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Abstract

It is important to visually confirm radiofrequency ablation lesions during atrial fibrillation (AF) ablation for procedural effi-
ciency, which requires the integration of a three-dimensional (3D) left atrial image reconstructed from computed tomography
(CT) or a magnetic resonance imaging. However, an EP Navigator allows seamless integration of 3D anatomy obtained
through 3D rotational angiography (3D-ATG) into an electroanatomical mapping system. We hypothesized that 3D-ATG can
be used during AF ablation while significantly reducing the effective dose (ED) and without compromising image morphol-
ogy compared to a 3D-CT image. Organ dose was measured at 37 points with a radiophotoluminescence glass dosimeter
inserted in an anthropomorphic Rando Phantom. The ED was calculated by multiplying the organ dose by the tissue weight-
ing factor. The dose-area product (DAP)-to-ED conversion factor was calculated by measuring the DAP during radiation
exposure. The ED for the CT examination was estimated from the dose-length product with a conversion factor of 0.014. ED
was calculated from DAP measurements in 114 patients undergoing AF ablation using 3D-ATG. The DAP-to-ED conversion
factor for 3D-ATG was 2.4 X 10~ mSv/mGy cm? in our hospital. The mean DAP for all patients was 7777 + 1488 mGy cm?
for the 3D-ATG of the left atrium. The corresponding ED for 3D-ATG was 1.9+ 0.4 mSv. The ED for CT examinations
was 13.6+4.2 mSv (P <0.001). 3D-ATG can be used during AF ablation while significantly reducing the ED and without
compromising image morphology.
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Introduction

Catheter ablation of drug-resistant paroxysmal and persistent
atrial fibrillation (AF) is becoming a reasonable alternative
therapy in symptomatic patients. When treating patients
undergoing catheter ablation for AF, it is essential to visu-
alize the three-dimensional (3D) structure of the left atrium
(LA) [1-4]. We can use CARTO® or EnSite/NavX® as a 3D
mapping system; however, both need integration of a 3D

4 Eitaro Fujii
fujii-e@clin.medic.mie-u.ac.jp

Department of Cardiology and Nephrology, Mie University
Graduate School of Medicine, 2-174 Edobashi, Tsu,
Mie 514-8507, Japan

Department of Radiological Technology, Mie University
Hospital, 2-174 Edobashi, Tsu, Mie 514-8507, Japan

Published online: 07 May 2018

LA image reconstructed from a computed tomography (CT)
image, a magnetic resonance imaging (MRI), or intracar-
diac echocardiography. These processes are time consuming
and are associated with a high radiation exposure for CT
scanning.

However, 3D rotational angiography of LA (3D-ATG)
represents a method of creating CT-like 3D images. EP Nav-
igator system visualizes 3D LA and pulmonary vein (PV)
anatomy and the position of the ablation catheter in real
time. This information is combined with live fluoroscopy
data to show the exact position of catheters in relation to
the detailed 3D anatomy of the heart during AF ablation.
Prior studies have demonstrated that the diagnostic value
of 3D-ATG is comparable to that of CT imaging [5-7]. The
EP Navigator system provides several functions, such as
3D-ATG, automatic segmentation, creation of surface ren-
derings of the heart, exports to mapping, endo views, and
point tagging [8]. Moreover, the EP Navigator now supports
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the seamless integration of the 3D anatomy obtained through
3D-ATG into the CARTO® 3 system (Fig. 1). We assessed
the hypothesis that AF ablation using 3D-ATG would be
feasible with a significant reduction in the effective dose
(ED) and without compromising image morphology com-
pared to a 3D-CT image. The anatomical accuracy of 3D
LA-PV images produced by 3D-ATG and 3D-CT was also
compared.

Methods
Study population

The study included one hundred and fourteen consecutive
patients who underwent catheter ablation for AF in our hos-
pital between May 2015 and April 2016. Informed written
consent was obtained from each patient prior to the proce-
dure. This was an observational study, 33 patients could not
have a CT scanning before ablation as following reasons;
8 patients underwent CT scanning at 1st or 2nd session of
AF ablation, 4 patients received CT scanning to evaluate
another disease before ablation, 8 patients could not make a
reservation for CT examination before admission, 6 patients
had a renal insufficiency (serum creatinine level > 1.5 mg/
dL), 4 patients had an overt heart failure, 2 patients had
asthma, and 1 patient had a history of contrast medium aller-
gies. Eighty-one patients underwent pre-procedural CT with
reconstruction of the LA, PV and esophagus within 4 weeks
of their admission. All patients also underwent pre-proce-
dural transesophageal echocardiography to exclude left atrial
thrombus. This study was approved by the Mie University

Hospital Institutional Review Boards (Reference number:
3038) and all patients gave their informed consent.

