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Catheter ablation of cardiac arrhythmias is a 
well-established therapy for highly symptomatic 
patients refractory to drug therapy. For many 
years, radiofrequency (RF) current ablation has 
been considered the gold-standard energy system 
for catheter ablation procedures.

Atrial fibrillation (AF) with its clinical impact 
and growing epidemiological importance stim-
ulated the development of novel catheter abla-
tion devices, particularly after the discovery of 
the  pulmonary veins (PV) as a trigger of AF 
episodes [1].

The technique of circumferential PV isolation 
(PVI)  using 3D electroanatomical mapping 
systems has been established and has entered 
the European and American guidelines for AF 
ablation [2,3]. However, point-by-point RF PVI 
remains a challenging procedure requiring a 
long learning curve and is rarely associated with 
lethal complications [4]. Therefore, innovative 
devices using different energy sources (cryother-
mal energy, high-intensity focused ultrasound 
[HIFU] and laser) were developed and tested 
in clinical practice. Together, these innovations 
share the design of a balloon catheter permit-
ting easier navigation and deployment of antral 
lesions even in a ‘single shot’ fashion, such as 
HIFU and cryoballoon. While HIFU was 
withdrawn from the market due to an inaccept-
ably high complication rate, the cryothermal 

balloon catheter and the laser balloon catheter 
are currently available in the European mar-
ket. In the USA, however, the laser balloon is 
currently undergoing the approval process via 
a  randomized clinical trial.

Technology description
Technical and clinical aspects of the endo-
scopic ablation system (EAS; HeartLight™; 
CardioFocus, Inc., MA, USA) were recently well-
reviewed [5]. It consists of a nonsteerable catheter 
with a compliant balloon at its tip (Figure 1). The 
catheter is introduced into, and navigated within, 
the left atrium through a steerable trans -septal 
sheath with an outer diameter of 15 F. The cathe-
ter, initially used in most centers as a two-operator 
tool (one to direct the balloon to the PV ostium 
and one to direct the laser ablations) was recently 
redesigned for single-operator utilization, with the 
possibility to maneuver the laser generator with a 
controller integrated in the catheter handle.

The catheter is not equipped with electrodes, 
which precludes recording of electrophysi-
ological signals. Therefore, the ablation guide 
is purely anatomical and PVI has to be checked 
with a multipolar catheter thereafter. Direct 
lesion visualization – as demonstrated in animal 
 experiments – is unreliable and limited to a subset 
of patients. Therefore, a tracking software was 
 developed to facilitate contiguous lesions delivery.
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Pulmonary vein (PV) isolation for ablation of atrial fibrillation is a well-accepted therapy option 
for high symptomatic patients refractory to antiarrhythmic drugs. Radiofrequency point-by-
point ablation is the gold-standard technique; however, in the last two decades, many new 
technologies have been developed. The endoscopic ablation system makes direct PV ostium 
visualization possible, despite the large anatomy variation thanks to its compliant balloon. The 
laser generator delivers precise lesions that in the first clinical studies seem to be durable, with 
a safety and efficacy profile similar to the other PV isolation techniques. If these early results are 
confirmed by larger clinical studies, the endoscopic ablation system will offer a new paradigm 
in ablation of cardiac arrhythmias by directly visualizing the target substrate.
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The balloon & the endoscope
The balloon is continuously flushed with a solution of radio-
opaque deuterium oxide (also known as ‘heavy water’) The bal-
loon is a compliant balloon, and may therefore conform to the 
individual PV anatomy within the range of 9–35 mm. Complete 
PV occlusion by the inflated balloon enables the operator to 
obtain a real-time view to the periostial myocardium via a 2 F 
endoscope introduced via the catheter shaft. Thereby, the abla-
tion target may be directly visualized inside the beating heart 
(Figure 2A). Of note, due to the endoscope’s eccentric position 
on the catheter shaft, the operator’s view to the myocardium is 
limited to a 300° view. Therefore, complete visualization of the 
PV ostium must be sequentially achieved by catheter rotation.

The laser generator
Ablation is performed with a 980-nm diode 
laser, housed in the central lumen. This may 
emit laser energy perpendicular to the cath-
eter shaft covering an arc of a 30° angle. In 
a point-by-point fashion a circular ablation 
around each individual PV is performed.

