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Radiofrequency ablation is a promising technique for arrhythmia treatment in horses. Due to the
thicker myocardial wall and higher blood flow in horses, it is unknown if conventional radiofrequency
settings used in human medicine can be extrapolated to horses. The study aim is to describe the

effect of ablation settings on lesion dimensions in equine myocardium. To study species dependent
effects, results were compared to swine myocardium. Right ventricular and right and left atrial equine
myocardium and right ventricular swine myocardium were suspended in a bath with circulating
isotonic saline at 37 °C. The ablation catheter delivered radiofrequency energy at different-power-
duration combinations with a contact force of 20 g. Lesion depth and width were measured and

lesion volume was calculated. Higher power or longer duration of radiofrequency energy delivery
increased lesion size significantly in the equine atrial myocardium and in equine and swine ventricular
myocardium (P < 0.001). Mean lesion depth in equine atrial myocardium ranged from 2.9 to 5.5 mm
with a diameter ranging from 6.9 to 10.1 mm. Lesion diameter was significantly larger in equine tissue
compared to swine tissue (P =0.020). Obtained data in combination with estimated wall thickness can
improve lesion transmurality which might reduce arrhythmia recurrence. Optimal ablation settings
may differ between species.

Abbreviation
RF: radiofrequency.

Introduction
Radiofrequency (RF) catheter ablation has been described as a successful treatment for atrial tachycardia and
an accessory pathway in horses!%. This technique is based on application of RF energy to the myocardium. Flow
of the RF current through the myocardium results in resistive tissue heating. The heat then conducts passively
into the deeper layers of the myocardium. Tissue exposed to 50 °C or more will show irreversible coagulation
necrosis and evolve into nonconducting scar®. By destroying the arrhythmogenic tissue and thereby treating
the underlying cause of the arrhythmia, this technique can resolve the arrythmia and reduce the recurrence
rate. In human medicine, recurrence of arrhythmia is shown to be due to non-transmural scars or gaps at the
site of ablation®. Durable lesions should be continuous and transmural, thereby inducing permanent loss of
conduction while avoiding complications and collateral damage?. Key determinants of ablation lesion size are,
amongst others, duration of energy application and applied power’. Power and duration can be increased to
increase lesion depth and ablation efficacy. However, excessive energy delivery can cause complications such
as cardiac perforation and collateral damage to intracardiac and extracardiac structures®. Therefore, a careful
balance should be obtained between applying sufficient energy to reach lesion transmurality but not too much
energy to avoid complications. The magnitude of current delivered to the tissue is inversely related to the
impedance between the ablation catheter and the indifferent electrode. Creation of a RF lesion results in a drop
in impedance. The magnitude of this drop correlates with lesion size and can therefore be used as real-time
marker of lesion formation®.

In current practice, similar settings are used in horses and in human patients. Horses, however, have a thicker
myocardial wall and a higher blood flow, which might have an effect on the final lesion size during RF ablation.
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Furthermore, different animal species, such as swine, dogs or cows, are commonly used in ex vivo and in vivo
ablation studies for human medicine, without taking into account the possible differences between species.

The first objective of this study was to describe the effect of ablation settings on lesion dimensions in equine
myocardial tissue. This information is needed to safely create transmural lesions in equine patients to minimize
arrhythmia recurrence after RF ablation. The second objective was to compare lesion dimensions induced in
equine and swine myocardium to evaluate potential species and tissue related differences.

