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Abstract

v

Purpose: To compare the performance of ser-
ver-based (CSS) versus stand-alone post-pro-
cessing software (ES) for the evaluation of
cardiovascular CT examinations (cvCT) and
to determine the crucial steps.

Materials and Methods: Data of 40 patients (20
patients for coronary artery evaluation and 20
patients prior to transcatheter aortic valve im-
plantation [TAVI]) were evaluated by 5 radiol-
ogists with CSS and ES.Data acquisition was
performed using a dual-source 128-row CT
unit (SOMATOM Definition Flash, Siemens, Er-
langen, Germany) and a 64-row CT unit (Bril-
liance 64, Philips, Hamburg, Germany). The
following workflow was evaluated: Data load-
ing, aorta and coronary segmentation, curved
multiplanar reconstruction (cMPR) and 3D
volume rendering technique (3D-VRT), meas-
uring of coronary artery stenosis and planime-
try of the aortic annulus. The time require-
ment and subjective quality for the workflow
were evaluated.

Results: The coronary arteries as well as the
TAVI data could be evaluated significantly fas-
ter with CSS (5.5+2.9min and 8.2 +4.0 min,
respectively) than with ES (13.9%+5.2 min
and 15.2+10.9min, respectively, p<0.01).
Segmentation of the aorta (CSS: 1.9+2.0 min,
ES: 3.7+3.3min), generating cMPR of coro-
naries (CSS: 0.5+0.2min, ES: 5.1+2.6 min),
aorta and iliac vessels (CSS: 0.5+ 0.4 min and
0.4+0.4min, respectively, ES: 1.6+0.7 min
and 2.8 +3 min, respectively) could be per-
formed significantly faster with CSS than
with ES with higher quality of cMPR, mea-
suring of coronary stenosis and 3D-VRT
(p<0.05).

Conclusion: Evaluation of cvCT can be ac-
complished significantly faster and better
with CSS than with ES. The segmentation re-

mains the most time-consuming workflow

step, so optimization of segmentation algo-

rithms could improve performance even fur-
ther.

Key points:

» With client-server-based (CSS) and stand-
alone solutions (ES), cardiovascular CT da-
tasets can be evaluated reliably.

» Evaluation of cardiovascular CT can be per-
formed faster and better with CSS than
with ES.

» In particular the generating of curved recon-
structions is faster with CSS than with ES.

» Segmentation of data is a crucial step for
semiautomatic software (CSS and ES).

Citation Format:

» Liicke C, Foldyna B, Andres C et al. Post-Pro-
cessing in Cardiovascular Computed To-
mography: Performance of a Client Server
Solution versus a Stand-Alone Solution.
Fortschr Rontgenstr 2014; 186: 1111-1121

Zusammenfassung

v

Ziel: Die Performance einer Client-Server- (CSS)
und einer Einzelplatz-Softwarelosung (ES) beziig-
lich der Auswertung von kardiovaskuldren CT-
Studien (cvCT) zu vergleichen und zeitrelevante
Arbeitsschritte zu bestimmen.

Material und Methoden: Die cvCT von insgesamt
40 Patienten (20 zur Koronarbeurteilung und
20 vor kathetergestiitztem Aortenklappenersatz
[TAVI]) wurden von 5 Untersuchern mit CSS und
ES ausgewertet. Die Datenakquisition erfolgte an
einem Dual-Source-128-Zeilen-CT (SOMATOM
Definition Flash, Siemens, Erlangen, Deutsch-
land) sowie an einem 64-Zeilen-CT (Brilliance
64, Philips, Best, Niederlande). Folgende Unter-
suchungsschritte wurden analysiert: Laden der
Daten, Segmentierung von Aorta und Koronarar-
terien, Anfertigung gekriimmter multiplanarer
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Reformatierungen (cMPR) und 3D-Rekonstruktionen (3D-VRT),
Vermessung von Koronarstenosen und des Aortenklappen-
anulus. Die benoétigte Zeit und subjektive Qualitdt der Arbeits-
schritte wurde ermittelt.

