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Abstract 

Background: Since the early descriptions of large series of accessory atrioventricular pathway ablations in adults and 
adolescents over 20 years ago, there have been limited published reports based on more recent experiences of large 
referral centers. We aimed to characterize accessory pathway distribution and features in a large community-based 
population that influence ablation outcomes using a tiered approach to ablation.

Methods: Retrospective analysis of 289 patients (age 14–81) who underwent accessory ablation from 2015–2019 
was performed. Pathways were categorized into anteroseptal, left freewall, posteroseptal, and right freewall locations. 
We analyzed patient and pathway features to identify factors associated with prolonged procedure time parameters.

Results: Initial ablation success rate was 94.7% with long-term success rate of 93.4% and median follow-up of 
931 days. Accessory pathways were in left freewall (61.6%), posteroseptal (24.6%), right freewall (9.6%), and anter-
oseptal (4.3%) locations. Procedure outcome was dependent on pathway location. Acute success was highest for left 
freewall pathways (97.1%) with lowest case times (144 ± 68 min) and fluoroscopy times (15 ± 19 min). Longest proce-
dure time parameters were seen with anteroseptal, left anterolateral, epicardial-coronary sinus, and right anterolateral 
pathway ablations.

Conclusions: In this community-based adult and adolescent population, majority of the accessory pathways are 
in the left freewall and posteroseptal region and tend to be more easily ablated. A tiered approach with initial use of 
standard ablation equipment before the deployment of more advance tools, such as irrigated tips and 3D mapping, is 
cost effective without sacrificing overall efficacy.
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Introduction
Catheter ablation using radiofrequency (RF) energy has 
been the cornerstone of therapy for patients with acces-
sory atrioventricular pathways (AP) since its safety 
and efficacy was first described in the 1990s [1–5]. 
These reports demonstrated high acute success and low 
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complication rates. Early reports have also identified 
factors associated with failure of ablation procedures. 
Failure of procedures have been attributed to techni-
cal challenges such as poor catheter stability, failure to 
record AP potential, and pathway locations such as right 
sided, posteroseptal, and anteroseptal regions [6, 7]. Rea-
sons for prolonged or failed attempts at radiofrequency 
catheter ablation of accessory pathways were primar-
ily due to difficulties in catheter manipulation and inac-
curate mapping [8]. These studies included short term 
follow up and have not provided important procedure 
characteristics such as fluoroscopy time and case times 
which are crucial in the procedure planning process. Fur-
thermore, these studies do not reflect more recent experi-
ence with the use of newer technologies such as irrigated 
catheters and 3D electroanatomic mapping. A recent 
study in the pediatric population examined long-term 
outcomes of AP catheter ablation and identified path-
way features that predict ablation failure or long-term 
recurrence [9]. Comprehensive assessment of patient and 
AP features that influence procedural time parameters, 
acute, and long-term success has not been described in 
the adolescent and adult population in the modern era.

In this study, we examined our institution’s long-term 
experience using a tiered approach that starts with 
standard ablation equipment and catheter manipulation 
techniques. 3D mapping, open irrigated ablation, or tran-
septal access are considered to be “second tiered”, or sup-
plemental and were deployed during the procedure only 
when needed at the discretion of the operator.

Methods
Patient selection and follow up protocol
We identified 289 consecutive patients ranging in age 
from 14 to 81, who underwent RF ablation procedures 
for accessory AP from 2015 to 2019 at Kaiser Medical 
Center, Santa Clara, California, USA. The source popula-
tion included the Kaiser Permanente Northern California 
Heath Care System with more than 4 million members 
with demographics reflective of the US population [10]. 
Cardiac electrophysiology services for the large and 
diverse population are centralized at one location within 
the healthcare system which reduced selection bias based 
on geographic location. Patients included those with (1) 
ventricular pre-excitation with documentation of SVT or 
atrial fibrillation, (2) asymptomatic ventricular pre-exci-
tation, or (3) SVT with concealed accessory AP.