Materials and methods

Animals

No live animals were used in this study. Equine hearts were harvested from horses euthanized for non-
cardiovascular reasons at the Faculty of Veterinary Medicine, Ghent University (n=5), or collected from the
slaughterhouse (n=>5). These hearts were collected from 10 warmblood horses, 5 geldings and 5 mares, with a
median age of 16 [4-29] years. The median height and weight of the horses euthanized at the faculty are 166
[160-170] cm and 500 [493-600] kg. Auscultation revealed no abnormalities. No information about height,
weight and auscultation of the horses from the slaughterhouse was available. Eleven swine hearts were collected
from the slaughterhouse. Pigs had an age of 6-8 months and a weight of +/- 120 kg. To minimize variation
in wall thickness, tissue strips were collected from the same location in each heart. In each equine and swine
heart, smooth-surfaced myocardial strips of the right ventricular free wall were harvested. These strips were
bordered cranially by the subatrial papillary muscle, dorsally by the parietal cusp of the tricuspid valve, caudally
and ventrally by the attachment of the interventricular septum. In each equine heart, similar smooth-surfaced
myocardial strips from the right and left atrial free wall were collected. In each equine heart, two right ventricular
strips, one right atrial and one left atrial strip were collected and, in each swine heart, one right ventricular strip
was obtained. A mold of 5 cm x 13 cm was used to standardize the size of the myocardial strips. Myocardial strips
were stored in isotonic saline at room temperature until the start of the experiments. In vitro ablation was started
within 30 to 60 min after euthanasia or slaughter.

In vitro set-up

An in vitro model was assembled to mimic physiological conditions of the equine heart during ablation (Fig. 1).
RF energy was delivered on smooth-surfaced tissue from the right ventricle and right and left atrium of the
equine hearts and on the right ventricle of the pig hearts. The strips of myocardial tissue were suspended in
a heated water bath with isotonic saline at 37 °C. Blood flow was imitated by a peristaltic perfusion pump
circulating the saline in the bath. Pump settings were such that a flow velocity of 0.35 m/s across the endocardial
surface was realized, based on the flow in the vena cava caudalis of horses measured by pulsed-wave Doppler

Fig. 1. Schematic representation of the in vitro set-up. Myocardial tissue (A) was suspended in a bath with
isotonic saline at 37 °C. Flow was created by a pump (B) with flow velocity at the level of the myocardial tissue
set at 0.35 m/s. The ablation catheter (C) was mounted in a holder with a dynamometer (D) to maintain the
catheter tip perpendicular to the tissue with a constant contact force of 20 g. The indifferent electrode (E) was
placed in the bath and a resistor of 25 Q (F) was placed between the indifferent electrode and the ablation
generator (G).
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with transthoracic ultrasound. A 7.5 F irrigated ablation catheter (Intellanav OI, Boston Scientific, Machelen,
Belgium) was mounted in a holder with a dynamometer to maintain the catheter tip perpendicular to the tissue
with a constant contact force of 20 g. The indifferent electrode was placed in the bath, with an additional power
resistor of 25 Ohm between the indifferent electrode and the generator to mimic the physiologic impedance of
120 Ohm in horses (unpublished data), as well as in humans’.

Ablation protocol

The ablation catheter was connected to the RF generator (Stockert GmbH 70 ST-1004 RE, Johnson & Johnson,
Brussel, Belgium). Different combinations of RF power and duration were tested while recording the current,
catheter tip temperature and circuit impedance. Impedance drop was measured as the difference between
baseline impedance at the start of RF application and impedance at the end of RF delivery. Radiofrequency
energy was delivered in power-controlled mode. During energy delivery, the ablation catheter was irrigated with
saline at room temperature at a rate of 30 ml/min. For right ventricular tissue, seven combinations were tested
and repeated three times on each equine heart and two times on each swine heart: 30 W 30 s; 30 W 60 s; 40 W
30 s; 40 W 60 s; 50 W 30 s; 50 W 60 s and 60 W 10 s. On one swine heart, the combinations could only be tested
once. On atrial tissue, four combinations of power and duration were tested: 40 W 30 s; 40 W 60 s; 50 W 30 s and
60 W 10 s. For each heart, these combinations were repeated three times on right atrial tissue and two times on
left atrial tissue. The different settings were applied at random.