Ergebnisse: Sowohl die Koronar- als auch die TAVI-Evaluation ge-
lang mit CSS schneller (5,5 +2,9 min bzw. 8,2 +4,0 min) als mit ES
(13,9£5,2 min bzw. 15,2+ 10,9 min, p<0,01). Die Segmentierung
der Aorta (CSS: 1,9+2,0 min, ES: 3,7 £3,3 min), die Erstellung der
c¢MPR der Koronararterien (CSS: 0,5+0,2 min, ES: 5,1+2,6 min),
der Aorta und der BeckengefdfSe (CSS: 0,5+0,4min bzw. 0,4
+0,4min, ES: 1,6+0,7min bzw. 2,8+3 min) gelingt signifikant
schneller mit CSS im Vergleich zur ES bei jeweils besserer Quali-
tdt der cMPR sowie der Vermessung und 3D-VRT der Koronarar-
terien (p<0,05).

Schlussfolgerung: Die Auswertung von cvCT mit CSS benotigt
weniger Zeit und fiihrt zu qualitativ besseren Ergebnissen als
mit ES. Die Segmentierung der Daten verbleibt als zeitrelevanter
Arbeitsschritt, sodass eine Optimierung von Segmentierungs-
algorithmen zu weiteren deutlichen Zeitersparnissen fiihren
kénnte.

Introduction

v

The rapid technological development of multi-row compu-
ted tomography (CT) in the last two decades has resulted in
an increase in CT examinations on the whole, the number of
CT series acquired per patient, and the data volume per CT
series as well as in a drastic reduction in the acquisition
time of CT series to a few seconds. The speed of data volume
generation in radiological departments doubles approxi-
mately every 2 years. Since the number of radiologists has
not doubled, productivity in relation to the number of ima-
ges viewed per time period and radiologist has increased
significantly and will increase further if this trend contin-
ues. It is therefore not surprising that the scope of semiau-
tomatic evaluation software has increased substantially to
simplify and accelerate data analysis and to provide support
for radiologists in the diagnosis process. The goal of semiau-
tomatic evaluation software is to perform standardizable
post-processing steps in a targeted manner without action
on the part of the radiologist in advance or after initializa-
tion by the user.

The noninvasive visualization of coronary arteries via CT
has become an established method. Moreover, CT is a reli-
able tool for the preoperative evaluation of patients prior
to cardiac surgery, in particular for the planning of trans-
catheter aortic valve implantation (TAVI). TAVI requires
very precise knowledge of the specific anatomy of the aortic
root which CT provides with the greatest reliability among
all imaging modalities.

Since the visualization of both the coronary arteries and the
aortic root requires high spatial and temporal resolution,
cardiovascular CT also produces large amounts of data. Sin-
gle-phase coronary CT datasets are representative of the
data volume compared to other CT datasets and place high
demands on segmentation algorithms. TAVI datasets are
challenging for post-processing software in relation to seg-
mentation algorithms as well as data volume. Differences in
performance should therefore be most apparent with re-
spect to these examinations.

The goal of the present study was to compare the perform-
ance of client-server-based post-processing software with
conventional stand-alone software with respect to the evalu-
ation of ECG-triggered cardiovascular CT examinations using
coronary datasets and datasets prior to TAVI as an example.

Materials and Methods

v

Study design and patient data

ECG-triggered CT datasets for a total of 40 patients were in-
cluded with the clinical indications coronary evaluation
(n=20) and TAVI evaluation (n =20). The datasets were ran-
domly selected by one of the examiners from an examina-
tion pool including approximately 4000 examinations from
January 2008 to March 2012. Written informed consent for
the evaluation of the anonymized data was obtained from
each patient. The average age of the coronary evaluation pa-
tients was 54+ 18 years with the majority of the patients
being male (14 men, 6 women). The average age of the pre-
operative TAVI imaging patients was 82 +6 years with the
majority of the patients being female (6 men, 14 women).

CT protocol

The image data were acquired using a second-generation
dual-source CT scanner with 128 rows (= DSCT; SOMATOM
Definition Flash, Siemens, Erlangen, Germany) and a 64-
row CT scanner (= CT64; Brilliance 64, Philips, Best, Nether-
lands).

The coronary datasets were acquired with a DSCT scanner
in 13 cases and via a CT64 scanner in 7 cases. On average,
84.5ml (20 ml) of contrast agent from various manufac-
turers with different iodine concentrations were used (6x
Ultravist 370, lopromide 370 mgl/ml, Bayer-Schering-Phar-
ma AG, Berlin, Germany and 14 x Imeron 400, lomeprol
400 mg/ml, Bracco, Milan, Italy). A prospectively triggered
CT scan was performed using the high-pitch technique in
10 cases. Retrospective ECG triggering was performed in
10 cases. Older examinations were primarily acquired using
the CT64 scanner and more recent examinations with the
DSCT scanner.

