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Abstract

Purpose Retrospectively compare image quality, radiologist diagnostic confidence, and time for images to reach PACS for
contrast enhanced abdominopelvic CT examinations created on the scanner console by technologists versus those generated
automatically by thin-client artificial intelligence (AI) mechanisms.

Methods A retrospective PACS search identified adults who underwent an emergency department contrast-enhanced
abdominopelvic CT in 07/2022 (Console Cohort) and 07/2023 (Server Cohort). Coronal and sagittal multiplanar reformat-
ted images (MPR) were created by Al software in the Server cohort. Time to completion of MPR images was compared
using 2-sample t-tests for all patients in both cohorts. Two radiologists qualitatively assessed image quality and diagnostic
confidence on 5-point Likert scales for 50 consecutive examinations from each cohort. Additionally, they assessed for acute
abdominopelvic findings. Continuous variables and qualitative scores were compared with the Mann-Whitney U test. A
p<.05 indicated statistical significance.

Results Mean[SD] time to exam completion in PACS was 8.7[11.1] minutes in the Console cohort (n=728) and 4.6[6.6]
minutes in the Server cohort (n=_892), p <.001. 50 examinations in the Console Cohort (28 women 22 men, 51[19] years)
and Server cohort (27 women 23 men, 57[19] years) were included for radiologist review. Age, sex, CTDIvol, and DLP were
not statistically different between the cohorts (all p > .05). There was no significant difference in image quality or diagnostic
confidence for either reader when comparing the Console and Server cohorts (all p > .05).

Conclusion Examinations utilizing Al generated MPRs on a thin-client architecture were completed approximately 50%
faster than those utilizing reconstructions generated at the console with no statistical difference in diagnostic confidence or
image quality.
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Introduction

Spiral CT permits the direct reconstruction of images in
any orientation (e.g., coronal, sagittal, oblique) from raw
data at the scanner console (Workstream4D™ Siemens
Healthineers, Forchheim, Germany). While these images
have very high quality, and can be pushed directly to the
Picture Archiving and Communication System (PACS)
from the scanner, they are created on the console using the
scanner’s Image Reconstruction System (IRS). Unfortu-
nately, this process is time consuming. Time spent creating
one study’s (optional) raw data reformatted images takes
resources away from another study’s creation of (primary)
axial images. Additionally, this is time consuming for the
technologist initiating the process and may also delay sub-
sequent patients from being scanned, particularly if there is
only one scanner console [1].

When throughput is not an issue, reconstructing using
raw data is generally preferable. However, time is a crucial
factor in the workup and ultimate treatment of critically ill
emergency department (ED) patients. CT must provide a
fast and effective diagnostic assessment of patients present-
ing with emergent symptoms. In addition to prompt imag-
ing, in the ED setting it is critical for images to reach PACS
as quickly as possible to ensure timely diagnosis of poten-
tially acute findings [1-6].

We propose to significantly speed up image throughput
by automating image space reformatting on a remote server
using Artificial Intelligence (Al) techniques by leveraging
two new technologies. Used together, they have the poten-
tial to replace raw data reconstruction at the console when
time is of the essence. “Auto Post-Process and Archive”
technology (Rapid Results™, Siemens Healthineers, Forch-
heim, Germany) is configured as part of a scan protocol
to automatically push a specified DICOM series to a post-
processing server with instructions on how to process the
images (e.g., reformat to a sagittal series) and also auto-
matically push the results from the post-processing server
to PACS. “Landmark Detection” technology (ALPHA™ -
Automatic Landmark Parsing of Human Anatomy, Siemens
Healthineers) is capable of employing Al to determine the
coronal and sagittal planes with respect to the patient (as
opposed to the scanner coordinate system) [7, 8]. This is
particularly valuable for patients not aligned with the table
because they are unable to lie flat. Through the detection of
anatomic landmarks, Al determines where the optimal sag-
ittal and coronal planes are for each particular patient.

