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Aims

We evaluated the quality of non-enhanced multi-detector row computed tomography (MDCT) images of the
pulmonary vein (PV) and the clinical results of catheter ablation to isolate the PV for treatment of atrial fibrillation
(AF) without the use of contrast medium in patients with chronic kidney disease (CKD).
.....................................................................................................................................................................................
Methods
We compared PV images quantitatively and qualitatively between non-enhanced and enhanced images (n ¼ 50).
and results
Procedural parameters and clinical outcomes were compared between catheter ablation for AF referring solely to
non-enhanced MDCT in CKD patients (n ¼ 20) and using enhanced MDCT images integrated with electroanatomic
mapping in non-CKD patients (n ¼ 30). In gross anatomy, complete agreement was obtained between non-enhanced
and enhanced MDCT images. Bland–Altman plots and cumulative coefficient variation showed good agreement in PV
diameter determination between non-enhanced and enhanced MDCT images. There were no statistically significant
differences in procedural or fluoroscopic times between PV isolation only referring to non-enhanced MDCT images
and that using enhanced MDCT images integrated with electroanatomic mapping. Similarly, the ablation success rate
and AF-free status at 3 months after PV isolation did not differ between PV isolation referring only to non-enhanced
MDCT images and that using an electroanatomic integration system. No complications occurred in PV isolation with
or without enhanced MDCT.
.....................................................................................................................................................................................
Conclusions
Non-enhanced MDCT provides adequate PV image quality both quantitatively and qualitatively. The present study
suggests that catheter ablation referring solely to non-enhanced MDCT images for AF could be performed with clinically acceptable results. These findings warrant further studies involving a much larger number of patients to confirm
the present results.
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Introduction
Radiofrequency (RF) energy applied to circumferentially isolate the
pulmonary veins (PVs) from the left atrium (LA; PV isolation) has
been introduced for the treatment of atrial fibrillation (AF) and
has shown a cure rate in the range of 50– 90%.1 – 6
Precise knowledge of the anatomy of the PVs, in addition to that of
the LA, is essential to increase the successful rate of PV isolation,

decrease complications, and shorten the time required for the
isolation. As PV anatomy demonstrates considerable variation,7
multi-detector row computed tomography (MDCT) with contrast
medium, that is, enhanced MDCT, is now routinely applied to
assess PV and LA anatomy.8 Furthermore, the use of enhanced
MDCT images integrated with an electroanatomic map, known as
the electroanatomic integration system, is now routinely applied in
PV isolation.9,10 However, it is well known that contrast medium
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affects renal function at various degrees and/or evokes an allergic
response in certain patients. Thus, MDCT cannot be applied in
patients with renal insufficiency or allergies to contrast medium.
Recent MDCT systems have an increased number of detector
rows, and consequently MDCT with 64 detector rows has high
spatial and time resolution power. We hypothesized that MDCT
without using contrast medium, that is, non-enhanced MDCT,
would provide sufficient image quality of PV anatomy for PV isolation. In this study, we first compared PV image quality between
non-enhanced and enhanced MDCT in patients who underwent
PV isolation for the treatment of AF. Secondly, the procedural
parameters and clinical outcomes of PV isolation referring solely
to non-enhanced MDCT images in patients with CKD were
compared with those obtained using enhanced MDCT images
integrated with an electroanatomical map in non-CKD patients.

Patients and methods

Multi-detector row computed tomography
Scan protocol
Multi-detector row computed tomography was performed with a
64-detector slice computed tomography system (Aquilion 64,
Toshiba Medical System, Toshiba, Otawara, Japan). Before enhanced
MDCT, a non-enhanced MDCT scan was performed without prospective ECG-triggering to establish the conditions and settings for
enhanced MDCT. Computed tomography started at the top of the
lung cavity and stopped at the diaphragm caudally. The CT acquisition
parameters were collimation thickness, 0.5 –1.0 mm; pitch, 0.84 mm;
rotation time, 400 –500 ms; tube voltage, 120 –135 kV; and tube
current, 300 –400 mA. Scanning was automatically started 5 s after
detection of the CT value of 150 HU at the ascending aorta. Images
were collected in the supine position. Acquisition was ECG-non-gated
and took 7–10 s. After the non-enhanced image was acquired,
enhanced MDCT was performed. A non-ionic contrast medium
(370 mg/mL, iodine) of 80 mL was administered through the antecubital vein with a power injector at a rate of 2.5 mL/s.