A 12-lead ECG was obtained immediately post abla-
tion and at least one-year post ablation in all patients. 
Patient charts were reviewed at 1–5 years post ablation. 
Recurrences were identified by return of ventricular pre-
excitation or recurrence of documented SVT by ECG 
or event monitor at any point during follow up period. 

Intermittent pre-excitation was categorized as recur-
rence. All clinical encounters were reviewed within the 
follow up period for recurrence of ventricular pre-exci-
tation or SVT. Patients with less than one year follow 
up were excluded. The study protocol including ethics 
review was approved by the Institutional Review Board of 
Kaiser Permanente.

Ablation procedure
During comprehensive electrophysiology study, record-
ings from the tricuspid and mitral annulus were obtained 
using 7 French steerable duodecapolar or decapolar cath-
eters inserted into the coronary sinus. Recordings were 
also obtained from the His bundle as well as the right 
ventricular apex using 5–6 French quadripolar catheters. 
Mapping and ablation were performed using standard 
4–5  mm closed tip ablation catheters. Open-irrigated 
catheters, remote magnetic navigation (Stereotaxis, St. 
Louis, MO), and 3D mapping with Carto (Biosense Web-
ster, Diamond Bar, CA) or Ensite (Abbott, Santa Clara, 
CA) mapping systems were used at the operator’s discre-
tion. In general, our institutional preference for initial 
ablation procedure is to use standard non-irrigated abla-
tion catheters without 3D mapping. For left sided APs, 
our initial approach is generally retrograde transaor-
tic rather than via transeptal puncture. The retrograde 
transaortic approach in our experience is an established 
approach that is both safe and effective, and requires less 
equipment, and is generally less cumbersome to deploy. 
Use of transseptal approach is at the discretion of the 
operator. If transseptal approach was done, Brocken-
brough needle was used with intracardiac echocardiog-
raphy guidance. Irrigated catheters were used in 11% of 
initial ablations and 36.4% of repeat ablation procedures. 
3D mapping was used in 3.9% of initial procedures and 
31.8% of repeat procedures (Tables 1, 2).

Non-irrigated RF ablations were performed in tem-
perature-controlled mode targeting 30–50 W with tem-
perature limit of 55–70  °C. Open-irrigated ablations 
were performed targeting 20–45  W depending on the 
location of the AP. Power output was limited to ≤ 25 W 
for ablations inside the coronary sinus. Ablations were 
performed in 30–60 s intervals with end point of antero-
grade and retrograde AP conduction block and SVT non-
inducibility. Post ablation, if acutely successful, at least 
30 min of wait period was generally included prior to ter-
mination of procedure.

Accessory pathway characteristics and ablation outcome 
analysis
AP ablation locations were separated into four ana-
tomic groups, anteroseptal (AS), left freewall (LFW), 
posteroseptal (PS), and right freewall (RFW), as 
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previously described [11]. PS region in this study 
encompass all septal pathways, including mid-septal 
from below the His to the coronary sinus ostium and 
is separated into three regions, left posteroseptal (LPS), 
right posteroseptal (RPS), and subepicardial coronary 
venous system (Epi-CS). The AS group included both 
true para-Hisian pathways defined by the presence of a 
His potential recorded at the site of ablation, and right 
anterior pathways located within one centimeter of the 
His recording site as viewed in LAO 45°.

Prolonged ablation times
The total procedure, fluoroscopy exposure, and abla-
tion energy application times were recorded in all 
cases. Prolonged times were defined as follows: (1) total 
procedure time greater than 200  min, (2) fluoroscopy 
exposure time greater 30  min, and (3) ablation energy 
application time ≥ 400 s.

Statistics
Statistical analysis was performed using Prism 8.4.2 
software (GraphPad Software, San Diego, CA) and 
Microsoft Excel for Office 365 (Microsoft Corpora-
tion, Redmond, WA). Numerical data are presented as 
median ± interquartile range. For continuous variables, 
comparisons among groups were analyzed using one-
way ANOVA test. To assess statistical significance of 
differences in frequency of dichotomous variables, con-
tingency tables were created comparing observed fre-
quencies to expected frequencies using Chi-square test. 
p values are presented for all statistical analyses.

