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Accuracy assessment of intracardiac echocardiography left atrial
mapping technique for atrial fibrillation ablation: a study on model

measurements and spatial deviation of ablation points

ZHAO Yi-kai, XIONG Nan-qing, WANG Yi-ming, LI Hui-yang, FU Ping, FAN Yue-qin,
GAO Wen, LUO Xin-ping, LI Jian”
(Department of Cardiology, Huashan Hospital, Fudan University, Shanghai 200040, China)

[ Abstract] Objective To evaluate the accuracy of the deep learning (DL) -based intracardiac
echocardiography (ICE) left atrial mapping technique in constructing left atrial models during
radiofrequency ablation for atrial fibrillation, and to analyze the spatial deviation patterns between the

model and actual ablation points. Methods Twenty patients with atrial fibrillation who underwent
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catheter radiofrequency ablation at the Department of Cardiology, Huashan Hospital, Fudan University
between Jun and Aug 2025 were enrolled. Intracardiac echocardiography was used to acquire images at end-
expiration and maximum left atrial volume. DL-based Cartosound FAM was employed for left atrial
modeling. Parameters including left atrial volume, pulmonary vein ostium circumference and diameter, and
bilateral pulmonary vein interspacing were measured and compared with corresponding measurements from
Pentaray catheter-based FAM. After ablation, the pulmonary vein isolation (PVI) circle was divided into
12 segments, and the shortest distance from each actual PVI ablation point to the FAM surface was
measured to systematically evaluate the spatial deviation between the reconstructed anatomical structures
and the true ablation points. Results Cartosound FAM successfully constructed left atrial models for all
patients, with a median of 17.0 (14.8, 20.0) ultrasound sectors used. No significant differences were
observed between Cartosound FAM and Pentaray FAM in left atrial volume, bilateral superior and inferior
pulmonary vein circumference, left superior and right superior pulmonary vein diameter, or bilateral
pulmonary vein interspacing. However, the diameters of the bilateral inferior pulmonary veins were
significantly larger than Pentaray FAM [Left: (17.08+2.76) mm uvs. (12.96+ 4.65) mm, P=0.001;
Right: (19.38+3.57) mm wvs. (16.50+4.46) mm, P=0.030]. Bland-Altman analysis indicated good
agreement between the two methods across all measurements. Spatial deviation analysis revealed that
ablation points in the left circular area deviated inward in the bottom and left inferior ridge regions, and
outward in the top and posterior wall regions relative to the Cartosound FAM model. In the right circular
area, most ablation points were close to the boundary or slightly deviated outward. Pearson correlation
analysis showed a positive correlation between the upward and inward deviation of ablation points in the left
bottom region and the left atrial volume measured by Cartosound FAM (r=0.487, P=0.029).
Conclusion Cartosound FAM demonstrates high accuracy in measuring left atrial volume and pulmonary
vein structures. Spatial deviations between actual ablation points and the model exhibit region-specific
patterns. The complementary use of Cartosound FAM and Pentaray catheter modeling can enhance the
efficiency and precision of atrial fibrillation ablation procedures.
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Patients with atrial fibrillation scheduled for

(Jun 2025 to Aug 2025, n=24)

catheter ablation

! Patients were excluded prior to the procedure:
+ 1 patient with valvular atrial fibrillation ]
1 patient receiving pharmacotherapy for '
1 hyperthyroidism but with persistently suboptimal
! hormone levels '
11 patient with a left atrial appendage thrombus
+ identified on preprocedural transesophageal !
' echocardiography

Y

After providing informed consent, catheter ablation
was successfully performed in the remaining patients

(n=21)

__________________________________________

. 1 patient was excluded intraprocedurally due to

' significant respiratory fluctuation resultmg in
' unstable catheter contact under respiratory g,atmg '
© and suboptimal model registration

Final study cohort enrolled (#=20)

ICE Cartosound FAM Actual ablation points for

PVI |

Statistical analysis

FAM: Fast anatomical mappin; ICE: Intracardiac echocardiography; PVI: Pulmonary vein isolation.

