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Abstract Two horses referred to the Unitat Equina, Fundació Hospital Clı́nic Ve-
terinari, Universitat Autònoma de Barcelona, for unrelated clinical problems, and
with no previous history of cardiac disease exhibited an intermittent ventricular
pre-excitation electrocardiographic pattern during hospitalization. Both animals
showed decreased plasma total and ionized magnesium concentrations, but no
other relevant electrolyte disturbances were detected. Altered interventricular
septal motion associated with ventricular pre-excitation beats (VPBs) was detected
on M-mode echocardiography in both horses. The likely localization of an accessory
pathway (AP) was identified in case 2 using pulsed-wave tissue Doppler imaging in
the left anterior paraseptal location. Decreased frequency of the VPB was observed
with long-term magnesium supplementation and restoration of plasma magnesium
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List of abbreviations

AP accessory pathway
ECG electrocardiogram
iMg ionized magnesium
PW-TDI pulsed-wave tissue
RP refractory period
TDI tissue Doppler ima
TMg total magnesium
VPB ventricular pre-exc
WPW WolffeParkinsoneW

d Televet�100 - Telemetric ECG &
Germany
e Sulfate magnesium Lavoisier� 15%,
f Sumial� 40 mg AstraZeneca, Madri
g Laocaı̈ne� 20 mg/ml Intervet Sche

(MSD Animal Health, Kenilworth, NJ,
concentrations. The presence of ventricular pre-excitation electrocardiographic
pattern was attributed to higher sensitivity of the AP to hypomagnesemia in both
cases.
ª 2018 Elsevier B.V. All rights reserved.
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Case 1

A 5-year-old french saddle gelding was referred to
Unitat Equina, Fundació Hospital Clı́nic Veterinari,
Universitat Autònoma de Barcelona, for surgical
colic. During the post-operative period, the horse
had intermittent fever and, on day 11, suddenly
collapsed in the stall. At that point, the horse was
presented with tachycardia (58 bpm), tachypnea
(28 bpm), low PCV (16%), and decreased total
plasma magnesium concentration (TMg ¼
0.59 mmol/L, reference value 0.7e1 mmol/L) [1],
with normal plasma ionized calcium concen-
tration. On resting electrocardiogram (ECG),
abnormal morphology of QRS complexes was
detected with a short PR interval (Fig. 1A; Table 1)
and occasional normal beats (sinus rhythm with
ventricular pre-excitation beats). Subsequently,
the ECG was continuously monitored using a tele-
metric system.d

Intravenous magnesium sulfatee and oral mag-
nesium sulfate heptahydrate (0.2 g/kg q 8 h), oral
propranololf (0.5 mg/kg q 8 h) and intravenous
lidocaineg infusion (bolus of 1.3 mg/kg followed by
0.05 mg/kg/h) were administered to normalize
plasma magnesium concentration and cardiac
Holter, Kruuse, Marslev,

Paris, France
d, Spain
ring-Plough animal health
USA.)
conduction. During treatment, normal beats were
occasionally identified on the ECG, but sustained
mild sinus tachycardia remained (Fig. 1B). On M-
mode echocardiography,h abnormal septal move-
ment was identified during mechanical systole
when the ventricular pre-excitation pattern was
present (Fig. 2A). Plasma cardiac troponin I con-
centration was normal (<0.03 ng/mL, reference
values <0.2 ng/mL) [2]. With this echocardio-
graphic information and after observing persistent
short PR intervals during a 24-h continuous ECG
recording, a definitive electrocardiographic diag-
nosis of intermittent ventricular pre-excitation
pattern was reached. The clinical condition of the
horse improved, but at discharge after 20 days, the
animal maintained mild sinus tachycardia (48
beats per minute) with all QRS complexes con-
ducted through the accessory pathway (AP), and
still had low plasma TMgi concentration
(0.6 mmol/L) and decreased urinary magnesium
fractional excretion (9.82%, reference interval
15e35%) [3]. The horse was treated at the livery
yard with oral magnesium sulfate heptahydrate
(0.2 g/kg/day).

