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Objectives: The aim of this study was to evaluate the performance of an automated workflow for multiparametric magnetic resonance imaging (mpMRI) of
the prostate compared with a manual mpMRI workflow.
Materials and Methods: This retrospective study was approved by the local
ethics committee. Two MR technicians scanned 2 healthy volunteers with a prototypical highly automated workflow (Siemens Healthineers GmbH, Erlangen,
Germany) and with a manually adjusted scan protocol each. Thirty patients
(mean age ± standard deviation, 68 ± 11 years; range, 41–93 years) with
suspected prostate cancer underwent mpMRI on a 3 T MRI scanner. Fifteen patients were examined with the automated workflow and 15 patients with a conventional manual workflow. Two readers assessed image quality (contrast, zone
distinction, organ margins, seminal vesicles, lymph nodes), organ coverage, orientation (T2w sequences), and artifacts (motion, susceptibility, noise) on a
5-point scale (1, poor; 5, excellent). Examination time and MR technicians' acceptance were compared between both groups. Interreader agreement was evaluated with Cohen's kappa (κ).
Results: The automated workflow proved consistent for sequence orientation
and image quality in the intraindividual comparisons. There were no significant differences in examination time (automated vs manual; median 26 vs
28 minutes; interquartile range [IQR], 25–28 minutes each; P = 0.57), study
volume coverage, artifacts, or scores for T2w sequence orientation (5 vs 4
each; P > 0.3). Overall image quality was superior for automated MRI
(4.6 vs 3.8; IQR, 3.9–4.8 vs 3.2–4.3; P = 0.002), especially concerning organ
delineation and seminal vesicles (P = 0.045 and P = 0.013). The acceptance
score was higher for the manual workflow (median, 10 vs 8; IQR, 10 vs 7–10;
P = 0.002). General interreader agreement was excellent (κ = 0.832; P < 0.001).
Conclusions: The automated workflow for prostate MRI ensures accurate sequence orientation and maintains high image quality, whereas examination time
remained unaffected compared with the manual procedure in our institution.
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M

ultiparametric magnetic resonance imaging (mpMRI) has become the reference standard for image-based diagnosis and local
staging of prostate cancer.1 Multiparametric magnetic resonance imaging is firmly established in international recommendations and updated
guidelines for prostate cancer diagnosis as the first-line investigation by
now.2,3 The number of MRI examinations for screening in high-risk
Received for publication August 20, 2019; and accepted for publication, after revision,
October 15, 2019.
From the *Department of Diagnostic and Interventional Radiology, Eberhard-KarlsUniversity, Tübingen; and †MR Applications Predevelopment, Siemens Healthineers
GmbH, Erlangen, Germany.
Conflicts of interest and sources of funding: Ahmed E. Othman and Konstantin
Nikolaou have an unrestricted research grant from Siemens Healthineers and
Bayer AG. All remaining authors have no conflicts of interest to declare.
Correspondence to: Ahmed E. Othman, MD, Department of Diagnostic and Interventional Radiology, Eberhard-Karls-University, Hoppe-Seyler-Str. 3, 72076 Tübingen,
Germany. E-mail: ahmed.othman@med.uni-tuebingen.de.
Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.
ISSN: 0020-9996/20/5505–0277
DOI: 10.1097/RLI.0000000000000635

