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Abstract
Objectives This study aimed to identify indicators of the risk of progression of preclinical hypertrophic cardiomyopathy
(HCM).

Methods This was a prospective cohort study following a population of cats with preclinical HCM. Cats serially
underwent physical examination, blood pressure measurement, blood sampling and echocardiography.
Development of congestive heart failure (CHF), arterial thromboembolism (ATE) or sudden death (SD) were
considered cardiac-related events. Associations between factors recorded at baseline, and on revisit examinations,
and the development of a cardiac-related event were explored using receiver operator characteristic (ROC) analysis.
Results Forty-seven cats were recruited to the study and were followed for a median period of 1135 days. Fifteen
cats (31.9%) experienced at least one cardiac-related event; six CHF, five ATE and five SD. One cat experienced
a cardiac-related event per 10.3 years of patient follow-up. Cats with increased left atrial (LA) size and higher
concentrations of N-terminal pro B-type natriuretic peptide (NTproBNP) at baseline were more likely to experience
an event. Cats with a greater rate of enlargement of LA size between examinations were also more likely to
experience an event.

Conclusions and relevance Factors easily measured, either once or serially, in cats with preclinical HCM can help

to identify those at greater risk of going on to develop clinical signs.
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Introduction

Hypertrophic cardiomyopathy (HCM) is the most
prevalent cardiac disease in cats.! It is estimated to
affect as many as 16% of domestic cats.!=* With the UK
population of pet cats thought to number approxi-
mately 11.1 million* there could be over a million
affected cats in the UK.

Although in some cats HCM is a progressive disease,
many cats remain free from clinical signs for years.5®
Some cats do develop serious clinical complications,
including congestive heart failure, thromboembolism
and sudden death.®® The challenge for veterinary sur-
geons is to distinguish those cats at greater risk of having
progressive disease from those more likely to remain
stable.

Information of prognostic value can be gained from
signalment and clinical examination. Cats younger at the
time of diagnosis have been shown to have a longer

survival time.5° The presence of an arrhythmia and an
audible gallop have been associated with a worse out-
come!? and a detectable arrhythmia has been associated
with a greater risk of sudden death.!!

Echocardiography has consistently been shown to
provide information of prognostic value in cats with
HCM. Increased left atrial (LA) size has been associated
with a shorter survival time and a higher likelihood of
developing congestive heart failure, thromboembolism
or experiencing sudden cardiac death.5%11-13 Greater left
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ventricular wall thickness has also been associated with
a greater risk of death.810

More recently, two studies have demonstrated that
measurement of cardiac biomarker concentrations may
be of prognostic value.'*15 Both studies showed that
higher concentrations of circulating troponin were
associated with a worse outcome. The study by Borgeat
et al'* also demonstrated that an N-terminal pro B-type
natriuretic peptide (NTproBNP) concentration of
greater than 250pmol/l was associated with an
increased risk of cardiac death; however, this did not
remain independently associated with a worse outcome
when the presence of clinical signs and LA size were
accounted for.

The majority of studies of feline HCM in the literature
have been retrospective studies and have described pop-
ulations of cats seen at referral centres by specialists.
There is limited information about risk indicators in cats
with preclinical HCM seen by non-specialists, outside
the setting of a referral hospital. The aim of the current
study was to prospectively follow a population of cats
diagnosed with preclinical HCM, repeating clinical
examination, systolic blood pressure measurement,
blood tests (including cardiac biomarkers) and echocar-
diography approximately annually.

We hypothesised that in a population of cats with pre-
clinical HCM, some of these measurements would be of
prognostic value and serial measurements would give
additional valuable information regarding outcome.

Materials and methods

Setting

Cats with HCM were identified from among cats with
heart murmurs that were referred for further investiga-
tion from first-opinion veterinarians in northern England
to one of two investigators, both RCVS cardiology cer-
tificate holders (VI and PT), between July 2010 and
November 2015. Cats underwent examination either in
the practice in which they would normally be examined
or in another primary care practice near to their usual
practice. Owners gave informed consent for their cats to
be enrolled in the study. All the procedures undertaken
as part of the study were standard diagnostic and moni-
toring procedures appropriate for patients with preclini-
cal HCM and therefore the protocol did not undergo an
ethical review. The study underwent review, and was

funded, by PetSavers.
Cats underwent a full clinical examination, systolic
blood pressure measurement, blood tests and

echocardiography.

