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ZUSAMMENFASSUNG

Ziel Diese retrospektive Studie untersuchte die Wirksamkeit

eines neuen 3-Phasen-Protokolls für die präprozedurale Com-

putertomografie (CT) vor einer Transkatheter-Aortenklappen-

implantation (TAVI; engl.: TAVR) in Bezug auf die Strahlenbe-

lastung und diagnostische Bildqualität.

Material und Methoden 107 nichtrandomisierte Patienten

(81 ± 7,4 Jahre) erhielten vor der geplanten TAVI/TAVR eine

präinterventionelle CT an einem 80-Zeilen-Gerät. Davon wur-

den 55 Patienten mit einem kombinierten EKG-synchronisier-

ten und nicht EKG-synchronisierten Spiral-CT-Protokoll en-

tsprechend der Empfehlungen der Society of Cardiovascular

Computing Tomography (SCCT) untersucht, während 52 Pa-

tienten die CT-Bildgebung nach dem neuen, aktualisierten

3-Phasen-Protokoll (vHP3; variabler Pitch-Faktor 3) erhielten.

vHP3 kombiniert eine nicht EKG-synchronisierte Spiral-CT

des oberen Thorax mit einer anschließenden EKG-synchroni-

sierten Spiral-CT des Herzens und einer nicht EKG-synchroni-

sierten Abdomen/Becken-Spiral-CT. Die Strahlendosis wurde

anhand eines automatisch generierten Protokolls basierend

auf dem CT-Dosisindex (CTDI) bestimmt. Die objektive Bild-

qualität in Bezug auf Gefäßkontrastierung und Bildrauschen

wurde gemessen und SNR und CNR berechnet. Die subjektive

Bildqualität wurde unter Verwendung einer 4-Punkt-Skala

bewertet und mittels Cohens-Kappa-Koeffizienten (κw) auf

Interrater-Reliabilität überprüft. Alle Daten wurden verglichen

und statistisch ausgewertet.

Ergebnisse Die Verwendung des neuartigen 3-Phasen-vHP3-

Protokolls reduzierte das Dosislängenprodukt (DLP) von

1256,58 ± 619,05 mGy*cm auf 790,90 ± 238,15 mGy*cm,

die effektive Dosis (E) von 21,36 ± 10,52 mSv auf 13,44 ±

4,05mSv und die größenspezifische Dosisabschätzung (SSDE)

von 20,85 ± 7,29mGy auf 13,84 ± 2,94mGy (p < 0,001). Hie-

runter zeigten sich keine signifikanten Unterschiede in der

objektiven und subjektiven Bewertung der Bildqualität zwi-

schen beiden Gruppen.

Schlussfolgerung Das neue 3-Phasen-vHP3-Protokoll ermög-

licht die Durchführung einer präprozeduralen CT vor TAVI/

TAVR mit einer signifikanten Reduzierung der Strahlendosis

ohne Minderung der Bildqualität.

Kernaussagen:
▪ Die Verwendung eines neuartigen 3-Phasen-Protokolls für

die präprozedurale TAVI-CT reduziert die Strahlendosis um

37% verglichen mit einem kombinierten EKG-synchroni-

sierten und nicht EKG-synchronisierten Spiral-CT-Protokoll.

▪ Die objektive Bildqualität bleibt unbeeinträchtigt, da Bil-

drauschen, SNR und CNR keinen signifikanten Unterschied

zwischen beiden Protokollen aufweisen und die durchsch-

nittliche Gefäßkontrastierung der Aorta jeweils 450HU

übersteigt.

▪ Die subjektive Bildqualität wird für beide Protokolle mit

fast perfekter bis zu erheblicher Interrater-Reliabilität als

gut bis ausgezeichnet bewertet.

ABSTRACT

Purpose To retrospectively investigate the effectiveness of a

novel 3-phase protocol for computed tomography (CT) before

transcatheter aortic valve implantation/transcatheter aortic

Heart
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valve replacement (TAVI/TAVR) in terms of radiation dose and

image quality.

