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Three-dimensional electro-anatomical mapping
and radiofrequency ablation as a novel treatment for
atrioventricular accessory pathway in a horse: A case report
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Abstract

We describe the diagnosis and treatment of an atrioventricular accessory pathway

(AP) in a horse using 3-dimensional electro-anatomical mapping (3D EAM) and radiofre-

quency catheter ablation (RFCA). During routine evaluation of the horse, intermittent

ventricular pre-excitation was identified on the ECG, characterized by a short PQ inter-

val and abnormal QRS morphology. A right cranial location of the AP was suspected

from the 12-lead ECG and vectorcardiography. After precise localization of the AP

using 3D EAM, ablation was performed and AP conduction was eliminated. Immedi-

ately after recovery from anesthesia an occasional pre-excited complex still was

observed, but a 24-hour ECG and an ECG during exercise 1 and 6 weeks after the pro-

cedure showed complete disappearance of pre-excitation. This case shows the feasibil-

ity of 3D EAM and RFCA to identify and treat an AP in horses.
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1 | CASE DESCRIPTION

Examination of a 10-year old, 540 kg Andalusian gelding, used as

teaching horse at the faculty of veterinary medicine, Ghent University,

disclosed an intermittently increased first heart sound intensity on

auscultation. A resting ECG at a heart rate of 43 ± 10 beats per

minute (bpm) indicated that these heart sounds were associated with

abnormal QRS complexes. Compared to normal sinus rhythm, these

abnormal QRS complexes showed a short PQ interval (137 ± 16 ms;

normal PQ interval, 230 ± 36 ms), short PQ segment (57 ms ± 14; nor-

mal PQ segment, 124 ± 10 ms) and increased QRS duration (201

± 13 ms; normal QRS duration, 129 ± 5.4 ms; Figures 1 and 2A). Based

on the ECG findings, a presumptive diagnosis of intermittent ventricular

pre-excitation over an accessory pathway (AP) was made. Continuous

24-hour ECG recording indicated periods of normal sinus rhythm with

intermittent ventricular pre-excitation. During the recording, 1320 pre-

excited QRS complexes were found. Serum cardiac troponin I concen-

tration was normal. Echocardiographic examination identified normal

Abbreviations: 3D EAM, three-dimensional electro-anatomical mapping; AP, accessory

pathway; AV, atrioventricular; Bpm, beats per minute; RF, radiofrequency; RFCA,

radiofrequency catheter ablation; VCG, vectorcardiogram.
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cardiac dimensions and function with a trace amount of aortic regurgi-

tation, which was considered clinically unimportant. During exercise,

pre-excitation disappeared at heart rates >95 bpm. During recovery,

pre-excitation reappeared at a heart rate <95 bpm (Figure 2B).

In order to attempt localization of the AP, a 12-lead ECG was

recorded during pre-excitation and vectorcardiograms (VCG) in differ-

ent planes were calculated.2,3 The VCG identified a left, caudoventral

direction of the ventricular wavefront, suggesting an AP localized at

the craniodorsal region of the right ventricular free wall. Right atrial

pacing was performed to exactly localize the AP, because atrial pacing

near the AP should result in maximal pre-excitation.4 In this patient, it

was difficult to reach the right atrial free wall with the pacing catheter,

and therefore it was not possible to localize the AP by means of atrial

pacing. Pacing in the right ventricular apex did not result in retrograde

conduction over the AP.

Because retrograde conduction was absent, radiofrequency cath-

eter ablation (RFCA) would be more difficult if pre-excitation was not

continuously present. Therefore, drug testing was performed to stim-

ulate pre-excitation. First, isoprenaline was administered IV, because

it is known to facilitate anterograde AP conduction in humans with

intermittent ventricular pre-excitation.5 Constant rate infusion of iso-

prenaline (0.02 μg/kg/min; Isuprel, Hospira, Elsene) induced sinus

tachycardia with normal atrioventricular (AV) conduction (Figure 2C).