One month after being discharged and under
oral magnesium supplementation, the horse was
re-examined and had normal plasma TMg concen-
tration and normal magnesium urinary fractional
excretion. The heart rate was lower (36 bpm), and
no alterations were detected on ECG recording
(Table 1) or echocardiography at rest (Fig. 2B).
Case 2

A 6-year-old endurance Arabian mare was admit-
ted to Unitat Equina, Fundació Hospital Clı́nic
Veterinari, Universitat Autònoma de Barcelona,
due to a lacerating wound of the left hind limb
involving the digital flexor tendons. On cardiac
auscultation, no abnormalities were audible other
than a louder first heart sound. An ECG obtained
before surgery revealed alternation between nor-
mal and ventricular pre-excitation beats (VPB;
h Mylab 70 Xvision� Esaote España, Barcelona, Spain
i Catlyst, Idexx laboratories, Inc, Netherlands



Table 1 Measures of normal and ventricular pre-excitation beats (VPBs) at rest and during exercise.

Detection Antiarrhythmic
treatment

Follow-up

Rest Exercise

Case 1 Day 11 Day 37 after discharge

Heart rate 48e52 bpm 42e48 bpm 36e40 bpm
Normal
beats (ms)

P-R interval (320 ± 62.7)b,a

Median (Min-Max) 278 (224e342) 325 (278e384) 480 (440e560) e
QRS duration (116.3 ± 10.2)b,a

Median (Min-Max) 106 (94e122) 129 (106e160) 120 (100e140) e
VPB (ms) P-R interval

Median (Min-Max) 110 (76e154) 91 (74e126) e e
QRS duration

Median (Min-Max) 150 (124e186) 168(132e210) e e

Case 2 On admission 8 months after discharge

Heart rate (bpm) 36e40 28e36 28e36 100e120
Normal
beats (ms)

P-R interval (320 ± 62.7)b,a

Median (Min-Max) 320 (280e360) 344 (314e386) 337 (288e370) 208 (168e230)
QRS duration (116.3 ± 10.2)b,a

Median (Min-Max) 160 (120e200) 120 (98e138) 124 (104e160) 112 (78e136)
VPB (ms) P-R interval

Median (Min-Max) 160 (160e200) NA 102 (92e112) 106 (90e120)
QRS duration

Median (Min-Max) 160 (160e200) NA 134 (124e158) 140(116e164)

Abbreviations: NA, not applicable; Min-Max, minimum-maximum.
a Reference at rest using electrode configuration mentioned above.
b van Loon, G. (2015) personal communication.

j Nova 8 Analyzer � Nova Biomedical Corporation 200 Prospect
Street, Waltham MA, 02454-9141. USA
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Fig. 1C). No alterations were found on routine
plasma biochemistry or electrolyte concentrations
(sodium, potassium, and ionized calcium). A
decrease in plasma TMg concentration
(0.34 mmol/L) was observed. The alternation of
normal and VPB was present occasionally during
anesthesia while receiving lidocaine as a con-
tinuous rate infusion, and during the immediate
post-operative period without antiarrhythmic
treatment. Post-surgery plasma cardiac troponin I
concentration was normal (0.09 ng/mL; reference
value < 0.2 ng/mL), and M-mode echocardiog-
raphy showed abnormal septal movement during
VPB (Fig. 2C). Thirty-six hours after surgery,
plasma TMg concentration and ECG were normal
(Fig. 1). The mare improved progressively, and 8
months after surgery was back in endurance
training without musculoskeletal sequelae. At that
time, telemetric ECG evaluation was performed
during exercise. Plasma-ionized calcium and mag-
nesium concentrations were assessed before and
immediately after a routine training session lasting
60 min in duration over a distance of 12 km, which
included 30 min of walking, 15 min of trotting, and
15 min of canter. Abnormal heartbeats with ven-
tricular pre-excitation were detected during
exercise and the recovery period (Fig. 1). Low
plasma-ionized magnesium (iMg)j concentration
was detected only after training (0.41mmol/L after
training; reference value > 0.47 mmol/L). Resting
iMg was normal (0.49 mmol/L). Total magnesium
determination was also performed resulting in a
similar interpretation (normal values before exer-
cise- 0.82 mmol/L and decreased after training
0.66 mmol/L) [1]. Owing to these findings, oral
supplementation of magnesium sulfate heptahy-
drate was initiated (0.06 mg/kg/day). Electro-
cardiographic recording and plasma iMg
concentration were periodically assessed during
and after exercise (training and competition), and
oral supplementation of magnesium sulfate hepta-
hydrate was adjusted up to 0.18 g/kg/day. The