Investigative Radiology • Volume 55, Number 5, May 2020

patients or for imaging-guided watchful waiting after diagnosis of lowgrade cancers is constantly growing.4–6 Recent publications confirmed
the value of MRI before targeted biopsy in high-risk patients.7,8
Therefore, time efficient examination protocols are essential regarding the increasing importance of mpMRI in the daily routine.9 Accordingly, recent studies have been published concerning the optimization
of scan protocols and presenting attempts to standardize prostate MRI
workflow.10,11 Standardized scan protocols seem particularly desirable to
provide an adequate intraindividual comparability, for example, during active surveillance and for follow-up imaging in case of increase in prostatespecific antigen level. In addition, standardization may be useful to avoid a
repetition of the examination or of certain sequences accounting for extension in examination time.
Multiparametric magnetic resonance imaging as a combination
of T2w sequences, diffusion-weighted imaging (DWI), and dynamic
contrast-enhanced (DCE) MRI provides the highest diagnostic accuracy.12 T2w sequences are the basic anatomical sequences, especially
for detecting carcinomas in the transitional zone, whereas DWI has a
dominant role for tumor characterization, especially in the peripheral
zone.13–15 Dynamic contrast-enhanced MRI has been shown to yield
high diagnostic accuracy concerning the discrimination between benign
and potentially malignant lesions.16–18
Multiple planning steps have to be performed by the MR technician on the scanner and angulations in the T2w imaging require a certain
experience in mpMRI, especially in case of additional adjustments or
technical inaccuracies during the scan. In light of this, simplification
and standardization of the examination workflow seem especially favorable to maintain a constant image quality and comparability.
As prostate MRI is increasingly used as a screening tool for prostate cancer, it seems reasonable to make the examination as comfortable
as possible for the patient.2,4 In recent years, efforts to reduce the scan
time did not only relate to temporal sequence modification or adjustments
of scan protocols, but automated scanner workflows received growing attention.19 “Day optimizing throughput” (in short, Dot) engine is a user assistance software (Siemens Healthineers, Erlangen, Germany), which
promises a fully automated user interface for MRI of different body regions. The software proposes predetermined examination strategies and
requires user confirmation at fixed decision points. Automation of MRI
workflows promises to reduce the total examination time and the number
of planning steps during the scan. Such novel automated scanner software
was recently evaluated for MRI examinations of the head and wholebody MRI. Both approaches led to a relevant reduction of the examination time compared with the standard workflows, respectively.20,21
Therefore, the purpose of this study was to evaluate the performance of an automated workflow for prostate MRI compared with a
manual mpMRI workflow including examination time, sequence orientation, and image analysis.

MATERIALS AND METHODS
This retrospective study was approved by the local ethics committee (project number 684/2018). All study procedures were conducted in
www.investigativeradiology.com
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accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments.

Test Persons
Two healthy volunteers at the age of 23 and 50 years were prospectively included in the study before the patient enrolment. The
volunteers underwent 3 T routine mpMRI of the prostate without application of intravenous contrast agent. The test persons were included in
the study as an intraindividual comparison of image quality between
the 2 workflows. Therefore, 2 scans with and 2 scans without the automated workflow were performed by 2 different radiological technologists
for each subject. The following sequences were included transverse T2w,
coronal T2w, sagittal T2w, and transverse diffusion-weighted single-shot
EPI sequences (DW-EPI). Detailed scan parameters followed the settings applied for the study population and are shown in Table 1. The
volunteers were repositioned after each program, which included getting off the table.

Study Population
Between May 2018 and January 2019, 30 patients (mean
age ± standard deviation, 68 ± 11 years; range, 41–93 years) with clinically suspected prostate cancer were enrolled consecutively. All patients underwent 3 T routine multiparametric prostate MRI. All
examinations were performed due to elevated prostate-specific antigen
levels and inconclusive transrectal ultrasound. Exclusion criteria were
the common contraindications for MRI (eg, known allergy-like reaction to gadolinium-based contrast agent, cardiac pacemaker, or other
metallic implants).
Fifteen patients (mean age ± standard deviation, 64 ± 11 years)
were examined in group A with a highly automated workflow
(Siemens Healthineers, Erlangen, Germany) and 15 patients
(71 ± 10 years) in group B with a manual scan. For the calculation
of the body mass index (BMI), body height and weight were taken
from the standardized information sheets of the MRI examinations.
According to their BMI, patients were classified into “normal
weight” (BMI ≤25), preobesity (BMI >25 but ≤30), and obesity
(BMI >30). The information sheet also included the question for patients' propensity to claustrophobia and the presence of comorbidities. Finally, the number of chronic comorbidities relevant for the
acceptability of MRI examinations was counted for each patient.
Cardiovascular, neurological, and orthopedic diseases were classified as potentially relevant for the MRI examinations. A history of
oncologic and non–prostate-related urological diseases was assumed
to be of minor importance for the quality of an mpMRI.