Because it is known to induce second-degree AV block in the horse,6

detomidine (7.5 μg/kg; Domidine, Dechra, Lille, Belgium) was adminis-

tered IV during a separate procedure. Detomidine administration

resulted in enhancement of AP conduction with continuous ventricu-

lar pre-excitation (Figure 2D) for 2 hours. As the effect of detomidine

decreased, ventricular pre-excitation became intermittent again.

In addition, the horse developed an occasional Mobitz type I

F IGURE 1 Comparison of a
normal (A) and pre-excitation
(B) complex from a modified base-
apex electrocardiogram taken 5 s
apart at a constant heart rate of
40 bpm. The black vertical line
indicates the start of the P wave in
both complexes. The red area
indicates the PQ segment of the

normal complex and how it relates to
the pre-excited QRS. (A) For the sinus
beat, the PQ segment is 124 ms and
QRS duration is 129 ms. (B) During
pre-excitation, the PQ segment is
very short and immediately followed
by the pre-excited QRS complex,
which is widened (201 ms) and shows
a different morphology. A delta wave
can be identified as a reduced dV/dt
in the initial portion of the widened
QRS complex. Comparison of both
traces shows that during pre-
excitation, the entire pre-excited
ventricular depolarization is
completed before the normal AV
conduction reaches the ventricle.
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F IGURE 2 Modified base-apex electrocardiogram (ECG) at rest (A), exercise (B), and after pharmacologic testing (C–E).1 (A) An ECG at a
resting heart rate of 44 bpm shows sinus rhythm (first and last complexes) and intermittent pre-excitation (2rd-4th complex). The normal
complexes have a PQ interval and PQ segment of 230 and 124 ms, respectively, and a normal QRS morphology with a duration of 129 ms. The
pre-excitation complexes show a short PQ interval and PQ segment of 137 and 57 ms, respectively, and an abnormal QRS morphology with a
prolonged QRS duration of 201 ms. (B) ECG during recovery after exercise at a heart rate of 88 bpm: there is a gradual transition from normal
conduction to conduction along the accessory pathway. This can be observed by the progressive increase of the R wave amplitude and a
shortening of the PQ intervals and segments. The pre-excitation complexes have a PQ interval and PQ segment of 151 and 67 ms, respectively,
and a QRS duration of 172 ms. (C) ECG during isoprenaline infusion (0.02 μg/kg/min) at a heart rate of 103 bpm. Isoprenaline induced sinus
tachycardia with normal conduction via the AV node. These complexes have a PQ interval and PQ segment of 170 and 94 ms, respectively, and a
QRS duration of 118 ms. (D) Intravenous administration of detomidine (7.5 μg/kg) IV induced ventricular pre-excitation, with disappearance of
the PQ segment. These complexes have a PQ interval of 141 ms; no PQ segment and a QRS duration of 197 ms. Blocked P waves were never
observed immediately after detomidine administration. Mean heart rate is 35 bpm. (E) ECG 2 hours after detomidine injection. The first 2 QRS
complexes are the result of pre-excitation whereas the other complexes have normal PQ interval and QRS morphology. The second-degree AV
block is visible as a blocked P wave, which means that conduction over the accessory pathway also is blocked, which is rare in human patients.
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second-degree AV block at a heart rate of 35 bpm (Figure 2E). After

2 weeks, repeated 24-hour ECG recordings confirmed the presence

of intermittent ventricular pre-excitation, which became continuous

after another detomidine administration.

Subsequently, 3-dimensional electro-anatomical mapping (3D

EAM) and RFCA, using the CARTO 3 System (Biosense Webster,

Irvine, California, USA) were used to identify and treat the AP. First, in

the standing horse, an 8.5F fixed curved sheath (HeartSpan, Merit

Medical, Utah, USA) was inserted into the right jugular vein through

which a decapolar steerable catheter (WEBSTER CS Bi-Directional

Catheter, Biosense Webster, Irvine, California, USA) was introduced

and placed in the coronary sinus under echocardiographic guidance.

The electrograms from this catheter served as a timing reference

for atrial and ventricular activation during the mapping procedure.