Organ dose and surface radiation dose
measurement

An adult female anthropomorphic phantom (Rando phan-
tom, Kyoto Kagaku Co., LTD, Kyoto, Japan) was used to
simulate an adult patient [9]. The phantom contains bone,
lungs, thyroids, breasts, esophagus and other organs, with
compositions based on previously published data, and using
tissue substitutes for radiation dosimetry. Thirty-seven high-
sensitivity metal oxide semiconductor field-effect transistor
(MOSFET) dosimeters (Dose Ace GD-352, Asahi Techno
Glass, Tokyo, Japan) were placed in selected organs and
tissue types in the phantom (Fig. 2). Most MOSFETSs were
placed in the trunk of the body, and each organ dose was
measured by a calibrated 6-cm® ion chamber at the beam
qualities of the imaging protocols being investigated. The
ED was calculated by multiplying the organ dose by the
tissue weighting factor [10]. The dose-area product (DAP)-
to-ED conversion factor was calculated by measuring the
DAP at the time of radiation exposure.

Surface radiation dose was measured using the Gafchro-
mic Films in the phantom from 16 skin areas. Radiochro-
matic film (Gafchromic® XRQA?2, International Speciality
Products, New Jersey, NJ, USA) was used to determine the
proportion of beam on/off time during one 360° rotation.
The film was wrapped around the exit port of the scanner
gantry and scanned using the prospectively gated cardiac
protocol.

Fig. 1 Outer and inner view of the LA and PVs. Upper panels show
the surface rendering of the left atrium (LA) and pulmonary veins
(PVs) created from rotational angiography. Lower panels represent
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the 3D images of LA and PVs reconstructed by CARTO® 3 using
the integrated surface rendering from the EP Navigator in the same
patients
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Fig.2 Anthropomorphic phantom. Left panel shows the Rand Phantom. Right upper panel shows a radiophotoluminescence glass dosimeter.
The glass dosimeters are inserted in the 37 position of an anthropomorphic Rando Phantom (Right lower panel)

Pre-procedural cardiac multi-detector computed
tomography

Patients underwent pre-procedural contrast-enhanced
Chest CT using a 96 multislice CT scanner (SOMATOM
FORCE, Siemens Healthcare, Forchheim, Germany)
with the following scan parameters: 120 kV tube volt-
age, 160 mAs tube current time-product, 96 X 192 mm
detector size, and 0.5 s rotation time. Patients under-
went reconstruction of the LA, PV and esophagus within
4 weeks of admission. The CT scan was performed dur-
ing an end-expiratory breath-hold phase and following the
injection of 100 mL of an iodinated contrast medium. The
reconstruction of 3D-images was performed with a slice
of 0.6 mm thickness [11]. Atrial end-diastolic imaging
data were recorded and used for 3D cardiac reconstruc-
tion on a 512-512-pixel matrix with the use of the EP
Navigator workstation (Phillips Medical Systems, Best,
The Netherlands).

Intra-procedural three-dimensional rotational
angiography of LA and PVs

All imaging was performed using a biplane flat-panel
detector angiographic suite (Allura Xper FD10/10 angio
system; Philips Healthcare, Best, Netherlands). Intraop-
erative 3D-ATG was performed with 15 mL of contrast
medium + 15 mL of saline injected by hand directly into the
bilateral upper pulmonary veins via the Swartz long sheaths
placed in the left and right superior pulmonary veins during
rapid ventricular pacing at 200 beats per minute. 3D-ATG
was performed from the right oblique at 59° to the left
oblique at 100° of C-arm rotation at a sampling rate of 30
frames per second for a total of 3.8 s [5, 12].

EP navigator and fluoroscopy registration

After the rotational angiography, the data were automati-
cally transported from the FD10/10 detector System to the EP
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Navigator Workstation. The 3D LA-PV images were recon-
structed using the standard 3D reconstruction algorithms avail-
able on the EP Navigator Workstation within 1 min, and were
seamlessly integrated into the CARTO® 3 system using the
local area network in our hospital within 2-3 min. The 3D
LA-PV image was integrated with the live fluoroscopy.