MR System and Acquisition Parameters
All examinations were performed on a 3 T MRI system
(MAGNETOM Skyra or MAGNETOM Prisma; Siemens Healthineers,
Erlangen, Germany). Twenty-five patients were scanned on MAGNETOM
Skyra, 5 patients were examined on MAGNETOM Prisma. Patients
were positioned in supine position using a coil setup composed of an
18-channel body-coil and 12 elements of a 32-channel spine coil. No
endorectal coil was used.
A full diagnostic mpMRI protocol for clinical routine use was
applied in all study participants including T2w sequences in 3 planes
(sagittal, transverse, coronal), axial T1w for the evaluation of lymph
nodes, DCE, and DW-EPI sequences (TRACE and ADC mapping)
obtained at b-values of 50, 500, and 1000 s/mm2. Table 1 provides
the detailed acquisition parameters. For contrast enhancement, body
weight–adapted contrast agent (0.1 mmol/kg = 7 ± 2 mL; gadobutrol; Bayer Healthcare, Berlin, Germany) at a flow rate of 1.5 mL/s
were injected intravenously followed by a saline flush of 20 mL NaCl.
No contrast enhancement was used for the MRI of the healthy volunteers.
Patients in group A underwent the prototype automated prostate
MRI workflow including an initial fast axial T2 TSE scout with low resolution. Based on this scout, coronal and sagittal reconstructions were
performed. An algorithm-detected organ contours and performed an automatic segmentation of the prostate. After this step, 3-dimensional
prostate size and organ volume were automatically calculated and
displayed. For autoalignment, the algorithm detects the landmarks bladder neck and exit point of the urethra and aligns slices corresponding to
the axis between the 2 landmarks. After autoalignment and confirming
the planning boxes, all sequences were finally performed without any
user interaction, including positioning of the boxes, autocoverage of
the study volume, and angulation of the planes. After finishing the
diffusion-weighted sequences, the examination was interrupted by a dialog window that reminded the technician to inject the contrast media.
After confirming the start of the DCE sequence, no further changes to
the scan protocol were necessary.
Patients in group B underwent manually planned prostate MRI
with conventional user interface. Planning boxes for the study volume
were positioned separately for each localizer and slice count was manually adjusted. After finishing the diffusion-weighted sequences, a dialog window reminded the technician to inject the contrast media.
Contrast media injection was initiated by the operator. An example of
the planning process on the axial T2 TSE scout for both groups is presented in Figure 1.

Planning Process and Examination Time
Two radiological technologists (M.K. and A.L.), both area managers of the subdivision for MRI in our department, with an equal level

TABLE 1. Summary of MRI Acquisition Parameters
Variables

T2w Axial

T2w Coronal

T2w Sagittal

T1w Axial

DW-EPI

DCE*

Image matrix
Pixel size, mm2
Slice thickness, mm
Repetition time, ms
Echo time, ms
Flip angle, degrees
FOV read, mm
Scan time, min