Image reconstruction
For both non-enhanced and enhanced MDCT, transverse PV images
were reconstructed using the standard built-in ECG-gated half or
multisector scan reconstruction algorithm (temporal resolution,
200 – 250 ms; slice thickness, 0.5 mm; and increment, 0.3 mm). Pulmonary vein images were reconstructed using volume rendering and
multiplanar reconstruction methods. Pulmonary vein images were analysed using an offline workstation for post-processing (ZIO STATION,
AMIN Corporation, Tokyo, Japan) to check the main anatomic
landmarks by multiplanar reformation.

Table 1 Patient characteristics
Patients for comparison of non-enhanced and enhanced MDCT
images
Number of patients
Age (years)

50
63 + 8

Male (%)

64

Hypertension (%)
Diabetes (%)

42
24

Coronary artery
disease (%)

6

Heart failure (%)

2

Left atrial size (mm)
LVEF (%)

42 + 7
63 + 8

Paroxysmal/
38:12
non-paroxysmal AF
Patients with and without CKD who underwent PV isolation
Number of patients
Age (years)

CKD(+) group

CKD(2) group

20
58 + 8

30
57 + 9

NS
NS

Male (%)

70%

71%

NS

Cr (mg/dL)
Hypertension (%)

2.09 + 0.24
44%

0.78 + 0.19
39%

,0.01
NS

Diabetes (%)

36%

31%

NS

Coronary artery
disease (%)

14%

12%

NS

Heart failure (%)
Left atrial size (mm)

15%
41 + 4

13%
39 + 5

NS
NS

LVEF (%)

61 + 9

63 + 8

NS

Paroxysmal/
non-paroxysmal AF

16:4

24:6

NS

PV, pulmonary vein; CKD, chronic kidney disease; MDCT, multi-detector
computed tomography; 3D, three dimensional; Cr, creatinine; LVEF, left
ventricular ejection fraction; AF, atrial fibrillation

Multi-detector row computed tomography image
interpretation
Evaluation of MDCT images was performed by two radiological technicians who were not aware of any clinical data. The three-dimensional
image was rotated in space such that the PV and its ostium were
visualized completely. The ostial transverse and antero-posterior
diameters of PVs were measured with digital calipers (Figure 1).
Before comparison of PV diameter between non-enhanced and
enhanced MDCT images, inter- and intra-observer differences were
checked in 50 sample PV images. Then the average of two measurements of PV diameter by each observer was obtained. The median
of averaged diameters derived from the two observers was used for
analysis. We compared the diameters of PVs obtained by
non-enhanced and enhanced MDCT images.

Catheter ablation for atrial fibrillation
Electrophysiological study
Two standard electrophysiology catheters were positioned: a 4-F catheter (Japan Lifeline Co., Ltd., Tokyo, Japan) at the His bundle region via
a femoral vein and a 6-F catheter in the coronary sinus via the right
intrajugular vein. An 8.5-F steerable sheath (Agilis, St Jude Medical
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First, we compared images obtained by non-enhanced and enhanced
MDCT in 50 consecutive patients 1–2 days before PV isolation for AF
in patients without disturbed renal function. Next, we performed PV
isolation referring solely to non-enhanced MDCT in 20 patients with
CKD and compared the procedural parameters and clinical outcomes
with those from 30 non-CKD patients who underwent PV isolation
using enhanced MDCT images integrated with an electroanatomic
map during almost the same period. The characteristics of the patients
studied are summarized in Table 1. The examination procedure complied
with the rules of the Helsinki Declaration;11 written informed consent
was obtained; and the study was approved by our institutional ethics
committee for human research.
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Inc., St Paul, MN, USA) was advanced to the LA by the Brockenbrough
technique under intracardiac echo (ICE; Ultra ICE, Boston Scientific,
San Jose, CA, USA) guidance: all sheaths were over one puncture
site. After transseptal catheterization, intravenous heparin was administered to maintain an activated clotting time of 300 – 350 s. In
addition, continuous infusion with heparinized saline was connected
to the transseptal sheaths (flow rate of 10 mL/h) to avoid thrombus
formation or air embolism. Two 20-polar ring catheters (Libero,
Japan Lifeline Co. Ltd.) were positioned at the ostia of the PVs.
An ablation catheter (CoolPath Duo, St Jude Medical Inc.) was also
introduced into the LA.

Creation of three-dimensional geometry of the left atrium
and four pulmonary veins
A non-fluoroscopic navigation system (Ensite NavXTM, St Jude
Medical) was used to create a three-dimensional (3D) map of the
PVs with the LA and to perform PV isolation.