E1 #RANHREZEE
Fig1 Flowchart of the enrollment
R1 NEBTMEEEZSE T Pentaray FAM [ (17.08 £2.76) mm wvs. (12.96 %
Tab 1 Baseline characteristics of atrial fibrillation 4.65) mm, P=0.001; (19.38 + 3.57) mm vs. ( 16.50 +

participants [M(P,,P,.),n( %) orx +s]

Age (y) 66 (60,69)
Gender

Male 10 (50)

Female 10 (50)
Type of AF

Paroxysmal 14 (70)

Persistent 6 (30)
BMI (kg/m?) 26.23+2.85
CHA2DS-Vasc 3(2,3)
LVEF (%) 64.2+5.02
LA (mm) 39.13+4.20

Hemoglobin (g/L.)
NT-proBNP (ng/L)

140.18 +12.76
86.5 (35.0,110.5)
68.0 (62.0,73.9)

6.0 (5.8,6.4)

0.008 (0.004,0.013)

Serum creatinine (pmol/L)
HbA1c (%)
¢TNT (pg/L)

AF: Atrial fibrillation; LVEF: Left ventricular ejection fraction;

LA : Left atrial diameter.

ELCEMMERREESILE Cartosound FAM
FE I 220 B A B ULSPV K L LIPV K
RSPV il £ RIPV J& £ |LSPV H 1 \RSPV HAAE .
XU fili e Jik 22 S T8) 5 A Pentaray FAM il £5 {1 22
SIS E LB LIPV B A4S M RIPV a@ﬁ%k

4.46)mm, P=0.030], {# FH Bland-Altman Plot #f —
M A A B IR R A, LA i i fik 52 S Ta] B 90 %
1) N 8 25 (B 05 TR E 95 %0 — BUE R IR Z 0, AR i
BB 95 %0 K LA b B i 2 (E 05 VE TE 95 % — 3
PE SRR 2Z D0, B 7R 9 b O s A il R KOE A 220
R A A &2 &y 2R B0 — Bk
(£2,K3),

PVIi§ B S = EEmB X 20 F B & PVIAH
A ili 5 JOK B 5 S B 76 il i, & Cartosound FAM 455 A
2 1T A S5 S R B R A O A B RS 2 ARl R E(H B
BZNiE N (E4) . 48R BxR(K3) . PVIARE
H U X 38 7 Rl S KR 6 (5, 7) A, - X 1 RS R
y(7.38+2.93) mm (& 35 ff [7] FAM AR5 ) 5 42 1 0
A 5(5,6) 4, I FSHE B A (-0.86 + 3.94) mm (£ 4L
BTN ER) s 22 TSR 4 (3, )4, I 78 1E &5 R
(-2.36+4.77) mm (B & fi [7] 0 ) 5 JIEHE R 4(3,5)
AR FEBE B M (=4.65 + 4.94)mm (53 11 W)
AN IR RE N 4.5(4,5) 4 w1 2 (0.48 £ 3.12)
mm ($5 3T 1 50 A Sh ) 5 26 bR BE Ry 5(4,6) 4, i
R B M (3.26 +2.62) mm (W] A i) #M#6) s PVI A7
Pl o, THER Sl 54, 7) A4, D B8 BE 25 R (3.68 +3.35)
mm (f 1] 7838, 47 L5 BE R 5(4.25,5.75) 4, i #



X EIL, S O I YR P A s SRR AR B 5 T 1 A A A R ik 5 S T B ) B R B Y 463

A':Posteroanterior view ; B. Right anterior oblique view ; C: Left lateral view ; D: Right lateral view.
2 Cartosound FAM 7 37 B & /0 5 & BY
Fig 2 Left atrial model established by Cartosound FAM

%2 Cartosound FAM #1 Pentaray FAM il £ 7= /(s F5 #0 Bl 5% Bk S B L 8%

Tab 2 Comparison of left atrium and pulmonary vein parameters measured by Cartosound FAM and Pentaray FAM

[M(P,,,P.;) orx +s]

