
Performance Comparison of 1.5 T Endorectal Coil MRI with Non-
Endorectal Coil 3.0 T MRI in Patients with Prostate Cancer

Zarine K. Shah, MD1, Saba N. Elias, MS1, Ronney Abaza, MD3, Debra L. Zynger, MD2, 
Lawrence A. DeRenne, MD2, Michael V. Knopp, MD, PhD1, Beibei Guo, PhD4, Ryan Schurr, 
BS5, Steven B. Heymsfield, MD6, and Guang Jia, PhD5,6,*

1Department of Radiology, The Ohio State University, Columbus OH, USA

2Department of Pathology, The Ohio State University, Columbus OH, USA

3OhioHealth Dublin Methodist Hospital, Dublin, OH, USA

4Department of Experimental Statistics, Louisiana State University, Baton Rouge, LA, USA

5Department of Physics and Astronomy, Louisiana State University, Baton Rouge, LA, USA

6Pennington Biomedical Research Center, Baton Rouge, LA, USA

Abstract

Rationale and Objectives—To compare prostate morphology, image quality, and diagnostic 

performance of 1.5 T endorectal coil MRI and 3.0 T non-endorectal coil MRI in patients with 

prostate cancer.

Materials and Methods—MR images obtained of 83 patients with prostate cancer using 1.5 T 

MRI systems with an endorectal coil were compared to images collected from 83 patients with a 

3.0 T MRI system. Prostate diameters were measured and image quality was evaluated by one 

ABR-certified radiologist (Reader 1) and one ABR-certified diagnostic medical physicist (Reader 

2). The likelihood of the peripheral zone cancer presence in each sextant and local extent were 

rated and compared with histopathologic findings.

Results—Prostate anterior-posterior diameter measured by both readers was significantly shorter 

with 1.5 T endorectal MRI than with 3.0 T MRI. The overall image quality score difference was 

significant only for Reader 1. Both readers found that the two MRI systems provided similar 

diagnostic accuracy in cancer localization, extraprostatic extension, and seminal vesicle 

involvement.

Conclusion—Non-endorectal coil 3.0 T MRI provides prostate images that are natural in shape 

and that have comparable image quality to those obtained at 1.5 T with an endorectal coil, but not 
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superior diagnostic performance. These findings suggest an opportunity exists for improving 

technical aspects of 3.0 T prostate MRI.

Keywords

prostate cancer; magnetic resonance imaging; image quality; endorectal coil; tumor localization; 
tumor staging

INTRODUCTION

Prostate cancer is the second most common cause of cancer death among American men. 

The American Cancer Society estimated that 233,000 new cases of prostate cancer would be 

diagnosed in 2014, and approximately 29,480 men would die of the disease (1). Magnetic 

resonance imaging (MRI), with excellent soft tissue contrast, provides high resolution 

images of the pelvis for use in prostate cancer management (2).

The use of an endorectal coil is an essential part of the prostate 1.5 T MRI protocol in the 

clinical diagnosis of prostate cancer (3). An endorectal coil is inserted tightly against the 

prostate during MRI examination in order to increase image resolution and improve staging 

accuracy (4). However, the endorectal coil leads to deformity in the prostate contour, and the 

anatomical distortion resulting from it can potentially hinder the diagnosis and pathology 

correlation (5). The changes in prostate shape and volume after the introduction of an 

endorectal coil may cause difficulties in MRI-computed tomography fusion and 

radiotherapy planning (6, 7). Another limitation is that patients with rectal stenosis or 

immediately after surgery or radiotherapy may not be good candidates for the use of the 

endorectal coil during MR examination (8).

MRI at 3.0 T is increasingly being used for routine clinical examinations (9). 3.0 T MRI has 

a nearly two-fold increase in signal-to-noise ratio compared to 1.5 T, with improved spatial 

resolution or shortened acquisition time (10). It is hypothesized that 3.0 T MRI of the 

prostate without the use of an endorectal coil may have the image quality and diagnostic 

accuracy equivalent to 1.5 T endorectal MRI (11, 12), while evaluating the prostate gland 

without anatomical distortion or compression (13).