Pulmonary vein isolation
Figure 1 Measurement of pulmonary vein diameter in images
obtained from non-enhanced multi-detector row computed tomography using digital calipers at the ostium of the pulmonary vein.
LSPV, left superior pulmonary vein; LIPV, left inferior pulmonary
vein; RSPV, right superior pulmonary vein; RIPV, right inferior
pulmonary vein.

If patients were in AF at the time of the procedure, they underwent
external electrical cardioversion before ablation. Two 20-polar ring
catheters (Japan Lifeline Co. Ltd.) were placed within the ipsilateral
superior and inferior PVs or within the superior and inferior branches
of a common trunk PV during RF delivery. Irrigated RF energy was
delivered with a target temperature of 428C, a maximum power
limit of 35 W, and an infusion rate of 13 mL/min for the CoolPath
DuoTM catheter. Radiofrequency energy was applied for 30 s until

Figure 2 Correspondence between a multi-detector row computed tomography image (left side) and the image created by the nonfluoroscopic navigation system (NavX) (right side). Both images are the same postero-anterior projection view. The brown dots indicate
the ostium of each pulmonary vein. The red dots indicate ablation lesions. LSPV, left superior pulmonary vein; LIPV, left inferior pulmonary
vein; RSPV, right superior pulmonary vein; RIPV, right inferior pulmonary vein.

Downloaded from europace.oxfordjournals.org at Okayama University on September 12, 2011

In the CKD patients, first a non-enhanced MDCT image of the PVs
and LA was displayed on one of the side monitors. The positional
relationships between the four PVs and LA were confirmed using
the non-enhanced MDCT image. Then, using the NavX system, the
3D geometry of the four PVs was systematically created with a
20-polar ring catheter, referring to the non-enhanced MDCT image
(Figure 2). All PV geometry was obtained using the pullback
manoeuvre from distal to proximal PV. At least 300 points that
synchronized with the catheter tracing were taken to visualize the
PV orifice during electroanatomical mapping by the NavX system.
Tracing of the catheter tip on the body and appendage of the LA
was performed to construct the LA geometry. In each procedure,
to create the 3D geometry of the four PVs and LA, non-enhanced
MDCT images, rotating appropriately, were referred to in order to
confirm the accordance of the 3D geometry generated by NavX
with the non-enhanced LA– PV image. Thereafter, referring to the
non-enhanced MDCT images carefully, the ostia of the PVs were
identified electrophysiologically using the 20-polar ring catheter and
ablation catheter positioned at the ostium of each PV under the guidance of ICE, and the correct ablation site then marked on the electroanatomic map (Figure 3). The 3D PV geometry derived using the
NavX system was not able to fuse with the preprocedural
non-enhanced MDCT image.
CKD patients, using contrast medium, selective PV venography was
performed. The ostia of the PVs were identified using electrophysiological study results combined with PV venography findings. The
20-polar ring catheter and ablation catheter were then used to determine the mitral annulus and all PV ostia and these points were tagged
on the electroanatomic map. Finally, the 3D-LA geometry was fused
with the preprocedural enhanced CT images to confirm the correct
position of the ablation catheter for PV isolation.
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Figure 3 Correct positioning of the ablation catheter for pulmonary vein isolation using an intracardiac echocardiogram (ICE) as the guide.
The antero-posterior fluoroscopic image (left side) shows the position of the ICE catheter and ring catheter at the ostium of the left superior
pulmonary vein (LSPV). LA, left atrium. ICE image (right side) demonstrates ICE guidance to position the ring catheter at the ostium of the
pulmonary vein. The ring catheter can be seen at the ostium of the LSPV.

Gross anatomy

Observer 1

Observer 2

Agreement rate Agreement rate

...............................................................................................................................................................................
Non-enhanced MDCT Non-enhanced MDCT Observer 1

Non-enhanced MDCT

vs.

vs.

vs.

vs.