Automating image space reformatting using the approach
described above has the potential to allow images to reach
PACS faster for imaging diagnosis, while reducing the
time technologists spend generating reconstructions. Prior
studies have shown that generating reconstructions from a
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separate console can facilitate increased throughput in the
ED, particularly for trauma imaging [1-6, 9]. A prior study
showed improved throughput using an Al tool for gener-
ating reconstructions in trauma pan-scans [6]. However,
these prior studies did not assess image quality, diagnos-
tic confidence, or diagnostic ability using artificial intelli-
gence generated reconstructions. Therefore, the purpose of
our study was to retrospectively compare the image quality,
diagnostic confidence, and time for images to reach PACS
for contrast enhanced abdominopelvic CT examinations by
reconstructing sagittal and coronal images at the console
versus employing Al to automatically acquire these refor-
mats in image space on a remote server.

Methods
Patients

This study was Institutional Review Board approved and
Health Insurance Portability and Accountability Act com-
pliant. A retrospective PACS search identified adults (> 18
years) who underwent a CT Abdomen and Pelvis with
Oral and IV contrast in the ED from 07/01/2022 through
07/31/2022 and 07/01/2023 through 07/31/2023. No
patients were excluded for time analysis. For image qual-
ity assessment, patients with extensive surgical hardware,
significant motion-related artifact, or lack of visible positive
oral contrast were excluded. Clinical indication, age, and
sex were recorded from the electronic medical record.

Imaging technique

CT Abdomen and Pelvis examinations were performed
with positive oral and intravenous contrast during the
portal venous phase on a dual-source dual-energy CT
(SOMATOM Definition Force, Siemens Healthineers,
Forchheim, Germany). Images were acquired in the axial
plane from the xiphoid through the pubic symphysis during
the portal venous phase 70-90 s after the administration of
weight-based intravenous contrast (Isovue 300 mg Iodine
per milliliter, Bracco Diagnostics, Princeton NJ) at a rate of
3—4 cc per second.

For CT examinations performed in 2022 all reconstruc-
tions were created by a CT technologist at the ED CT scan-
ner console (Console cohort). This includes 4 mm axial,
3 mm coronal, 3 mm sagittal, and 0.75 mm axial images
from the xiphoid to the pubic symphysis. For CT examina-
tions performed in 2023, the axial images (0.75 mm and
4 mm slice thickness) were created by the technologist
whereas the coronal and sagittal reformatted images were
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generated using automatic image space reformatting (Server
cohort) from the 0.75 mm thin axial slices.

The CT dose index volume (CTDIvol) and dose length
product (DLP) were recorded.

Server-based Reformatting

ALPHA™ was employed to automatically determine the
patient-centric coronal and sagittal planes. This technol-
ogy relies on a redundant set of anatomy detectors which
are trained to learn local appearance cues. These detectors
capture group-wise spatial configurations and together are
highly robust to even significant distortion or occlusion. In
addition, these detectors are invoked in a hierarchical fash-
ion which significantly improves overall accuracy [7, 8].

Reconstruction Time determination

The time from topogram to coronal reconstruction genera-
tion and from topogram to sagittal reconstruction creation
were obtained from PACS (Visage Imaging, Inc., San Diego,
CA, United States) DICOM information for all examina-
tions in the cohort. This time incorporates scan range selec-
tion, intravenous contrast injection, CT acquisition, reformat
generation, and time for images to reach PACS for imaging
review. Venous access was established for all patients prior
to topogram acquisition and is therefore not reflected in the
time. Contrast injection delay was 70-90 s for most patients
imaged in this cohort.