384  300
0.5  0.5
3
8930
104
146
200
3:04

448  360
0.5  0.5
3
7200
101
144
200
3:55

448  360
0.5  0.5
3
7200
101
142
200
4:52

256  175
0.6  0.6
4
550
17
120
330
2:35

110  110
22
3
3500
62
90
200
4:20

224  135
1.3  1.3
3
4
1.2
10
300
4:42

*Temporal resolution of DCE: 5 seconds.
MRI indicates magnetic resonance imaging; DW-EPI, diffusion-weighted single-shot EPI sequences; DCE, dynamic contrast-enhanced sequences; FOV, field of view.
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FIGURE 1. A and B, Comparison of the planning processes for both groups. The upper image (A) displays the planning boxes for the automated workflow
(group A). Following the guidance window, planning boxes have to be positioned by means of the reference images and can be adjusted manually. It is
not possible to change scan parameters, like slice thickness, TR, or TE. Autosegmentation and volumetry of the prostate are carried out automatically
and the final scan starts (3 T2 sequences and ADC map are displayed). On the lower image (B), the user interface with sequence planning for the manual
workflow (group B) shows the low-resolution localizer images for planning of the sagittal T2 sequence. For this purpose, scan parameters—including slice
thickness for example—can be adapted by the technician. Afterwards, the axial orientation is planned based on the diagnostic sagittal T2 images.
The final scan is symbolized by the 3 T2 sequences and the ADC map.

of experience in 3 T prostate MRI of more than 5 years performed
the MRI examinations. One MR technician (M.K.) performed 5 examinations with and 7 without the automated worklow. The other
technologist (A.L.) scanned 10 patients with the automated workflow
and 8 patients with the manual settings. The MR technicians working
in the study attended a previous training for the automated workflow offered by the manufacturer.
© 2019 Wolters Kluwer Health, Inc. All rights reserved.

The examination time included the period beginning with the
planning process of the MRI scan and ended with the end of the last
sequence, which was DCE in all cases. After the scan, the technologists rated their acceptance of each workflow with the help of a numerical rating scale ranging from 0 to 10 (with 0 = no acceptance
and 10 = highest acceptance). Factors that should have been considered for the acceptance were protocol selection, handling of the user
www.investigativeradiology.com
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interface, simplicity of adaptions to the protocol, and amount
of interactions.

Qualitative Image Analysis
Two readers (M.E. and D.Z.) with 4 years of experience in MRI
of the prostate each assessed independently all examinations on a dedicated workstation using a standard PACS workstation (Centricity RA
1000; GE Healthcare, Waukesha, WI). The readers were blinded to all
identifying data, the group type, and technical data of the scans.
Several criteria have been selected to evaluate image quality. The
study volume was assessed with respect to the coverage of relevant organ structures. A completely covered study volume was defined as the
depiction of the prostate including all intravesical parts in case of prostatic hyperplasia, seminal vesicles, and the external sphincter muscle of
the urethra. When parts of the study volume were missing (incomplete
coverage), it was registered which anatomical structure and which sequences were affected.
Readers evaluated the orientations in the T2w sequences considering the view angle tilting of each sequence, an adequate axis
intersecting the bladder neck, and the membranous portion of the urethra as the lower end of the prostate. Orientations were rated separately
for each sequence by means of a 5-point Likert scale (5 = excellent;
4 = above; 3 = average; 2 = below; 1 = poor).
The severity of artifacts was analyzed in the T2w and the
diffusion-weighted sequences. They were divided into motion, susceptibility, and noise or other artifacts and classified in 5 degrees (5 = none;
4 = mild; 3 = moderate; 2 = severe; 1 = not diagnostic).
Image quality was assessed evaluating the following morphological criteria primarily regarding the T2 sequences and DWI: general
contrast, distinction of peripheral and transition zone, organ delineation, seminal vesicles, and lymph nodes, the latter only using the axial
T1w without contrast enhancement. For this purpose, an ordinal scale
from 5 (excellent image quality) to 1 (poor image quality) was used
again. For each patient, final scores were calculated as mean scores of
the 2 readers. On the basis of the single scores described previously,
global image quality was finally calculated as a mean score of the
5 image quality scores for each patient. Examples are given in Figures 2 to 4.
Qualitative image analysis was also performed for the scans of
the healthy volunteers. For this purpose, study volume, orientations in
the T2w sequences, severity of artifacts, and image quality were
assessed by the 2 readers separately (Fig. 5).