For TAVI imaging the DSCT scanner was used in 10 cases
and the CT64 scanner in 10 cases. Patients received an aver-
age dose of 93 ml (£ 15 ml) of contrast agent (10 x lopromide
370 mgl/ml and 10 x Iomeprol 400 mg/ml). The examina-
tions on the DSCT scanner were performed in the high-pitch
mode. In the case of the CT64 scanner, the heart was ac-
quired using a retrospectively ECG-synchronized technique
followed by immediate acquisition of the aorta (c Table1).

System specifications

The image data were post-processed with client-server
software (CSS, syngo.via CT Cardio-Vascular Engine, Version
VA10B, Siemens, Erlangen) with corresponding hardware
and network architecture and with stand-alone software
(ES, syngo MultiModality Workplace, Version VE50A, Sie-
mens, Erlangen).

The CSS server has two Intel Xeon CPUs X5570 @ 2.93 GHz,
86 GB RAM, hard disk 4.5 TB, 4x1 gigabit network cards
with Microsoft Windows Server 2008 R2 Enterprise x 64
version, Service Pack 1 (Build 7601) and was put into opera-
tion on 12/23/2010.
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Table1 Examination protocols for coronary evaluation and TAVI evaluation on the basis of the two CTscans.

parameter

protocol

ECG synchronization
triggering

tube voltage (kV)
tube current intensity

pulsing

slice thickness (mm)
increment (mm)
pitch

scan direction

CT coronary angiography

brilliance CT 64

helical

retrospective
bolus triggering
120

800 mAs/layer
(eff: 381 mA)
yes,20%

0.67

0.33

0.15
caudo-cranial

SOMATOM DSCT

helical

retrospective
bolus triggering
100

320 ref. mAs

yes,20-4%
0.6

0.4

0.28
caudo-cranial

helical high
pitch
prospective
bolus triggering
100-120

370 ref. mAs

0.6

0.4

3
cranio-caudal

preoperative TAVI planning CT

brilliance CT 64

helical (heart)

retrospective
bolus triggering
120

500 mAs/layer
(eff: 238 mA)
yes, 20 %

1

0.5

0.2
cranio-caudal

helical (aorta)

non-triggered
min. delay
120

200 mAs/layer
(eff: 313 mA)
0.8

0.8

0.641
cranio-caudal

SOMATOM
DSCT

helical high
pitch
prospective
bolus triggering
100

320 ref. mAs

0.6

0.3

3
cranio-caudal

The CSS clients were Intel Core2 CPUs 6600 @2.4 GHz with
NVIDIA Quadro 2000 graphics card, 66.5 GB hard disk, 3GB
RAM and 1 gigabit network card with Windows XP Profes-
sional 2002, Service Pack 3 as the operating system.

The segmented, switched network has a transmission rate
of 1 Gbit. A core router is used to switch between the indi-
vidual IP segments.

The ES involved a computer with an Intel Xeon processor,
X5570 @ 2.93 GHz with 11.9 GB RAM, an NVIDIA Quadro
FX 5800 graphics card and a total hard disk capacity of 741
GB and a 1 gigabit network card with Microsoft Windows
XP Professional 64x version 2003 Service Pack 2 as the op-
erating system and was put into operation on 2/18/2010.

Post-processing analysis

The datasets were randomly assigned to 5 examiners with

different levels of CT experience (1, 2, 5, 10, 15 years). The

individual work steps were explained to all examiners prior
to the start of the study and each examiner performed 3 test
runs for coronary and TAVI evaluation with CSS and ES. The
image data sent to the server of the CSS were automatically
subjected to preparatory segmentation that was completed
when the data were loaded by the user. Every case was eval-
uated by the same person first with CSS and subsequently
after at least 30 days with ES to minimize memory effects.

The workflows “CT chest pain”, “CT vascular”, and “CT-TAVI

planning” were used for CSS.ES evaluation was performed

using the workflows “In-space” and “Circulation”.

The following post-processing steps were defined:

» Coronary evaluation: Load the image data, vessel seg-
mentation (place a vascular path in the right coronary ar-
tery (RCA) and left coronary artery (LCA), including the
branches: ramus interventricularis anterior (LAD) and
ramus circumflexus (LCX)) (© Fig.1a, b), generate curved
multiplanar reconstructions (cMPRs) of the abovemen-
tioned coronary arteries, measure coronary stenosis,
if present, acquire 3D-VRT scan, generate end-diastolic
short-axis images with a slice thickness of 5mm and an
increment of 5 mm (SA-MPR).