To compare freedom from recurrence post abla-
tion procedures, survival data was plotted using the 
Kaplan–Meier method. The log rank test was used to 
detect statistical difference among groups.

Table 1 Patient characteristics

Patient and procedure 
characteristics

All Patients (N = 281) Anteroseptal (N = 12) Left freewall (N = 173) Posteroseptal 
(N = 69)

Right 
freewall 
(N = 27)

p value

Female 117 (41.6%) 4 (33.3%) 70 (40.5%) 30 (43.5%) 13 (48.1%) ns

Age (years) 38 ± 27 28 ± 22 39 ± 25 37 ± 30 32 ± 21 ns

LVEF (%) 60 ± 5 60 ± 5 60 ± 5 60 ± 5 60 ± 5 ns

Manifest pathway 116 (41.3%) 7 (58.3%) 55 (31.8%) 36 (52.2%) 15 (55.6%) 0.004
Multiple pathways 10 (3.6%) 0 (0%) 4 (2.3%) 3 (4.3%) 3 (11.1%) ns

Secondary arrhythmia 11 (3.9%) 1 (8.3%) 5 (2.9%) 4 (5.8%) 1 (3.7%) ns

Tachyarrhythmia:

AF 18 (6.4%) 0 (0%) 9 (5.2%) 6 (6.9%) 3 (11.1%) ns

AVRT 227 (80.8%) 11 (91.7%) 149 (86.1%) 44 (63.8%) 23 (85.2%)  < 0.001
Open Irrigated Ablation 31 (11.0%) 1 (8.3%) 13 (7.5%) 15 (21.7%) 2 (7.4%) 0.014
3D Mapping 11 (3.9%) 2 (16.7%) 4 (2.4%) 4 (5.8%) 1 (3.7%) ns

Fluoroscopy Time (min) 17 ± 22 33 ± 30 15 ± 19 19 ± 24 19 ± 26  < 0.001
Ablation Application Duration (sec) 278 ± 330 422 ± 318 278 ± 398 270 ± 289 519 ± 539 0.003
Total Case Time (min) 155 ± 74 203 ± 77 144 ± 68 160 ± 75 155 ± 96  < 0.001
Acute Procedure Success 266 (94.7%) 9 (75.0%) 168 (97.1%) 66 (95.7%) 23 (85.2%) 0.001
Long term Success After Initial 

Acute Success
248 (93.2%) 7 (77.8%) 165 (98.2%) 60 (91.0%) 21 (91.3%)  < 0.001

Table 2 Repeat procedures

Repeat 
procedures 
(N = 22)

Anterior/anteroseptal AP 2 (9.1%)

Left freewall AP 8 (36.4%)

Posteroseptal AP 7 (31.8%)

Right freewall AP 5 (22.7%)

First procedure at outside facility 8 (36.4%)

Open irrigated ablation 8 (36.4%)

3D mapping 7 (31.8%)

Acute success 21 (95.5%)

Long term success 21/21 (100%)
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Results
Patient and accessory pathway characteristics
During the study period (2015–2019), a total of 304 
accessory AP ablation were performed. 281 of these 
procedures were initial ablations (Fig.  1). 22 patients 
underwent repeat ablation which were all successful 
without long term recurrence except for one, for whom 
a third procedure was performed successfully.

The distribution of pathway locations was not uni-
form (Fig. 2). Two groups together accounted for 83.2% 
of cases (LFW: 61.6% and PS: 24.6%). LFW pathways 
were more likely to be concealed (68.2%) compared 
to pathways from other locations (p = 0.004; Table  1). 
RFW and AS pathways were relatively uncommon com-
prising 8.2%, and 5.7% of all cases respectively.