After ablation, the lesions were excised and transverse sections were made along the maximum diameter of
the lesions. The transverse sections were incubated with 2,3,5-triphenyl tetrazolium chloride for 10 min. The
reaction was stopped with 10% formalin after staining. The viable myocardium becomes dark red after staining
whereas the necrotic ablation lesion remains unstained. Photographs were obtained of the tissue sections along
with a calliper. Maximum depth (A), maximum diameter (B), depth at maximum diameter (C) and lesion
surface diameter (D) were measured on the photographs by a blinded observer using Image] (Fig. 2). These
measurements were used to calculate the lesion volume by using the equation for an oblate ellipsoid®:

B\’ D\’
Lesion volume = |:0.757T (5) (A-C) 0.257 (5) (A=20)

Statistical analysis

Normality of continuous data was assessed by inspection of histograms and Q-Q plots. Normally distributed
data are presented as mean =+ standard deviation and non-normally distributed data as median [range]. First,
one-way ANOVA was used to compare the effect of power-duration combination on maximum lesion depth,
maximum diameter and volume for the right ventricle, right atrium and left atrium separately. Post hoc tests

Fig. 2. Measurements to analyse lesion dimensions and calculate the volume are shown on a schematic
representation (left) and on a tissue sample of an ablation lesion in equine ventricular myocardium (right). The
maximum depth (A), maximum diameter (B), depth at maximum diameter (C) and surface diameter (D) were
measured.
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were performed with Bonferroni corrections for multiple comparisons. Then, multiple linear regression was
used to test if power and duration predicted lesion size in the right ventricle. The 60 W 10 s setting was excluded
from the model because its short duration resulted in smaller lesion sizes compared to lower power settings
with longer durations. A general linear model was used to test the effect of tissue type (right ventricle, right
atrium and left atrium) on lesion depth, diameter, volume and wall thickness in the equine myocardium, with
setting included as an independent factor. Similarly, a general linear model was created to compare lesion depth,
diameter and volume between horses and pigs. Pearson’s correlation coefficient was used to assess correlation
between wall thickness and lesion depth for lesions in the right atrium. Spearman’s correlation coeflicient was
used to assess correlation between impedance drop and lesion dimensions. Subsequently, a Mann-Whitney U
Test was used to compare impedance drop, average and maximum impedance between species. Categorical
variables are presented as percentages and were compared by Pearson’s chi-square test. A p value of <0.05 was
considered significant. Statistical analyses were performed by using SPSS (SPSS Statistics 25, IBM, Brussels,
Belgium).

Results

A total of 398 ablation lesions were analysed in the equine heart, of which 202 lesions were in the right ventricle,
118 in the right atrium and 78 in the left atrium. A total of 135 ablation lesions were analysed in the pig heart.
Radiofrequency applications that did not induce a visible lesion were excluded. Figure 3 and table S1 (table
is available in Supplemental Material on-line) shows ablation lesion dimensions for different power-duration
combinations in the right ventricle, right atrium and left atrium of 10 equine hearts and the right ventricle of 11
pig hearts. There were no steam pops for any setting, tissue type or species.

Equine right ventricle

Typical ablation lesions for each setting are displayed in Fig. 4. The median right ventricular wall thickness was
16.7 [5.3-26.7] mm. Mean lesion depth ranged from 3.3 to 5.8 mm with a diameter ranging from 7.7 to 10.8 mm.
One-way ANOVA showed a significant difference in lesion depth, diameter and volume for the different ablation
settings (P <0.001 for depth, diameter and volume), with higher power or longer duration of RF energy delivery
resulting in increased lesion dimensions. Maximal lesion volume and lesion depth were obtained with a power-
duration combination of 40 W 60 s and 50 W 60 s (244 +116 and 239+ 114 mm? 5.8+1.1 and 5.7+ 1.2 mm,
respectively). This was significantly larger compared to lesion sizes induced by all other settings (P <0.001). No
significant differences of lesion size were found between application of 40 W 60 s and 50 W 60 s. High power
short duration (60 W 10 s) showed the smallest lesion dimensions, with a lesion depth significantly smaller
compared to all other settings (P <0.001) except for 30 W 30s.