Quantitative evaluation of PVs and LA

The PV ostia from the CT and 3D-ATG reconstruction images
were measured by two independent cardiologists using the
same software (EP Navigator 2.2, Philips Inc.) [6]. The diam-
eter of the four PV ostia were measured using the image of the
coronal plane. The LA was measured at three different sites.
Longitudinal diameter was defined as the distance between the
LA roof and bottom. Lateral diameter was defined as the dis-
tance between the upper PVs, and the occipito-frontal diameter
was defined as the distance from the LA anterior wall to the
posterior wall facing the thoracic spine at the level of the left
carina of the PVs (Fig. 3).

Radiation exposure of CT and 3D-ATG

The ED of CT was calculated using the CT-generated dose-
length product (DLP) and a standard conversion factor of
0.014 mSv/mGy cm [13]. The ED of 3D-ATG was calculated
using the DAP during the ablation procedure, and the DAP-
to-ED conversion factor at our facility was estimated by an
anthropomorphic phantom model.

Statistical analysis

Patient characteristics and the clinical outcome of both groups
were described using descriptive statistics. Continuous vari-
ables are expressed as a mean =+ standard deviation (SD) and
categorical variables as absolute values and percentages.
Results were analyzed using the SPSS 22.0 software (SPSS
Inc., Chicago, IL, USA) and rendered as a mean + standard
deviation (SD) of the difference in measurements between
CT and 3D-ATG. Categorical data were analyzed using a
chi-squared test or a Fisher’s exact test. Continuous data were
evaluated using unpaired Student’s ¢ test or nonparametric
Mann—Whitney when dealing with non-normal distribution.
The diameter of LA and the four PV ostia in CT and 3D-ATG
image were analyzed based on the calculation of correlation
coefficients. A P value <0.05 was considered statistically
significant.
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Results
Patient characteristics

Patient characteristics are summarized in Table 1. Body mass
index was around 24 kg/m>. Most patients had paroxysmal AF
and preserved left ventricular function. The mean LA diam-
eter was 40+ 6 mm. The mean CHADS, and CHA,DS,-VASc
scores were 1 + 1 and 2 +2 points, respectively.

Organ dose and effective dose

The actual measured value from each dosimeter and the calcu-
lated effective dose of each organ are listed in Table 2. The ED
was 0.787 mSv and the DAP was 3279 mGy cm?. The DAP-
to-ED conversion coefficient was 2.4 x 10~* mSv/mGy cm?,
estimated using the phantom models in our facility.

Surface radiation dosage

Gafchromic film dosimetry measurements comparing two
imaging techniques in the same phantom were obtained
(Table 3). Surface radiation dose in 3D-ATG was significantly
lower than that in CT (P<0.001).

Comparison of effective dose between 3D-ATG
and 3D-CT

The DAP was 7777 + 1488 mGy cm? and the estimated ED
was 1.9+0.4 mSv during 3D-ATG in the 81 study patients.
The DLP and the estimated ED during plain, early phase con-
trast-enhanced scanning and delayed phase contrast-enhanced
CT scanning was 962 +324, 386 + 125, 170475 mGy cm, and
54+1.8,53+1.9,2.44+0.9 mSy, respectively (Table 4). The
ED of 3D-ATG was significantly lower than that of CT in each
scanning method.

Quantitative evaluation of PVs and LA

Table 5 shows the parameter of the mean diameter of the four
PV ostia, and LA longitudinal diameter, LA lateral diameter
and LA occipito-frontal diameter obtained by 3D-CT and
3D-ATG. All methods showed close correlation for every PV.
The correlation coefficients for LA longitudinal, lateral, occip-
ito-frontal diameter were 0.798, 0.760 and 0.726, respectively.

Discussion
The ED of 3D-ATG was significantly lower than those from

the CT scan, especially surface radiation dosage. Moreo-
ver, 3D-ATG was an intra-procedural imaging modality that
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Fig.3 Measurement of the LA and PV diameters. Upper panels show
measurement of left atrial (LA) occipito-frontal diameter and LA lat-
eral diameter using transverse plane on a parallelized cutting level
between computed tomography (CT) and 3-dimensional rotational
angiography (3D-ATG). Middle panels show measurement of LA

provided a level of anatomical accuracy comparable to that
of CT.