Image Quality Assessment

Two fellowship-trained abdominal radiologists with 7 and
3 years of post-fellowship experience retrospectively evalu-
ated deidentified and anonymized CT abdomen and pelvis
examinations on PACS, blinded to the method of multi-
planar reformat, date of acquisition, and imaging report.
Scan labels and markings, including the date of examina-
tion acquisition, were removed before images were sent to
research PACS for imaging review. The sequence of scans to
review was assigned by a random number generator. Read-
ers scored the image quality for axial, coronal, and sagittal
images separately on a 5-point Likert scale (1 =nondiag-
nostic, 2 =poor — significant limitation in diagnostic ability,
3 =acceptable — moderate limitation in diagnostic quality,
4 =good — mild limitation in diagnostic quality, 5=no sig-
nificant limitation in diagnostic quality). Readers scored
diagnostic confidence for axial, coronal, and sagittal images
separately on a 5-point Likert scale (1 =very unconfident,
2 =slightly unconfident, 3 =neutral, 4 =slightly confident,
5=very confident). Additionally, readers recorded the pres-
ence or absence of acute findings as well as any explanation

for abdominal pain. 50 scans were included in each cohort
for retrospective radiologist review such that the study
would be powered to detect a difference of 0.3 in scores.

Statistical analysis

Continuous variables including patient age, CTDIvol,
and DLP were compared between the Console and Server
cohorts using the Mann-Whitney U test, and sex was com-
pared using Pearson Chi-Square. Time to completion of
multiplanar reformat creation was compared between the
cohorts using 2-sample t-tests. Qualitative scores for image
quality and diagnostic confidence were compared between
the Console and Server cohorts using the Mann-Whitney
U test. Axial images were reconstructed on the console by
the IRS in both cohorts; however, the coronal and sagit-
tal reformats varied in their reconstruction method. Since
axial images in both cohorts were generated on the IRS,
this allowed the axial scores from each reader to serve as
an internal control for comparison with the coronal and sag-
ittal qualitative evaluations, and were compared using the
Wilcoxon Signed-Rank Test. In other words, comparing the
axial image quality between the cohorts allowed for a com-
parison of technologist related factors so that any difference
in coronal or sagittal image quality could be attributed to
the reconstruction method. Presence of acute findings and
explanation for abdominal pain were compared between the
cohorts using the Pearson Chi-Square. Cohen’s kappa was
used for inter-reader agreement for the presence of acute
findings and explanation for abdominal pain. Data from the
two readers were analyzed individually. The significance
level was set at 0.05. Kappa value of <0 is considered
no agreement; 0.01-0.20, none to slight; 0.21-0.40, fair;
0.41-0.60, moderate; 0.61-0.80, substantial; and >0.81 is
considered almost perfect agreement [10]. The analysis was
performed using SPSS statistical software (SPSS Statistics
Version 28, IBM).

Results
Patients

728 CT abdomen and pelvis examinations on an ED CT scan-
ner were identified from 07/01/2022 through 07/31/2022 and
892 were identified from 07/01/2023 through 07/31/2023.
All of these examinations were included for reconstruction
time analysis.

For image quality assessment in the 2022 Console cohort,
50 consecutive patients were selected after 12 patients with-
out oral contrast and 1 patient with excessive motion were
excluded. In the 2023 Server cohort, 50 consecutive patients

@ Springer



Abdominal Radiology

Table 1 Patient demographics

Console Cohort  Server Cohort p-value
Age (years) S1[19]* S57[19]* 0.08
Sex 28 women, 22 27 women, 23 men 0.84
men
CTDIvol (mGy) 13.4[7.2]* 13.9[7.7]* 0.87
DLP (mGyem)  674.7[397.5]* 697.9[393.6]* 0.74
Frequency of 18, 36% 16, 32% 0.67

acute findings

(Il, 0/0)

Indication for Pain: 45, 90% Pain: 40, 80%

CT (n, %) Suspected Suspected Bowel
Bowel Obstruc-  Obstruction: 3, 6%
tion: 3, 6% Oncologic: 3, 6%
Fever: 1, 2% Fever: 2, 4%
Hematuria: 1, Post-surgical: 2, 4%
2%

*mean[SD]

Table 2 Reconstruction time comparison

Cohort Total CT Time from topo-  Time from topo-
exami- gram to sagittal gram to coronal
nations reconstruction reconstruction
included (minutes) (minutes)

