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Prevalence and Risk Factors for Cardiac Diseases in a Hospital-
Based Population of 3,434 Horses (1994-2011)

A.A. Leroux, J. Detilleux, C.F. Sandersen, L. Borde, R.M.A.C. Houben, A. Al Haidar, T. Art, and

H. Amory

Background: Risk factors for cardiac diseases in horses have not been explored in a large population of animals.

Objectives: To describe risk factors for various cardiac diseases in a hospital-based population of horses.

Animals: Files of 3,434 horses admitted at the Internal Medicine Department of the Liege Equine Teaching Hospital
between 1994 and 2011 were reviewed and of those, 284 were categorized as having moderate-to-severe cardiac disease.

Methods: Observational study. After calculating prevalence for each cardiac disease, we tested whether breed (chi-
square test) or sex, age, body weight (BW), and other cardiac diseases (logistic regressions) were risk factors (p < .05 sig-
nificant).

Results: Mitral regurgitation (MR, 4.4%), atrial fibrillation (AF, 2.3%), aortic regurgitation (AR, 2.1%), and tricuspid
regurgitation (TR, 1.7%) were the most common cardiac abnormalities detected. Determinants were male sex and increas-
ing age for AR (OR = 2.03, CI = 1.07-4.94), racehorses breed and middle-age for TR (OR = 4.36; CI = 1.10-17.24), and
high BW for AF (OR = 3.54; CI = 1.67-7.49). MR was the most common valvular disease associated with AF, clinically
important ventricular arrhythmia, pulmonary regurgitation (PR), and congestive heart failure (CHF). TR was also associ-
ated with AF, PR, and CHF; AR was not associated with CHF.

Conclusions and Clinical Importance: Several previously suspected risk factors for a variety of equine cardiac diseases
are statistically confirmed and other risk factors are highlighted in the studied hospital-based population. These observa-

tions should be taken into account in health and sport’s monitoring of horses presenting predisposing factors.
Key words: Cardiac arrhythmia; Epidemiology; Equine; Valvulopathy.

Cardiac clinical abnormalities including murmurs
and arrhythmias are relatively common in horses
whereas the prevalence of clinically important cardiac
diseases is low."? Indeed, most cardiac murmurs and
arrthythmias are physiologic in horses.>® However,
investigation of these with ECG and Doppler echocar-
diography is recommended as even mild cardiac abnor-
malities might lead to important cardiac disease and
cause poor performance in sport horses."?:!°

Clinically important cardiac murmurs in horses
are mostly caused by degenerative valvular regurgita-
tion, infective valvular lesions, or congenital heart dis-
ease.'"  Valvular regurgitations are commonly
reported by auscultation and on echocardiography in
horses. Mitral and aortic regurgitations (MR and AR,
respectively) are the most frequently reported,'® except
in trained racehorses, in which tricuspid regurgitation
(TR) is most frequently reported.®'>'® These valvular
regurgitations occur in thoroughbreds and trotters,'”
but they have not been explored in other breeds.
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Abbreviations:

AF atrial fibrillation

AR aortic regurgitation

AUC area under curve

CHF congestive heart failure

CI confidence interval

MR mitral regurgitation

OR odds ratio

PR pulmonary regurgitation

ROC curve receiver operating characteristic curve
TR tricuspid regurgitation

VA clinically important ventricular arrhythmia including

ventricular tachycardia and frequent ventricular
premature complexes (>2/min at rest)
VSD ventricular septal defect

Ventricular septal defect (VSD) is the most frequently
reported congenital heart diseases in horses.'>?!*

Atrial fibrillation (AF) is an arrhythmia frequently
associated with clinical signs in horses and is one of
the first cardiac causes of poor performance in race-
horses.”?* AF can appear secondary to mitral regurgi-
tation with atrial dilatation and congestive heart
failure (CHF)>'""'*?* but can also be called paroxys-
mal, occurring during or just after an exercise of maxi-
mal intensity without any other cardiac disease.”?
Clinically important ventricular and supraventricular
tachydysrhythmias are less frequently described and
their prevalence is unknown in horses.'=°

No extensive epidemiologic study of equine cardiac
diseases has been performed in a hospital-based mixed
population. The aim of this study was to describe the
prevalence of the most frequently described cardiac
diseases (MR, AR, TR, pulmonary regurgitation [PR],
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AF, clinically important ventricular arrhythmia [VA],
VSD, and CHF) in a hospital-based population and to
identify any breed, age, sex, or body weight (BW)
predispositions for these cardiac diseases.