Figure 1 A: All electrocardiograms (ECGs) shown are recorded with lead II and 10 mV gain 1) Case 1: ECG on
detection of ventricular pre-excitation beat (VPB; day 11 of hospitalization), mild supraventricular tachycardia, ECG
is presented at 25 mm/s paper speed, heart rate 44 bpm; 2) Case 1: ECG during antiarrhythmic treatment (day 13),
mild sinus tachycardia with normal and VPB, ECG is presented at 25 mm/s paper speed, heart rate 48bpm; B: 1) Case
2: ECG on detection of ventricular pre-excitation ECG pattern (on presentation to the hospital), supraventricular
tachycardia with normal and VPB, ECG is presented at 50 mm/s paper speed, Heart rate 86 bpm; 2) Case 2: ECG after
36 hours of admission with normal TMg concentration, normal sinusal rhythm, ECG is presented at 25 mm/s paper
speed, Heart rate 40 bpm; 3) Case 2: ECG during low-intensity exercise, supraventricular rhythm with normal heart
rate (40 bpm). ECG is presented at 25 mm/s paper speed; 4) Case 2: ECG during recovery period (after endurance
training for 12 km), supraventricular rhythm with normal heart (36 bpm) rate and alternance of normal and VPB.ECG is
presented at 25 mm/s paper speed.
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Figure 2 1) Case 1: M-mode echocardiography during VPB. Note the alteration of early systolic septal movement; 2)
Case 1: M-mode echocardiography after ECG normalization. 3) Case 2: M-mode echocardiography showing a VPB and a
subsequent normal one. Note the difference present in septal movement during early systole between the different
beats. Ventricular pre-excitation beats are marked with open arrow and normal beats are marked with a solid one.
ECG, electrocardiogram; VPB, ventricular pre-excitation beat.
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mare did not show exercise intolerance at any time
but continued to have VPB while exercising and
during the recovery period. Once normal plasma iMg
concentration was reestablished (0.48 mmol/L),
themare showed a normal ECG recording at rest and
in a quiet environment. However, when exposed to
an excitatory stimulus (i.e. clapping hands and
yelling in front of the mare), VPB were detected at
rest. The stimulus was repeatedmultiple timeswith
consistent re-appearance of VPB every time. Once
the animal calmed down, VPB disappeared.

Continuous electrocardiographic examination
and determination of plasma iMg concentration
was performed at rest and during endurance
exercise on three routine training sessions lasting
60e110 min in duration over a distance of
12e18 km, which included 30 min of walking,
15e60 min of trotting, and 15e20 min of canter.
The frequency of VPB was not clearly related to
distance or plasma iMg concentration. Mean heart
rate during exercise was also recorded, and no
recognizable pattern was detected between peri-
ods with and without VPB. The frequency of VPB at
rest (heart rate 28e36 bpm) was highly variable
(0%e50%), whereas during exercise recovery
(56e120 bpm), the frequency of VPB was higher
(61%e100%). After 6 months of magnesium sup-
plementation, the VPB appeared only sporadically
during the recovery period (<0.5%). The PR inter-
val and QRS duration of VPB and normal beats are
shown in Table 1.

Twelve months after initial hospital admission
an echocardiographic re-examination was per-
formed including the assessment of myocardial
motion using pulsed-wave (PW) tissue Doppler
imaging (TDI) to localize the AP. Using this tech-
nique, tissue velocity curves were recorded from
different myocardial regions to identify the site of
earliest mechanical activation (AP; Fig. 3). The
study was performed with an ultrasound unit with