The purpose of this study is to evaluate the effectiveness of 3.0 T MRI compared to 1.5 T 

endorectal MRI in assessing prostate morphology, image quality, and diagnostic 

performance in patients with prostate cancer.

MATERIALS AND METHODS

Study Design and Population

This study retrospectively accessed the American College of Radiology Imaging Network 

(ACRIN) #6659 trial (Prostate Cancer: Staging with MRI and MRS) with 1.5 T MRI using 

an endorectal coil (14), which was compared to our single institutional trial with 3T MRI 

using a phased-array coil (Figure 1). Our single institutional trial was approved by the local 

institutional review board and was compliant with the Health Insurance Portability and 

Accountability Act; informed consent was obtained from each patient. For image quality 
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assessment, we included consecutive prostate cancer patients (N = 83; mean age, 62 years; 

age range, 43–79 years; mean prostate-specific antigen, 9.4 ng/mL; range, 0.5–167.1 ng/mL) 

who underwent a 3.0 T MRI examination of the prostate between February 2009 and 

December 2012. We randomly selected a subset of 83 patients from ACRIN # 6659 trial 

(mean age, 57 years; age range, 39–69 years). For diagnostic performance assessment, the 

patients with both MRI and post-prostatectomy pathophysiological results were identified 

and included: N = 82 from ACRIN 6659 Trial and N = 69 from our single institutional trial.

MR Imaging Protocol

All ACRIN # 6659 trial MRI examinations were performed by using 1.5 T whole-body GE 

Healthcare MR units. Patients were imaged in the supine position with a pelvic/endorectal 

phased-array coil. A disposable expandable endorectal coil was used in combination with 

the phased-array coil at 1.5T. All in-house MR examinations were acquired on a 3.0 T MR 

system (Achieva, Philips Healthcare, Cleveland OH) using a 32-channel phased array coil in 

order to image the prostate in a natural shape without deformity usually caused by an 

endorectal coil. Images from both axial and coronal high-spatial-resolution turbo spin echo 

sequences were acquired (Table 1).

Image and Histopathology Analysis

All images were analyzed independently by two readers: one ABR-certified radiologist 

(Reader 1) with 11 years of clinical radiologic reading experience and one ABR-certified 

diagnostic medical physicist (Reader 2) with 8 years of prostate cancer MRI research 

experience. Images were reviewed on Philips Extended Brilliance Workspace (EBW) 

workstation at OSU (Columbus, OH) by Reader 1 and on GE Advantage Workstation (AW) 

at PBRC (Baton Rouge, LA) by Reader 2. The readers agreed in advance on prostate 

diameter measurement and the definition of image quality scores, as well as tumor 

localization and local extent.

Prostate left-right (LR) and anterior-posterior (AP) diameters were measured on axial T2-

weighted images. Prostate LR diameter was defined as the longest left-to-right diameter in 

axial T2-weighted image; prostate AP diameter was defined as the AP diameter in the 

midline of the prostate in an axial T2-weighted image. Prostate cranial-caudal (CC) diameter 

was defined as the distance between the superior border of the prostate base and the bottom 

edge of the prostate apex in a coronal T2-weighted image. The ratio of LR diameter to AP 

and CC diameters were calculated for each patient.

Both readers independently scored the axial T2-weighted images based on four quality 

aspects: visualization of posterior border (score 5 to 1), seminal vesicles (SV) (score 5 to 1), 

neurovascular bundles (NVB) (score 4 to 1), and overall image quality (score 5 to 1). The 

higher score represented the most desirable imaging results (11) (summarized in Table 2). 

Both readers evaluated whether the axial T2-weighted images exhibited any artifacts that 

might affect diagnostic evaluation and briefly noted the type of artifacts (signal graininess, 

ghosting, coil-related SNR decrease, motion artifacts, etc.).