Materials and Methods
Animals

Clinical data were reviewed for all horses aged 2 years and
over that were admitted to the Internal Medicine Department of
the Equine Teaching Clinic of Liege between August 26, 1994
and December 31, 2011. If an animal was admitted more than
once during this period, only the initial file was used. Breed,
sex, age, BW, realization of a cardiac examination (echocardiog-
raphy and ECG), and final diagnosis were recorded for each
animal.

ECG and Doppler Echocardiographic Methods

Echocardiography and ECG were performed in all cases that
were referred for an abnormal cardiac auscultation by their veter-
inarian. Moreover, in horses admitted for other reason than car-
diac investigation, a thorough cardiac examination was
performed whenever a cardiac murmur with grade >3/6, a cardiac
arrhythmia, or clinical signs suggestive of cardiac disease (unex-
plained tachycardia or tachypnea, increased jugular distension or
pulsation, ventral or pulmonary edema, exercise intolerance, and
syncope) were detected.">'* Horses that presented one or more
of these clinical signs but had no echocardiography performed
were excluded from the study. Thus, remaining horses without
cardiac ancillary test were considered to have no clinically impor-
tant cardiac abnormality. Two groups of horses were defined:
cardiac horses that presented moderate or severe cardiac abnor-
malities on echocardiography or ECG and control horses that
had no ancillary cardiac testing performed or were considered
free of cardiac disease based on these tests.

All cardiac horses underwent a standard Doppler echocar-
diographic protocol as previously described?’?* and 2 different
ultrasound systems were used depending on examination
date.®® Using color-flow Doppler echocardiography, severity of
regurgitations was graded as mild, moderate, or severe as pre-
viously described.'® A final diagnosis of MR, TR, AR, or PR
was recorded only if the respective regurgitation was moderate
or severe, whereas horses with only mild regurgitation were
included in controls. Diagnosis of VSD was based on 2D
echocardiography and Doppler examination. A diagnosis of
CHF was retained if the horse presented suggestive clinical
signs (ie, tachycardia, increased jugular distension or pulsation,
and ventral or pulmonary edema) and signs of volume
overload on echocardiography (ie, cardiac chambers dilatation,
hypo- or hyper-motility of cardiac walls, decreased fractional
shortening and ejection fraction, and pulmonary artery
dilatation)."

Modified base-apex ECG recordings were performed simulta-
neously with Doppler echocardiography or using an ECG Holter
monitor or a standard ECG monitor.“? Cardiac arrhythmias
were evaluated on ECG at rest for duration of at least 5 minutes.
AF cases and horses with clinically important VA including ven-
tricular tachycardia and frequent ventricular premature com-
plexes (>2/min at rest) were recorded in the final diagnosis list.
On the contrary, horses showing second degree atrioventricular
blocks, sinus arrhythmia, sinus bradycardia, or sinoatrial block
which disappeared during exercise were considered to have physi-
ologic cardiac abnormalities,' and were not recorded in the final
diagnosis list.

Statistical Analyses

All statistical analyses were performed using statistical soft-
ware. First, a formal analysis was performed to identify possible
bias because of improvement of the echocardiographic resolution
and technique over the 17 years duration of the study. Studied
period was divided into tertiles and the prevalence of each valvu-
lar disease during the first tertile (from 1994 to 1999) was com-
pared to its prevalence during the last tertile (from 2006 to 2011)
using a chi-square test.

Mean age, mean BW, sex, and breed distribution, number of
horses submitted to cardiac ancillary testing, and prevalence of
MR, TR, AR, PR, AF, VA, VSD, and CHF were calculated for
the studied population. Twenty-eight different breeds were
recorded and classified into 5 groups: draft type horses, ponies,
thoroughbreds, trotters, and warmbloods. The animal’s sex was
categorized as either stallion, mare, or gelding.