In our population, 80.8% of patients undergoing RF 
ablation had demonstrated atrioventricular reciprocat-
ing tachycardia (AVRT). Multiple accessory pathways 
were reported in 3.6% of cases (Table 1).

Patient characteristics such as age, sex, and left ven-
tricular function were not statistically different among 
the four AP groups (Table 1).

Major complications included two cases of AV block 
requiring pacemaker implants (one from LPL group 
and one from RPS group). One patient had a femoral 
arterial pseudoaneurysm (LPL group). Other known 
major complications such as cerebral vascular events, 

cardiac perforation, tamponade, myocardial infarction 
or death did not occur.

Initial procedure acute outcome
For left atrial and ventricular access, the initial approach 
was retrograde transaortic (196 of 199 cases, 98.5%), with 
173 of these cases being LFW pathway ablations. Overall 
use of open-irrigated catheters and 3D mapping during 
initial ablation was 11% and 3.9%, which was much lower 
than during repeat ablations (36.4% and 31.8%, respec-
tively). More open-irrigated catheters were used in the 
PS group (21.7%) with 7/15 of these cases being inside 
the coronary sinus system (Table 1).

Acute success was achieved in 94.7% of all initial pro-
cedures (LFW: 97.1%; PS: 95.7%; RFW: 87%; and AS: 
75%) (Table  1). Median fluoroscopy time was highest 
in AS group (33 ± 30  min) and lowest in LFW group 
(15 ± 19 min). Longest ablation duration times were in AS 
(422 ± 318  s) and RFW (519 ± 539  s) groups. Total case 
time as defined by time from patient arrival to exit from 
the EP laboratory was longest in AS group (203 ± 77 min) 
and shortest in LFW group (144 ± 68 min) (Table 1 and 
Fig. 3). Significant number of outliers were seen in each 
group (Fig. 3).

Repeat procedure acute and long‑term outcome
As part of our tiered approach, 3D mapping and open 
irrigated ablations were more commonly used for failed 

Fig. 1 Study patients. Number of patients in our cohort
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initial procedure whether the initial attempt was per-
formed at our institution or at another institution. Open 
irrigated ablation was used in 36.4% and 3D mapping was 
used in 31.8% of repeat procedures. Long term success of 
all repeat procedures was 100% (Table 2).

Procedural efficiency
The absolute number and proportion of cases with pro-
longed procedure time parameters (fluoroscopy, abla-
tion, and case times) for all four groups were tabulated 
(Table 3). Anatomic locations that had a greater than 50% 
of cases with prolonged time parameters were under-
lined. These locations consisted of AS, LAL, Epi-CS, and 
RAL. Common reasons cited for prolonged times were, 
(1) limited mapping capability, (2) limited lesion forma-
tion, (3) difficult ablation catheter navigation, (4) multiple 
chambers mapped, and (5) incidental secondary arrhyth-
mias requiring ablation.

Long term outcome of successful initial ablation 
procedures
With median follow up of 931  days post ablation in 
patients who had initial successful ablations, 93.2% 
remained free from recurrence of SVT or ventricular 
pre-excitation (Fig. 4a). Long term success was lower at 
77.8% for AS pathways compared with 98.2% for LFW 

pathways (p = 0.002 log-rank test; Fig. 4b). RFW and PS 
pathways have similar long-term outcome (91.0% and 
91.3% respectively, Fig. 4b). There were no statistical dif-
ferences by age, sex, or ventricular pre-excitation in acute 
or long-term outcome (data not shown).

Discussion
Over a four-year period from 2015 through 2019, 289 
patients underwent RF ablation procedure for AP in our 
institution. The source population included the Kaiser 
Permanente Northern California Health System with 
diverse demographics that reflect large portions of the 
US population. As the sole referral center for this popula-
tion, 97.2% patients in this study had their first ablation at 
our institution. Without a referral bias towards complex-
ity and repeat ablations, this study was able to identify all 
ablations derived from a large population group and was 
able to give an accurate picture regarding the distribution 
of pathway locations within the large population.