Subsequently, general anesthesia was administered and the horse was

positioned in right lateral recumbency with 2 in-parallel grounding

patches on the right dorsal thorax. The magnetic field generator was

placed in a wooden casing underneath the horse. During anesthesia,

the horse showed normal AV conduction. Detomidine (7.5 μg/kg) was

administered IV and initiated continuous pre-excitation at a heart rate

of 29 bpm. Anticoagulation treatment was implemented by adminis-

tration of 60 IU/kg unfractionated heparin (Heparine LEO, LEO

pharma, Lier, Belgium) IV at the start of the procedure, followed by

30 IU/kg 2 hours later. Through an 8.5F steerable sheath (Destino

Reach, Oscor, Palm Harbor, Florida, USA) in the left jugular vein, an

8F contact force ablation catheter (Thermocool Smarttouch, Biosense

Webster, Irvine, California, USA) was inserted to make a 3D EAM of

the right atrium and right ventricle. The map was focused on the

region where the abnormal bundle was suspected, as determined by

12-lead ECG and VCG. This procedure identified an AP at the right

cranial free wall between the right atrium and right ventricle

(Figure 3A). The map identified the earliest ventricular activation,

which defines the ventricular insertion of the AP. At this location, the

electrograms recorded by the ablation catheter's tip, located at the

right AV groove, showed an AP potential, also known as Kent poten-

tial (Figure 3B). These results indicate that the catheter is exactly

located on the abnormal bundle, which is the correct location to per-

form ablation. The RF energy was delivered in power-controlled mode

(Stockert 70 generator, Biosense Webster, Irvine, California, USA)

with a power of 40 W, an irrigation rate of 30 mL/min and a contact

force of 15 g. Catheter tip temperature was monitored and power

was manually decreased in the event that temperature reached 40�C.

After applying 2 s of RF energy, loss of AP conduction occurred and

energy delivery was continued for 29 s.

A 24-hour ECG recorded immediately after the procedure

showed 47 isolated pre-excited complexes. Detomidine (7.5 μg/kg)

administration 24 hours after the procedure no longer induced AP

conduction, which proved successful elimination of the AP. Clinical

F IGURE 3 (A) Activation map of the right atrium (RA) and right ventricle (RV). Only a small part of the 3D anatomy (gray) has been created
and only a few activation points (color) have been registered because the accessory pathway was quickly found. The color varies following the
rainbow spectrum from red (earliest activation) to purple (latest activation) in relation to the electrograms from the coronary sinus, which served
as a timing reference. The map demonstrates the earliest ventricular activation in continuation with atrial activation, which defines the ventricular
insertion of the accessory pathway, located at the right cranial free wall between the right atrium and right ventricle. The dotted line indicates the
demarcation between RA and RV. (B) Surface electrocardiogram (yellow traces), electrogram from the coronary sinus (CS) catheter (pink traces),
recording from the ablation catheter at the accessory pathway (light blue trace) and unipolar recording from the ablation catheter (white trace),
recorded at the same timing and catheter position as Figure 3A. The accessory pathway potential can be recognized as the sharp spike (green
arrow) between the atrial (first red arrow) and ventricular (second red arrow) electrogram.
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evaluation, 24-hour ECG monitoring and exercise ECG were repeated

1 and 6 weeks later, and showed complete disappearance of pre-

excitation and absence of complications. The horse was allowed to

continue normal riding exercise.

2 | DISCUSSION

In the normal heart, the annulus fibrosus electrically isolates the atria

from the ventricles, and conduction to the ventricles only occurs via

the AV node, bundle of His and Purkinje system.7 An AP is a strand of

myocardial cells that bypasses the AV conduction pathway and

directly connects the atrial and ventricular myocardium.8 These addi-

tional connections result in earlier ventricular activation compared to

conduction via the AV node. This pathway leads to typical ECG find-

ings of shortened PQ interval and segment, and different QRS mor-

phology and duration.9 The initial ventricular activation at the

insertion of the AP typically results in a slurred upstroke of the QRS

complex, the delta wave. In humans and dogs, the final QRS complex

is the result of the fusion of the early ventricular depolarization by the

AP and the slightly later ventricular depolarization via the AV node. In

our horse, a delta wave was noticed as a decreased dV/dt in the initial

portion of the pre-excited complex. Analysis of the ECG (Figure 1)

shows that almost the entire pre-excited QRS complex occurred dur-

ing the normal PQ segment and thus before the normal QRS. This

finding indicates that almost the entire ventricle was activated by the

AP. This situation contrasts to pre-excitation in humans and dogs, and

can be explained by the physiological AV conduction delay in horses,

related to their high vagal tone.