Materials and Methods A total of 107 nonrandomized pa-

tients (81 ± 7.4 years) scheduled for TAVI/TAVR underwent

preprocedural CTon an 80-row CTscanner. 55 patients under-

went a combined ECG-synchronized spiral scan of the chest

and non-ECG-synchronized spiral scan of the abdomen/pelvis

as recommended by the Society of Cardiovascular Computed

Tomography (SCCT). 52 patients underwent an updated

3-phase variable helical pitch (vHP3) protocol combining a

non-ECG-synchronized spiral scan of the upper thoracic aper-

ture, followed by a prospective ECG-synchronized spiral scan

of the heart, and a non-ECG-synchronized abdominal/pelvic

spiral scan. The radiation dose was determined from an auto-

matically generated protocol based on the CT dose index

(CTDI). Objective image quality in terms of vessel attenuation

and image noise was measured, and the signal-to-noise ratio

(SNR) and contrast-to-noise ratio (CNR) were calculated. Sub-

jective image quality was evaluated using a 4-point scale and

compared for interrater agreement using Cohen’s weighted

kappa coefficient (κw). All data were compared and statisti-

cally analyzed.

Results Use of the novel 3-phase vHP3 protocol reduced the

dose-length product (DLP) from 1256.58 ± 619.05 mGy*cm

to 790.90 ± 238.15 mGy*cm, reducing the effective dose (E)

from 21.36 ± 10.52mSv to 13.44 ± 4.05mSv and size-specific

dose estimates (SSDE) from 20.85 ± 7.29 mGy to 13.84 ±

2.94mGy (p < 0.001). There were no significant differences in

objective and subjective image quality between the two pro-

tocols and between the two readers.

Conclusion The novel 3-phase vHP3 protocol significantly

reduces the radiation dose of preprocedural TAVI/TAVR CT

without a loss of image quality.

Key Points:
▪ The use of a novel 3-phase protocol for preprocedural

TAVI/TAVR CT reduces radiation dose by 37% compared to

a combined ECG-synchronized and non-ECG-synchronized

spiral CT protocol.

▪ Objective image quality remains unaffected as image

noise, SNR, and CNR did not differ significantly between

the two protocols. The average attenuation of the aortic

root and abdominal aorta exceeded 450 HU in both pro-

tocols.

▪ The average subjective image quality ratings were good to

excellent for both protocols with almost perfect to sub-

stantial interrater agreement.

Citation Format
▪ Shnayien S, Bressem KK, Beetz NL et al. Radiation Dose Re-

duction in Preprocedural CT Imaging for TAVI/TAVR Using

a Novel 3-Phase Protocol: A Single Institution’s Experience.

Fortschr Röntgenstr 2020; 192: 1174–1182

Introduction

Aortic stenosis (AS) is the most common acquired valve defect
[1]. Although surgical aortic replacement is the predominant
therapeutic procedure [2, 3] and is considered the most effective
treatment [4], nearly one-third of patients cannot undergo sur-
gery due to high surgical risk [5]. For these patients, transcatheter
aortic valve implantation/transcatheter aortic valve replacement
(TAVI/TAVR) may be a potential therapeutic alternative [6, 7].

While contrast-enhanced computed tomography (CT) was in-
itially used for peripheral access route imaging, it is now primarily
used for annular sizing and co-planar fluoroscopic angle predic-
tion [6]. Furthermore, CT provides useful additional information,
including an estimate of aortic valve calcification [6, 7].

The most recent recommendations for preprocedural CT scan-
ning issued by the Society of Cardiovascular Computed Tomog-
raphy (SCCT) require a contrast-enhanced, ECG-synchronized CT
scan that should at least cover the aortic root [8]. Other body
parts can be imaged without ECG synchronization. There are two
main options for combining both in a single CT protocol: 1) ECG-
synchronized scan of the chest followed by a non-ECG-synchro-
nized abdominoiliac CT angiography (CTA); 2) ECG-synchronized
scan of the heart, followed by non-ECG-synchronized thoracoiliac
CTA [8].

In our center, we perform preprocedural TAVI/TAVR CT accord-
ing to the first option with the use of variable helical pitch (vHP).

This is a specific feature of Canon Medical Systems (Otawara,
Japan) CT scanners, and allows a seamless change of parameters
during one continuous acquisition, thus enabling the combination
of ECG and non-ECG synchronization with different pitch settings
in a single spiral scan [9]. Recently, the technique has been upda-
ted to enable the acquisition of images in three distinct phases
(renamed vHP3). This 3-phase vHP3 software update allows the
combination of a non-ECG-synchronized spiral scan of the upper
thoracic aperture at a high pitch, an ECG-synchronized spiral
scan of the heart at a lower pitch, and a non-ECG-synchronized
spiral abdominal/pelvic scan at a high pitch into one acquisition
(see ▶ Fig. 1).

