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Atrial cardiomyopathy represents structural and electrophysiologic abnormalities 28 

associated with atrial fibrillation (AF). Fibrosis, visualized with late gadolinium 29 

enhancement on cardiac magnetic resonance imaging (MRI),  is associated with low 30 

voltage on electroanatomic mapping1, and ablation outcomes 2.  Voltage data is readily 31 

acquired in an ablation procedure but comparing voltage between subjects is 32 

complicated by variation in atrial size and orientation. A computational analysis platform 33 

is needed that can automatically align and scale atria of disparate sizes and orientation 34 

to permit comparisons in pre-specified regions of interest to further understanding of left 35 

atrial voltage distribution.  The purpose of this study was to design a method to create 36 

aligned and scaled individual or composite voltage maps for further data analysis of 37 

patient cohorts. 38 

 39 

Data were collected prospectively from patients undergoing AF ablation, and clinical 40 

information stored in a REDCAP database. This study was approved by the University 41 

of Arizona Institutional Review Board before data collection. The research reported in 42 

this paper adhered to the Helsinki Declaration as revised in 2013.  Three-dimensional 43 

position and voltage data in sinus rhythm were collected using a PentaRay (2-6-2mm 44 

interelectrode spacing) and ThermoCool SmartTouch SF (3.5mm tip) catheters in a 45 

CARTO 3 system (Biosense Webster, Johnson & Johnson). Reference points were 46 

selected from the posterior wall, identifying the ostia of the right superior pulmonary vein 47 

(RSPV), right inferior pulmonary vein (RIPV), left superior pulmonary vein (LSPV) and 48 

left inferior pulmonary vein (LIPV). Two additional locations on the anterior wall, septal-49 

anterior adjacent to the RSPV antrum and lateral-anterior adjacent to the left atrial 50 
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appendage, were tagged.  Data were imported into customized MATLAB programs. 51 

Points were automatically assigned to pulmonary veins, roof (superior), posterior, 52 

anterior, anterior-lateral, and septal walls (Figure 1A).  Next, a scaled coordinate 53 

transformation was performed to a standardized set of coordinates to account for 54 

differences in left atrial size and orientation between subjects.  The reference points for 55 

the LSPV, RSPV and RIPV defined a plane on the posterior wall, with the RSPV set as 56 

origin and x axis as the direction from the RSPV to LSPV. The y axis was perpendicular 57 

to this plane, with the z axis as the cross product of the x and y axes. The coordinate 58 

system was scaled by setting the distance from the RSPV to LSPV to 50 dimensionless 59 

units.  60 

Scaled, coordinate transformed voltage data can be analyzed and compared in any 61 

region of interest (ROI) between individual subjects or from a composite of multiple 62 

patients.  To illustrate, we analyzed N=13 patients (11 male, age 65 ± 14 years, 6 63 

undergoing redo ablation) with paroxysmal AF. Voltage maps of two subjects are shown 64 

in original coordinates (Figures 1B and 1C) and in transformed coordinates from an 65 

anterior view (Figures 1D and 1E), with black dots showing points that project to a 66 

selected ROI on the anterior wall, also highlighted in a composite voltage map of all 13 67 

subjects (Figure 1F).   68 

In conclusion, we present a novel methodology to quantify left atrial voltage to analyze a 69 

user-selected ROI. This platform is unique by aligning and scaling each individual map, 70 

which is necessary to compare ROIs across multiple subjects with different atrial sizes 71 

and orientations. Subsequent analyses can be performed over a database of subjects 72 

with appropriately chosen statistical tests. Patients with persistent AF can also be 73 
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analyzed once sinus rhythm is restored. Further investigations can examine other 74 

questions such as the impact of atrial anatomical variations, voltage change after 75 

ablation, and association with MRI findings. Additionally, variations of this platform can 76 

be developed for other cardiac chambers. While this manuscript is intended to present a 77 

methodology, it needs validation with a larger patient cohort.    78 
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Figure Legend 91 

Figure 1: The algorithm assigns points to pulmonary veins (black), roof (blue), posterior 92 

(yellow), anterior (red), anterior-lateral (cyan) and septal (green) walls based on 93 

proximity to reference points (A). Voltage color maps are shown for two subjects, in 94 

original coordinates (B and C) and, respectively, in an anterior view after a scaled 95 

coordinate transformation is performed (D and E).  A composite map from N=13 patients 96 

is illustrated (F) with a region of interest (ROI) drawn on the anterior wall. Points within 97 

the ROI are shown in black in panels B,C,D and E.  98 
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