The lesion size data were fitted to a regression model. Power and duration were correlated with lesion depth,
width and volume (P <0.001 for each parameter). An increase of 10 W led to an increase of 0.5 mm, 1 mm and
4.4 mm?® in lesion depth, diameter and volume, respectively. Lesion depth, diameter and volume increased with
0.4 mm, 0.5 mm and 2.9 mm?® respectively, for an increase in ablation duration of 10 s.

Equine right and left atrium

The median right and left atrial wall thickness was 4.7 [1.4-13.4] mm and 9.4 [5.0-21.3] mm, respectively. Mean
lesion depth and diameter were between 2.9 and 4.8 mm and 7.2-10.1 mm, respectively for the right atrium
and 3.2-5.2 mm and 6.9-10.1 mm for the left atrium. The same trends as in the right ventricle were observed:
both increasing RF power or duration increased lesion dimensions. One-way ANOVA showed a significant
(P<0.001) difference in lesion depth, diameter and volume between the different ablation settings. The 60 W
10 s application produced the smallest lesions with a significantly smaller lesion depth (P<0.05 for the right
atrium and P < 0.01 for the left atrium). In the right atrium, lesion depth was significantly higher using 40 W 60 s
(4.8+1.6 mm) compared to 40 W 30 s (3.8 + 1.1 mm, P=0.019) and 60 W 10 s (2.9+1 mm, P<0.001). In the
left atrium, lesion depth did not differ significantly between 40 W 30's, 40 W 60 s and 50 W 30 s, although there
was a trend for deeper lesions using 40 W 60 s.

Due to the thin wall of the right atrium, increasing the power and duration led to transmural lesions. In the
right atrium, 63 of 118 lesions were transmural (53%). The setting had a significant effect on lesion transmurality
(P<0.001). A power and duration of 40 W 30 s, 40 W 60 s and 50 W 30s induced 66%, 70% and 60% transmural
lesions, respectively, while only 17% of the lesions were transmural with 60 W 10 s. Lesion depth was limited
by wall thickness and a positive correlation was found (P<0.001, r=0.585) between lesion depth and wall
thickness. In the left atrium, only 4 out of 78 lesions were transmural, with no significant correlation between
depth and wall thickness. Three of the transmural lesions were induced by 40 W 60 s and one lesion by 50 W 30 s.

Tissue differences

Significant differences in lesion depth and volume were noticed between the atrial and ventricular strips
(P<0.001). Depth of the lesions in the right atrium was significantly smaller than those in the left atrium
(P=0.007) and right ventricle (P <0.001). The right atrial wall was significantly thinner than the left atrial wall
and right ventricular wall (P <0.001).

Pig hearts

Typical ablation lesions for each setting in right ventricular swine tissue are presented in Fig. 4. The median right
ventricular wall thickness was 7.8 [4.1-14.3] mm. Mean lesion depth and diameter were between 2.8 and 5.9 mm,
and 6.3 and 10.4 mm, respectively. Lesion dimensions followed a similar trend as in the horse: an increase in
power or duration increased the lesion depth, diameter and volume. Lesion diameter was significantly larger in
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Fig. 3. Bar charts present the maximum lesion diameter (a, d), lesion depth (b, e) and lesion volume (c, f) for
each setting. Chart a-c present lesion dimensions for the equine right and left atrium. Chart d-f present lesion
dimensions for equine and swine right ventricle. Error bars indicate the standard deviation. Bars with different
letters indicate significant differences between settings (P < 0.05) within each group (right atrium, left atrium
and equine right ventricle and swine right ventricle).

equine tissue compared to swine tissue (P=0.020) but no significant difference could be observed between both
tissues for lesion depth and volume.

Impedance drop

Impedance drops and average impedance for each setting and each tissue type are presented in Table SI.
Impedance drop for the lesions induced in equine and swine tissue was positively correlated with lesion depth,
diameter and volume (P <0.001 and »=0.4 for each parameter). Impedance drop in swine ventricular tissue was
significantly larger than in equine ventricular tissue (P<0.001). Maximum and average impedance were also
significantly larger in swine ventricular tissue (P <0.001).