Distribution of pathway locations
Consistent with prior studies [3, 4], we found that the 
most common location of accessory pathways was left 
freewall followed by posteroseptal region. There may be 
developmental correlates of this finding that is consistent 
in pediatric and now adolescent and adult populations. In 

TVA

MVA
His

Left Freewall
N = 173 (61.6%)

Posteroseptal
N = 69 (24.6%)

Right Freewall
N = 27 (9.6%)

Anteroseptal
N = 12 (4.3%)

Para-His
N = 5

LL
N = 125

LAL
N = 7

LP
N = 16

LPL
N = 25

LPS
N = 25

RAS
N = 7

RPS
N = 38

Epi-CS
N = 6

RPL
N = 6

RL
N = 11

RAL
N = 10

Fig. 2 Distribution of accessory atrioventricular pathways. The number and proportion of patients with accessory AP locations are displayed 
along tricuspid valve annulus (TVA) and mitral valve annulus (MVA). His bundle recording is labeled yellow. Number of patients are proportionately 
represented by the number of circles (each circle represents 2 patients). Anteroseptal pathways are red (manifest) or pink (concealed). Left freewall 
pathways are dark blue (manifest) or light blue (concealed). Posteroseptal pathways are dark green (manifest) or light green (concealed). Right 
freewall pathways are black (manifest) or gray (concealed). Sub-regional locations are listed. Epi-CS epicardial-coronary sinus, LAL left anterolateral, 
LL left lateral, LP left posterior, LPL left posterolateral, LPS left posteroseptal, RAL right anterolateral, RAS right anteroseptal, RL right lateral, RP right 
posterior, RPL right posterolateral, RPS right posteroseptal
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the early stages of cardiac development, the developing 
left ventricle is continuous with the atrial myocardium 
including the basilar aspect of the eventual septum [12]. 

The development of accessory muscular connections may 
be a vestige of the atrial-LV connection that persisted 
through the formation of the fibroadipose insulating tis-
sue of the atrioventricular canal and thus more common 
along the mitral annulus. Interestingly, we also found 
that, distinct from other locations, the majority of LFW 
pathways only demonstrated retrograde conduction. This 
may be due in part to the distinctive embryologic origin 
of the mitral annulus to the tricuspid annulus. The tricus-
pid annular tissue derives not only from atrioventricular 
canal myocardium like the mitral annulus but also pri-
mary ring tissue which forms much of the normal antero-
grade decremental conduction system [12]. Findings in 
this study and others suggest such correlation with the 
developing cardiac conduction system and pathophysiol-
ogy of accessory atrioventricular pathways [13].

Outcome of ablation at different locations
Our acute procedural success (94.7%) and major com-
plication rate (1.0%) for all ablations are in line with pre-
vious large reported series [4, 14]. Acute success rates 
varied amongst groups with highest success for LFW 
pathways (97.1%) and lowest success for AS pathways 
(75%). Lower success rate was associated with a greater 
degree of difficulty as measured by prolonged procedural 
time parameters.

We were able to make comparisons on the degree of 
difficulty encountered during AP ablation between major 
groups as well as identify specific regions within each 
group that were particularly more challenging to ablate. 
From review of the reasons for prolonged times con-
tained in the procedure report, we surmise that transient 
loss of AP conduction during ablation energy delivery 
was the most common cause of prolonged time parame-
ters. Inability to create an effective and durable lesion for 
complete ablation of the AP may be the result of (1) poor 
ablation catheter contact, (2) power output limited by 
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Fig. 3 Case times and fluoroscopy times. The total case times (a) and 
fluoroscopy times (b) for the initial ablation procedures are shown 
for each AP location group, anteroseptal (red), left freewall (blue), 
posteroseptal (green), and right freewall (black). Each dot represents 
one case. Median times are also displayed as black horizontal line

Table 3 Cases with prolonged procedure, fluoroscopy, and ablation times

Locations with 50% or greater prolonged time parameters are underlined and highlighted