Frequencies of breed and sex (chi-square tests) and the aver-
ages of age and body weight (unpaired z-tests) of horses with or
without echocardiography, with and without cardiac diseases
(controls versus cardiacs), and with or without each specific car-
diac disease (controls versus each disease) were compared. Next,
unconditional logistic regressions (GENMOD procedure) within
each breed group were performed to test the relationships
between occurrence of a cardiac disease and its potential risk fac-
tors (sex, age, BW, and another cardiac disease). In the logistic
regressions, age was arbitrarily grouped into 4 classes: young
horses (2-5 years), middle-aged horses (5-15 years), old horses
(15-25 years), and geriatric horses (more than 25 years). Simi-
larly, BW was arbitrarily divided into 3 classes: light horses (less
than 400 kg), medium-weight horses (400-550 kg), and heavy
horses (more than 550 kg). Adjusted odds ratio (OR) and their
confidence intervals (CI) were obtained for each cardiac disease
and within each breed class. Finally, for each statistically signifi-
cant risk factor, its sensitivity and specificity in identifying the
occurrence of a cardiac disease were computed. The correspond-
ing receiver operating characteristic (ROC) curves and areas
under the ROC curves (AUC) were constructed and evaluated
according to previous guidelines,” and the Youden indexes (J)
were calculated to fix the cutoff value where sum of sensitivity
and specificity were maximum.*”

For all statistical tests, a p-value of less than .05 was consid-
ered significant.

Results

From a total of 3,991 examined files, 3,434 horses
were included in the study, whereas the remaining 557
horses were excluded because of too much data miss-
ing in their file or because the cases did not have echo-
cardiography or ECG of a clinically important cardiac
arrhythmia, a grade 3 or higher cardiac murmur, or
clinical signs compatible with CHF. None of the val-
vular regurgitations presented a significantly different
prevalence between the first and the last tertile of the
studied period.

Of the 3,434 horses, 492 underwent echocardiogra-
phy and ECG, and 284 had important cardiac disease.
Mean age, BW, and distribution of sex and breed in
the total studied population and within the cases pre-
senting each of the studied cardiac diseases are sum-
marized in Table 1. In the studied population, the
most frequently observed cardiac abnormalities were
mitral regurgitation (4.4%), atrial fibrillation (2.3%),
aortic regurgitation (2.1%), and tricuspid regurgitation
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(1.7%). Warmbloods were the predominant breed. The
mean BW was significantly higher in the horses sub-
mitted to echocardiography/ECG and in the cardiac
animals than in horses not submitted to echocardiog-
raphy/ECG and in the control animals, respectively.
The mean BW was significantly higher in horses with
MR, TR, AF, VA, and CHF than in the control
group. Compared to the breed distribution of controls,
warmbloods presented significantly higher prevalence
of MR, AR, AF, and CHF, trotters presented signifi-
cantly higher prevalence of MR, TR, and AF, and
thoroughbreds presented a significantly higher preva-
lence of AR and TR.

Because of the very unequal distribution of horses
of different breeds (warmbloods overrepresented) and
the limited number of VA, VSD, and CHF cases, cal-
culation of adjusted OR and CI were only possible for
warmbloods (Tables 2 and 3). Sex was a significant
risk factor only for AR, with a significantly higher OR
in stallions than in geldings and mares. Age was a sig-
nificant risk factor for AR and TR: older horses were
predisposed to AR, whereas horses aged less than 15
years old were more frequently affected by TR. Body
weight was a significant risk factor for PR and AF:
horses heavier than 550 kg were significantly less at
risk of developing PR, but more at risk of developing
AF. Moreover, cardiac diseases were often present
simultaneously in the same horse: 85 of the 232 cardiac
warmbloods presented several simultaneous cardiac
diseases and many relationships between these diseases
were significant (Table 3). Two ROC curves were con-
structed from these statistical data: one showing age as
risk factor for the occurrence of AR (Fig 1) and the
second, BW as risk factor for occurrence of AF
(Fig 2). For the 2 ROC curves, AUC was calculated
and were considered as low to moderate. Using

Leroux et al

calculation of J, cutoff values for which sensitivity and
specificity were maximum corresponded to age
13.5 years for the risk of developing AR and to
542 kg BW for the risk of developing AF.

Discussion

The prevalence of the different cardiac abnormalities
in the studied population is in accordance with the lit-
erature, as MR, AF, AR, TR are commonly reported
whereas PR, VA, VSD, and CHF are less frequently
reported.>!*!> Moreover, several previously suspected
risks factors for cardiac diseases were confirmed statis-
tically in this hospital-based population. MR was the
most common valvular disease associated with AF,
clinically important VA, PR, and CHF; TR was also
associated with AF, PR and CHF; AR was not associ-
ated with CHF. Similar observation could be suspected
in a larger randomized population.