» TAVI evaluation: Load the image data, segment the aorta,
generate a cMPR of the aorta, segment the peripheral ar-
teries (PA): common iliac artery, common external artery,
and common femoral artery on each side, generate

cMPRs of the PA, measure pelvic artery stenosis, if pres-
ent (© Fig.2a, b), otherwise measure the PA, determine
the distances between the coronary artery ostia and the
valve plane, determine the effective diameter of the aor-
tic annulus (¢ Fig.3a, b).
A maximum time of 15 minutes was set for a work step that could
not be performed immediately after the preceding step.
The subjective quality of the results of the particular work
steps was evaluated on a scale of 1-4 (1=very good,
2=good, 3 =diagnostically sufficient, 4=unable to be eval-
uated). The quality of the cMPRs of the coronary arteries,
the stenosis measurement, the 3D-VRT scans, and the SA-
MPRs was defined as a target variable in the case of the cor-
onary evaluation. The quality of the cMPRs of the aorta,
cMPRs of the PA stenosis measurement or diameter meas-
urement of the PA, distance measurement between the cor-
onary ostia and the valve plane and measurement of the
aortic valve annulus was assessed for the TAVI evaluation.

Statistical analysis

Statistical evaluation was performed using the software
IBM SPSS Statistics 20 (IBM Deutschland, Ehningen, Germa-
ny). The duration of the individual work steps was checked
for significance using a one-way ANOVA, and the subjective
quality was checked using the Pearson's chi-square test. The
significance level was defined as p<0.05.

Results

v

The cases were distributed according to CT experience as
follows (CT experience, coronary evaluation, TAVI evaluati-
on): 1 year: 4 and 2, 2 years: 3 and 5, 5 years: 9 and 4, 10
years: 3 and 8, 15 years: 1 and 1).

Coronary evaluation

The total evaluation time as the sum of all evaluation steps
was significantly shorter with CSS than with ES: 5.5+
2.9min. or 332+174s versus 13.9+5.2 min. or 833+312s,
p<0.01 (o Fig.4). Each individual work step also required
less time with CSS than with ES in a pair-wise comparison
(o Fig.5,© Table2).
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Fig. 1 a CSS segmentation of coronaries. On the left side MPRs in 2- and circumflex branch (CX). b ES segmentation of coronaries. The seg-
chamber view, 4-chamber view and short axis orientation as well as a 3D- mentation of coronary arteries is performed semiautomatically. Coronary
VRT are displayed. On the right side one can see cMPR of the 3 main cor- arteries are detected automatically and colored in blue or can be added
onary vessels (From left to right: Right coronary artery with posterior inter- manually with a plausibility check being performed beforehand by an
ventricular branch, left coronary artery with left descending artery (LAD) algorithm.

The image data were loaded in the software significantly faster =~ The segmentation of the coronary arteries comprised a
with CSS (0.5+£0.2 min. (28 £105s)) than with ES (0.4+0.1 min.  large portion of the total evaluation time both for CSS and
(21 s£85s)), p=0.015. ES (45% vs. 28%). At 2.5+£2.3min. (151£139s) vs. 3.9+

2.6 min. (234 + 155 s), this was achieved slightly but not sig-
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sible for the time difference in the total evaluation between
CSS and ES. The cMPRs were generated 10 times faster with
CSS (0.5+0.2min. or 31+10s vs. 5.1+2.6min. or 303+
1545s). The 3D-VRT scans were generated 4 times faster
with CSS (0.6+0.2min. (37+12s)) than with ES (2.3
1.5 min. (138 £905s)). The quality of the cMPRs of the coron-
ary arteries, the coronary stenosis measurement, the SA-
MPRs, and the 3DVRT scans was evaluated as sufficient or
better in all cases (© Fig.6).