Procedure time ≥ 200 min Fluoroscopy time ≥ 30 min Ablation time ≥ 400 s

All Patients (N = 281) 66 (23.5%) 76 (27.0%) 88 (31.3%)

Anteroseptal (N = 12) 8 (66.7%) 6 (50.0%) 7 (58.3%)
Left Freewall (N = 173) 29 (16.8%) 35 (20.2%) 41 (23.7%)

 Left AL FW (N = 7) 6 (85.7%) 5 (71.4%) 4 (57.1%)
Posteroseptal (N = 69) 20 (29.0%) 25 (36.2%) 23 (33.3%)

 Right PS (N = 38) 11 (28.9%) 12 (31.6%) 13 (34.2%)

 Left PS (N = 25) 6 (24.0%) 11 (44.0%) 7 (28%)

 Epi-CS (N = 6) 3 (50.0%) 2 (33.3%) 3 (50%)
Right freewall (N = 27) 9 (33.3%) 10 (37.0%) 17 (63.0%)

 Right AL FW (N = 6) 4 (66.7%) 3 (50.0%) 3 (50.0%)
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temperature, (3) limited proximity to actual site of path-
way. These potential reasons for prolonged procedure 
time parameters were likely due to problematic pathway 
anatomic locations.

Difficult pathway locations for ablation
Pathways located in the LAL region can be uniquely dif-
ficult as evidenced by the high proportion of cases with 
prolonged case times (85.7%). A potential explanation is 
that mapping becomes more limited by the inability to 
employ multipole catheter recordings effectively as the 
coronary sinus diverges away from the mitral valve annu-
lus as it courses more anteriorly. Catheter stability can 
also be limiting in this region. As a group, Epi-CS path-
ways are generally more difficult as evident by a higher 
proportion of cases having prolonged time parameters 
which is in general due to need for multi-chamber map-
ping. RFW pathways were also challenging with a sig-
nificantly lower acute success rate (87%). The angle of 

entry into the RA from the IVC favors the catheter to 
be directed towards the septum and requires additional 
manual torque for the catheter to reach and contact the 
lateral wall. These anatomical characteristics makes 
catheter maneuverability and stability more difficult, as 
reflected by the significantly longer ablation application 
time required in this group. AS pathways presented chal-
lenges due to its proximity to the AV node. Although risk 
of AV node injury is minimized with ablation approached 
from the ventricular side [4], maneuvering the catheter to 
a stable position in the right ventricle is inherently diffi-
cult and accounts for highest total case times among the 
four groups.

In situations where a difficult pathway is encountered 
at certain anatomic locations, supplemental tools may 
provide the specific solution needed to achieve a suc-
cessful outcome. This is supported by the fact that open 
irrigated catheters were required to achieve success more 
frequently during the initial attempt of right posterosep-
tal pathways (21.7%) in which 7/15 of these cases being 
for ablation inside the coronary sinus system (Table  1). 
Furthermore, there was a greater use of irrigated cath-
eters (36.4% vs. 11%) and 3D mapping (31.8% vs. 3.9%) 
on successful repeat procedures compared to the initial 
failed attempt.

In our experience, 3D mapping enhances mapping 
accuracy in cases where multipolar mapping is not ideal 
such as in LAL and RAL locations. Open-irrigated abla-
tion can also ensure more effective lesions inside the CS 
vein and during ablation on the ventricular side of the 
myocardium where close tissue contact results in limited 
power output limited by temperature elevations. Where 
available, remote magnetic navigation (Stereotaxis) may 
enhance maneuverability of the ablation catheter when 
targeting specific pathway locations [15].