Physical examination

A complete physical examination was performed at each
point of contact with each patient. Body weight, body
condition score and pulse quality were recorded.

Murmur intensity, the presence or absence of gallop
sounds, the presence or absence of arrhythmias, heart
rate and lung sounds were noted after thoracic
auscultation.

Blood pressure measurement

Systolic blood pressure was measured non-invasively by
Doppler sphygmomanometry (Ultrasonic Doppler flow
detector, Model 811-B; Parks Medical Electronics) prior
to collection of blood. Cuffs were placed on the right or
left forelimb, and a mean of three consecutive readings
was recorded.

Blood tests

Blood was collected by jugular venepuncture into plain,
serum gel and EDTA tubes. After clotting, plain tube
samples were centrifuged and the serum transferred to a
clean plain tube. The serum gel and an EDTA tube were
centrifuged within 5mins of collection. EDTA plasma
was then separated into a plain tube. A separate EDTA
tube was submitted to the laboratory with a freshly pre-
pared blood film. Samples were refrigerated and then
sent via courier to a commercial laboratory (IDEXX
Laboratories) for the following tests: urea, creatinine,
glucose, alanine aminotransferase (ALT), sodium, potas-
sium, total thyroxine, cardiac troponin I (cITnl; Beckman
Coulter high sensitivity TnI), NTproBNP (first-generation
Cardiopet proBNP assay until August 2013; second-
generation Cardiopet proBNP assay thereafter) and a
complete blood count.

Echocardiography

For each echocardiographic examination, cats were
clipped and placed in right and then left lateral recum-
bency on an ultrasound examination table. An ultra-
sound unit equipped with a 3.5-8 MHz probe and
electrocardiogram (ECG) monitoring (Vivid-I, 7S-RS
probe; GE Medical Systems) was used for all examina-
tions. Each cat had all echocardiographic examinations
performed by the same observer.

A standard echocardiographic examination was
performed!® using the 7S-RS probe at an appropriate
frequency setting to optimise image quality. Simultan-
eous ECG monitoring was achieved for all cats except
those intolerant of the ECG leads. Images were digitally
stored, and measurements were obtained from still or
looped images. All reported linear measurements were
obtained from two-dimensional images. Echocardiogra-
phic variables obtained were the average of at least
three measurements from discrete cardiac cycles. The
following parameters were measured at each echocar-
diographic examination. The LA long axis measure-
ment, that is, the maximal dimension parallel to the
plane of the mitral annulus measured at end-ventricular
systole, was measured in the frame just before the mitral
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valve opening.l”” The LA and aortic dimensions were
obtained from short axis images. They were measured
on the first diastolic frame obtained after closure of the
aortic valve. The aorta was measured parallel to the
commissure of the right and non-coronary aortic valve
cusps. The LA dimension was measured parallel to the
commissure of the left and non-coronary aortic valve
cusps. The left atrium to aortic ratio (LA:Ao) was then
calculated.!®

The thickness of the left ventricular free wall and
interventricular septum were both measured in dias-
tole using the leading edge method.! Focal or general-
ised hypertrophy was characterised by a thickness of
=6mm.? The left ventricular outflow tract maximal
velocity was recorded from the left parasternal long axis
view. In addition, the presence or absence of the follow-
ing were noted: systolic anterior motion of the mitral
valve (SAM); chordal anterior motion (CAM); and
whether a dynamic left ventricular outflow velocity
profile was observed.?

If sedation was needed in order to complete the exam-
inations, 2.5mg/kg ketamine (Anaestamine; Animalcare)
and 0.25mg/kg midazolam (Hypnovel; Roche) were
given intravenously via an IV cannula.

Enrolment criteria
Cats were recruited to the study during the period from
July 2010 to November 2015.