Console cohort 728 8.7[11.1]* 6.6[4.8]*

Server cohort 892 4.5[6.6]* 4.1[6.2]*

p-value <0.001 <0.001

*mean[SD]

were selected after 9 patients without oral contrast, 2 with
extensive beam hardening artifact emanating from spinal
surgical hardware, and 1 with large body habitus extending
outside of the imaged field were excluded. This resulted in
a final cohort of 100 patients for qualitative assessment: 50
patients from the Console cohort in 2022 (28 women and
22 men, mean[SD] age: 51[19] years) and 50 patients from
Server cohort in 2023 (27 women and 23 men, 57[19] years.
Age and sex did not differ between the groups (p=.08 and
p=.84, respectively). Table 1 shows patient demographics.

Table 3 Qualitative image comparison scores (mean[SD]). *mean[SD]

CT Radiation exposure

The mean[SD] CTDIvol was 13.4[7.2] mGy in the Console
cohort and 13.9[7.7] mGy in the Server cohort (p=.87).
The mean[SD] DLP was 674.7[397.5] mGycm in the Con-
sole cohort and 697.9[393.6] mGycm in the Server cohort

(p=.74).
Reconstruction Time comparison

The mean[SD] time from topogram to sagittal reconstruction
was 525[665] seconds (8.7[11.1] minutes) in the Console
cohort (n="728) and 273[394] seconds (4.6[6.6] minutes) in
the Server cohort (n=892), p<.001. The mean time from
topogram to coronal reconstruction was 393[286] seconds
(6.6[4.8] minutes) in the Console cohort and 247[373]
seconds (4.1[6.2] minutes) in the Server cohort (p <.001).
Table 2 shows the comparison of reconstruction times.

Image quality comparison

There was no significant difference in image quality or diag-
nostic confidence scores for reader 1 or reader 2 when com-
paring the technologist reconstructions (Console cohort)
with the Al created coronal and sagittal reformatted images
(Server cohort), all p>.05. Table 3 details image quality
and diagnostic confidence score comparisons. There was no
significant difference in intra-reader image quality or diag-
nostic confidence scores when comparing axial images with
coronal and sagittal images created in the same year (all
p>.05). Figure 1 shows sample images created by the tech-
nologist at the scanner console and Fig. 2 shows Al-based
thin-client reformatted images.

There was almost perfect inter-reader agreement for the
presence of acute findings (kappa=0.83, IQR 0.72-0.94)
and strong agreement for findings explaining abdominal
pain (kappa=0.75, IQR 0.62-0.88).

Reader 1 Reader 2
Console cohort Server cohort p-value Console cohort ~ Server cohort p-value
Image quality  Axial 4.8[0.4]* 4.9[0.3]* 0.19 5.0[0.2]* 4.9[0.3]* 0.14
Coronal 4.8[0.4]* 4.9[0.4]* 0.70 5.0[0.2]* 4.9[0.3]* 0.14
Sagittal 4.8[0.4]* 4.9[0.3]* 0.19 5.0[0.2]* 4.9[0.3]* 0.14
p-value (axial/coronal, 0.99, 0.99 0.99, 0.99 0.99, 0.99 0.99, 0.99
axial/sagittal)
Diagnostic Axial 4.9[0.2]* 4.9[0.3]* 0.21 5.0[0.2]* 4.9[0.3]* 0.14
confidence Coronal 4.9[0.2]* 4.9[0.3]* 0.70 5.0[0.2]* 4.9[0.3]* 0.14
Sagittal 4.9[0.2]* 4.9[0.3]* 0.70 5.0[0.2]* 4.9[0.3]* 0.14
p-value (axial/coronal, 0.99, 0.99 0.32,0.99 0.99, 0.99 0.99, 0.99

axial/sagittal)
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Fig. 1 (a) axial, (b) coronal, and (c) sagittal reformatted CT images
generated by the technologist at the console (Console Cohort) in a
47-year-old man with abdominal pain, demonstrate a dilated, fluid-

filled appendix containing an appendicolith with adjacent fat stranding
(arrow) compatible with acute appendicitis

