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Intracardiac catheter ablation was first introduced in the early 1980s with a direct current shock used as
the energy source. (1) Titration of energy delivery was difficult, and extensive tissue damage could occur.
Radiofrequency (RF) ablation was first reported by Huang and colleagues in 1985 and has since become
the cornerstone of catheter ablation. The technique and delivery of RF energy application has undergone
significant modifications over the last two decades with the introduction of irrigated tip and contact force
sensing catheters.

The current standard RF generator produces 300-750 kHz of alternating sinusoidal current. During RF
application, the current that transverses from the tip of the ablation catheter through intervening tissue to
a dispersive electrode attached to patient’s body surface results in lesion formation through resistive and
conductive heating, with tissue temperatures ≥ 50o Celsius resulting in irreversible injury. (2) As higher
current delivery may be limited due to char formation from rapid temperature rise in the tissue-catheter
interface, irrigated RF was developed to overcome this limitation. Introduction of contact force sensing
catheters has provided an additional tool to continuously assess catheter stability during RF delivery, thereby
improving safety and efficacy. (3)
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. Despite these advances, assessment of lesion quality during RF ablation remains challenging, and inadequate
lesion formation plays a substantial role in the relatively high recurrence rates after atrial fibrillation and
ventricular tachycardia ablation.(4,5) Current density is a primary determinant of lesion size and is dependent
on multiple factors including RF power, size of the electrode tip, tissue contact, impendence, tissue-electrode
interface temperature, tissue characteristics, and duration of energy delivery. Irrigated RF has rendered
tip temperature unreliable as a predictor of tissue temperature, and accounting for all of these variables to
reliably determine lesion size has been problematic.

As a result, there has been significant interest in developing algorithms to predict the size of lesion formation
to improve efficacy and safety of catheter ablation. Force Time Integral (FTI) and Lesion Size Index (LSI)
have been developed for use with the TactiCathTM contact force sensing catheter and EnsiteTM Precision
3D mapping system (Abbott Medical, St. Paul, MN).

FTI is defined as total contact force integrated over the time of RF delivery. While targeting FTI > 400
grams has been associated with improved outcomes in atrial fibrillation ablation (6,7), FTI does not account
for power. LSI is calculated by aggregating contact force as well as current data across time with the intent
to provide a more precise assessment of lesion formation. However, data regarding the accuracy of LSI in
predicting lesion size and quality is sparse.

In this issue, Themistoclakis et al evaluated lesion size for pre-specified values of LSI reached during RF
delivery in vivo in a porcine heart. Using 3D electro-anatomical mapping as a reference, 64 RF lesions
targeting LSI values of 4-6 using a fixed power output of 30 W in temperature control mode at 42° C
and contact force of 10-30 grams were created in 7 porcine hearts using a TactiCath contact force sensing
catheter. The hearts were then explanted, and lesions were examined histologically. Only 25 non-transmural
lesions were used for complete analysis with the remainder excluded due to transmurality, macroscopically
unidentifiable lesions, or inability to measure lesion width or depth because of unfavorable anatomic location
of the lesions. Of note, all atrial lesions were transmural with LSI ≥ 4, and only lesions in the right and
left ventricles were included in the final analysis. The authors were able to show a strong linear correlation
with LSI values and lesion width (r=0.87, p<0.00001) and depth (r=0.89, p<0.00001). At LSI values of 4,
5 and 6, lesion width corresponded to 4.6±0.6 mm, 7.3±0.8 mm and 8.6±1.2 mm respectively. Similarly,
lesion depth at LSI values of 4, 5, and 6 corresponded to 2.6±0.8 mm, 4.7±0.6 mm and 7.2±1.1 mm
respectively. Furthermore, compared with other lesion parameters (FTI, RF duration, impedance drop,
average temperature, contact force, and power), LSI was the only independent predictor of lesion width and
depth in multivariable regression analysis. Also, steam pops, char formation, and damage to surrounding
structures were not observed in this study.

This is the first in vivo study examining LSI and lesion width and depth, and the authors have demonstrated
that LSI is highly correlated with lesion width and depth. Moreover, these findings are consistent with prior
studies. A prior in vitro study using a porcine myocardial slab model also showed that LSI was predictive of
lesion width and depth and was a stronger predictor compared to FTI (8). Another in vivo study by Whitaker
et al showed that when a LSI of 5 is targeted in the right atrium of porcine hearts, a LSI(interlesion distance
– LSI) ≤ 1.5 was associated with contiguous lesions and no gaps in the ablation line. (9) Thus, this study
supports LSI as a strong predictor of lesion size.

Achieving adequate lesion depth and width during RF application is important to obtain transmurality and
contiguous lesions respectively and to improve efficacy of radiofrequency ablation. In some situations, it
may also be important to limit lesion depth to prevent collateral damage to adjacent structures, such as
avoiding esophageal damage when ablating in the posterior left atrium. Hence, LSI is a potentially powerful
tool to assess lesion size during ablation in real-time. The authors proposed formulas for estimation of
lesion width and depth using LSI based on their linear regression model (W(mm)= -4.21+2.17*LSI, and
D(mm)=-7.54+2.54* LSI ). Using these equations, they proposed LSI values to achieve transmural lesions
at different locations in the left atrium (LA) during pulmonary vein isolation (PVI) based on average human
LA thickness (posterior wall = 4.1 mm, LSI [?] 4.8; ridge between appendage and pulmonary vein = 5.0
mm, LSI [?] 5.2; or interatrial septum = 5.5 mm, LSI [?] 5.4) . There are clinical data supporting targeting
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. pre-specified LSI values during PVI. There are small studies showing improved outcomes with PVI when
the mean LSI achieved Is > 5.0. (10,11) Kanamori et al showed that an LSI < 5.25 anteriorly and < 4.0
posteriorly was associated with conduction gaps after PVI and suggested target LSI values of≥ 5.2 anteriorly
and ≥ 4.0 posteriorly (areas adjacent to the espohagus) to obtain durable pulmonary vein isolation. (12)
Adverse events were also not more frequent in patients with higher LSI values.

While the findings of this study are compelling, there are limitations in applying these LSI findings to
clinical practice. There were a relatively small number of lesions included in the study, and there are
inherent differences in tissue heterogeneity, thickness, blood flow, body surface, and impedance values in
porcine hearts compared to human hearts. In addition, these findings are most applicable to ablation in
the ventricles since atrial lesions were excluded from the final analysis due to transmurality, though LSI had
similar correlation with lesion width in the atrial lesions. It is also important to note that these LSI values
were obtained at a fixed power of 30 W and using saline irrigation. These correlations may not hold true
for different power settings or other irrigation fluids (e.g. half-normal saline), especially with the use of high
power due to nonlinear behavior of tissue heating from an initial rapid resistive heating in early phase to
more conductive heating in the later phase.

The findings of this study combined with the existing literature support LSI as a clinically relevant surrogate
for lesion size. Targeting LSI values of 4-6 appears to be safe, and LSI may be used as an adjunctive tool
in conjunction with other parameters of RF ablation to estimate lesion size. However, caution must still be
exercised, and there are no established LSI targets for atrial fibrillation and ventricular tachycardia ablation.
While progress is being made in characterizing lesions during ablation, further studies are required to confirm
the efficacy of using LSI and to establish optimal LSI target values.
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