The estimation of organ and effective doses was per-
formed using Monte Carlo simulations of photon interac-
tions within a simplified mathematical model of the human

longitudinal diameter using coronal plane on a parallelized cutting
level between CT and 3D-ATG. Lower panels show measurement of
pulmonary vein ostial diameter using coronal plane on a parallelized
cutting level between CT and 3D-ATG

body [14-17]. However, calculated dose values should be
verified through dose measurements using physical phan-
toms with the same exposure conditions as the calcula-
tion. In this study, we performed direct measurements of
absorbed doses at various organ and tissue positions in the
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Table 1 Patients’ characteristics

Study population (n=114) Value
Age, years 65+11
Gender (male), n (%) 79 (69)
Body mass index, kg/m? 24+4
Paroxysmal AF/persistent AF, n 82/32
First session/2nd or 3rd session, n 89/25
Atrial Flutter, n 34

LA diameter, mm 40+6
LV ejection fraction, % 65+10
CHADS, score 1+
CHA,DS,-VASc score 2+2

AF atrial fibrillation, LA left atrium, LV left ventricle

Table 2 Organ and effective dose for exposures involved in 3D-ATG

Organ Total organ dose (pGy) Effective
dose (mSv)
Gonad 12 0.000
Bone marrow 1009 0.190
Colon 246 0.004
Lung 9185 0.212
Stomach 656 0.061
Bladder 10 0.000
Liver 1555 0.024
Esophagus 1952 0.030
Thyroid gland 82 0.003
Skin 9714 0.003
Bone surface 13,006 0.000
Breast 2739 0.036
Other 649 0.036

3D-ATG three-dimensional rotational angiography

anthropomorphic phantoms. It would be significant to evalu-
ate organ and the effective doses to patients during proce-
dures in our laboratory, as the DAP-to-ED conversion factor
may vary from institution to institution.

To the best of our knowledge, there are several research
data available that assess the radiation exposure of AF abla-
tion guided by 3D-ATG vs. 3D-CT. Tang et al. compared
radiation exposure of catheter ablation for AF between
3D-CT scans and 3D-ATG of LA and PVs [6]. They pro-
spectively assigned 46 patients referred to their institu-
tion for catheter ablation of AF. The radiation exposure in
3D-ATG was significantly less than that in CT scanning
(2.7+0.9 vs. 24.9+3.1 mSv, P<0.001). However, they
used Monte Carlo simulations to estimate the ED during
3D-ATG. Anond et al. performed randomized prospective
study comparing the ED guided by 3D-ATG vs. 3D-CT
[18]. In this study, the ED during 3D-ATG and 3D-CT
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Table 3 Surface radiation dose in CT and 3D-ATG estimated using
the phantom models

Gafchromic film portion Surface radiation dosage

(mGy)
CT 3D-ATG
1 Axilla (right superior) 1.09 0.060
2 Chest (right superior) 1.21 0.017
3 Chest (mid superior) 1.35 0.059
4 Chest (left superior) 0.87 0.030
5 Axilla (left superior) 0.80 0.076
6 Axilla (right inferior) 0.86 0.044
7 Chest (right inferior) 1.17 0.022
8 Chest (mid inferior) 1.15 0.025
9 Chest (left inferior) 0.95 0.042
10 Axilla (left inferior) 0.83 0.068
11 Dorsal (left superior) 0.86 0.038
12 Dorsal (mid superior) 1.35 0.015
13 Dorsal (right superior) 1.14 0.001
14 Dorsal (left inferior) 0.73 0.039
15 Dorsal (mid inferior) 1.14 0.055
16 Dorsal (right inferior) 0.77 0.053
Average 1.02+0.21 0.040+0.021*

3D-ATG three-dimensional rotational angiography, CT computed
tomography
*P<0.001 vs CT

Table 4 Comparison of effective dose between the 3D-ATG and CT
imaging

Radiation dose  3D-ATG CT

Plain Enhanced Enhanced
(early (delayed
phase) phase)
DAP 7777+ 1488
(mGy cm?)
DLP (mGy cm) 962+324 386+125 170750
ED (mSv) 1.9+0.4 54+1.8% 53+1.9% 2.4+0.9%

3D-ATG three-dimensional rotational angiography, CT computed
tomography, DAP dose-area product, DLP dose-length product, ED
effective dose