MR was the most frequent cardiac disease in our
study with a prevalence of 4.4%. This prevalence is
slightly higher than those reported in previous studies
performed in a mixed equine population (2.9-
3.5%)'*"% and in a trotter population (3.1%),'® but it
is slightly less than the maximum prevalence reported
in young trained thoroughbred racehorses (6%).” Fur-
thermore, in the present study, warmbloods and trot-
ters were more strongly associated with MR than
other breeds, including thoroughbreds. This result
could be explained by the fact that thoroughbreds of
the studied population were older (9.5 &+ 5.5 years)
than in previous studies™'”; they had finished their rac-
ing career and were generally untrained. Another rea-
son could be because of the effect of BW as mean BW
of warmbloods and trotters was higher than that of
thoroughbreds. Indeed, mild MR has previously been

Table 2. Adjusted odds ratio and confidence intervals of sex, age, and body weight as risk factors of developing
valvular regurgitations, atrial fibrillation, and congestive heart failure calculated in a population of 2,382 warm-
bloods referred at the Internal Medicine Department of the Equine Teaching Hospital of Liege between 1994 and

TR
OR (95% CI)

PR
OR (95% CI)

AF
OR (95% CI)

CHF
OR (95% CI)

2011.
MR AR
Risk Factors OR (95% CI) OR (95% CI)
Sex
M versus G 0.72 (0.47-1.12)  0.56 (0.29-1.09)
S versus G 1.42 (0.78-2.58)  2.30 (1.07-4.94)*
Age
5-15 years versus  0.64 (0.38-1.05)  2.81 (0.99-7.97)*
2-5 years
5-15 years versus  0.67 (0.40-1.13)  0.34 (0.18-0.63)"
15-25 years
5-15 years versus  0.38 (0.12-1.15)  0.20 (0.06-0.63)*
>25 years
BW
400-550 kg 2.85(0.65-12.43) 0.51 (0.14-1.94)

versus <400 kg
>550 kg versus
400-550 kg

1.56 (0.94-2.58)

2.00 (0.95-4.22)

1.91 (0.76-4.78)
2.88 (0.86-9.64)

1.36 (0.47-3.90)
4.36 (1.10-17.24)*

2.03 (0.18-22.52)

2.21 (0.09-51.72)

1.77 (0.62-5.03)

0.52 (0.17-1.57)
0.67 (0.13-3.41)

1.03 (0.28-3.76)

4.41 (0.92-21.18)

2.87 (0.14-60.42)

0.55 (0.06-5.30)

0.19 (0.04-0.82)*

0.85 (0.45-1.58)
1.18 (0.44-3.12)

2.06 (0.80-5.28)
0.53 (0.27-1.03)

2.73 (0.17-44.03)

4.40 (0.31-63.07)

3.54 (1.67-7.49)"

1.05 (0.31-3.57)
0.27 (0.02-4.52)

0.53 (0.09-3.03)
0.54 (0.12-2.42)

0.65 (0.03-12.45)

2.40 (0.04-137.22)

1.84 (0.36-9.45)

See Table 1 for legends. CI, confidence intervals; OR, Odds ratio adjusted for all the effects of the model (sex, age, BW, MR, AR,
TR, PR, AF, CHF) except the one analyzed.
“Values statistically significant (chi-square test, p < .05).



1567

Heart Diseases in Horses

- - 23gE: “gs

«§EF3E 5255 25 g

o E289% sE.Jds ZE3

22=2S058 2 52248 g&g
L3I xgT E 2 xS < g 8- &

555,58 2. 5-s. 28

= o . =

CEEE=T CER-SE® TES
P88 2 825 s .= E

S5 g9 > cg =g o ©

m\,ermf D(nx%fMﬂgS S g o

3 2 =3 °© > cg =g, 370

: £ 293828 ¢ g geo_.233° T s

< e FE8ELSE g ZEEREE 0T o

n_._u w5 .monAmm o, WG .manIWB o 8%

5 S8 f:Edgy = 8 £87:3f5 S5y

= o®? SEE82%F . i & SoBEES55 BB

s an T ES Q v 22 R22£2°3 55,3

o N S o e <2 = - S /A 506387 = 8
o 3@ BZ 23 2 Ss32,3° 8% %

Pz F > Pz RPN -

ET o 8.5 0N < S EZ 280U~ oS o?