On average, the quality of the cMPRs of the coronary arter-
ies with CSS was evaluated as "very good" (very good: 13,
good: 5, sufficient: 2) and was significantly better compared
to the cMPRs with ES (very good: 2, good: 6, sufficient: 12)

Fig.3 a CSS measuring of aortic annulus. With the
CSS three freely configurable image planes are dis-
played. The area of the aortic annulus can be meas-
ured and the effective diameter can be calculated. If
a retrospectively gated data set was used, left
ventricular volumes are visualized in the upper right
window. In that case a high-pitch data set was used.
b ES measuring of aortic annulus. The area of the
aotic annulus can be measured in three orthogonal
imaging planes, by which the effective diameter can
be calculated. A 3D-VRT of the examination volume
is depicted on the lower right.

e
10 4N

IR

B O
(L]
7l m

which were evaluated on average as “sufficient” (p<0.01).
The quality of the 3D-VRT scans with CSS was also signifi-
cantly better (p<0.05). On average, it was evaluated as
“very good” (very good: 13, good: 5, sufficient: 2, while the
quality with ES was evaluated only as “good” (very good: 2,
good: 12, sufficient: 6).

The stenosis measurement of the coronary arteries with CSS
was significantly faster (0.5 +0.5 min. (32 +28s) than with ES
(1.0+0.8 min. (57 £485s)), p =0.045. The quality of the steno-
sis measurement via CSS was evaluated as "very good" (very
good: 14, good: 5, sufficient: 1), while the quality with ES
was evaluated on average as “good” (very good: 1, good: 17,
sufficient: 2).
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An SA-MPR was generated with both modalities with only a
slight time advantage for CSS (1.0+0.4 min. or 62 +23s vs.
1.2£0.9min. or 74 £54s; p=0.37) and the quality for both
modalities was evaluated on average as “very good” (CSS:
very good: 17, good: 3, sufficient: O vs. ES: very good: 14,
good: 5, sufficient: 1), p=0.41.

35 -
30 A
25 A

]

15 o

Total time in min

T T
Client-Server Stand-alone

Fig.4 Total time of coronary evaluation. Boxplot of the total time that
was needed for the coronary evaluation. The median was 4.5 min with CSS
and 12.6 min with ES.

Heart RERVA

TAVI evaluation

At 8.2+4min. (490+240s), the total evaluation with CSS
was on average almost twice as fast as the evaluation with
ES (15.2+£10.9min. or 911+654s, p=0.01; © Fig.7).

On average it took significantly longer to load the image
data in the software with CSS (97s (+97)) than with ES
(0.5+0.4 min. or 32+22s; p<0.01; © Fig.8,© Table3).
However, the segmentation of the aorta was on average sig-
nificantly faster with CSS (1.9+2 min. or 114+ 121 s) than
with ES (3.7+3.3min. or 224+200s; p=0.04). At 0.5+
0.8 min. (29 + 50 s), the segmentation of the PA was on aver-
age 4x faster with CSS than with ES (2.0+3.2 min. or 121
+194s; p<0.05). The complete segmentation of the aorta
and the PA could be performed with CSS in all cases. Seg-
mentation was incomplete in 3 cases with ES (15%). In one
case, the segmentation of the PA with ES was not possible so
that the stenosis of the PA could not be evaluated.

The generation of cMPRs was 3x faster for the aorta (CSS:
0.5+0.5min. (32+27s) compared to ES: 1.6 +0.7 min. (98 +
42 s), and almost 8x faster for the PA (CSS: 0.4 +0.4 min. (25
+24s) vs. ES: 2.8+3.0min. (166+182s), in each case
p<0.01). The quality of the cMPRs generated with CSS of
the aorta (very good: 17, good: 3, sufficient: 0) as well as of
the PA (very good: 17, good: 3, sufficient: 0) and was signif-
icantly better compared to the cMPRs generated with ES
(aorta: very good: 11, good: 4, sufficient: 5, p-0.04, PA:
very good: 8, good: 7, sufficient: 4, not able to be evaluated:
1, p=0.02) (c Fig.6).

Duration in min

x ]

2 . *1

Y

Fig.5 Workflow steps of coronary evaluation.
Duration of the different steps during coronary
evaluation. The segmentation took 3.5 min with ES
and 1.7 min with CSS. With both methods the seg-
mentation was the most time-consuming work step
(ES 45 % vs. CSS 28 % of the total time). Generation
of cMPR showed the most relevant difference (ES:
median: 4.5 36 % of total time, CSS 0.5 min, 11 % of
total time).