Both readers used axial T2-weighted images and a five-point scale to rate the likelihood of 

peripheral zone (PZ) cancer presence in each prostate sextant, with a score of 1 indicating 
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definitely no cancer, 2 unlikely cancer, 3 indeterminate cancer, 4 most likely cancer, and 5 

certainly cancer. The readers also rated the likelihood of extraprostatic extension (EPE) and 

SV involvement using the same five-point scale as used for sextant cancer likelihood.

Whole-mount histopathology specimens were processed upon prostatectomy and analyzed 

by pathologists (14, 15). For our single institutional trial, two experienced Uro-pathologists 

reviewed the pathology slides independently of the clinical pathology reports (N=69). A 

pathology evaluation form and scoring system were used similar to the clinical pathology 

evaluation form used by the ACRIN trial (14). The prostates were divided into three 

schematic diagrams, with each appointed to the most representative slide for the apex, mid 

gland, and base, and another diagram for the SV. Each was divided into sextants and marked 

with the tumor location, site of EPE (if present), SV involvement, Gleason score, and tumor 

staging compliant with the guidelines of the College of American Pathologists Protocols 

(16). These forms were then translated into a scoring system with a score of 0 indicating no 

cancer, and 1 certainly cancer for prostate sextant, EPE presence, and SV involvement as the 

reference standard.

Statistical Analysis

Statistics for all continuous and ordinal data were reported as a mean ± standard deviation. 

The Hotelling’s T-square multivariate test was used first to test the nine variables (five 

prostate diameter measurements and four imaging quality aspects) jointly between 1.5 T 

endorectal MRI and 3.0 T MRI. P-values for both Reader 1 and Reader 2 were less than 

0.001, which indicated that there was at least one variable on which 1.5 T endorectal MRI 

and 3.0 T MRI differ. Consequently, the Mann-Whitney rank sum test was applied to each 

variable to test statistical significance. A P value of .05 or less was considered to indicate a 

statistically significant difference.

The diagnostic performance scoring results (cancer localization and local extent) were 

compared with pathology findings. The sensitivity, specificity, and area under the receiver 

operating characteristic curves (AUC) were computed. AUCs for 1.5 T Endorectal and 3.0 T 

were compared using bootstrap method (17).

RESULTS

Figure 1 shows the prostate diameters measured by two readers. LR diameter was the 

longest among the three diameters for both 1.5 T and 3.0 T for both readers. There was no 

significant difference in LR diameter between 1.5 T endorectal MRI and 3.0 T MRI for 

Reader 1 (Table 3). Prostate CC diameter was shorter than LR but longer than AP diameter 

for both readers at both magnetic field strengths. Prostate CC diameter was significantly 

shorter at 1.5 T endorectal MRI than 3.0 T only for reader 1 but not for Reader 2. Prostate 

AP diameter was significantly shorter at 1.5 T endorectal MRI than at 3.0 T MRI for both 

readers. LR/AP and LR/CC ratios at 1.5 T endorectal MRI were significantly larger than 

those at 3.0 T for both readers.

The majority of the subject MR examinations were scored highest by both readers for all 

four image quality aspects (Figure 3). For visualization of the posterior border, 3.0 T MRI 
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was scored significantly higher than 1.5 T endorectal MRI by Reader 1 only. For 

visualization of SV, 1.5 T endorectal MRI was scored significantly higher than 3.0 T MRI 

by Reader 2 only. There was no significant difference in visualization of NVB between 1.5 

T endorectal and 3.0 T MRI for both readers. For overall image quality, the score difference 

was significant for Reader 1 only (Table 3).

Image artifacts were identified in 55.4% (46/83) of subjects with 1.5 T endorectal MRI by 

Reader 1, which is significantly greater than 9.6% (8/83) of subjects with 3.0 T MRI (P < 

0.001). Reader 2 identified image artifacts in 51.8% (43/83) of subjects with 1.5 T 

endorectal MRI and 21.7% (18/83) of subjects with 3.0 T MRI (P < 0.001). The typical 

image artifacts from 1.5 T endorectal MRI included ghosting (Figure 4a), coil-related SNR 

decrease (Figure 4b), signal graininess, and prostate motion artifacts. The typical artifacts 

from 3.0 T MRI are signal graininess (Figure 4c), rectum motion artifact (Figure 4d), and 

breathing artifacts.