*P<0.001 vs 3D-ATG

was 3.0+0.9 and 9.3 +4.4 mSy, respectively. Same study
by Kriatselis et al. reported that the radiation exposure in
3D-ATG was substantially less than that in 3D-CT (2.2+0.2
vs. 20.4+7.4 mSv, P<0.05) [19]. Li JH, et al. evaluated
the feasibility and accuracy of intra-procedural 3D-ATG.
They demonstrated that the radiation exposure with 3D-ATG
was significantly reduced compared with preprocedural
3D-CT (2.1 £0.3 vs. 13.8 £2.4 mSv) [20]. In these studies,
the DAP-to-ED conversion factor at their facility was not
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Table 5 Comparable evaluation between the CT and 3D-ATG image

CT 3D-ATG r P value
RSPV (mm) 20+3 20+3 0.496 < 0.05
RIPV (mm) 17+3 189+4 0.781 < 0.001
LSPV (mm) 21+4 20+3 0.745 < 0.001
LIPV (mm) 16 +4 15+4 0.866 < 0.001
LA longi (mm) 66+7 66+5 0.798 < 0.001
LA occipito (mm) 4047 37+7 0.726 <0.01
LA lateral (mm) T4+8 74+8 0.760 < 0.001

3D-ATG three-dimensional rotational angiography, CT computed
tomography, LA left atrium, LA lateral LA lateral diameter, LA longi
LA longitudinal diameter, LA occipito LA occipito-frontal diameter,
LIPV left inferior pulmonary vein, LSPV left superior pulmonary
vein, RIPV right inferior pulmonary vein, RSPV right superior pul-
monary vein

estimated using an anthropomorphic phantom model. The
ED during fluoroscopy or cine-angiography varies in each
institution or in each cine-angio machine and imaging angle
when this type of simulation is used. Thus, we calculated
DAP-to-ED conversion coefficient using the anthropomor-
phic phantom in our laboratory.

Biologic effects resulting from radiation exposure are
classified into stochastic effects and deterministic effects
based on the difference between the dose-response rela-
tionships. Skin injuries can occur in catheter ablation, per-
cutaneous coronary intervention, and other procedures that
can involve the delivery of large amounts of radiation [21].
Threshold doses exist for deterministic effects, such as skin
and lens injuries. The threshold skin entrance dose for skin
injury of early transient erythema is 2 Gy, which is the earli-
est change after acute delivery of radiation. In this study, the
radiation dose during either the 3D-ATG or CT was below
the threshold dose, meaning skin injury would not occur.

The ED serves as an index of the risk for carcinogen-
esis and genetic effects resulting from low-dose exposure
in individual persons [22]. The probability of the onset of
cancer due to radiation probably rises in proportion to the
increase in dose, without a threshold value [23]. The ED of
3D-ATG was significantly lower than those of the CT scan
in this study.

Limitations

There were some limitations in our study. First, radiation
reduction techniques, such as tube voltage adjustment, dose
pulsing, ECG gating, or the use of a dual-source CT system,
were not systematically performed. However, the ED during
CT examination was very low in this study: 5.3 +1.9 mSv
for early phase and 2.4 +0.9 mSv for delayed phase con-
trast enhancement. Hur et al. reported that dual-enhanced

single-scan CT with prospective electrocardiographic gat-
ing was a noninvasive and sensitive modality for detect-
ing left atrial appendage thrombus and had an acceptable
radiation dose of 3.1 mSv. They used a second-generation
dual-source CT scanner (Somatom Definition Flash; Sie-
mens Medical Solutions, Erlangen, Germany) and scanning
was performed with the second injection of contrast agent,
180 s after injection of the first bolus of contrast agent [24].
Our results of radiation exposure during CT were not high
compared with the report from Hur et al. Second, with the
CT image, it is possible to assess the state of the tissue sur-
rounding the heart, the presence of abnormal vein draining
to the left atrium, the shape of the left atrial appendage, and
the presence or absence of left atrial thrombus before abla-
tion procedure; however, the patients receive additional high
radiation exposure. Finally, the study was not designed to
assess the impact of 3D-ATG or 3D-CT integration on pro-
cedural outcomes or safety aspects, though several studies
demonstrated the utility and feasibility of catheter ablation
for atrial fibrillation using 3D-ATG.

Conclusion

AF ablation using 3D-ATG is possible with a significant
reduction in the ED and without compromising image
morphology.
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