Efficiency and cost saving
Although use of additional tools beyond the initial stand-
ard approach can be critical for success in difficult cases 
at specific anatomic locations, the equipment and sup-
plies are more costly and require increased set up time 
and staffing. In our opinion, a more judicious approach to 
their use only in cases where the specific need is matched 
by the solution offered by the tool is both more proce-
dural and cost efficient. In our practice, this has been a 
long-established preference supported by findings in this 
report that the majority of accessory pathways, particu-
larly those on the left free wall of the mitral annulus and 
right posteroseptal region along the tricuspid annulus, 
are easily mapped and successfully ablated with the usual 
standard equipment and techniques. In addition, the 
indiscriminate use of irrigated catheters that do not have 
the inherent safety of temperature-controlled ablation 
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potentially adds unnecessary risk in a majority of cases 
where their use does not directly affect outcome. Based 
on these reasons, we prefer to refrain from unnecessary 
use of more costly equipment that in addition, require 
more staffing and time. As a result, our overall use of 
open-irrigated (11%) and 3D-mapping (3.9%) catheters at 
the initial ablation procedure was much lower compared 
to other studies [9, 16, 17].

We recognize that this goes against current trend in the 
practice community which is towards greater reliance of 
transseptal access for left sided cases and the deployment 
of 3D mapping system and irrigated ablation catheters  as 
the default. However, we have demonstrated that most 
AP ablations could be routinely performed successfully 
and efficiently with standard equipment and approach.

We estimated the typical actual cost per case account-
ing for utilization of disposable equipment in our lab in 
2021 US dollars. The typical comparative acquisition cost 
of disposable supplies per case for standard equipment 
with retrograde aortic access for left sided APs versus 
3D mapping and  irrigated ablation catheter   with  tran-
septal approach was $1940 and $7466, respectively. Simi-
larly, the typical actual cost of disposable supplies was 
also $1940 for right sided APs ablated using standard 
tools versus $4616 using 3D mapping and irrigated abla-
tion catheters (Additional files 1, 2). Additionally, with 
longer times for set up and additional staffing costs using 
3D mapping and transseptal approach for left sided APs, 
the differences in cost per case are even greater. When 
extrapolated to large volumes of ablation cases, poten-
tial cost savings are significant. Using standard approach 
without supplemental tools, long term success rate was 
93.2% with initial procedure. 14 of 281 (5%) patients with 
failed initial ablations at our institution underwent repeat 
ablation. With repeat procedures using more supplemen-
tary tools, success rate was 100%. The cost savings of the 
initial procedures outweighs the additional cost of these 
5% of cases requiring a second procedure. This study 
demonstrated that initial success rate and efficiency was 
lowest for AS and RFW pathways which is a small sub-
set of all accessory APs. Initial use of 3D mapping and 
other advanced tools in these selective difficult cases, if 
AP location is known based on ECG localization of mani-
fest pathways, may further improve cost effectiveness and 
efficiency. Overall, the tiered approach and selective use 
of advanced tools significantly reduces cost. In addition, 
the outcome data support that overall success, and safety 
are not compromised using this approach that maximizes 
resource utilization.

Study limitations
AP locations were only documented as narratives in the 
procedure report with fluoroscopic images unavailable 
to verify a successful site. This could result in subjec-
tive inaccurate assignment of the pathway location. 
However, the inaccurate assignment would likely be to 
a close adjacent site and not across a major group.

Although specific reasons for prolonged procedure 
times were tabulated, their actual frequency of occur-
rence within a given location could not be quantified 
since only narrative information entered in the report 
at the discretion of the operator was included, with 
under-reporting a potential significant issue. Despite 
this, we were able the summarize common reasons for 
prolonged times within each specific site.

Conclusions
Vast majority of accessory pathways are located in the 
left freewall and posteroseptal regions. Accessory path-
ways in these regions can be ablated with standard 
tools and approaches with high degree of efficiency and 
safety with excellent long-term outcomes. Right free-
wall, anteroseptal, left anterolateral, and coronary sinus 
accessory pathways are less common but more difficult 
to ablate as evidenced by relatively prolonged proce-
dure time parameters and lower initial procedure acute 
success. We showed that within this large community-
based referral practice, due to the high frequency of left 
freewall and posteroseptal pathways, a tiered approach 
strategy to AP ablation is effective and safe with poten-
tial for greater procedural and cost efficiency.
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