Statistical Analysis
For statistical analysis, IBM SPSS Statistics (version 22 for Windows, Ehningen, Germany) was used. The Kolmogorov-Smirnov test
was used to study the distribution of quantification data. Continuous
variable data are presented as means ± standard deviations. Data that
did not follow a normal distribution are presented as median and interquartile range (IQR). Mann-Whitney U test was used for significance
testing concerning the differences between the 2 groups of automated
and manual workflows. A P value less than 0.05 was considered to indicate statistical significance.
To evaluate the interrater reliability for the qualitative assessment, Cohen kappa (kappa coefficient, κ) was calculated. The κ values
were defined as slight (0–0.20), fair (0.21–0.40), moderate (0.41–0.60),
substantial (0.61–0.80), and excellent (0.81–1.00).

RESULTS
Table 2 compares group A and B concerning patient characteristics.
Examples for cardiovascular diseases in the patient cohort were
coronary heart disease; for neurologic diseases, apoplectic strokes with
hemiplegia; and for orthopedic diseases, osteoporosis with a history of
vertebral body fracture.

Planning Process and Examination Time
Median examination time was slightly lower using the automated workflow compared with the manual workflow (26 vs
28 minutes; IQR, 25–28 minutes both). However, this difference was
not significant in statistical analysis (P = 0.57). Standard deviation
(2.0 minutes) and the mean absolute deviation (1.7 minutes) were the
same for both groups. The acceptance score of the MR technicians
was higher in group B with a median of 10 points compared with group
A with a median of 8 points (IQR, 10 vs 7–10; P = 0.002). Eighty percent of all manually planned scans were rated with 10 points of acceptance, whereas only one third (33%) of examinations with the
automated software gained the full score. In one case, a wrong orientation on transverse T2w scout (see below) was found during the automated workflow, consequently the orientation had to be adapted
manually, finally accounting for an acceptance score of only 4 for this
scan. In 2 cases, automated segmentation was correctly performed in
the second approach, which led to an acceptance score of 7 in
both cases.

FIGURE 2. A and B, 64-year-old patient with elevated prostate-specific antigen level (5.56 μg/L). A, Transverse T2w image in the middle third of the
prostate scanned with the manual protocol. Single small nodulary alterations of the transitional zone consistent with prostatic hyperplasia (PI-RADS 2).
Additional finding of prostatic utricle cyst. B, Sagittal T2w image with reference line of the transverse angulation (solid line). As a consequence, orientation
was rated with 2 (below) for the transverse T2 sequence. Suggestion for correct angulation orthogonal to organ axis (dashed line). Angulation of the
sagittal T2 sequence was correct (5; excellent).

280

www.investigativeradiology.com

© 2019 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

Investigative Radiology • Volume 55, Number 5, May 2020

Automated Workflow for mpMRI of the Prostate

FIGURE 3. A and B, 58-year-old patient with micturition disorder and elevated prostate-specific antigen level (6.78 μg/L). A, Transverse T2 sequence
scanned with the automated protocol (Dot engine). Good general contrast, easy distincton of peripheral and transitional zone and clear delineation of
prostate margins, all factors were rated with a 5 (excellent) by both readers. Prostate enlargement and nodulary changes of the transitional zone (prostate
hyperplasia, PI-RADS 2). B, Transverse T1 sequence for lymph node assessment showing sharp contours of vessels and no breathing artifacts, rated with
4 (above) and 5 (excellent) by the 2 readers (global image quality score of this patient, 4.8). A comparable slice position like in Figure 4 was chosen.

Image Analysis
Intraindividual Comparison
In the healthy volunteers, all scans (2 scans with and 2 scans
without the automated workflow each) covered the prostate volume
completely. The T2w sequences in the automated scans met our requirements accounting for a mean score of 4.8. Concerning the manual
scans, 3 of the 4 transverse and coronal T2w sequences showed deviations from the optimal axis leading to score of 4 in the 2 angulations.
Sagittal T2w sequences were rated with a score of 5 in all scans. There
were no differences comparing the severity of artifacts with absence of
motion and susceptibility artifacts (grade 5), but mild noise in all scans
(grade 4). There were also no differences comparing image quality with
a mean score of 4.6 for the young test person (general contrast, 5; distinction, 4; organ delineation, 4; seminal vesicles, 5; lymph nodes, 5;
Fig. 5) and a mean score of 5.0 for the older volunteer.