With six sextants analyzed per patient, and 82 patients (Reader 1 and 2) from 1.5 T 

endorectal and 68 patients (Reader 1, one case excluded due to dramatic motion artifact) and 

69 patients (Reader 2) from 3.0 T, the final analysis included 1806 sextants. For both 

readers, 1.5 T endorectal MRI showed similar accuracy in PZ cancer localization as 3.0 T 

MRI (Table 3). Only Reader 2 gave higher but non-significant diagnostic accuracy in EPE at 

1.5 T endorectal than at 3.0 T. Only Reader 1 gave higher but non-significant diagnostic 

accuracy in SV involvement at 3.0 T than at 1.5 T endorectal MRI, as shown in Figure 5.

DISCUSSION

Accurate prostate shape and size measurement is important in prostate cancer diagnosis and 

radiotherapy planning (7, 18). The shape of the prostate is less distorted when only external 

array is used (6, 18–20). An endorectal coil was shown to reduce prostate CC and AP 

diameters in our study, which can be justified by the expansion of the rectum (resulting in 

direct mechanical pressure on the prostate) due to endorectal coil insertion and coil balloon 

filling. LR/CC and LR/AP ratio showed a significant increase from 3.0 T to 1.5 T endorectal 

MRI, indicating the prostate deformation to a more flattened ellipsoid by the presence of an 

endorectal coil. Our results did not show prostate LR diameter reduction induced by an 

endorectal coil. An intra-patient comparison showed that the introduction of the endorectal 

coil significantly reduced all three diameters and the prostate volume, as well as the volumes 

of the central gland and peripheral zone (6, 18). Significant deformations in the shape of the 

whole prostate and peripheral zone caused by an endorectal coil have been observed (21). 

Prostate segmentation and image registration strategies have been proposed to resolve 

prostate deformation in endorectal MRI (13, 19, 22).

Although there is no mechanical pressure from an endorectal coil at 3.0 T non-endorectal 

MRI, gaseous distension may expand the rectum during examination, which can compress 

the prostate and result in prostate shape change. Repeated non-endorectal MRI examinations 

have revealed a significant prostate deformation that requires a deformable registration (23). 

Based on our experience, fleet enema before MR examination may not be efficient in 

controlling passing gas in rectum. A combination of a catheter, a hollow tube, and a rectal 
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obturator has been used to prevent gas buildup in the rectum at 0.5 T MRI (21). A simple 

and comfortable method for preventing gas buildup is crucial in order to efficiently 

minimize the degree of expansion of the rectum and its effect on prostate shape at 3.0 T non-

endorectal MRI.

Image artifacts are reduced when only an external array is used. Image artifacts were noticed 

in more than half of the patients with endorectal MRI in this study, but only in 10% to 20% 

of the patients with non-endorectal MRI; this is similar to a previous report (8). The artifact 

of the endorectal coil-related SNR reduction in the study is also called a “coil flare artifact,” 

i.e. a flare of high signal intensity on the T2-weighted images at the interface of the 

endorectal coil and normal tissues (24). Another endorectal coil-related artifact is the 

ghosting artifact in the study, which has been defined by a straight line across the image at 

the anterior aspect of the balloon (24). The ghosting artifact can affect the visualization of 

the neurovascular bundles, which may explain the significant lower score of NVB 

visualization at endorectal MRI for Reader 1. Motion artifacts from the prostate, the rectum, 

or from breathing have been noticed in both non-endorectal and endorectal MRIs. These 

artifacts can significantly degrade the image and affect the visualization of the intra-prostatic 

tissues. The motion artifacts in non-endorectal MRI have been scaled to appear less 

significant than those in endorectal MRI (25). A periodically-rotated overlapping parallel 

lines with enhancing reconstruction (PROPELLER or BLADE) acquisition scheme (26) 

may help to reduce the motion artifacts in prostate T2-weighted images. Further 

optimization on BLADE is necessary in order to maintain high tumor-to-peripheral-zone 

contrast in the prostate.