Parameters Cartosound FAM Pentaray FAM P
Number of ultrasound sectors 17.0 (14.8,20.0) - -
LA volume (mL) 106.97 (87.10,125.76) 108.62 (99.13,132.82) 0.414
LSPV perimeter (cm) 5.91+1.21 6.17+1.19 0.489
LIPV perimeter (cm) 5.72%+0.73 5.09+1.73 0.141
RSPV perimeter (cm) 6.25+1.20 6.46+ 1.11 0.579
RIPV perimeter (¢m) 6.67 +0.98 6.08+1.14 0.087
LSPV diameter (mm) 16.81+3.83 16.62+ 3.58 0.875
LIPV diameter (mm) 17.08 £2.76 12.96 + 4.65 0.001
RSPV diameter (mm) 17.33 £ 3.28 17.06 + 3.73 0.808
RIPV diameter (mm) 19.38 + 3.57 16.50 * 4.46 0.030
Carina to carina (mm) 44.45+5.25 45.69 +5.28 0.461

LA: Left atrial; LSPV: Left superior pulmonary vein; LIPV: Left inferior pulmonary vein; RSPV: Right superior pulmonary vein; RIPV:

Right inferior pulmonary vein. FAM: Fast anatomical mapping.
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The bias and precision of the comparisons are depicted on the plots. The two black horizontal dashed lines at the top and bottom of the plot
indicate the upper and lower limits of the 95% consistency limits, and the red horizontal dashed line indicates the location where the mean of the

difference is 0.

Mean of Cartosound FAM and Pentaray FAM

Mean of Cartosound FAM and Pentaray FAM

Bl 3 Cartosound FAM #0 Pentaray FAM ) Bland-Altman Plot — Z{ £ £

Fig3 Bland-Altman plots comparing Cartosound FAM and Pentaray FAM
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A': Right lateral view; B: Left lateral view; C: Posteroanterior view; D: Right lateral view showing only right circumferential ablation points;

E:Left lateral view showing only left circumferential ablation points; F : Posteroanterior view showing only left circumferential ablation points.
El 4 SEERPVIERLS S Cartosound FAM 4% 2 =5 B #l & 20 R &
Fig 4 Spatial integration picture of actual PVI ablation points with the Cartosound FAM model

R3 PVILERE RS F FAM 2B == 8 R 7%

Tab 3 Spatial offset between the actual ablation sites during

PVI and the FAM model [M(P,,,P,,) orz +s]

Average Spatial distance
PVI number of from ablation
ablation points  points to FAM
Left PVI
Roof 6(5,7) 7.38+2.93
Left superior ridge 5(5,6) —0.86 + 3.94
Left inferior ridge 4(3,4) -2.36+4.77
Bottom 4(3,5) —4.65% 4.94
Left inferior posterior wall 4.5 (4,5) 0.48+3.12
Left superior posterior wall 5(4,6) 3.26£2.62
Right PVI
Roof 5(4,7) 3.68+3.35
Right superior posterior wall 5(4,6) 0.32+3.97
Right inferior posterior wall 5(4,7) 0.12£2.21
Bottom 5(4,6) —0.38+3.41
Right inferior anterior wall 5(4,6) 1.51£3.51
Right superior anterior wall 6(5,6) 2.94+1.76

Negative values indicate points inside FAM, positive values

indicate points outside FAM.
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Posterior wall

3.68+3.35

2.94£1.76

Anterior wall | | Carina

1.51£3.51

3.26+2/6

0.48£3.12

7.38+2.93

—0.86+3.94
Carina “ Anterior wall

=2.36+4.77

—4.65+4.94

O Cartosound FAM

Ablation points in the left circular area deviated inward in the bottom and left inferior ridge regions and outward in the top and posterior wall regions

—0.38+3.41

C_ Drvi

relative to the Cartosound FAM model. In the right circular area, most ablation points were close to the boundary or slightly deviated outward.
El5 PVIEFRE R B FAM 2 = (8 4R 78 M 12
Fig 5 Spatial offset characteristics between the actual ablation sites during PVI and the FAM model
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Tab 4 Correlation analysis between spatial deviation in the left circumferential area and ultrasound parameters

Roof 0.864 0.812 0.391 0.901
Left superior posterior wall 0.270 0.758 0.201 0.148
Bottom 0.029* 0.115 0.442 0.415

*P<C0.05, r=0.487. FAM: Fast anatomical mapping; LA : Left atrial; LSPV: Left superior pulmonary vein.
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