The purpose of this study was to investigate preprocedural
TAVI/TAVR CT using the novel 3-phase vHP3 protocol in terms of
diagnostic performance regarding radiation exposure as well as
objective and subjective image quality.

Methods

Study Population

A total of 163 patients suffering from AS who were referred from
our cardiology department for preprocedural CT for TAVI/TAVR
over a period of 21 months were considered for inclusion in this
non-randomized retrospective study. 56 patients with severe car-
diac arrhythmia were excluded as they were scanned with a non-
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ECG-synchronized, high-pitch protocol that differed from both
the vHP and the vHP3 scanning protocols. Therefore, a total of
107 patients were included in the study. These patients were ca-
tegorized into two consecutive groups: Group A (n = 55) with ima-
ges acquired using the vHP protocol examined within the first
9 months and Group B (n = 52) with images acquired using the no-
vel vHP3 protocol examined within the following 12 months. Our
local ethics committee approved this study (approval number
EA4/140/17). The CT examinations were clinically indicated, and
informed consent was not required.

CT Protocol

All imaging was performed on an 80-detector-row CT scanner (Aqui-
lion PRIME, Canon Medical Systems, Otawara, Japan) with a temporal
resolution of 175ms using half-scan reconstruction. The scan
parameters were as follows: automated tube voltage selection
(min= 80kV in Group A, min=100 kV in Group B), automated tube
current modulation based on two scanned projection radiographs
(ATCM, min = 40 mA, max = 600 mA, with selected image noise of
pixel values in the reconstructed image serving as image quality re-
ference parameter, i. e., 40 in Group A and 12.5 in Group B), 0.5mm
thickness, 0.5mm increment, 40 × 0.5 collimation, 0.35 s rotation
time, 400mm FOV, 512× 512 matrix. Axial images were reconstruc-
ted from the raw data using Canon’s integrated adaptive iterative
dose reduction (AIDR-3D) reconstruction algorithm at a slice thick-
ness of 0.5mm in axial images and 3.0mm in coronal and sagittal
images. A full field of view (FOV) was used for annulus assessment.

For Group A, a pitch of 0.235 was set for the retrospective ECG-
synchronized chest scan and a pitch of 1.388 for the non-ECG-
synchronized abdominal/pelvic scan, which followed the chest ac-
quisition after a short switchover time. For Group B, a pitch of
0.813 was set for the non-ECG-synchronized scan of the upper
thoracic aperture, followed by prospective ECG-synchronized ac-
quisition of the heart with a pitch of 0.267 and a subsequent
non-ECG-synchronized abdominal/pelvic scan with a pitch of
0.813 without delay. The single acquisitions were reconstructed
as one volume.

All patients were administered an intravenous contrast agent
(CA) bolus of iomeprol (400mg iodine/ml; Imeron®-400 MCT, Brac-
co, Milan, Italy) followed by a saline flush of 60ml using an auto-
matic power injector (Accutron CT-D, Medtron AG, Saarbrücken,
Germany). Patients with an estimated glomerular filtration rate
(eGFR) < 35ml/min/1.73m2 received a 60ml CA bolus at a rate of
3.0ml/s, patients with an eGFR between 35–45ml/min/1.73m2 re-
ceived a 80ml CA bolus at a rate of 4.0ml/s, patients with an eGFR
between 45–60ml/min/1.73m2 received a 100ml CA bolus at a
rate of 4.0ml/s and patients with an eGFR > 60ml/min/1.73m2

received a 120ml CA bolus at a rate of 4.0ml/s. CT acquisition was
started automatically with a delay of 3 s after vessel attenuation in a
region of interest (ROI) placed in the ascending thoracic aorta
reached 200 Hounsfield units (HU).

No premedication for heart rate control was added to the
patient’s baseline medication before the CT scan.