Patient Study
Coverage of the study volume was incomplete in 6 patients when
manual protocol management was performed (6/15; 40%) and in
3 patients when the automated workflow was used (P = 0.240). In all scans
with incomplete coverage, the seminal vesicles were not fully covered in

sagittal or axial T2w sequences. In 2 manually controlled examinations, incomplete coverage of the seminal vesicles occurred in both sagittal and axial sequences (2/15; 13%). However, in all scans, seminal vesicles were
included in the coronal T2w sequences. In all scans of the study, the prostate was completely included in the scan range.
Concerning the orientation of the 3 T2w sequences (transversal, coronal, and sagittal), median scores were slightly higher in
group B compared with group A (5 vs 4 each; Fig. 2). However, differences did not reach statistical significance (Table 3).
There were no differences between the 2 groups comparing the
scores for motion artifacts (P = 0.494), susceptibility (P = 0.317), or
noise (P = 0.622).
Median single image quality scores were higher for group A
regarding general contrast, organ delineation, seminal vesicles, and
lymph nodes. These differences reached statistical significance concerning organ delineation (P = 0.045) and the seminal vesicles
(P = 0.013). Accordingly, the median global image quality was 4.6
(IQR, 3.9–4.8) for the automated prostate MRI and 3.8 in examinations with manual protocol management (3.2–4.3; P = 0.002). Table 3 sums up the median scores for the image quality assessment.
There was an excellent agreement between the 2 readers
(κ = 0.832; P < 0.001).

FIGURE 4. A and B, 92-year-old patient with elevated prostate-specific antigen level (26.30 μg/L) before biopsy. A, Transverse T2 sequence scanned with
the manual protocol. Blurred contours of the organ margins and differentiation of peripheral and transitional zone is somehow hampered, rated with 2
(below) and 3 (average) points by the 2 readers. B, Transverse T1 sequence for lymph node assessment showing blurred contours of vessels and lymph
nodes caused by severe breathing artifacts, rated with 2 (below) and 3 (average) by the 2 readers (global image quality score of this patient, 3.1). A
comparable slice position like in Figure 3 was chosen.
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DISCUSSION
In this study, the feasibility of a highly automated workflow for
prostate mpMRI was compared with a manual scan protocol. Results
showed that the automation of the scanning workflow ensures high image quality, which was even superior to that of the standard
multiparametric MRI protocol. Furthermore, examinations were performed only slightly quicker using the prototype software without
reaching significance. Concerning the orientations in the basic T2w sequences, the automated workflow was rated slightly inferior to the manually planned scans, however, both remaining on a high level of
positioning accuracy.
In the context of current efforts in personalized urooncology,
prostate MRI is about to become even a more important issue for biopsy
guidance and tumor characterization. Prostate MRI has been suggested
as a gatekeeper for biopsy2 evolving MRI to the early stages of a prostate cancer biomarker.22 Therefore, maintaining a constant image quality and realizing predictable examination times are future concerns in
order to optimize MRI device usage, thus increase efficiency of imaging technologies and limit examination costs.9,23 In addition, predictability and standardized examination protocols may reduce the time
for sequence planning and allow for shorter examination times, increased patient comfort, and better compliance.24 Accordingly, recent
studies have been published concerning the optimization of scan protocols and presenting attempts to standardize mpMRI workflow.10 However, there remains a high dependency of examination time on the
technician, when sequence planning and angulations are carried
out manually.
The concept of automated scanner workflows in MRI has been
introduced for head examinations in 2013.20 In this study, a prototype
implementation of a prostate Dot (day optimizing throughput) engine
(Siemens Healthcare, Erlangen, Germany) was used. The suggested
workflow aims to reduce non–value-added periods during the examination process, which means time when the scanner is inactive waiting for
further instructions.25 For this purpose, the software performs planning
steps as an automated process. It should be noted that there are further
developers providing intelligent workflow solutions for MRI, like
for example “AIR Technology™” (GE Healthcare, Chicago, IL)
or “EasyTech” (Canon Medical Systems Corporation, Ōtawara,
Tochigi, Japan).
In the preliminary study of Moenninghoff et al,20 total examination times and the number of necessary interventions of the technicians
were considerably reduced by using the automated workflow in MRI of