Discussion

The major findings of this in vitro study are as follows: (1) An increase in ablation power and/or duration leads to

an increase in lesion depth, diameter and volume. (2) Impedance drop is correlated with lesion depth, diameter

and volume. (3) Lesion diameter was significantly larger in equine compared to swine ventricular tissue.
Applying RF energy at a higher power or longer duration increased the lesion size in the ventricle, as well as

in the right and left atrium. Higher power has been described to result in larger current density at the ablation

electrode and can therefore increase the amount of tissue heating, resulting in larger lesion size>#-10. Likewise,
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60 W10 s

Fig. 4. Ablation lesions in the right ventricular wall of equine and swine hearts after 2,3,5-triphenyl
tetrazolium chloride staining. Viable myocardium is stained dark red, whereas the necrotic ablation lesion
remains unstained. It is noted that an increase in power or duration of radiofrequency energy led to an increase
in lesion depth, diameter and volume.

lesion size increases monoexponentially with longer duration!!. In addition to power and duration, catheter-
tissue contact is a crucial determinant of lesion size. In this in vitro set-up, a constant contact force of 20 g was
used which is based on the recommended contact force in human medicine!'2. In an in vivo situation, catheter-
tissue contact is variable due to cardiac and respiratory motion and catheter orientation, which results in smaller
lesions than ablation with similar power and constant contact'®. To take into account these key factors of lesion
formation, the ablation index has been developed. This is a lesion quality marker incorporating contact force,
power and duration into a weighted formula and is correlated with lesion dimensions'. The target ablation
index should be adapted to the wall thickness to induce transmural lesions. An ablation index of 450-500 was
successfully used to isolate the caudal vena cava and pulmonary veins in horses!”.

In human medicine, recurrence of arrhythmia after RF ablation is mostly due to non-transmural lesions*.
This is often due to insufficient energy delivery in thicker myocardial regions®®. In our study, transmurality
was only reached in 53% and 5% of the lesions in the equine right and left atrium, respectively. Due to the
thicker myocardial wall of horses compared to humans, it can be more difficult to induce transmural lesions and
ablate successfully. In human patients, regions with a thicker left atrial wall are associated with sites of electrical
reconnection and increased recurrence after pulmonary vein isolation!'®~18. Thicker tissue is more resistant to
ablation due to the need of a deeper lesion to achieve transmurality'®. Therefore, the RF delivery needs to be
adapted to the local atrial wall thickness by increasing the energy in thicker segments and avoiding high amounts
of energy in thinner segments'®. More information is needed in horses about the atrial wall thickness at different
locations to titrate RF energy according to the wall thickness. Myocardial sleeves in the caudal vena cava seem to
act as a hot spot for arrhythmias in horses and are thus an important target for ablation>?°. This is a thin walled
region, so transmurality is probably reached more easily compared to the atrial myocardial wall. In this region,
RF settings should be lowered to reduce procedure duration and improve safety by avoiding unnecessary RF
energy. In thicker segments, RF settings should be increased to improve lesion transmurality and thereby lesion
durability!'®17.

We chose to include the myocardial wall of the right ventricle and not the left ventricle, as the latter has
a more trabeculated surface and due to the wall thickness it was more difficult to fit in the in vitro set-up.
Radiofrequency catheter ablation has not yet been used to treat ventricular arrhythmias in horses. The median
right ventricular wall thickness was 16.7 mm and the mean maximum lesion depth, reached with 40 W 60 s, was
5.7 mm. Therefore, ablation of arrhythmias, such as premature depolarizations, that originate from myocardial
layers close to the endocardium might be possible, but achieving lesion transmurality in the thick ventricular
wall seems difficult with the current RF settings. However, there is considerable variation in the right ventricular
wall thickness. Depending on the location in the ventricle, it might be feasible to induce transmural lesions
at thinner regions. Radiofrequency ablation of ventricular arrhythmias in human medicine are challenging in
case of a deep intramural or subepicardial origin, since conventional ablation techniques may be insufficient for
inducing transmural lesions?!~>. Energy delivery can be impaired when the substrate is ischemic, scar tissue or
when it is surrounded by anatomical obstacles, such as epicardial fat or located close to coronary arteries?>?%.
Therefore, strategies to increase lesion depth, such as RF needle ablation or bipolar ablation, have been
developed***Radiofrequency needle ablation, for example, delivers RF energy directly into the myocardium
by an extendable/retractable needle, resulting in deep, transmural lesions®. If ventricular arrhythmias are to
be treated in horses, these techniques should be further investigated to obtain transmural lesions in the thick
myocardial wall.