Radiation Dose

To evaluate radiation dose exposure, the dose-length product
(DLP) in mGy*cm, effective dose (E) in mSv and size-specific dose
estimates (SSDE) in mGy were compared. The DLP was recorded
from an automatically generated protocol, based on the CT dose
index (CTDI). E was calculated from the DLP according to the
method and conversion coefficients (k) presented in the European
Guidelines on Quality Criteria for Computed Tomography [10,
11]: we used a k of 0.017, which is the mean of the k of the chest
(0.017mSv/mGy*cm), abdomen (0.015mSv/mGy*cm), and pel-
vis (0.019mSv/mGy*cm), and the following formula: E = k × DLP.
SSDE was calculated, as described in another study [12], by multi-
plying conversion coefficients as a function of the sum of the lat-
eral and anteroposterior dimensions with CTDI.

Objective Image Analysis

For quantification of objective image quality, circular ROIs were
placed in the aortic lumen and the closest adjacent muscle at
two anatomical levels in axial images: 1) the aortic root and
2) the abdominal aorta just proximal to the aortic bifurcation.
The following parameters were measured: a) CT attenuation num-
ber of the artery and b) image noise, defined as the SD of the CT
attenuation number of the artery. The following parameters were
calculated: c) SNR, defined as the mean attenuation of the artery
divided by the image noise of the CT attenuation value of the ar-
tery and d) CNR, defined as the difference between the mean at-
tenuation of the artery and the mean attenuation of the closest
adjacent muscle, divided by the image noise of the CT attenuation
value of the artery [10, 13–16]. All aortic ROIs were drawn as large

▶ Fig. 1 Variable helical pitch allows a seamless change in scan pitch
during one continuous acquisition, thus enabling combination of ECG-
synchronized and non-ECG-synchronized acquisitions in one scan.

▶ Abb.1 Variabler Pitch-Faktor ermöglicht eine nahtlose Änderung
des Pitches und gestattet so eine Kombination aus EKG-synchroni-
sierter und nicht EKG-synchronisierter Bildakquise innerhalb 1 Scans.
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as possible while avoiding calcifications or metallic artifacts to ex-
clude partial volume effects. Muscle ROIs were made the same
size as the corresponding vessel ROIs.

Subjective Image Analysis

Two medical doctors with different levels of experience (rater 1:
15 years; rater 2: 3 years) rated the image quality of the aortic
root and the aortoiliac pathway with respect to the following fea-
tures: 1) clear identification of the annulus plane; 2) clear depic-
tion of valve leaflets; 3) arterial wall sharpness; and 4) conspicuity
of arterial wall calcifications. Image quality was rated on a 4-point
Likert scale (1: excellent, 2: good, 3: sufficient, 4: poor). Image
datasets of both groups were blindly evaluated in random order
using a hanging protocol on RA1000 PACS (GE Healthcare, Waus-
kesha, USA) with a preset bone window (W: 1800 L: 400 HU) and
1mm slice thickness. Raters only used axial images for reading but
were allowed to change window settings.

Statistical Analysis

All data was tested for normal distribution using the Shapiro-Wilk
test. Differences in heart rate (HR) and eGFR were tested for sig-
nificance with an unpaired Student’s t-test. To compare the distri-
bution of male and female patients and the distribution of CM ad-
ministered, a chi-squared test (χ2) was used. Differences in patient
age, body mass index (BMI), scan time, administered CM volume,
kilovoltage (kV), radiation dose, artery attenuation, image noise,
SNR, CNR and subjective image quality scores between the two
groups were tested for significance using the Mann-Whitney
U-test. Interrater agreement of subjective image quality scores
between the two readers was compared using Cohen’s weighted
kappa coefficient (κw). κw was interpreted as follows: < 0.00: poor,
0.00–0.20: slight, 0.21–0.40: fair, 0.41–0.60: moderate, 0.61–

0.80: substantial and 0.81–1.00: almost perfect agreement [17,
18]. A p-value below 0.05 was considered statistically significant.
Values are presented as mean ± SD unless specified otherwise.
SPSS (SPSS® Mac, v. 20.0; IBM Corp., New York, NY) was used for
all statistical analyses.

Results

Patient Characteristics

Patient characteristics are summarized in ▶ Table 1. There was no
significant (n. s.) difference between the two groups with respect
to age (p = 0.696), BMI (p = 0.333), sex (p = 0.880), HR (p = 0.213),
eGFR (p = 0.331), kV (p = 0.857), volume of CM administered
(p = 0.337) and the distribution of CM administered (p = 0.645).
The scan time was significantly shorter in Group B with 13.9 ±
1.25 s compared to Group A with 15.7 ± 1.7 s (p = < 0.001).