TABLE 2. Patient Characteristics in Both Study Groups

Age, mean ± SD, y
BMI, median (IQR)
Preobesity, BMI >25, n (%)
Obesity, BMI >30, n (%)
Claustrophobia, n
Relevant comorbidities, n
Cardiovascular comorbidities, n
Patients without comorbidities, n

Group A

Group B

64 ± 11
26.5 (25.4–31.1)
9 (60%)
4 (27%)
3 (20%)
6 (40%)
2 (13%)
8 (53%)

71 ± 10
24.9 (24.5–26.6)
4 (27%)
1 (7%)
3 (20%)
10 (67%)
6 (40%)
5 (33%)

In brackets: % of all 15 patients in the group. Group A: automated workflow.
Group B: manual workflow.
BMI indicates body mass index; IQR, interquartile range.

the brain. The authors reported a reduction of total examination time
from 25 minutes to 20 minutes corresponding to a decrease of 20%.
In our study, the automated workflow showed a tendency toward shorter
examination times with a median reduction of only 7% (from 28 to
26 minutes). However, image quality was not assessed in the study of
Moenninghoff et al.20
A recent study evaluated the automated workflow application in
whole-body MRI.21 As a number of separate planning areas have to be
acquired and the final study volume is much larger compared with MRI
of a single body region, authors expected an even higher benefit of the
automated user interface. They found a reduction of the examination
time from 41.5 to 30 minutes and an acceleration of the planning process when using the automated workflow. Accordingly, Stocker et al
presented even higher advantages of automated imaging concerning
time efficiency compared with the preliminary study.
We included an intraindividual comparison involving 2 healthy
volunteers before the patient study. The only difference between the 4
scans with and the 4 examinations without Dot engine referred to manual scans showing slight deviations from the optimal axis in transverse
and coronal T2w sequences. Accordingly, a certain reproducibility was
given without relevant intraindividual technical malfunctions.
In our patient cohort, the automated workflow application added
limited benefit concerning time efficiency, especially comparing our

FIGURE 5. A 23-year-old healthy volunteer. Axial and coronal T2 sequences of the healthy volunteer carried out by MR technician 1 (left side) and MR
technician 2 (right side). Images of the automated workflow are shown in the upper row; images of the manual workflow are presented in the bottom
row. There were no differences comparing the image quality of the manual workflow and the automated approach with a mean total score of 4.6 each.
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TABLE 3. Median Scores* for Orientation in T2w Sequences, Artifacts, and Image Quality

Orientation

Artifacts

Image quality

Transverse T2w
Coronal T2w
Sagittal T2w
Motion artifacts
Susceptibility
Noise and other
General contrast
Distinction of peripheral and transitional zone
Organ delineation
Seminal vesicles
Lymph nodes
Global image quality†

Group A

Group B

P

4
4
4
4
5
4
5
4
5
5
4.5
4.6

5
5
5
4
5
4.5
4
4
4
4
4
3.8

0.946
0.609
0.302
0.494
0.317
0.622
0.062
0.295
0.045
0.013
0.097
0.002

Group A: automated workflow. Group B: manual workflow.
*Scores in this table were calculated as a mean score of the both readers for each patient.
†Global image quality is a mean score of the 5 image quality scores of each patient.