In addition to the conventional settings, we also included 60 W for 10 s in our experiment. High-power,
short-duration ablation is an emerging ablation strategy in human medicine and applies a power of 45-70 W for
a short duration of 5-10 s, which might limit catheter instability and tissue oedema®*”2%. This strategy changes
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the relationship between resistive and conductive heating, towards predominantly resistive heating. Increasing
resistive heating allows immediate heating and permanent tissue injury, while shortening the conductive
heating phase limits collateral tissue damage®?”-*. Clinical studies in human medicine showed that high-power,
short-duration ablation resulted in decreased recurrence of atrial arrhythmias, lower acute pulmonary vein
reconnection, higher rates of first pass isolation and shorter procedure times, with no difference in safety**.
Animal studies demonstrated that high-power, short-duration ablation lesions were wider and have a similar or
lower depth compared to conventional ablation lesions®”-*1:32, In our study, 60 W 10 s resulted in a significantly
smaller lesion depth and diameter compared with the other settings. No significant difference was observed in
lesion depth and diameter between 60 W 10 s and 30 W 30 s. The effectiveness of high-power, short-duration
is questionable in horses, with insufficient lesion depth being a concern when ablating the thicker atrial tissue
of horses. Indeed, 60 W 10 s only induced 17% transmural lesions in the right atrium, in contrast to 40 W 60 s
which induced 70% transmural lesions. However, this could be a useful strategy when ablating thinner tissue
such as the myocardial sleeves of the caudal vena cava, which has a thickness of +/- 1.6 mm?°. Pulsed field
ablation, a novel energy source, is increasingly used in human medicine. This technique is based on a non-
thermal mechanism by which high-voltage electric pulses are used to create pores in the cellular membrane,
leading to cellular death®*34. The advantages of pulsed field ablation are the speed of lesion creation and the
higher tissue selectivity, which can limit collateral damage and increase procedural safety*>*. This novel ablation
approach can be further investigated in the horse to improve safety of ablation at thinner regions and decrease
procedure time.

Impedance drop during RF ablation is a specific marker of local tissue heating and is therefore used as a
real-time marker of lesion creation in human medicine®3¢. As tissue temperature rises during ablation, ion
mobility within the heated tissue increases, resulting in a decrease in impedance to current flow>>°. In our study,
impedance drop was positively correlated with lesion dimensions: a higher drop led to larger lesion sizes, which
corresponds to other studies®” . The balance between efficacy and safety must be respected. Large impedance
drops reflect excessive tissue heating and steam pops’. The operator can alter modifiable factors such as contact
force, catheter orientation or power in order to achieve an impedance drop of at least 10 Q3°.

The depth of the right atrial lesions differed significantly from the depth of left atrial and ventricular lesions.
This can be explained by the significantly thinner right atrial wall, which limits lesion depth because lesion
transmurality is already reached. Indeed, lesion depth in the right atrium was correlated with wall thickness.
These tissue differences are therefore related to wall thickness, rather than differences in the tissue itself.
Nonetheless, in vivo studies have shown that the ablation site can have an effect on lesion dimensions due to
differences in local blood flow. For power-controlled ablation, regions with a higher blood flow velocity will
have smaller lesions volumes for the same RF settings than sites with low blood flow, due to increased energy
loss into the blood pool“*~*2. On the other hand, due to increased convective cooling, power can be increased
without the risk of overheating at the electrode-tissue surface. This allows for more power to be delivered in the
tissue and thereby increasing the depth of tissue heating®. In our study, flow velocity was kept constant for the
different tissues.