Radiation Dose

The mean DLP in Group A was 1256.58 ± 619.05 mGy*cm com-
pared to a mean of 790.90 ± 238.15 mGy*cm in Group B. Using
the methods described in other studies [10–12], we calculated a
mean E of 21.36 ± 10.52mSv for Group A and 13.44 ± 4.05mSv for
Group B as well as a mean SSDE of 20.85 ± 7.29mGy for Group A
and 13.84 ± 2.94mGy for Group B. Differences were statistically
significant (p = < 0.001). Results are summarized in ▶ Table 2,
▶ Fig. 2.

Objective Image Analysis

The results are summarized in ▶ Table 3. There was no significant
difference in artery attenuation measured in HU in the aortic root
and abdominal aorta (aortic root p = 0.153; abdominal aorta

▶ Table 1 Demographic and imaging data of the patients included in the two groups. The Mann-Whitney U-test was used to test for statistically
significant differences in age, BMI, scan time, kV and administered volume of CM, Student’s t-test for differences in HR and eGFR, and the
chi-squared test for differences in sex distribution and the distribution of administered CM.

▶ Tab. 1 Demografische und Bildgebungsdaten der Patienten, die in die beiden Studiengruppen eingeschlossen wurden. Der Mann-Whitney-U-Test
wurde zur Überprüfung der Signifikanz von Unterschieden bezüglich Alter, BMI, Scanzeit, kV und Kontrastmittelvolumen angewendet, der T-test für
Unterschiede in der Herzfrequenz und eGFR und der Chi-Quadrat-Test für Geschlechtsverteilung und Verteilung der Kontrastmittelvolumina.

total (mean) group A group B p-value

number of patients 107 55 52

age (years) 81 ± 7.4 81 ± 7.9 80 ± 6.9 0.696 (n. s.)

BMI (kg/m²) 27.3 ± 7.0 27.4 ± 7.9 27.2 ± 6.0 0.333 (n. s.)

sex (♂/♀) 63/44 32/23 31/21 0.880 (n. s.)

heart rate (bpm) 70 ± 13.0 73 ± 14.8 68 ± 10.7 0.213 (n. s.)

eGFR (ml/min/1.73m2) 57.4 ± 18.4 53.8 ± 18.6 59.7 ± 17.8 0.331 (n. s.)

scan time (s) 14.8 ± 1.8 15.7 ± 1.7 13.9 ± 1.25 < 0.001

kilovoltage (kV) 100.9 ± 10.8 101.4 ± 14.9 100.4 ± 2.8 0.857 (n. s.)

CM volume (ml) 102.4 ± 20.4 99.3 ± 22.6 105.5 ± 17.6 0.337 (n. s.)

CM volume distribution 60/80/100/120ml 12/18/26/51 7/10/12/26 5/8/14/25 0.645 (n. s.)
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p = 0.195) between the two groups. Likewise, attenuation values
for background muscle did not differ significantly (muscle at the
level of aortic root p = 0.643; muscle at the level of abdominal aor-
ta p = 0.898). Furthermore, there was no significant difference in
image noise, SNR, and CNR between Group A and B (image noise:
aortic root p = 0.727; abdominal aorta p = 0.550; SNR: aortic root
p = 0.212; abdominal aorta p = 0.643; CNR: aortic root p = 0.207;
abdominal aorta p = 0.682).

Subjective Image Analysis

No significant difference was observed in image quality ratings of
the two readers between Group A and B. The mean scores of the
first reader were 1.90 ± 0.83 for image quality of the aortic root
and 1.05 ± 0.22 for image quality of the aortoiliac pathway in
Group A and 1.53 ± 0.61 for image quality of the aortic root and
1.11 ± 0.46 for image quality of the aortoiliac pathway in Group B
(p = 0.146 and 0.914). The mean scores of the second reader were
1.90 ± 0.77 for image quality of the aortic root and 1.10 ± 0.44 for
image quality of the aortoiliac pathway in Group A and 1.47 ± 0.61
for image quality of the aortic root and 1.05 ± 0.23 for image qual-
ity of the aortoiliac pathway in Group B (p = 0.914 and 0.973). The
κw value for the interrater agreement was almost perfect in Group
A and B for the aortic root and substantial in Group A and B for
the aortoiliac pathway. Sample images of the aortic root and the
aorta are shown in ▶ Fig. 3, 4, and the results are summarized in
▶ Table 4.