results to the studies mentioned previously. These results raise attention toward the 2 cases in which automated segmentation was incorrect in the initial approach, but was performed correctly in the
second approach. In these 2 scans, examination time was 28 and
30 minutes. Possible technical reasons can be the processing times
for the organ segmentation and landmark detection from the scout
image in the automatic workflow, which may extend examination
times. Regarding the differences of the T2w sequence orientation,
which was slightly favorable in the manual scans, the complexity
of organ segmentation has to be considered. Especially, the identification of the apical and basal images of the prostate volume is challenging due to similar signal intensities. Furthermore, the prostate
may present with poor image contrast at the boundary layers, which
makes automated segmentation difficult in this anatomical region.26
In the light of this, the relatively high proportion of patients with
preobesity (5/7; 71%) and claustrophobia (2/7; 29%) in the group
of automated imaging might provide an explanation for hampered
sequence orientation in this subgroup. However, none of the patients
with obesity was rated with impaired sequence orientation (all scores
≥4.0), so that this aspect seems unlikely to bias our results. An interesting finding is the superior image quality when automated scanning was used. However, diagnostic image quality was reached in
all scans of the standard workflow. In this context, group B included
more patients with comorbidities that might impact the ability to lie
still during the examination and therefore potentially hamper image
quality (10 vs 6 patients). However, median BMI was higher in
group A (26.5 vs 24.9) accounting for more patients with preobesity
(9 vs 4 patients) and obesity (4 vs 1 patient) in this group, which
limits the potential influence of patient characteristics on image
quality. Concerning the sequence planning, the coverage of the study
volume seems more important. Noteworthy, the organ coverage was
incomplete in 6 patients when the standard protocol management
was performed, accounting for 40% of the manual scans. Although
the incomplete volumes affected only peripheral parts of the seminal
vesicles and not prostate parenchyma, coverage problems occurred
less frequently in automated scans (13%). We assume that these
problems are not associated with technical conditions or hardware
malfunction. Probably, clear instructions concerning the definition
of the study volume and focused technicians' training of the manual
planning process may improve coverage of the scan volume. In light
of this, computer-operated segmentation of the study volume and
automatically predefined planning boxes may lead to increased
© 2019 Wolters Kluwer Health, Inc. All rights reserved.

standardization of the planning process and better reproducibility
of image acquisition. Concerning patient characteristics, 5 patients
with preobesity and 1 patient with obesity (6/9; 67%) were under the
9 patients with incomplete scans in our study. In the study of Stocker
et al,21 image quality and the coverage of the study volume were analyzed; however, there were no differences between both groups.
According to the prior studies, one would have expected that a
simplified protocol management might lead to a higher acceptance of
the novel workflow. Unexpectedly, the radiological technologists in
our institution clearly favored the well-known manual workflow. In this
context, the automated scans with a wrong orientation on transverse
T2w scout (acceptance score: 4) and with incorrect automated segmentation (acceptance score: 7) causing manual adaptions of the scan have
to be mentioned. The technicians received a special training by the manufacturer for the automated workflow, however, lower acceptance may
arise, when unexpected errors occur and manual interventions to the automated mode become necessary. Individual adaptations and corrective
actions are surely easier to handle in a conventional mode the technicians are familiar with and changes to the protocol can be made more
flexibly. Especially, inexperienced technicians need additional assistance for interventions to a new software tool, for example, in case of
a false segmentation. Another important factor is that the new user interface of the automated workflow offers a limited selection of scan parameters, which may be a problem for experienced radiological
technologists, who are used to a wider range of possibilities to adjust
scan parameters.
This study has the following limitations: a certain selection bias
cannot be excluded due to the comparison of 2 different patient cohorts.
Similarly, 2 different MR scanners were used, nevertheless both originated from the same manufacturer and both are 3 T MRI systems. Another possible bias refers to the technologists' rating of their acceptance
of each workflow, which is of course a subjectively colored parameter.
An important limitation is the small study population with only
15 patients in each group with partly different patient characteristics,
which limits the generalization of the study findings to all prostate
MRI patients. Finally, no analysis was performed regarding any pathologies of the prostate.
In conclusion, the automated workflow for prostate MRI ensures
accurate sequence orientation and maintains high image quality,
whereas examination time remained unaffected compared with the
manual procedure in our institution.
www.investigativeradiology.com
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