Normal PV

enhanced MDCT
42/42

enhanced MDCT
42/42

Observer 2
100%

enhanced MDCT
100%

Left common trunk PV

5/5

5/5

100%

100%

Right common trunk PV
Right middle PV

1/1
2/2

1/1
2/2

100%
100%

100%
100%

Antero-posterior

n
50

Enhanced MDCT
15.1 + 4.2

Non-enhanced MDCT P value Cumulative CV
15.5 + 4.4
0.63
2.43

PV diameter
LSPV

Transverse

50

20.0 + 3.3

20.4 + 3.5

0.66

2.16

LIPV

Antero-posterior
Transverse

50
50

12.9 + 2.7
17.8 + 2.5

13.5 + 2.8
18.5 + 2.5

0.60
0.50

2.37
2.05

RSPV

Antero-patriot

50

17.5 + 3.8

18.4 + 4.0

0.64

2.66

RIPV

Transverse
Antero-posterior

50
50

21.2 + 3.5
14.0 + 2.8

21.5 + 3.6
14.4 + 2.9

0.58
0.60

0.91
1.86

Transverse

50

17.6 + 2.7

17.8 + 2.7

0.95

1.07

Antero-posterior
Transverse

5
5

17.7 + 5.4
29.9 + 2.6

18.1 + 5.5
30.5 + 2.6

0.51
0.50

0.3
1.22

Right common trunk PV (n ¼ 1) Antero-posterior

1

18.7

19.1

–

1.06

Transverse
Antero-posterior

1
2

26.8
6.9, 7.5

26.9
7.2, 7.7

–
–

0.09
–

Transverse

2

12.1, 11.5

12.4, 12.1

–

–

Left common trunk PV (n ¼ 5)

RMPV (n ¼ 2)

MDCT, multi-detector row computed tomography; PV, pulmonary vein; LSPV, left superior pulmonary vein; LIPV, left inferior pulmonary vein; RSPV, right superior pulmonary
vein; RIPV, right inferior pulmonary vein; RMPV, right middle pulmonary artery; MDCT, multi-detector row computed tomography; CV, coefficient of variation.

the maximum local electrogram amplitude decreased by 70% or
double potentials were noted. Irrigated RF ablation was performed
0.5 – 1.0 cm from the PV ostia, encircling the ipsilateral PV under
NavX guidance. The endpoint of the extensive encircling PV isolation

was defined as (i) elimination of PV potentials recorded by the two
ring catheters within the ipsilateral PVs and lack of LA capture
during intra-PV, isthmus, and PV atrium pacing at least 30 min after isolation and (ii) no recurrence of the PV spikes within all PVs after
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Table 2 Comparison of pulmonary vein gross anatomy and pulmonary vein diameter between enhanced and
non-enhanced multi-detector row computed tomography
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intravenous administration of 20–40 mg of adenosine during sinus
rhythm or coronary sinus pacing.

in the evaluation of PV gross anatomy between the two observers.
Finally, no disagreement was observed in the PV gross anatomy
between non-enhanced and enhanced MDCT image evaluations.

Post-ablation care and follow-up
After the procedure, intravenous heparin was administered for 2 days
in all patients, followed by warfarin for at least 3 months. All patients
were withdrawn from all previously ineffective antiarrhythmic drugs
just after ablation. One day after the procedure, surface ECG, transthoracic echocardiography, and 24 h Holter recording were performed and repeated after 1, 3, and 6 months by our centre. All
patients had a telemetry ECG recorder (Omron Co. Ltd., Kyoto,
Japan) to document symptomatic arrhythmias or to transfer an ECG
once per week if asymptomatic for 6 months.

Statistics
Bland –Altman plots were used for comparison of PV diameter
between non-enhanced and enhanced MDCT images. Cumulative
coefficients were used to evaluate differences in PV diameter
between non-enhanced and enhanced MDCT images. Student’s
t-test was used to compare clinical characteristics, procedural parameters, and clinical outcomes between CKD patients who underwent
PV isolation referring solely to non-enhanced MDCT images and
non-CKD patients who underwent PV isolation with enhanced
MDCT integrated with electroanatomic mapping. Data are expressed
as the mean + standard deviation (SD). Differences at P , 0.05 were
considered statistically significant.

Results
For non-enhanced MDCT PV images, there were no differences in
the detection of PV gross abnormalities between the two observers (Table 2, Figure 4). Similarly, complete agreement was obtained

Pulmonary vein diameter measurements
Intra-observer differences in the PV diameter measurements of 50
sample PV images were ,1 mm (mean + SD, 0.1 + 0.2 mm in
non-enhanced MDCT; 0.3 + 0.3 mm in enhanced MDCT) which
were acceptably small. Similar results were obtained for interobservers differences (0.1 + 0.2 mm in non-enhanced MDCT;
0.2 + 0.3 mm in enhanced MDCT). Brand–Altman plots showed
acceptable agreement in PV diameter determinations between
non-enhanced and enhanced MDCT PV images (Figure 5). The
results of comparison of PV diameter determination between
non-enhanced and enhanced images are summarized in Table 2. The
cumulative coefficient of variation in PV diameter measurements
was 0.91–2.66%, indicating good agreement in PV diameter measurements between non-enhanced and enhanced MDCT PV images.