Our study used the scoring system from a report by Sosna et al (11) for image quality 

analysis. Both readers in our report consistently gave the highest score (most desirable 

imaging results) for the majority of patients in all four aspects, which seems different from 

Sosna’s report. It is important for all readers to agree on the scoring definitions before their 

independent reading; however, it cannot guarantee that two reports will yield similar scores 

unless some typical cases could be shared and jointly reviewed as a benchmark. Reader 1 

scored prostate posterior border visualization at 3.0 T, slightly but significantly higher than 

at 1.5 T endorectal MRI, which may be due to frequent ghosting artifacts induced by the 

endorectal coil at 1.5 T MRI. Reader 2 scored SV visualization at 3.0 T lower than at 1.5 T 

endorectal MRI, which might be due to more bowel peristalsis artifacts without fixation 

from the endorectal coil. For overall image quality, Reader 1 scored 3.0 T MRI significantly 

higher than 1.5 T endorectal MRI, which may have resulted from Reader 1 being more 

vigilant to image artifacts.

We used the same rating system in ACRIN # 6659 trial report (14) to rate the likelihood of 

the presence of peripheral zone cancer in each sextant by reading axial T2-weighted images. 

Both readers rated 3.0 T MRI without an endorectal coil as comparable to 1.5 T endorectal 

MRI. This is consistent with the reading results from the report by Turkbey, et al (27), who 

concluded that 3.0 T non-endorectal MRI tends to identify larger tumors but can miss 

smaller tumors. The visibility and delineation of smaller lesions will require a greater SNR 

and a higher spatial resolution, which could be achieved by combining the external array and 

the endorectal coil at 3.0 T. T2-weighted images with a voxel size of 0.375 × 0.625 × 1.5 
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mm for a voxel volume of 0.35 mm3 (28), or 0.18 × 0.18 × 4 mm for a voxel volume of 0.13 

mm3 (29), have been demonstrated in order to show excellent anatomical detail and 

increased T2 contrast. These are superior to the T2-weighted images at 3.0 T non-endorectal 

MRI in the study (voxel size of 0.729 × 0.909 × 3 mm for a voxel volume of 1.99 mm3).

Three reports have shown that both 1.5 T endorectal and 3.0 T MRI had a similar accuracy 

for the local staging of prostate cancer (8, 10, 12). Our analysis by both readers yielded non-

significant results in terms of EPE and SV involvement for 1.5 T endorectal and 3.0 T MRI 

that have been noted in previous reports. For patients who require an accurate staging of 

their prostate cancer, integrated endorectal-pelvic phased-array coils may be used to 

improve the SNR (30) and image resolution (31), resulting in an improvement of EPE 

specificity (32) and enabling a delineation of minimal EPE as small as 0.5 mm (25).

We are aware that our study has some limitations. T2-weighted MR images at 3.0 T were 

acquired using a small FOV (140 × 140 mm2), which may be suboptimal. Sosna et al 

compared the image quality of a smaller FOV (140 × 140 mm2) and a larger FOV (160 × 

160 mm2) at 3.0 T; the latter was shown to have significantly better image quality (11). 

Although a 32-channel phased-array coil has been used at 3.0 T MRI, an emerging upgrade, 

the digital coil platform is supposed to improve SNR by up to 40% (33). Whether the digital 

coil platform could improve the detection and staging of prostate cancer still needs rigorous 

scientific evaluation. Another limitation is that only T2-weighted MRI was used in 

evaluating diagnostic performance. Multi-parametric imaging combining T2-weighted MRI 

and functional MRI and may provide better accuracy for tumor localization (34). It is 

impossible to do a blinded comparison of 1.5 T endorectal and 3.0 T since an endorectal coil 

significantly dilates the rectum and the circular shape of the rectum wall cannot not be 

missed on axial T2-weighted MR images. This could potentially create a negative bias 

against the endorectal technique. Finally, the two readers read the images on different 

workstations (Philips EBW and GE AW) and have different backgrounds (radiology and 

radiologic physics), which may partially contribute to the readers’ inconsistence in the 

results.