EoCEE N ss =257 =29

SS g E < o o 8838525 a8

= c = =) o, 820z 8 o = =

Sz E3% SrEE-3E g

— = N g o = 9 3 = M = @

.mWWanlm .mbmmw%,n HM%

93 a 8 o ©° o o 9 =] & @ .= n_yD =

52558 E3 SE 5T 3 e 2

S =22 0% ~ g < 0o 5 9 =

=t = 28 28°8 o = sE2o s> 228

- N ol o oS o3S = H @ o i S2E.v BB
3 o Sh=t ORI o o A= 59098s 2385

= w2 S5 2 225588 £S5

Amysusg ETSEEadz fapsuag ZT5E2~35% © &=

(S0° > d 1891 arenbs-140) 1uBOYIUSIS A[[RONISIR]S SAN|RA

"BIBP MIJ 00] JO dSNBIAQ J[QB[NI[ED 10U ‘DN "SPUas[ 10J 7 Pue | SI[qe] 99§

ON ON (T6'81-61°0) 88'1 (1€°92-91°0) 80'C H(€6VLY—S9°TI) 0S'LL 16°89-LT° 1) 956 (6£7T-C00) TTO dsA
(LTTz0T0) 11T X (16'9-6T°0) T€'1 (S8°6-+1°0) LT'T (LT'LT-61°0) 68°C (T8°L-6T°0) 0S°1 L19°61-61) 91°9 VA
SYYS—TTY) L1°ST (LT9-0T0) €1'T X SLLETET) 99°TT LI8YT—€H'€) TT6 (SL'T€£0) 960 H(SOPT-L8€) €S°L AV
L€V PT-LTT) 9SS (0$°T1-92°0) T8'1 L(r8°6TCIE) ¥9°6 X (81°€11-89°6) 60°€€ (18'89-6T°9) +L°0T (T0'8-56'0) 9L'T ad
EL°0T€€T) ST'S (T9°€1-6¥°0) 85T SYLT-65T) €L°9 «(81°T6—+0°L) 8°ST X P8 1-C1°0) LY'0 «(P6LT88F) 89°11 AL
(01°S1-88°0) S9°€ (90°S—L1°0) €6°0 (St'e—tv0) 0T'1 «(89'76-0L"L) 66'9T (88 1-11°0) S¥°0 X +(FO'ST-78°¢) 8S°L qv
L11°05-0T°€) 99°C1 HL6€°61-+481) L6'S {LE9T-9EY) '8 «(80°€T-L0'T) $L'E (€8°L6-98°9) 1191 08 P1—€97¢) €€°L X AN
(ID %S6) 4O (ID %S6) 4O (ID %S6) 4O (ID %S6) 4O (ID %S6) 4O (ID %S6) IO (ID %S6) YO 10308
AHD VA av ad dL av AN ysry

‘110T PUB 661 UoaM1dq 3917 Jo [endsoy Suryoea],
oumbyg o) jo juounredo SUIDIPIJAl [BUINUT o) JB PAIIdJal spoojquirem 78¢‘z jo uonemndod e ur peje[no[ed aInjrej 11eay 9A1SOSU0D pue ‘BIWUYIAYLIE JR[NOLIJUIA
‘uone[[uqy [eLje ‘suoneisingal renaes SurdojoAdp Jo 1030BJ YSII SB OSBISIP ORIPIBD B JO 20uasaId o) JO S[BAIDIUI d0UIPYUOD pUB 0Nkl Sppo pasnlpy  °¢ dqe],



1568 Leroux et al

developing MR. However, to the authors’ knowledge,
no study has tested this hypothesis statistically. In the
present population, a t-test comparison between con-
trol horses and MR affected horses showed that horses
with MR were heavier than control horses, but when
considering warmbloods only, MR was not associated
with BW.