B Client-Server
B Stand-alone

I T
Loading ! cMPR |
Segmentation Stenosis
measurement

SD—\IJ’RT |

MPR SA

Table2 Measurement time of the individual steps of the coronary evaluation in seconds.

coronary evaluation client server

work steps mean value (+SD) median (min, max)
load images 20.7 (£7.7) 19(10.37)
segmentation 150.7 (£138.9) 106 (11.600)

cMPR 30.6 (£ 10) 30(12.52)
stenosis measurement 31.5(+28.2) 20.5(10.120)
3D-VRT 36.7 (£12.5) 34.5(12.62)
SA-MPR 61.7 (£23.1) 58.5(35.116)
sum 331.8(£173.7) 272 (169.9)

stand-alone
mean value (+SD) median (min, max) difference (+SD)
27.7 (£9.7) 25 (14.44) 7.05 (£ 13.5)

233.6 (£155.8)
302.8 (+153.6)
57.3 (£48.1)
137.85 (+89.8)
73.55 (+54.1)
832.8 (+312.5)

211(30.647)
269.5 (120.810)
39(20.200)
128 (60.480)
53.5(27.253)
756 (485.1691)

82.95 (+178.3)
272.2 (+153.5)
25.85 (£52.9)
101.15 (+ 88.7)
11.85 (£ 56.5)
501.05 (+303.5)
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. Fig.6 Quality coronary and TAVI evaluation. The
Client Server Stand-Alone bar diagrams show how the results of the work
steps were evaluated in 4 different categories (very
o 0 5 10 15 20 0 5 10 15 20 good, good, acceptable, insufficient). Not a single
S I ! I reconstruction in the evaluation of the coronaries
g cMPR _ l l _ was evaluated as insufficient. The results of all work
T>u [ steps, other than SA-MPR, were rated significantly
e Stenosis _ I I . better with CSS than when performed with ES. In
E | [ | [ the TAVI workflow one case of the iliac vessels could
= SA-MPR _ _ I not be segmented with ES and so the correspond-
g 1 ' T ing cMPR was evaluated as insufficient. The cMPR
3D VRT _ l I - and the evaluation 9f the distance fro.m t.h.e annulus
| . . to the coronary-ostia were assessed significantly
better with CSS than with ES. The quantitative as-
0 5 10 15 20 0 5 10 15 20 sessment of the iliac vessels and the size of the an-
. . A . : nulus showed no significant difference.
5| overaora | EEEG—G— .
©
2 over P | [ .
2 Stenosis | - NN — 1
= . ' ' '
< [ Coronary distance| [ |
anuus| [ W | D
W very good good M acceptable M insufficient
P vironment (p=0.15). The quality of the determination of
the distance of the coronary arteries from the valve plane
ey * with CSS was significantly better despite an identical medi-
354 an (“good”) (very good: 6, good: 14, sufficient: 0) than the
50 quality of the measurement with ES (very good: 2, good: 11,
45 sufficient: 7). The quality of the aortic annulus measurement
40+ was not significantly different (CSS: very good: 7, good: 11,
£ 354 sufficient: 2, ES: very good: 4, good: 11, sufficient: 5).
c
2 30
3 257
° 15 Discussion
= 20+ o
15 3 M
This paper analyzes the possible time efficiency of the semi-
= é automatic evaluation of the coronary arteries and preopera-
i tive evaluation prior to TAVI.
0 T, G sl Our study shows that both the evaluation of the coronary

Fig.7 Total time of TAVI evaluation. Boxplot of the total time needed for
the TAVI evaluation. The median was 7.5 min with CSS and 12.2 min with
ES.

There were no significant differences in the stenosis meas-
urement (CSS: 0.6+0.6min. (34+34s), ES: 1.7+3.2min.
(100+193s); p=0.11), in the measurement of the distance
of the coronary arteries from the valve plane (CSS: 1.8+
0.9min. (106+525s), ES: 1.7+0.9min. 104+51s; p=0.91),
and in the measurement of the aortic annulus (CSS: 0.9+
0.7min. (54+43s) vs. ES: 1.1£09min. (67+56s); p=
0.39). The quality of the measurement of a stenosis or the
diameter of the PA with CSS was not significantly better
(very good: 14, good: 6, sufficient: 0) compared to the
measurement with ES (very good: 9, good: 9, sufficient: 1,
not able to be evaluated: 1, p=0.3). The presence of a steno-
sis did not significantly effect the vessel measurement time
(p=0.68) not even under consideration of the software en-

arteries and preoperative planning before TAVI can be reli-
ably performed with both software environments. How-
ever, there are relevant and significant differences for both
evaluation processes (coronary evaluation and TAVI evalua-
tion). Semiautomatic evaluation with CSS is significantly
faster than with ES and provides qualitatively better results.
During coronary evaluation, segmentation of the coronary
arteries comprises a significant portion of the total evalua-
tion time (28 % (CSS) and 45 % (ES)) and is significantly fas-
ter with CSS than with ES. During TAVI evaluation, segmen-
tation of the aorta took 20% (CSS) and 21 % (ES) of the total
time with CSS still being significantly faster than ES.