Discussion

In this study, we have demonstrated that the updated 3-phase
vHP3 protocol can produce a complete preprocedural TAVI/TAVR
CT by switching between a non-ECG-synchronized acquisition of
the upper thoracic aperture, an ECG-synchronized cardiac acquisi-
tion, and a non-ECG-synchronized abdominal/pelvic acquisition
within a single spiral scan. Thus, the updated vHP3 protocol can
significantly reduce the radiation dose compared to a combined
ECG-synchronized spiral scan of the chest and a non-ECG-synchro-
nized spiral scan of the abdomen/pelvis. The fact that TAVI/TAVR
is generally performed in an elderly population, with a mean pa-
tient age of 79.8–83.6 years in high- and intermediate-risk trials
and 79.1 years in the NOTION trial [19], might suggest that radia-

tion dose reduction is of low clinical relevance. However, improve-
ments in the design of TAVI/TAVR and an increase in operator ex-
perience have improved procedure safety, leading to an
expansion of indications for the procedure into low-risk groups
without age restriction, such as in the PARTNER 3 trial [19–23].
As a result, the need to minimize radiation exposure during pre-
procedural TAVI/TAVR CTwhile ensuring diagnostic image quality
is gaining importance. Besides, the ALARA (as low as reasonably
achievable) principle is not restricted to a particular age group.

The 37% dose reduction achieved with the vHP3 protocol, calcu-
lated as DLP, E, and SSDE (1256.58 ± 619.05 mGy*cm vs. 790.90 ±
238.15 mGy*cm, 21.36 ± 10.52mSv vs. 13.44 ± 4.05mSv, and
20.85± 7.29mGy vs. 13.84 ± 2.94mGy), compared to vHP is in line
with a recent 2020 study by Ippolito et al., who reported a dose

▶ Table 2 Summary of dose parameters. The Mann-Whitney U-test
was used to test for statistically significant differences.

▶ Tab. 2 Zusammenfassung der Dosisparameter. Der Mann-Whitney-
U-Test wurde zur Überprüfung der Signifikanz der Unterschiede ange-
wendet.

group A group B p-value

DLP (mGy*cm) 1256.58 ± 619.05 790.90 ± 238.15 < 0.001

E (mSv) 21.36 ± 10.52 13.44 ± 4.05 < 0.001

SSDE (mGy) 20.85 ± 7.29 13.84 ± 2.94 < 0.001

▶ Fig. 2 Box-and-whisker plots graphically depict significant (*)
radiation dose difference in dose-length product between the two
groups (p = < 0.001).

▶ Abb.2 Kastengrafik-Diagramme zeigen grafisch einen signifi-
kanten (*) Unterschied in der Strahlungsdosis im Dosislängenpro-
dukt zwischen beiden Gruppen (p = < 0,001).

▶ Fig. 3 Sample images of the aortic valve of representative
patients examined in Group A (left) and Group B (right).

▶ Abb.3 Exemplarische Bilder der Aortenwurzel repräsentativer
Patienten in Gruppe A (links) und Gruppe B (rechts).
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reduction from 1600.3 ±340.7 mGy*cm to 672.3 ±317.16 mGy*cm
and 27.55±5.95mSv to 11.54±5.23mSv by using a low-kV (80 kV)
protocol with a single continuous ECG-synchronized acquisition with
iterative model-based reconstruction (IMR) compared to a 100 kV
setting [24]. We achieved a greater dose reduction than reported
in a recent 2018 study by Talei Franzesi et al., who achieved a
dose reduction from 2044.53 ± 130.22 mGy*cm to 1600.29 ±
340.65mGy*cm and 28.82 ± 2.21mSv to 22.56 ± 5.8mSv by using