Figure 3 Pulse wave tissue doppler image evaluation of 1) right parasternal short-axis view at chordal level of the
right and left ventricles, with the focus positioned in interventricular septal wall and 2) left parasternal short-axis
view at chordal level of the left ventricle, with the focus positioned in the right region of the left ventricular wall,
close to the interventricular septum. T1 and t2 depict time of electromechanical activation in different beats (normal
and VPB, respectively). Note the shorter time (t2) of electromechanical activation on image 2. Dotted lines depict the
interval between the beginning of electrical activation and the beginning of mechanical systole in each beat. VPB,
ventricular pre-excitation beat.
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a phased-array transducer at a frequency of 1.6/
4 MHz. Pulsed-wave velocity measurements were
performed on both right and left parasternal short-
axis views of the left ventricle, interventricular
septum, and right ventricle, at chordal level. The
electromechanical time interval was measured as
the time from the QRS complex to the time of
systolic velocity peak. The shortest electro-
mechanical time interval detected on offline
analysis was 33 ms (Fig. 3B) and corresponded to
the right region of the left ventricular free wall,
close to the interventricular septum or location 10
(left anterior paraseptal location) as described in
human beings [5].
Discussion

The presence of APs in the heart and the abnormal
conduction of electric stimuli are uncommon con-
ditions in humans (0.1e0.3%) [6] and only a few
cases have been reported in other species [7e13].
Intermittent preexcitation, or the alternation of
normal sinus complexes with those exhibiting
ventricular preexcitation, is the most common
reported presentation of accessory pathways in
horses [9,10,12,13].

This intermittent manifestation of antegrade
accessory pathway conduction in humans is typi-
cally attributed to longer antegrade effective
refractory periods (RPs) of the AP, resulting in
pre-excitation manifested at slower sinus rates
and disappearing at faster rates [14]. In addition,
antegrade conduction and RP in some APs dem-
onstrate marked sensitivity to autonomic tone [6]
and can be influenced by electrolyte balance as
well. Some authors suggest that the susceptibility
of some APs to catecholamines is due to the
presence of b-adrenergic receptors [15]. In the
second case reported here, a clear relationship
between autonomic nervous system tone and VPB
was observed during a stress test using a repea-
ted excitatory stimulus. During this test, plasma
concentrations of electrolytes related to myo-
cardial conduction, including iMg, were normal.
The influence of emotional state on ventricular
pre-excitation pattern has been discussed in a
previous case report, in which a clear relationship
could not be established [12]. Exercise-
influenced autonomic tone was also a triggering
factor for VPB in case two. Exercise-induced
ventricular pre-excitation syndrome is reported
in human beings [16,17] and seems to be related
to hormones that increase during exercise (cor-
tisol and catecholamines). In case 2, VPB
appeared to be triggered by the effect of these
substances, but the appearance of VPB was not
related to a specific heart rate as is reported in
human beings [6]. Senta et al. [10] also described
a tendency to increase the frequency of VPB after
exercise in a Thoroughbred horse, as in case 2,
but monitoring during exercise was not
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performed. Unfortunately, no electrolyte deter-
minations were available during ventricular pre-
excitation ECG pattern in the cases described in
the literature.

Plasma iMg concentration may also have an
effect on the RP. It is especially important in some
human patients with WolffeParkinsoneWhite
(WPW) syndrome, in which an increase in iMg or an
increase in plasma potassium concentration may
block conduction through the AP [18]. Ionized
magnesium is a critical cofactor of the sodium/
potassium-ATPase pump and also regulates spe-
cific potassium channels. Decreased plasma iMg
concentration produces a decrease in the activity
of sodium/potassium-ATPase pump and the open-
ing of inward rectifying potassium channels. As a
consequence, repolarization time is prolonged,
which leads to increased RP [4]. Other possible
causes of lengthened action potential duration due
to low iMg could be surface charge effect or more
probably unblocking of calcium channels [19]. In
human WPW, the sensitivity of atrioventricular
node and accessory pathways to electrolyte
imbalances can be different, leading to changes in
preferential conduction. The first case in this
report presented with hypomagnesemia during
VPB, with no other electrolyte derangements. The
normalization of the ECG (or marked decrease in
VPB) after long-term oral magnesium supple-
mentation suggests a possible effect of magnesium
concentration on ventricular pre-excitation ECG
pattern occurrence in this case. However, ECG
morphology was checked with a standard ECG
recording and not continuous 24-h telemetric ECG.
Given that intermittent ventricular pre-excitation
can exhibit day-to-day changes in the frequency of
VPB, a standard ECG recording could be
misleading.