In the present study, AF had a prevalence of 2.3%,
which is consistent with previously described preva-
lence of 0.3-2.4%.%%2%32 This wide range of observed
prevalence could be explained by study population
characteristics and by the cause of the AF. Some pre-
vious studies were predominantly performed on race-
horses and considered only lone or paroxysmal
AF,**?° whereas in the present study, more cases
developed AF secondary to underlying cardiac disease
as AF was significantly associated with MR, TR, and
PR. AF was also more frequently observed in warm-
bloods and trotters than in other breeds. Trotters were
already described as more frequently affected by
AF.**33 Concerning the suspected predisposition of
warmbloods for AF, a reason could be an effect of
BW rather than breed. Indeed, in the studied popula-
tion, warmbloods were overrepresented and, when the
breed effect was deleted analyzing only warmbloods,
an effect of BW was still present. Calculation of the
adjusted OR and CI in warmbloods showed that
horses weighing more than 550 kg presented signifi-
cantly more AF than middle-weight horses. Moreover,
a ROC curve allowed setting 542 kg as the cutoff value
above which the risk of AF increases. This cutoff value
is higher than the mean BW of the studied population
(492 + 132 kg) and could indicate that heavier and
larger horses could be more at risk of developing AF
as their larger left atrium size could favor the re-entry
mechanisms as previously suggested by others
authors.*** On the contrary, no significant age and
sex effect have been observed in the present study,
which did not confirm previous observations in
racehorses.?>2%3%33

The prevalence of AR observed in the studied popu-
lation (2.1%) was slightly lower than in previous stud-
ies,'*!> but depends highly on study population
characteristics.! Thoroughbreds and warmbloods pre-
sented AR more frequently than other breeds, but the
thoroughbreds in this study population were older and
not in race training (9.5 4 5.5 years), unlike the trot-
ters, which were younger (7.0 + 6.2 years) and mostly
still in training. Age differences could partly explain
the different prevalence of AR in each breed. Indeed,
as suggested by several previous studies'>'* but never
statistically demonstrated, the main risk factor in the
present study for AR was age. Middle-aged horses
were significantly more associated with AR than young
but less than horses aged between 15 and 25 years and
horses aged more than 25 years. A cutoff value of
13.5 years above which horses were at higher risk to
develop AR, was calculated. The present study also
showed that sex could be a predisposing factor in the
studied population, with stallions presenting signifi-
cantly more frequently AR compared to geldings. To

the authors” knowledge, the predisposition of stallions
to develop AR has not been previously reported, but
aortic root diseases and especially aortic root rupture
have been regularly reported in breeding stallions.*>¢
Aging and male sex have been demonstrated to be the
clinical determinants of human AR.? and the same
could be true in horses.

TR prevalence has already widely been described in
thoroughbreds and trotters®'>'® and can reach 13% in
national hunt thoroughbreds.” In the selected mixed
population of the present study, TR prevalence was
much lower (1.7%) but was significantly higher in trot-
ters and thoroughbreds in which it reached 4.6 and
3.8%, respectively. This relatively low prevalence of
TR could be because of the small number of horses in
racing included in the studied population. In previous
studies, mild TR was also included,>'® or diagnosis of
TR was based on murmurs audible on auscultation,®!?
noticeably increasing its prevalence compared to the
present study in which only moderate and severe TR
were included.

Results obtained for PR might be more questionable
because of the definition of the inclusion criteria for
controls. Indeed, the major problem to interpret PR
prevalence was the common lack of a murmur associ-
ated with this disease; therefore, horses with moderate
or severe PR might have been included as controls.''°
The prevalence of moderate or severe PR was very low
(1%) and was not observed as an isolated finding in
any of the studied animals. Therefore, it seems possible
that horses without other regurgitation but with a sub-
stantial undetected PR were included in control horses.
Risk factors for PR have been poorly studied, and this
cardiac abnormality is in most cases considered to
occur secondary to pulmonary hypertension.'?

Prevalence of CHF was lower than 1% in the stud-
ied hospital-based population, but rose to 10% in
horses presenting clinically important cardiac disease.
Few data on the prevalence of CHF are available and
only 1 study has reported 7.9% of death attributed to
cardiac problems among a population of middle-aged
and older horses.'* In the present study, warmbloods
were overrepresented with 28 of the 29 horses present-
ing CHF; this prevalence was significantly higher than
in other breeds. Moreover, horses with CHF were
older and heavier than control horses. In the literature,
CHF has been reported in various horse breeds and in
a wide age range, > including foals and yearlings,
which were not included in the present study. There-
fore, CHF associated with nonviable congenital car-
diac defects were not studied. When studied within
classes (logistic regressions), BW and age were not
identified as risk factors for CHF. On the contrary,
AF and all valvular regurgitations except AR were
identified as risks factors for CHF. The results of this
study were in agreement with previously suspected
causes of CHF in horses and could indicate that AR
could be the valvular regurgitation with the lowest risk
for resulting in CHF.>'* In the studied population,
MR was the most important cardiac disease as risk
factor as it was associated with CHF but also with
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TR, PR, AF, and VA, probably because of enlarge-
ment of the left atrium, pulmonary hypertension, and
cardiac decompensation, as already suggested.”'!!?
TR was an important risk factor for AF and CHF >
On the other hand, AR was not a direct risk factor of
CHF but was associated with MR most likely because
of left ventricular enlargement.! As previously men-
tioned but never statistically veriﬁed,2 "'VSD was a risk
factor for TR and AR. This could be because of its
usual location in the membranous portion of the
septum in the left ventricular outflow tract.”!

