRI and TRUS provide 
accurate estimates of prostate volume for most patients.2

If TRUS and MRI estimates are disparate in an individual 
patient, it seems that MRI findings are more likely to be 
correct. MRI was slightly more accurate than TRUS based 
on interclass correlation (0.83 vs. 0.74) and absolute risk 
bias (higher proportion of estimates within 5, 10, and 20 
cc of pathological volume). On average, MRI slightly over-
estimated prostate volume (mean 1.4 cc) and TRUS slightly 
underestimated prostate volume (mean -3.4 cc). The pres-
ence of a prominent median lobe decreased the accuracy 
of both MRI and TRUS.

Our finding that MRI overestimates prostate specimen vol-
ume is consistent with previous studies.5,9 One study com-
paring 21 prostatectomy specimens to TRUS and MRI found 
that MRI had better correlation with pathology, but that the 
accuracy of volume estimates depended on the views (axial 
vs. sagittal) used for measurements.9 Another study compar-
ing 73 prostatectomy specimens with preoperative imaging 
found that MRI overestimated smaller prostates (<35 cc) 
and underestimated larger prostates (>35 cc).5 Reports on 

Table 1. Proportion of patients whose volume estimates 
differed by 5, 10, and 20 cc from pathologic volume, 
stratified by presence of a median lobe

TRUS MRI

Volume 
difference 
(cc)

No median 
lobe (n=298), 

n (%)

Median 
lobe (n=20), 

n (%)

No median 
lobe (n=298), 

n (%)

Median 
lobe (n=20), 

n (%)
>5 176 (59.1) 15 (75.0) 168 (56.4) 12 (60.0)

>10 87 (29.2) 10 (50.0) 68 (22.8) 8 (40.0)

>20 22 (7.4) 5 (25.0) 4 (1.3) 4 (20.0)
MRI: magnetic resonance imaging; TRUS: transrectal ultrasound.

Fig. 2A. Bland-Altman plot showing the agreement between transrectal 
ultrasound (TRUS) and pathological volume estimates.
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whether TRUS over or underestimates prostate specimen 
volume are more inconsistent.1,4,5,8,9 Our findings suggest 
TRUS underestimates prostate volume relative to both patho-
logical volume and MRI estimates. However, it is important 
to note that most errors in prostate volume estimation are 
unlikely to be clinically significant.

The mean volume difference between TRUS and MRI 
estimations was 4.8 cc. While statistically significant, it is 
not clinically significant for most patients. In a large sample 
comparing prostate volumes measured by TRUS and MRI 
that were not compared to pathology, the average volume 
difference was only 1.7 cc.2 In our cohort, 6% of patients had 
a prominent median lobe, which resulted in volume inaccur-
acy. Our data suggest that prostates with MRI-confirmed 
median lobes caused prostate volume overestimation (+6.9 
in prostates with median lobes vs. 1.1 cc in prostates with-
out median lobes) and increased variability compared to 
pathological specimens. This phenomenon is likely due to 
the limitations of the ellipsoid formula in accounting for 
the non-uniform shape created by the increased height of 
the median lobe.11 Other established methods of estimating 

prostate volume on MRI that take into account non-uni-
form shapes include: stepwise planimetry, semi-automated 
and fully automated segmentation.12 While methods such 
as planimetry may be more accurate at estimating prostate 
volume, the significant time and cost burden associated with 
manually outlining the prostate on each slice means it is 
rarely performed in practice.9,11,12

There are several potential limitations to our study. Only 
one measurement was available for both TRUS and patho-
logical volumes, compared to two raters for MRI images, 
which may have resulted in less accurate TRUS or patho-
logical measurements. The prolate ellipsoid formula may 
also be less accurate compared to stepwise planimetry or 
other modalities.9,12 Finally, the association between errors in 
volume estimates and clinical outcomes were not assessed. 

Conclusion 

Prostate volume is routinely reported with pelvic imaging. 
Prostate volumes estimated using TRUS and MRI show 

Table 2. Multivariable analysis of factors associated with estimation of prostate volume using MRI or TRUS volume

Covariate MRI TRUS

Co-efficient (95% CI) p value Co-efficient (95% CI) p value
BMI 0.105 (-0.004–0.215) 0.060 0.072 (-0.063–0.207) 0.296

Height 0.098 (-0.091–0.287) 0.310 -0.078 (-0.317–0.162) 0.523

Weight 0.010 (-0.077–0.096) 0.830 0.019 (-0.089–0.128) 0.729

Median lobe -8.123 (-12.766–-3.840) 0.001 -8.150 (-13.880– -2.421) 0.005

pT3 (vs. pT2) -1.789 (-4.082–0.504) 0.126 -2.169 (-4.989–0.650) 0.131

Gleason sum (6 vs. 7 vs. 8–10) 1.157 (-4.082–0.504) 0.084 0.725 (-0.895–2.344) 0.380

Preoperative PSA 0.088 (-0.043–0.218) 0.187 0.115 (-0.049–0.279) 0.168

Year of MRI/TRUS 0.465 (-0.052–0.981) 0.078 0.062 (-0.574–0.699) 0.847
BMI: body mass index; CI: confidence interval; MRI: magnetic resonance imaging; PSA: prostate-specific antigen; TRUS: transrectal ultrasound.

Fig. 2B. Bland-Altman plot showing the agreement between magnetic 
resonance imaging (MRI) and pathological volume estimates.

Fig. 2C. Bland-Altman plot showing the agreement between magnetic 
resonance imaging (MRI) and transrectal ultrasound (TRUS) volume estimates.
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excellent agreement with each other and with radical pros-
tatectomy specimens. In our study, MRI demonstrated greater 
accuracy and may be used in cases where TRUS and MRI 
estimates differ significantly. The presence of a median lobe 
may lead to volume overestimation when using the prolate 
ellipsoid formula.
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