Laser at this wavelength is not absorbed 
by deuterium oxide and penetrates tissue 
beyond the endothelial strata. Here it is 
absorbed by water molecules causing heat-
ing and coagulation necrosis. Deeper tis-
sue layers are heated by conductive heating 
and the maximal depth reached in animal 
models was 12 mm. In the EAS, energy 
delivery can be titrated by modulating 
power (5.5–12 W) in a set of predefined 
levels, each associated to different applica-
tion duration (20 or 30 s). An example of 
the biological effects of the laser energy is 
shown in Figure 3.

Looking at other ablation energies, the 
cryothermal lesions are based on mecha-

nisms that include freezing and thawing, hemorrhage and inflam-
mation, replacement fibrosis and apoptosis [6]. RF ablation uses 
tissue heating to provoke coagulation and tissue necrosis, but the 
disruption of the endothelium can predispose to thromboem-
bolic events. Laser ablation is based on photonic energy, which 
is associated to volumetric heating of the tissue [7]. As shown in 
Figure 3, the maximal absorption is reached in the myocardium 
beyond the endothelial level, reducing the probability of char-
ring and of ablation-related thrombogenesis, as demonstrated by 
Reddy et al. in an animal model: the lesions generated by the laser 
were homogeneous and well-demarcated, extending from the PV 
ostium to the free wall of the left atrium (LA), with no or mini-

mal endocardial damage and no evidence 
of charring [7].

The workstation
The catheter is connected to a specific 
workstation that houses a white light source 
and the laser generator. The interface of 
this workstation is displayed in Figure 4: 
via a touch screen, monitor ablation power 
and time of ablation can be controlled. In 
addition, the operator may vary the balloon 
inflation size in nine different steps.

The display is split into two panels: the 
left panel displays only live images; images 
on the right panel consist of live images 
and superimposed snapshots of the pre-
vious ablation site. This software feature 
(LightTrack™; Cardiofocus Inc., MA, 
USA) helps to assure overlapping lesion 
deployment to achieve contiguous circular 

Figure 1. The catheter structure and the inflated balloon.  
D2O: Deuterium oxide. 
Adapted with permission from [12].
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Figure 2. Endoscopic visualization. (A) Example of a LSPV; the blind spot created by 
the shaft on the eccentric endoscope is highlighted by the dotted line. (B) Example of a 
LightTrack™ visualization of lesion overlapping. The lesions are highlighted by dotted 
lines. 
LAA: Left atrial appendage; LSPV: Left superior pulmonary vein.
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lesions (dotted lines in Figure 2B). All ablation lesions may be 
reviewed at any time during the procedure.

Procedural safety aspects
During the ablation procedure, it is recommended to use a system 
of esophageal temperature monitoring to avoid excessive esopha-
geal heating and thermal injury. Balloon-based PVI technologies 
have shown to be associated with phrenic nerve (PN) injury, there-
fore PN function should be monitored during the ablation of the 
septal veins. Usually, the PN is paced via a multipolar mapping 
catheter positioned in the superior vena cava and contractions of 
the right hemidiaphragm are closely monitored. Weakening or 
absence of contraction should lead to an instantaneous abortion 
of energy delivery.

Preclinical studies
The first animal study on EAS-based ablation was reported by 
Reddy et al. [7]. In an open-thoracotomy canine model, the inves-
tigators created lesions at the PV ostium using a circumferential 
laser ring delivered from a balloon catheter. In most of the models, 
energy delivery and balloon-to-tissue contact was monitored by 
a miniaturized spectrometer, but in two out of 19 goats an endo-
scope was placed inside the balloon, revealing the possibility to 
visualize the endocardiun and to optimize balloon positioning.

The first in-human testing of balloon-based endoscopic 
 visualization was performed by Themistoclakis et al. who assessed PV 
occlusion by intracardiac echocardiography [8]. Visually based and 
intracardiac echocardiography controlled occlusion of the veins could 
be performed in the majority of PVs, but no ablation was attempted.

The first ablations using EAS were reported by Reddy et al. in a 
study with a sequential trial design, with a first preclinical phase in 
which purely EAS-based PVI was performed in a canine model [9]. 
The study was conducted using a first-generation, noncompliant 
EAS balloon provided in different fixed diameters, and a laser arc 
ranging from 90° to 360°. This preclinical study confirmed the 
possibility to deliver contiguous antral lesions with only minimal 
endocardial and epicardial damage. Chronic PVI was confirmed 
in 90% of the target PVs during remapping 
procedures. In 25% of these PVs stenosis 
developed. Further analysis revealed a mis-
match between the balloon size and the PV 
diameter, leading to a more distal energy 
delivery.