Some limitations of the present study should be
underlined. Data used in this study have been collected
over 17 years, and this time interval might have intro-
duced bias as 2 different ultrasound systems were used
and at least 5 different veterinarians performed echocar-
diography; however, case files were reviewed by the
same person (HA). Only experienced echocardiogra-
phers performed the cardiac examinations, but grading
of the severity of regurgitation can be subjective and the
technique might vary between operators and between
ultrasound systems.™ For this reason, only moderate-
to-severe regurgitations were considered as they were
less likely to be under diagnosed as compared to slight
valvular regurgitations, independently of time and of
operator. To study this possible bias, a formal statistical
analysis was performed to assess the time effect (chi-
square test for each valvular disease): no significant dif-
ference was observed, suggesting that the proportion of
cardiac cases related to the total population of horses
was the same over this period even in the first tertile.
Moreover, there was no significant effect of the different
ultrasound systems as only the first machine was used
during the first tertile and only the second machine was
used during the last tertile.

Another important bias was the fact that the major-
ity of control horses of this study were not submitted
to echocardiography and ECG. Despite the absence of
a grade 3 or higher cardiac murmur, the presence of
moderate or severe valvular regurgitation could not be
ruled out completely in these horses.” The likelihood
that a control horse would have such regurgitation or
cardiac arrhythmia is very low as all animals included
in the study were submitted to a thorough clinical
examination, including extensive cardiac auscultation.
However, it cannot be fully ruled out that cardiac
murmurs or arrhythmias were missed in cases that
were classified as controls. Horses included in the
study were all referred to the equine teaching clinic of
the University of Liege. Therefore, none of them can
be considered free of disease and the observed results
in the studied population might not represent a popu-
lation of normal horses. In this study, cardiac abnor-
malities were described more commonly in
warmbloods, thoroughbreds and trotters than in draft
horses and ponies; this could be a result of owners
more readily demanding investigation of a possible
cardiac problem in the overrepresented breeds as ath-
letic performance is more often required.”'® Therefore,
cardiac problems in draft horses and ponies might
have been underestimated.

In conclusion, the prevalence of valvular regur-
gitations, AF, VA, VSD, and CHF observed in our
hospital-based population were in accordance with
previously described prevalence.”'!'> Various risk fac-
tors of these cardiac diseases were statistically demon-
strated in the studied population: Aging and male sex
appear to predispose to AR, middle-age appears to be
a risk factor for TR, and AF was significantly more
common in larger and heavier horses. Cutoff values
above which horses were predisposed have been calcu-
lated for age for AR and BW for AF. Many horses of
this selected population presented multiple concurrent
cardiac abnormalities; therefore the risk of developing
a cardiac abnormality in the presence of another could
be high. In case of cardiac murmurs or cardiac ar-
rhythmias and in the presence of demonstrated risk
factors, ECG and Doppler echocardiography should
be highly recommended to diagnose and to evaluate
the severity of any cardiac abnormalities and to iden-
tify potential signs of evolution into CHF, including
the presence of multiple cardiac diseases and enlarge-
ment of the cardiac chambers.

Footnotes

% Vingmed System Five, model SN293, with a 2.5 MHz phased
array transducer GE SN1180 probe, General Electric Ultra-
sound, Zaventem, Belgium

> Vivid i, Software version 9.1.0, with a 1.5-3.6 MHz phased
array transducer GE 3S-RS probe, General Electric Healthcare
Europe GMBH, Diegem, Belgium

¢ Vista, Novacor, Rueil-Malmaison, France

9 Model 8240K, Nihon Kohden Corporation, Tokyo, Japan

¢ Statistical Analysis System, version 9.1, SAS Institute Inc, Cary, NC
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