In conclusion, 3.0 T MRI without an endorectal coil provides prostate images that are 

natural in shape and that have comparable image quality to those obtained at 1.5 T with an 

endorectal coil. The diagnostic performance of T2-weighted MR images at 3.0 T without an 

endorectal coil is not superior to 1.5 T endorectal MRI, a finding suggesting that an 

opportunity exists for improving technical aspects of 3.0 T prostate MRI.
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Figure 1. 
Research design flow chart. In order to evaluate whether 3.0 T MRI without an endorectal 

coil is clinically usable, the ACRIN imaging archive with endorectal 1.5 T MRI was 

compared to our in-house 3.0 T MR imaging study without an endorectal coil.
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Figure 2. 
Prostate diameter measurement results by 2 readers. LR diameter was generally the longest, 

and AP shortest, among the three diameters. AP diameter at 1.5 T endorectal MRI was 

significantly shorter than that at 3.0 T due to the rectum dilation for an endorectal coil 

insertion and fixation as reviewed by both readers.
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Figure 3. 
100% stacked column plot shows the percentage of subjects with different scores, as 

evaluated by two readers. Highest score was given to the majority of subjects at either 1.5 T 

endorectal or 3.0 T MRI.

Shah et al. Page 12

Acad Radiol. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
Image artifacts on 1.5 T endorectal and 3.0 T MRI. The typical image artifacts from 1.5 T 

endorectal MRI included ghosting (a) and coil-related SNR decrease (b). The typical 

artifacts from 3.0 T MRI are signal graininess (c) and rectum motion artifact (d).
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Figure 5. 
Receiver operating characteristic curves of 1.5 T endorectal MRI diagnostic performances 

versus 3.0 T MRI performances for both readers in tumor localization (a), extraprostatic 

extension (b), and seminal vesicle involvement (c).
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Table 1

Parameters for T2-weighted MR Imaging

Parameters
Axial T2-weighted Fast Spin Echo Coronal T2-weighted Fast Spin Echo

1.5 T Endorectal 3.0 T 1.5 T Endorectal 3.0 T

Coil Torso phased-array, endorectal 32-channel phased-array Torso phased-array, endorectal 32-channel phased-array

TR (ms)/TE (ms) 4000–6600/90–150 3488–4400/100 4000–6500/90–150 2138–2685/100

Section thickness 3 3 3 3

Intersection gap (mm) 0–1 0.3 0–1 0.5

Field of view (mm) 100–142 140 100–140 260

Frequency direction Anteroposterior Anteroposterior Anteroposterior or superoinferior superoinferior

Matrix 256 × 192 192 × 154 256 × 192 304 × 294

Number of signals 
acquired

1.5–2 2 1.5–3 2

Echo train length 8–16 14 8–16 14

Notes: TR = repetition time, TE = echo time
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Table 2

Qualitative Evaluation of Image Quality

Visualization of Posterior Border (PB) Visualization of Seminal Vesicles (SV)

 5. Well delineated  5. Margins and septations seen

 4. 75–100% of margin clearly seen  4. Margins seen, septations poorly defined

 3. 50–75% of margin clearly seen  3. Septations seen, margins poorly defined

 2. 25–50% of margin clearly seen  2. Poorly defined

 1. <25% of margin clearly seen  1. Unreadable

Visualization of Neurovascular Bundle (NVB) Overall Image Quality Rating

 4. Seen well on both sides  5. Excellent

 3. Seen well on one side  4. Very good

 2. Seen suboptimally on both sides  3. Good

 1. Unreadable  2. Fair
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