These results led to a catheter redesign 
with the introduction of a compliant bal-
loon and a reduced size laser arc of 30° 
as described above. A repeat study was 
in a suine model and confirmed acute 
and chronic efficacy without evidence for 
PV stenosis [10]. The histological analysis 
in the long-term models group revealed 
trans mural necrosis in 98% of the lesions. 
Similar results were confirmed by the 
experience reported by Gerstenfeld and 
Michele [11].

Figure 3. Images from a Thermacam® (FLIR Systems, OR, 
USA) that records the tissue themperature during a laser 
application. Laser wavelength is titrated to be absorbed by the 
H2O in the cardiac tissues: it can be noticed that the maximal heat 
(displayed in red) is reached at some millimeters of depth, beyond 
the endocardial level. The latter is in contact with the balloon 
surface that serves as a cooling system. The heating propagation 
spreads in a waveform matter to contiguous and deeper tissues.  
FOV: Field of view; RNG: Thermacam temperature range; 
T: Temperature; X1: Zoom factor. 
Reproduced with permission from Cardiofocus, Inc. 
Color figure can be found online at www.expert-reviews.com/
doi/suppl/10.1586/erd.12.86
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Clinical studies
The first clinical study was a multicenter report of the first-in-human 
EAS PVI ablation [9]. A total of 30 patients with drug-refractory 
PAF were treated. Using the noncompliant first-generation device 
with the laser arc of 90° or 150°, 105/116 PVs (91%) could be suc-
cessfully isolated acutely, using a mean of 1.7 balloons per patient. 
The acute success rate during 12-month follow up was reported to 
be 67% after a single procedure with a 60-day blanking period. 
Three major complications were recorded (one stroke, one tam-
ponade and one PN palsy), but no PV stenosis cases were noticed, 
and this was attributed to the more careful choice of the balloon 
diameter after the lessons from the animal experience.

The noncompliant balloon of the first-generation device was 
associated with incomplete or difficult occlusion of the target vein. 
As a result suboptimal energy delivery was frequent in order to 
avoid laser energy directed into spilling blood potentially causing 
clot formation.

As previously described, there was a redesign of the cathteter, 
with the introduction of the first compliant balloon and the reduc-
tion of the laser arc to 30°. In the analogue study of the same group 
with this new tool [10], acute PVI was achieved in all PVs after 1.3 
attempts per PV. Durability of PVI was also investigated: 18 out of 
27 patients initially treated with EAS underwent a control electro-
physiological study with PV mapping after 3 months, irrespective 
of symptoms. It revealed that 89% of PVs were still isolated and 12 
out of 18 patients still had all PVs electrically disconnected from 
the LA. Important, there was a clear  improvement in the safety 
profile, with no major complications reported.

Schmidt et al. investigated safety and feasibility of the second-
generation EAS to perform circumferential PVI [12]. In 30 patients, 
116 PVs were identified and acute isolation could be achieved 
in 114 PVs (98%). Simultaneous isolation of the ipsilateral PVs 
could be recorded in the majority of cases with separate PV ostia, 
highlighting the possibility to realize lesions with the new tool in 
the same matter as with RF. A spiral catheter was placed in the 
ipsilateral vein to record the changes in the PV electrophysiology 
and finally the isolation at the time of connection of the two 
visually delivered half-circles, reflecting the efficacy of the lesions.

These patients were included into an extended analysis of the 
chronic clinical success conducted by Metzner et al; during a 
median follow up of 402 days, 24 out of 40 patients were free of 
AF (60%), revealing a chronic success rate comparable with other 
technologies for PVI [13].

Recently, Schmidt et al. reported predictors of acute PVI success 
using EAS [14]. In this study, standard ablation techniques were 
described using a simplified approach with a single ablation device 
and single trans-septal access, without the use of RF ‘touch-up’. 
Sequential PVI was attempted solely based on visualization of the 
PV antrum without electrophysiological information, the isolation 
was assessed with a multipolar spiral catheter sequentially inserted 
in the PVs at the end of the purely visually guided ablation circles. 
In 35 patients, 134 out of 137 PVs (98%) were successfully isolated. 
Among these, 96 (70%) isolated PVs were only guided by visual 
ablation lesion deployment around the PV antrum. The remaining 
PVs required a gap mapping using a spiral catheter pushed beyond 

the balloon occlusion level and into the vein (Figure 5). Grade of PV 
occlusion and the number of catheter repositionings were independ-
ent predictors of acute visually guided PVI. The chronic success 
rate of anti arrhythmic drugs on a median follow up of 266 days 
was 77%.