The generation of cMPRs with CSS is performed partly in the
background so that other work steps can be performed in
the meantime. Queries regarding the generation of cMPRs,
e.g. of the individual coronary arteries, can be sent in quick
succession to the server with CSS so that the cMPRs are gen-
erated virtually in parallel. For the measurement of the gen-
eration of the cMPRs, the time from the query to the server
to viewing of the cMPRs was measured for CSS even though
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Fig.8 Workflow steps of TAVI evaluation. Duration of the different work
steps during TAVI evaluation. Segmentation was significantly faster with
CSS than with ES, although based on the total time that was needed for the
work step it took 21 % with ES and 20 % with CSS. Note that "loading of the
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data" was faster with ES than with CSS. The quantitative assessment of the

iliac vessels, the area of the aortic annulus as well as the distance of the
coronaries to the aortic valve showed no significant difference.

Table3 Measurement time of the individual steps of the TAVI evaluation in seconds.

TAVI evaluation client server

work steps mean value (+SD) median (min, max)
load images 96.4 (£ 97.4) 87.5(16.374)
aorta segmentation 114.4(£120.6) 63.5(1.425)
aorta cMPR 32.1(£26.8) 28(5.113)

BB segmentation 29 (+49.9) 8.5(0.198)

BB cMPR 25 (£23.7) 20(5.109)
stenosis measurement 34.3 (£34) 23.5(5.150)
coronary distances 105.6 (£52.4) 94.5(50.290)
annulus 53.5(+43) 42(9.162)

total time 490.2 (£239.9) 450.5 (259.1153)

further work steps would have been possible. In the case of
ES, the calculation is performed on the workstation thus
preventing further work steps. The generation of cMPRs
with ES can thus only be performed in a serial manner. The
generation of cMPRs as well as VRT scans is thus significant-
ly faster with CSS, virtually at the push of a button, while
multiple actions are necessary with ES to generate quality
cMPRs and VRT scans.

The evaluation of the TAVI datasets could be performed
with CSS with the “CT chest pain”, “CT vascular”, and “CT
TAVI planning” workflows. While there was no significant
difference between the evaluation workflows during the in-
dividual work steps, the “CT TAVI planning” workflow had a

stand-alone

mean value (+SD) median (min, max) difference (+SD)

31.9(£21.7) 25 (5.90) -64.5 (+100.8)
223.9 (+200.1) 149.5 (18.702) 109.55 (+233.9)
97.9 (+42.4) 87.5(36.178) 65.75 (£37.7)

121 (£ 194.4)
165.8 (+182.1)
99.5 (+192.5)
103.7 (£50.7)
67.3 (£56.3)
910.9 (+654.5)

54 (9.900)
142.5 (20.900)
49.5(10.900)
98 (45.204)
43.5(11.201)
731.5 (446.3463)

92 (+165.2)
140.8 (+ 186.9)

65.25 (+196.6)
-1.95 (£78)

13.8 (£70.1)
420.7 (+606.7)

longer loading time. If the datasets were loaded with “CT
vascular” or “CT chest pain”, the average loading time for
CSSwas 1.0+0.5 min. (60 32 s).The difference with respect
to ES was statistically significant (p<0.01). A possible rea-
son for the longer loading time could be the automatic seg-
mentation steps in the “CT TAVI planning” workflow. In the
case of multi-phase datasets, all heart phases are segmen-
ted to determine functional parameters (e.g. ejection frac-
tion).

The segmentation of the coronary arteries was incomplete
in 2 cases with CSS and in 6 cases with ES. While a path can
also be placed with CSS along a vessel that was previously
not correctly segmented, the evaluation with ES requires
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prior correct segmentation that can only be performed
semiautomatically and not purely manually and thus re-
mains incomplete.

Segmentation was incomplete for TAVI evaluation in three
cases with ES.In one case the evaluation of the PA with ES
was not possible despite very good contrast of the PA with
respect to the surrounding tissue and the evaluation via
CSS was unproblematic and complete. The subsequently af-
fected examination steps (generation of the cMPRs of the PA
and stenosis measurement) were thus also not possible and
the examination time was set to 15 minutes for these work
steps. In the other two cases the segmentation with ES was
incomplete but the subsequent generation of cMPRs and the
stenosis measurement were possible without a relevant
loss of information.