Ex vivo and in vivo animal models are commonly used for catheter ablation studies*’. Different animal
species, such as dogs, cattle, swine and sheep are used in these models, without taking potential species
differences in ablation lesion dimensions into account. In our experiment, we compared lesions induced in
equine myocardium with those in swine myocardium. Both in the horse heart and in the swine heart, lesion size
increased with increasing power or duration. Lesion diameter in equine myocardium was significantly larger
than in swine myocardium, although lesion depth and volume did not differ significantly. The impedance was
significantly higher in swine ventricular tissue compared to equine ventricular tissue, which could be a possible
explanation for the smaller lesion diameter in swine tissue. Indeed, lesion size is determined by the amount of
current delivered into the tissue which is inversely proportional to the resistance of the circuit. As such, a higher
resistance results in lower current output and smaller lesions. Smaller lesion dimensions at a higher baseline
impedance have been described previously’. The difference in impedance between horses and swine can be
allocated to a difference in intrinsic tissue properties’. Horses have a different extracellular matrix composition
(personal data) which might influence impedance. It is known that fibrosis exhibits a lower impedance***.
The horses in this study were older than the pigs and increasing age results in accumulation of collagen®®. In
addition, athletic horses have more myocardial fibrosis compared to sedentary horses?’, which could also have
played a role. The higher baseline impedance in swine could be an explanation for the higher impedance drop*s.
Lacko et al.** compared lesion depths in a canine in vivo thigh model with a swine in vitro model. No significant
differences in lesion depth were demonstrated and both models had a similar increasing trend in ablation depth
with increased power levels. However, lesion diameters were not studied. The observed difference in diameter
in our experiment is relatively small, but demonstrates that the species of the experimental animal used in an
in vitro model can be of importance. All parameters were kept identical except for species, allowing the effect
of species to be examined. However, additional interspecies differences can influence lesion dimensions in vivo,
such as the size of the heart, heart rate and blood flow.

Using an in vitro model has the benefit of standardized RF applications performed under ideal circumstances,
which is at the same time also a limitation. Contact force was held constant, so the model does not account
for catheter stability, cardiac and respiratory motion, which may influence lesion formation in vivo®. Tissue
perfusion was also not considered in this experiment, which is known to reduce thermal heating of the tissue®.
The lack of active perfusion could have possibly allowed for ischemic injury®. In addition, the time lag between
euthanasia or slaughter and execution of the experiments could have induced changes in the viability of the
myocardium, possibly influencing lesion formation. However, experiments were started within one hour after
euthanasia/slaughter and the different tissue strips and settings were used in a random order. In this study, lesion
size was investigated but adverse effects such as collateral injury were not explored. This is especially important
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in the thinner right atrium, were lesion transmurality was reached in 53% of the RF applications. There were no
steam pops observed in this study, but since the tissue used in the in vitro model is not as viable and therefore
not as susceptible to tissue boiling, the risk for steam pops does not correspond to the in vivo situation®. No
antemortem or histopathological examinations were performed to confirm absence of myocardial disease. The
findings only apply to the selected ablation settings. The effect of power and duration at higher powers or longer
duration are unknown.

Conclusion

Increasing power or duration increased lesion depth, diameter and volume. Power-duration settings should be

tailored to the wall thickness that is ablated to optimize lesion formation and induce durable, transmural lesions.
This study showed a significant difference in diameter between equine and swine tissue. Although the

difference was relatively small, this means that there are possibly species-related tissue differences that affect RF

ablation lesions. Therefore, one should be careful to extrapolate ablation data between species.

Data availability
The datasets generated and/or analysed during the current study are available from the corresponding author
on reasonable request.
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