Recently, the results of a multicenter study on PV remapping 
after first-line EAS ablation were published [15]. The patients 
regardless of symptoms underwent a new procedure after a mean 
of 105 days. Over 56 patients, 52 returned for the second pro-
cedure: 162 out of 189 (86%) of veins were still electrically iso-
lated, showing a high grade of persistence of the lesion created. 
Despite this encouraging data, the clinical success with patients 
free of AF was not superior to previously published RF ablation 
data. The chronic success rate on a mean follow up of 12 months 
was 71.2%; surprisingly, the rate was not affected by the pres-
ence of PV reconnection at the remapping study. Interestingly, 
patients with reconnection had been treated more frequently with 
low energy applications during the index procedure. Operators 
who performed less than ten procedures had a higher rate of PV 
reconnection at the remapping study.

This concept confirmed that optimal occlusion is a key point for 
the efficacy of the lesion created, but also introduced the concept 
of energy delivery level as a predictor for chronic success.

A report of efficacy and safety of different energy levels was 
published by Metzner et al. [16]. A total of 30 patients with PAF 
and similar clinical characteristics were treated in three groups 
using different energy settings. Patients treated with the highest 
energy level (8.5–10 W) presented with the best acute success rate 
(36 out of 40 PVs, 90%) after the first circumferential ablation, 
without a corresponding rise in ablation-related complications.

The acute and chronic efficacy of different energy settings was 
recently published. The total of 60 patients treated with the EAS 
were divided in two groups: one group was treated with energy 
levels between 5 and 8.5 W, the other with higher energy levels 
between 8.5 and 12 W. Also in this study, the rate of veins isolated 
after a first visually guided ablation circle was significantly higher 
in the patients treated with a higher laser energy-dose, and no 
difference in the procedural safety profile was described. These 
findings translated into chronical success at a median follow up 
of 311 days, with a recurrence rate of 17 and 40% in the high 
dose and low dose patients group, respectively [17]. Characteristics 
of patients and procedural data of the cited clinical studies are 
summarized in TABle 1.

The worldwide registry
The worldwide registry of laser ablations was presented at the 
Heart Rhythm Society meeting 2012 [18]. Data from 406 proce-
dures performed by 32 operators in 19 centers were collected and 
analyzed. Of 1180 PVs identified, 98.1% could be isolated only 
with the EAS. Looking into procedural data, mean total proce-
dural time was 180 ± 58 min, total LA time was 107 ± 36 min, 
and there was an ablation time of 61 ± 17 min. The average 
fluoroscopy duration was 29 ± 19 min. There was a quite high per-
centage of cardiac tamponade (3.7%), and a relative high rate of 
PN palsy (3.2%). Subsequent analysis revealed that the majority 
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of cardiac tamponades were related to the use of a 
first released version of the second-generation cath-
eter, which was equipped with a relatively stiff tip. 
The rate of mechanical complications was strongly 
reduced after the introduction of a new design with 
a softer tip.

A registry focusing only on the last balloon ver-
sion is required to effectively assess the safety profile 
of the EAS catheter.

Other technologies
A second ablation device permitting direct endo-
cardial visualization is currently under clinical 
evaluation. The IRISTM cardiac ablation catheter 
(Voyage Medical, CA, USA) contains a fiberscope 
linked to a camera that allows recording of images 
from the tip of the catheter. The tip is constantly 
flushed by saline solution to clear the catheter tip of 
spilling blood. In addition, RF energy is delivered 
through the saline flush serving as both a cooling 
and as conducting medium (‘virtual electrode’) 
at once. Preclinical evaluation in animal models 
revealed the possibility of direct visualization the 
lesion formation [19]. The same group described 
direct lesion visualization anecdotally in humans 
[20]. Recently these technology was tested for vis-
ual substrate identification in an ovine model of 
chronic myocardial infarct, demonstrating how 
the visually tissue characterization correlates with 
the electroanatomical findings, allowing the rec-
ognition of a myocardial scar [21]. After these early 
observations, the results of the clinical evaluation 
are awaited.

Expert commentary
The EAS offers a novel paradigm in ablation of 
cardiac arrhythmias by directly visualizing the sub-
strate using an integrated endoscope. This allows 
for the most precise deployment in energy applica-
tions possibly increasing the likelihood of lesion 
contiguity. Early feasibility data show promising 
mid-term success rates associated with very high 
rates of durable PVI.