Only a few cases of AP in horses have been described,10-14

although the condition may be underreported because it can be easily

missed or mistaken for other arrhythmias. Differential diagnoses for a

widened QRS complex include ventricular premature complexes, bun-

dle branch block, accelerated idioventricular rhythm and ventricular

pre-excitation. Ventricular premature complexes and accelerated idio-

ventricular rhythm show no association with a P wave and therefore

can be distinguished from pre-excitation.15 The widened QRS com-

plexes caused by bundle branch block and ventricular pre-excitation

always are preceded by a P wave. However, bundle branch block is

characterized by a normal PQ interval,15 as opposed to the shortened

PQ interval in pre-excitation. An AP also can conduct retrogradely.

Retrograde conduction leads to an ECG pattern with a normal QRS

complex, normal PQ interval, but with a retrograde conducted P wave,

typically within the ST segment, if retrograde AP conduction occurs.

Our horse had intermittent pre-excitation, the most commonly

reported presentation of AP in horses.11-14 In our horse, ventricular

pre-excitation disappeared during exercise, which can be explained by

a change in autonomic tone, modulating AP conduction and enhanc-

ing AV nodal conduction. Rate-dependent block is another potential

mechanism in which the AP blocks conduction at higher heart rates

and the AV node transmits the impulses instead.16 The normalization

of QRS complexes during exercise contrasts with previous case

reports of APs in horses, in which AP conduction was enhanced

during exercise, recovery or excitatory stimuli.11,13,14 Exercise-

induced pre-excitation has been reported in humans and is related to

catecholamine-sensitive APs. Increased catecholamine concentrations

during exercise or stress activate beta-adrenergic receptors in a

catecholamine-sensitive bypass tract and induce pre-excitation.17

Drugs were administered to assess the effect of AP conduction.

In human medicine, IV administration of adenosine is commonly used,

because it is a potent AV nodal blocking agent and thereby facilitates

anterograde AP conduction.18-20 Bolus administrations of adenosine are

necessary to reach high local concentrations and transmural penetration

at the AV node in order to induce AV block.21 Adenosine has been

administered to a single horse, but did not induce AV block (G. van

Loon, personal communication). The dose needed in horses is unknown

and the drug might fail to reach the AV node transmurally because of

the thick myocardial wall. Therefore, we did not use adenosine in our

case. Isoprenaline can be used in catecholamine-sensitive APs to

shorten the anterograde effective refractory period of the AP and thus

improve AP conduction.5,17 In our horse, isoprenaline infusion resulted

in sinus tachycardia with normal AV conduction. This outcome could be

expected because the AP in our horse was not dependent on sympa-

thetic activation, which is supported by the fact that exercise abolished

ventricular pre-excitation. Isoprenaline might have produced a rate-

dependent block of the AP, an accelerated impulse conduction through

the AV node, or both.12 In our horse, detomidine increased AP conduc-

tion, which corresponds to the finding of increased pre-excitation at

rest and slow heart rate. A possible explanation is that both at rest and

during detomidine sedation, the autonomic nervous system is predis-

posed toward increased vagal tone. Increased vagal tone decreases

impulse generation at the sinus node and conduction along the AV

node, thereby slowing the heart rate and favoring ventricular activation

over the AP.6,16,22-24 Another mechanism could be rate-dependent

block of the AP, in which impulses at higher heart rates are blocked.

The lower heart rates during detomidine sedation and rest might pro-

mote ventricular activation along the AP. It is also possible that detomi-

dine has a direct effect on the AP. Remarkably, on a few occasions after

the detomidine effect decreased, the horse experienced a Mobitz type I

second-degree AV block without AP conduction. In humans, the occur-

rence of AV block in the presence of an AP is rare because the AP nor-

mally will conduct the atrial impulse when AV block occurs, resulting in

pre-excitation.25-27 In our horse, AV block without pre-excitation proba-

bly was related to impaired AP conduction because of changes in

alpha-2 function and autonomic tone.