a 100 kV tube voltage setting compared to a 120 kV standard proto-
col [25]. Nonetheless, our radiation exposure with vHP3 is still higher
than the exposure found in a 2016 study by Bittner et al., who used a
dual-source CT scanner with prospective ECG synchronization, low
CM volume of 38ml of a 350mg iodine/ml CM in a high-pitch (3.2)
100 kV setting. They reported a dose of 210±21 mGy*cm and 2.9 ±
0.3mSv [26]. However, Bittner et al. also reported much lower
attenuation values at the aortic root (285 ± 60 HU) and at the iliac
bifurcation (289 ± 74) compared to our values in both groups. This
difference is attributable to the high pitch and low CM dose, which
led to a repeat acquisition in 1 of the 40 study patients due to poor
image quality. Finally, while one group of researchers previously con-
ducted a study investigating the effectiveness of preprocedural
TAVI/TAVR CT using vHP and reported a radiation dose of 1281.6 ±
195.7 mGy*cm [19], to the best of our knowledge, our study is the
first to demonstrate the usefulness of the novel 3-phase vHP3 in
patients scheduled for TAVI/TAVR.

Compared to the studies by Ippolito et al., Talei Franzesi et al.,
and Bittner et al., a possible concern regarding our study is that
we administered higher volumes of CM (99.3 ± 22.6ml in Group
A and 105.5 ± 17.6ml in Group B). This is especially relevant be-
cause TAVI/TAVR is generally performed in patients who typically
have chronic kidney disease [25]. Furthermore, a recent 2019
consensus document by the European Society of Cardiovascular
Radiology (ESCR) states that a 50ml CM volume at a flow rate of
3–4ml/s is often sufficient for diagnostic imaging [4]. Combining
three different phases into a single acquisition, vHP3 would allow
a reduced single contrast injection. Nonetheless, we believe that,
if parameters of renal function are adequate, higher CM doses are
reasonable to ensure adequate image quality and prevent repeat-
ed acquisition. A recent review published by The New England
Journal of Medicine indicates that severe acute kidney injury with
a substantial reduction in kidney function or the need for renal re-
placement therapy appears to be very infrequent after intravascu-
lar contrast administration [27]. Furthermore, a recent consensus

▶ Table 3 Summary of objective image parameters measured in the aortic root and the abdominal aorta. The Mann-Whitney U-test was used to
test for statistically significant differences.

▶ Tab. 3 Zusammenfassung der Parameter der objektiven Bildqualität. Der Mann-Whitney-U-Test wurde zur Überprüfung der Signifikanz der
Unterschiede angewendet.

region parameter group A group B p-value

aortic root vessel (HU) 571.88 464.23 0.153 (n. s.)

muscle (HU) 44.38 43.53 0.643 (n. s.)

image noise (SD) 36.11 34.43 0.727 (n. s.)

CNR 14.61 12.22 0.207 (n. s.)

SNR 15.84 13.48 0.212 (n. s.)

abdominal aorta vessel (HU) 544.00 449.05 0.195 (n. s.)

muscle (HU) 51.85 49.95 0.898 (n. s.)

image noise (SD) 45.83 44.49 0.550 (n. s.)

CNR 10.74 8.97 0.682 (n. s.)

SNR 11.87 10.09 0.643 (n. s.)

▶ Fig. 4 Sample images of the aorta and the right iliac artery of rep-
resentative patients examined in Group A (left) and Group B (right).

▶ Abb.4 Exemplarische Bilder der Aorta und der rechten Iliakalarterie
repräsentativer Patienten in Gruppe A (links) und Gruppe B (rechts).
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statement from the American College of Radiology and the
National Kidney Foundation concludes that the risk of administer-
ing modern intravenous iodinated CM in patients with reduced
kidney function has been overstated. Therefore, lowering the CM
volume below a diagnostic threshold and a loss of diagnostic
accuracy should be avoided [28].

Regarding objective and subjective image quality, our study
found no statistically significant difference between the two pro-
tocols. Nonetheless, our results show a tendency towards a loss of
vessel attenuation in the aortic root as well as the abdominal aorta
on the order of 100 HU in Group B. Since the only statistically sig-
nificant difference between both protocols is the acquisition time
(15.7 ± 1.7 s in Group A vs. 13.9 ± 1.25 s in Group B), we can only
guess that we may have overtaken or not reached the maximum
contrast bolus at the measuring sites. Another explanation could
be that minimum automated tube voltage was 80 kV in Group A
and 100 kV in Group B. Although the mean kV value did not reach
a statistically significant difference, 10 of 55 patients (18 %) in
Group A were examined with a kV of 80 compared to none in
Group B. The use of low tube voltages might have provided great-
er contrast enhancement as iodine attenuation increases at lower
tube potentials [29]. This effect might have been strong enough
to be a confounding factor.