For the evaluation of brain-supplying vessels, Tsiflikas et al.
as well as Gerhards et al. were able to show that semiauto-
matic evaluation results in a time savings and reproducible
results. In relation to cardiovascular issues, it was able to be
shown that semiautomatic segmentation software is useful
for the evaluation of LV function and results in a time sav-
ings compared to manual evaluation. Coronary evaluation
is partly faster via semiautomatic software and partly slow-
er than the manual approach but always with the same or
better quality and lower interobserver variability. Reimann
et al. determined the segmentation work step as the rele-
vant work step to be improved in order to accelerate evalu-
ation. The time we needed for the segmentation of the
coronary arteries with ES corresponds to the values deter-
mined by Reimann et al. (3.9+2.6 min. on average in our
study vs. 4.2 min in the study by Reimann et al.) and was
significantly faster with CSS (on average 2.5 +2.3 min.). The
evaluation of PA in preinterventional planning in stent graft
implantation has a lower interobserver variability using
semiautomatic software compared to manual evaluation
which highlights the validity of performing such measure-
ments with semiautomatic software. As a result of further
developments in the field of TAVI evaluation, there is now
a solution that automatically displays and measures the
aortic annulus. It is expected that this automation will allow
a further time savings in the evaluation of the aortic annu-
lus and the selection of the correct implant.

Limitations

We did not separately study the system-inherent difference
in network architecture, processing power, and data trans-
mission from the memory of the CT unit or a long-term
memory to a server or a workstation since it is very depen-
dent on the network architecture and different hospitals
use different configurations so that measured values are
not easily transferable. We indicated our network and hard-
ware specifications accordingly. Identical features with re-
spect to the processing power of the server and the work-
station would have meant a disadvantage for the client
server solution, incurred significant costs, and still would
not have provided comparable results. The conditions were
reproduced as realistically as possible, i.e., the evaluations
were performed parallel to the clinical routine in both cases.
As aresult it cannot be ruled out that the server was simul-
taneously being used for tasks from other clients.

The parallel work of multiple radiologists on different ex-
aminations from different workstations was not taken into

consideration in our study. That is an important factor in in-
creasing the efficiency of hospital radiology. A stand-alone
workstation currently represents a bottleneck in an active
CT department.

A correlation between experience in CT and speed/quality
of the evaluation was explicitly not performed to rule out a
competitive effect among the examiners.

Conclusion

The use of CSS results in a time savings in the evaluation of
coronary arteries and the preoperative evaluation prior to
TAVI compared to ES.This time savings is necessary since
radiologists are confronted with a continuously increasing
number of images. This applies in particular for the evalua-
tion of cardiovascular datasets since a high spatial as well as
temporal resolution is needed. Cardiovascular CT datasets
thus place higher demands on post-processing software
and segmentation algorithms. CSS allows evaluation of cor-
onary arteries as well as preoperative evaluation prior to
TAVI faster and better than ES. The generation of cMPRs
with ES and segmentation with both software solutions
were identified as relevant time-intensive work steps. Fu-
ture software development should therefore retain the ad-
vantage of fast cMPR generation and improve the algorithm
for segmenting coronary arteries or vessels to maximize the
time savings. The advantage that multiple radiologists can
work at the same time on different workstations on differ-
ent cases is not even taken into consideration. The examina-
tion of these factors in relation to increased efficiency of a
hospital radiology department is a topic for future studies.

Clinical relevance of the study

» Semiautomatic evaluation software represents a pos-
sibility to simplify and accelerate data analysis and to
support radiologists in the diagnosis process with car-
diovascular CT datasets being able to be reliably eval-
uated both with a client-server-based software envir-
onment (CSS) and a stand-alone solution (ES).

» The use of client-server-based software (CSS) compar-
ed to the use of stand-alone software (ES) results in a
time savings in the evaluation of cardiovascular CT da-
tasets which is necessary since radiologists are facing a
continuously increasing number of images.

» The evaluation of cardiovascular CT datasets is faster
and better with CSS than with ES, with the up to 10x
faster generation of curved multiplanar reconstruc-
tions and the faster segmentation algorithms being
particularly responsible for the time savings. However,
the segmentation of data remains a time-relevant
work step so that optimization of segmentation
algorithms could result in a further significant time
savings.
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