Fig. 2 (a) axial, (b) coronal, and (c) sagittal server generated reformatted CT images (Server Cohort) in a 22-year-old male with abdominal pain
demonstrate a dilated, fluid filled appendix with adjacent fat stranding (arrow), compatible with acute appendicitis

Discussion

Our study compared multiplanar reconstructions created at
the console by the technologist with Al generated reformat-
ted images. Examinations utilizing Al generated reformatted
images were complete in PACS in mean 4.5 min compared
with 8.7 min when created by the technologist (p <.001).
There was no statistically significant difference in image
quality or radiologist diagnostic confidence when utilizing
Al generated compared with console reconstructions.

With growing CT volume throughout the country, techno-
logic advances that assist CT technologist workflow without
compromising diagnostic ability are increasingly valuable
[11]. Utilizing Al to generate coronal and sagittal reformat-
ted images reduces the time technologists spend generating
reconstructions while also allowing these images to reach

PACS faster for diagnostic interpretation. Additionally, gen-
erating the multiplanar reformatted images on a thin-client
server reduces the computational load necessary at the CT
scanner console, allowing for earlier subsequent imaging. In
the ED in particular, faster time for images to reach PACS
could allow for earlier life-saving diagnoses to be made.

Prior studies have employed additional consoles to expe-
dite image reconstruction. Yu et al. evaluated a similar arti-
ficial intelligence tool for automated reformatted images
in trauma pan-scans, saving a mean 5.7 min per pan-scan
which was largely attributable to a 4.7 min decrease in mean
torso reconstruction time. However, this study focused pri-
marily on scanner throughput and reconstruction time, and
did not evaluate the post-processed image quality [6].

Itri et al. compared technologist workflow and the source
of time savings in an automated system. Surprisingly, in
their study the manual reconstruction process often was not
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the largest contributor, rather much of the delay was associ-
ated with the prioritization of preparation for and perfor-
mance of a subsequent scan on the next patient in the ED
setting [1]. The automated reconstructions generated in our
study allow for more prompt scanner console readiness
for subsequent patients. There was also a significant time
reduction in image availability on PACS in our large cohort.

In addition to diagnostic confidence and image quality,
it is also important that there not be differences in diagno-
sis rendered when using Al generated reconstructions. In
our study, two radiologists had almost perfect agreement
for acute findings (kappa=0.83) and strong agreement for
explanation of abdominal pain (kappa=0.75) using both Al
generated and console reconstructions. Notably, during rou-
tine clinical practice, there were no reported quality tickets
or suboptimal image quality in radiology reports when uti-
lizing these Al rendered reconstructions.

Limitations include that this is a single center, retrospec-
tive study. Additionally, this study was performed using
a single vendor CT scanner in the ED setting and utilized
the reconstruction methods of one vendor, so the results
may not be generalizable to other Al-based reconstruction
tools. The axial images in all examinations were generated
by the technologist to serve as an internal control between
the Console and Server generated reconstructions, however,
this precluded comparison of axial images between the two
cohorts. In addition, 1 patient with motion artifact, 2 patients
with streak artifact emanating from surgical hardware, and
1 large patient extending beyond the field of view were
excluded from qualitative assessment so as to not bias the
image quality assessment because image quality assessment
of these patients would not be reflective of the reconstruc-
tion mechanism, but rather instead it would reflect image
quality challenges subject to all examinations.

In conclusion, Al generated coronal and sagittal reforma-
tions were generated approximately 50% faster than console
reconstructions. In addition, there was no statistical differ-
ence in diagnostic confidence or subjective image quality for
console created versus Al generated multiplanar reformat-
ted images. Utilizing Al generated multiplanar reformatted
images from the thin-client reduces the time technologists
spend creating reconstructions while ensuring more rapid
examination completion in PACS for imaging review.
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