Our study has some limitations. First, vHP was acquired using
retrospective ECG synchronization, while vHP3 was acquired using
prospective ECG synchronization. Furthermore, the vHP3 soft-
ware update has restrictions regarding choices for pitch, automa-
ted tube voltage for ATCM, and image noise as an image quality
reference parameter for ATCM. Therefore, there is a mismatch of
pitch values between the two protocols (for example, 1.388 in the
abdominal spiral scan in Group A vs. 0.813 in Group B). Likewise,
although lower tube voltages are generally recommended [4, 30],

we could choose a minimum of 80 kV in automated tube voltage
in Group A but not in Group B, as this would lead to a deactivation
of tube current modulation in vHP3, even though this did not re-
sult in a statistically significant difference in mean kV. Further-
more, image noise as an image quality reference parameter for
ATCM is set lower in vHP3 at 12.5 vs. 40 in vHP. Interestingly, this
should result in a higher dose [31]. Nonetheless, it seems that the
dose-reducing qualities of vHP3 counterbalance this effect. Thus,
it is not fully clear which specific parameter contributes most to
the dose reduction we observed. However, we believe it is a com-
bination of all factors. After all, we used the same CT scanner with
unchanged iterative reconstruction algorithms in all patients to
ensure the comparability of the two protocols. Therefore, the re-
ported differences in radiation exposure between the two groups
reflect the real change resulting from the protocol selection.

Apart from Canon Medical Systems, there is currently no other
vendor offering the vHP3 software update. Therefore, the diag-
nostic performance we found in our study may not be generaliz-
able to other acquisition protocols and CT systems. Furthermore,
we believe that dose reduction using vHP and 3-phase vHP3 does
not yet fully exhaust the overall dose reduction potential. For in-
stance, we observed that the ATCM is deactivated for a specific
time during switching between the different phases in vHP. At
the same time, the switchover process occurs at the end of the
cardiac scan in vHP3. We believe that optimization of ECG syn-
chronization and ATCM can further reduce radiation exposure
without a loss of objective image quality.

Finally, we did not have the opportunity to compare vHP3 with
a protocol that combines a prospective ECG-synchronized cardiac
scan with a subsequent non-ECG-synchronized thoracoiliac spiral
scan. This could be a starting point for further investigations.

▶ Table 4 Summary of subjective image quality parameters measured using a 4-point scale and compared for interrater agreement using Cohen’s
weighted kappa coefficient (κw). The Mann-Whitney U-test was used to test for statistically significant differences.

▶ Tab. 4 Zusammenfassung der Parameter der subjektiven Bildqualität unter Verwendung einer 4-Punkt-Skala und Vergleich der Interrater-
Reliabilität mittels Cohens-gewichteter Kappa-Koeffizienten (κw). Der Mann-Whitney U-test wurde zur Überprüfung der Signifikanz der Unter-
schiede angewendet.

region rater 1 rater 2

aortic root

group A vs. group B 1.90 ± 0.83 vs 1.53 ± 0.61 1.90 ± 0.77 vs 1.47 ± 0.61

p-value 0.146 (n. s.) 0.914 (n. s.)

κw group A (p-value) almost perfect: 0.888 (< 0.001)

κw group B (p-value) substantial: 0.644 (0.002)

aortoiliac pathway

group A vs. group B 1.05 ± 0.22 vs 1.11 ± 0.46 1.10 ± 0.44 vs 1.05 ± 0.23

p-value 0.914 (n. s.) 0.973 (n. s.)

κw group A (p-value) almost perfect: 0.912 (< 0.001)

κw group B (p-value) substantial: 0.787 (< 0.001)
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CLINICAL RELEVANCE OF THE STUDY

In this study, we show that an affordable novel 3-phase vHP3

protocol update significantly reduces the dose in preproce-

dural TAVI/TAVR CT imaging without a loss of image quality.

This is of clinical relevance as TAVI/TAVR is increasingly being

offered to a broader spectrum of patients, including younger

ones.
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