At present, results of randomized studies com-
paring EAS-guided ablation with other ablation 
technologies are still missing. Theoretically, bal-
loon-based technologies offer the advantage of less 
complex navigation in comparison with point-by-
point mapping and ablation procedures using RF. 
In addition, endocardial substrate visualization 
allows the reduction of x-ray usage during ablation. 
Conversely, point-by-point mapping and ablation 
seems more flexible, allowing for further substrate 
characterization and additional ablation such as 
linear lesions for atrial tachycardias.
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In comparison with the cryoballoon, the EAS offers several 
merits: the option to conform the balloon size to virtually any 
PV anatomy obviating the need for multiple ablation devices in 
a single case; the possibility to titrate the ablation energy and the 
option to use it as a single operator device. The potential demerits 
include the lack of online recording of intracardiac electrograms 
and potentially longer procedure times compared with the single 
shot cryoballoon.

Future engineering on EAS should focus on the possibility to 
record PV electrograms during ablation. In addition, improved 
lesion visualization would facilitate contiguous energy deployment.

Five-year view
The next stage of development will be characterized by large 
clinical trials to ultimately determine the efficacy and safety of 
EAS in comparison to other ablation technologies. Future techni-
cal improvements may include the ability to record intracardiac 

electrograms during ablation with the balloon catheter and 
improved lesion visualization to directly assess lesion contiguity.

Intriguingly, the technology could also be tested for cath-
eter ablation of arrhythmias beyond AF, allowing for direct 
 characterization of myocardial scars.

Finally, this relatively easy to use technology (if compared with 
other ablation techniques) may render the treatment option of 
PVI accessible to more AF patients even in experienced but less 
specialized centers.
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Key issues

• The endoscopic ablation system allows direct pulmonary vein ostium visualization.

• The compliant balloon conforms to a broad spectrum of pulmonary vein anatomies.

• Laser energy seems to produce durable lesions.

• Energy titration makes this system more flexible than other balloon-based technologies.

• The endoscopic ablation system does not reliably permit lesion-formation visualization in human myocardium.

• The system does not provide electrophysiologic recordings during ablation.

• The first clinical studies revealed efficacy and safety comparable with other atrial fibrillation ablation systems.

• Prospective randomized studies in comparison with other available atrial fibrillation ablation systems are required.

Table 1. Acute efficacy and safety reports for endoscopic ablation system clinical studies.

Study (year) Patients, n (type 
of patients)

Veins acutely 
isolated (%)

Complications Comments Ref.

Reddy et al. (2009) 30 (30 PAF, 100%) 105/116 (91) 1 stroke, 1 tamponade, 1 
PNP (2 out of 30, 6.6%)

First in human study [9]

Schmidt et al. (2010) 30 (30 PAF, 100%) 114/116 (98) 1 tamponade, 1 PNP (2 out 
of 30, 6.6%)

Ipsilateral veins isolated 
simultaneously

[12]

Dukkipati et al. (2010) 27 (27 PAF, 100%) 101/101 (100) No major adverse events (0 
out of 27, 0%)

In patients remapped, 89.7% 
veins persistently isolated

[10]

Metzner et al. (2011) 40 (40 PAF, 100%) 153/155 (99) 1 PNP, 2 tamponade (3 out 
of 40, 7.5%)

24 out of 40 patients free of AF 
on a mean 402 days follow-up

[13]

Schmidt et al. (2012) 35 (31 PAF, 89%) 134/137 (98) 1 PNP, 1 tamponade (2 out 
of 35, 5.7%)

70% of PVs isolated after a 
purely endoscopic guided 
circular lesion set

[14]

Dukkipati et al. (2012) 56 (56 PAF, 100%) 202/206 (98) 1 PNP, 1 tamponade, 1 
groin hematoma (3 out of 
56, 5.3%)

86% of PVs chronic isolated in a 
remapping procedure after a 
mean of 105 days

[15]

Metzner et al. (2012) 30 (30 PAF, 100%) 113/116 (97) 1 groin hematoma (1 out of 
30, 3.3%)

Three energy levels, higher level 
associated with better acute 
success

[16]

Bordignon et al. (2012) 60 (60 PAF, 100%) 234/234 (100) 2 PNP (2 out of 60, 3.3%) Two energy-dose groups: higher 
energy associated to better 
chronical recurrence-free rate

[17]

AF: Atrial fibrillation; PAF: Paroxysmal atrial fibrillation; PNP: Phrenic nerve palsy; PV: Pulmonary vein.

Bordignon, Chun, Gunawardene et al.
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