The PR interval of the VPB observed in both
cases, approximately 100 ms, was shorter than the
PR interval described in two reports (approx-
imately 180 ms [12] or 230 ms [10]) but similar to
that described in others (130 ms) [9]. In case 1, the
treatment with antiarrhythmic drugs increased the
duration and variability of the PR interval in nor-
mal sinus beats, but no effect was observed in
VPB. This poor response of VPB to certain antiar-
rhythmic drugs has been previously reported in
human beings [6] and horses [9].

In case 2, pulsed-wave tissue Doppler imaging
(PW-TDI) was used to localize the AP within the
right region of the left ventricular free wall, close
to the interventricular septum. Using PW-TDI, a
myocardial region with early activation during VPB
could be identified, which was considered likely to
be the region of the AP. However, in humans,
localization of the AP in WPW is confirmed with
intracardiac electrocardiographic mapping and
PW-TDI is not considered the gold standard
method [20]. Clinically, the most relevant concern
for human patients with WPW is the development
of a rapid, narrow complex tachycardia using the
accessory pathway as the retrograde limb (most
commonly) known as orthodromic atrioventricular
reciprocating tachycardia, a rapid wide complex
tachyarrhythmia known as antidromic reciprocat-
ing tachycardia (uncommon), or development of
atrial fibrillation that conducts down the acces-
sory pathway rapidly resulting in ventricular
fibrillation. Congestive heart failure is also
described in horses due to sustained tachycardia
(over 100 bpm) [21], but all horses with ventricular
pre-excitation ECG pattern described in the liter-
ature did not maintain increased heart rates dur-
ing long periods and did not develop cardiac
insufficiency. In cases of ventricular pre-excitation
syndrome in humans in which ablation of the AP is
indicated, before surgery, the location of the AP is
generally confirmed by intracardiac electro-
cardiographic mapping (gold standard). Unfortu-
nately, this technique is not currently available for
horses.

WolffeParkinsoneWhite syndrome is described
in human athletes and does not result in
decreased performance unless tachyarrhythmias
are present during exercise [16]. In the equine
literature, three of the evaluated horses with
ventricular pre-excitation ECG pattern were ath-
letes evaluated before and after exercise. No ECG
recording during exercise was available, therefore
the presence of arrhythmias during exercise could
not be ruled out. One of the previously reported
cases was presented for investigation of poor
performance [9] but in the other 2 cases, ven-
tricular pre-excitation ECG pattern was an inci-
dental finding. These animals did not have
problems during competition [12] even when fol-
lowed for a few years [10]. In case 2 of our report,
athletic performance was unaffected by the VPS,
and it is the first equine case of ventricular pre-
excitation ECG pattern in which exercising ECG
was performed. In human beings with WPW, an
increased tendency to present with atrial fibrilla-
tion was observed [22]. Although atrial fibrillation
occurs commonly in horses and has been reported
in horses with ventricular pre-excitation ECG
pattern [23], this mare did not show any asso-
ciated arrhythmia during training or competition.
The previously reported cases showed an
increased frequency of abnormally conduced
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beats after exercise [10,12], as was detected in
case 2 of our report. The cause of this increase is
not clear, and electrolyte concentrations were not
available to assess their influence on ventricular
pre-excitation ECG pattern in previous reports.
Possible causes of this increase in the frequency of
VPB could be electrolyte losses in sweat (espe-
cially magnesium), an increase of circulating cat-
echolamines, or the combination of both factors
predisposing the appearance of VPB.

Using PW-TDI, a myocardial region with early
activation during VPB could be identified, which
is likely to be the region of the AP. Antiar-
rhythmic drugs were ineffective in normalizing
cardiac conduction. Administration of antiar-
rhythmic agents is also often not effective in
humans with WPW, and the treatment of choice
in severe cases is intracardiac electrical ablation
of the AP [20]. Long-term magnesium supple-
mentation and restoration of plasma magnesium
concentration was associated with a decrease in
the frequency of VPB in the cases reported here.
Our findings suggest that magnesium supple-
mentation in cases of ventricular pre-excitation
ECG pattern in horses with low iMg plasma con-
centrations might reduce the incidence of ven-
tricular pre-excitation ECG pattern, and
measurement of plasma magnesium concen-
tration should be considered in cases of ven-
tricular pre-excitation in horses.
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