Pulmonary vein isolation
Non-enhanced MDCT images could not be satisfactorily integrated with the electroanatomical maps. Therefore, for patients
with CKD, the electroanatomical integration system could not
be applied. Changes in the PV isolation catheter selected from
non-enhanced MDCT image measurement was not required in
any attempt in the CKD patients. Table 3 summarizes the
comparisons in procedural parameters and clinical outcomes
between PV isolation for CKD patients referring solely to
non-enhanced MDCT images and for non-CKD patients using
the electroanatomical integration system with enhanced MDCT
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Figure 4 Comparison between non-enhanced and enhanced multi-detector row computed tomography images from a postero-anterior
view. Acceptable agreement in gross anatomy between the two images was achieved.
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images. There were no statistically significant differences in procedural or fluoroscopic times between PV isolation referring to
non-enhanced MDCT and that by enhanced MDCT images integrated with an electroanatomical map. Similarly, the ablation
success rate and AF free-status at 3 months after PV isolation
did not differ between PV isolation using non-enhanced MDCT
and that with the electroanatomical integration system. No
complications occurred in PV isolation with or without enhanced
MDCT.

Discussion
The present study has indicated for the first time that
non-enhanced MDCT with a 64-detector row provides sufficient
information regarding PV features and size for PV isolation in

CKD patients with AF. There were no significant differences
in procedural parameters and clinical outcomes between catheter ablation for AF referring only to non-enhanced MDCT
images for CKD patients and that using electroanatomical integration systems with enhanced MDCT images for non-CKD
patients.
To compare PV image dimensions between non-enhanced
MDCT and enhanced MDCT, we used images obtained from the
first preliminary non-enhanced MDCT in order to establish the
conditions and settings for enhanced MDCT. The irradiation
dose was not increased to make the comparisons in the present
study, and the inter- and intra-observer differences in PV diameter
measurements were acceptably small. Bland–Altman plots as well
as the cumulative coefficient of variation were analysed to
compare PV diameters obtained between non-enhanced and
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Figure 5 Bland –Altman plots for comparison of pulmonary vein diameter between non-enhanced and enhanced multi-detector row computed tomography images. LSPV, left superior pulmonary vein; LIPV, left inferior pulmonary vein; RSPV, right superior pulmonary vein; RIPV,
right inferior pulmonary vein. AP, antero-posterior; trans, transverse.
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Table 3 Comparisons between PV isolation for CKD(1) patients using solely non-enhanced multi-detector row
computed tomography images and for CKD(2) patients using enhanced multi-detector row computed tomography
images
Group 1 (n 5 20)
CKD(1) group

Group 2 (n 5 30)
CKD(2) group

PV 3D image
Mapping system

Non-enhanced MDCT
NavX

Enhanced MDCT
NavX

Procedure time (min)

134 + 22

115 + 18

0.99(NS)

Fluoroscopic time (min)
Ablation success (%)

31 + 9
100%

25 + 7
100%

0.99(NS)
NS

Complication (%)

0%

0%

NS

PV stenosis (.50%)
AF free after 3 months (%)

0%
75%

0%
77%

NS
NS

...............................................................................................................................................................................

PV, pulmonary vein; CKD, chronic kidney disease; 3D, three dimensional; MDCT, multi-detector row computed tomography; AF, atrial fibrillation.

without an electroanatomical integration system with enhanced
MDCT safely and within a suitable time frame to provide a successful outcome. Our results raise the question as to whether all catheter ablation for AF should be attempted with electrical mapping
referring to non-enhanced MDCT. At present, it is not practically
preferable to perform AF catheter ablation with non-enhanced
MDCT because the ablation is much easier when using an electroanatomical integration system. However, the present results
provide important information when considering reducing
irradiation wherever possible, as even low-dose irradiation has
carcinogenic potential.

Study limitation
One of the limitations of the present study was the relatively small
number of CKD patients. However, the clinical and echocardiographic backgrounds were not different between the CKD and
non-CKD groups, and very similar results were obtained
between the two groups, suggesting that an increase in the
number of patients is not likely to evoke different results.

Conclusions
Non-enhanced MDCT provides adequate PV image quality both
quantitatively and qualitatively. Catheter ablation referring solely
to non-enhanced MDCT images for AF seemed to provide clinically acceptable results in this small number of CKD patients.
These findings warrant further studies involving a large number
of patients to confirm the present results.
Conflict of interest: none declared.
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