The AP behavior and ECG characteristics were different in our

horse compared to those observed in humans. Little is known about

the risk of an AP and the effect on performance in horses. In humans

and dogs, the risk lies in a high prevalence of associated arrhythmias.

Conduction over the AV node returning to the atria via the AP can

lead to AV reentrant tachycardia. Atrial fibrillation with anterograde

conduction via the AP can be life-threatening, because a rapid ventric-

ular response can degenerate into ventricular fibrillation, causing sud-

den cardiac death.9,28-33 In humans with asymptomatic pre-excitation,

risk stratification is performed by electrophysiological studies and

noninvasive testing.34,35 During an electrophysiology study, the
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effective refractory period of the AP is measured. A short anterograde

effective refractory period of the AP is associated with an increased risk

of sudden cardiac death, because it allows rapid conduction to the ven-

tricles. Noninvasive testing consists of ECG monitoring and an exercise

test. If these indicate intermittent ventricular pre-excitation and abrupt

complete disappearance of ventricular pre-excitation during exercise,

the risk is considered low.34,35 Whether or not these criteria apply to

horses is unknown, especially because APs in horses seem to behave

differently. Based on these findings, and without further knowledge of

the electrophysiological properties, horses with ventricular pre-

excitation probably cannot be considered safe to ride. Thorough elec-

trophysiological studies to assess the refractory period of AP would be

necessary to gain better insight into the potential risks in horses. To

keep anesthesia time as short as possible, additional electrophysiological

tests were not performed. Ideally, variables such as antegrade Wencke-

bach point during pre-excitation and during AV conduction, retrograde

Wenckebach point during pre-excitation, antegrade effective refractory

period during pre-excitation and during AV conduction, retrograde

effective refractory period during pre-excitation, interval between the

atrial electrogram of the His recording and the His signal (AH interval)

and the ventricular electrogram and His signal (HV interval) would have

been determined to better characterize the type of AP.

Because detomidine consistently activated the AP, it was used to

induce pre-excitation during the 3D EAM. The 3D EAM was essential for

accurate catheter manipulation around the tricuspid annulus and quickly

showed the AP potential. At that time, only a rudimentary anatomical

map and only a few activation points were collected. However, this infor-

mation was enough to determine the AP location. Radiofrequency cathe-

ter ablation is the treatment of choice for APs in humans and dogs.29,30 It

has a high success rate of almost 100% and a low complication

rate.29,30,33,36 In horses, RFCA has been used successfully for the treat-

ment of atrial tachycardia,37 but so far not for an AP. The principle of

mapping anterograde conducting pathways is to find the earliest ventricu-

lar activation site or AP potential. While mapping the tricuspid annulus

with the ablation catheter, the AP potential (a sharp, rapid deflection

between the atrial and ventricular electrogram38) could be identified in

our horse. The pathway potential represents direct registration of the AP

activation and is an important indicator of a successful ablation site.39-41

The AP ablations are performed along the AV annulus. In our horse, the

slightly larger ventricular compared to atrial signal suggested good posi-

tion on the AV annulus. Within 2 s of RF energy delivery, the pathway

potential disappeared and ablation was continued for 29 s. This outcome

is consistent with results in humans and dogs, where good catheter posi-

tion should eliminate AP conduction within 1 to 6 s, after which RF deliv-

ery is continued for up to 60 s.4,30,33,42 The occasional AP conduction in

the first hours after ablation, followed by complete conduction block also

has been described in humans. The reason for this delayed cure is not

clear, but progression of inflammatory injury and necrosis might be an

explanation.43-46

In conclusion, the AP in our horse had features that are not com-

monly observed in humans and dogs, such as the absence of retro-

grade conduction. Further research is necessary to elucidate AP

behavior in the horse. Our case shows that it is feasible to identify an

AP by 3D EAM and to achieve permanent correction by RFCA in an

adult horse.
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