Cats were considered eligible for inclusion in the
study if diagnosed with preclinical HCM. HCM was
diagnosed if evidence was found of left ventricular seg-
mental or diffuse hypertrophy of unknown origin (inter-
ventricular septum [IVS] and/or left ventricular free
wall [LVFW] thickness in diastole was =6 mm).8

Cats were excluded if they were found to have a car-
diac disease other than HCM, clinical signs associated
with HCM or other clinically relevant disease including
hypertension, hyperthyroidism, diabetes mellitus, anae-
mia (a red blood cell count below the reference interval
of the laboratory) and azotaemia.

After the initial diagnosis, owners of cats with an aor-
tic velocity of =4m/s were offered the option of using
atenolol at a dose rate of 6.25mg g24h or q12h. No other
cardiac medication was offered at this stage.

Follow-up
Re-examinations were scheduled at approximately
yearly intervals for 2 years after the baseline visit. At
re-examination, cats underwent the same tests as were
performed at baseline. Examinations performed on
individual cats were always repeated by the same
investigator.

If follow-up echocardiography showed LA enlarge-
ment, clopidogrel for prevention of thromboembolism
was discussed with the owners. If used, the dose was

18.75mg q24h. Atenolol treatment was stopped if atrial
dilation was noted.

Cats were followed until they experienced a cardiac-
related event, were lost to follow-up, died (of any cause)
or the study was concluded. A cat was considered to
have experienced a cardiac-related event if any of the
following occurred: the cat experienced a thrombo-
embolic event, developed signs consistent with conges-
tive heart failure (CHF) that required treatment or
experienced sudden death assumed to be cardiac in
origin.

Diagnosis of arterial thromboembolism (ATE) was
made on the basis of characteristic clinical signs of the
occlusion of arterial blood supply to at least one limb. A
diagnosis of CHF was made on the basis of a cat devel-
oping clinical signs of tachypnoea and dyspnoea in the
absence of another cause. The presence of the following
was considered to corroborate a clinical diagnosis of
heart failure: audible pulmonary crackles; a response to
diuretic therapy; pulmonary infiltrates on a thoracic
radiograph; and/or a pleural effusion on thoracic ultra-
sound. A cat was considered to have experienced sud-
den death as its first cardiac-related event if it was found
dead by the owner having been known to be normal less
than 24 h prior to being found dead in the absence of an
alternative explanation for the death.

The study was concluded in March 2018. The primary
outcome of interest was whether or not a cat experienced
a cardiac-related event during the period of follow-up.

The following variables were recorded at baseline: sex
(male/female); age (years); and breed (pedigree/not).
The following variables were recorded at baseline and at
each re-examination: body weight (kg); heart rate (beats
per minute [bpm]); murmur intensity (/6); systolic
blood pressure (mmHg); blood urea nitrogen (mg/dl);
NTproBNP (pmol/l); cInl (ng/ml); maximum left ven-
tricular wall thickness in diastole (mm); LA:Ao; LA
diameter in long axis; maximum aortic velocity (m/s);
treated with atenolol (yes/no); and the presence of an
arrhythmia (yes/no).

The upper limit of detection of the NTproBNP assay
was 1500 pmol/1; cats with values above the upper limit
were ascribed a concentration of 1500 pmol/1.

An a priori power analysis was not conducted but the
study planned to recruit 50 cats.

Statistical analysis

Descriptive statistics for continuous variables are
reported as median values and range; for categorical and
ordinal variables, they are reported as frequency and
proportions.

Variables at baseline were compared between cats
that went on to experience an event and those that did
not. Continuous variables were compared using an
independent samples Mann-Whitney U test. Categorical
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variables were compared with a x? or Fisher’s exact test
as appropriate.

Those variables where the distribution differed signifi-
cantly between cats that experienced an event and those
that did not were evaluated further for their ability to dis-
criminate between the two groups using receiver operator
characteristic (ROC) analysis. A cut-off value was calcu-
lated with the best discriminatory ability on the basis of
the co-ordinate points of the ROC curve and commonly
used cut-off values.

For the two variables shown by the ROC analysis to
best discriminate between cats experiencing an event
and those that did not, the predictive ability of combin-
ing these variables was examined. Cats were classified as
having none, one or both values of these variables above
the cut-offs determined by the ROC analysis and the
proportions of cats in each group were compared for
likelihood of experiencing an event.

Time to event analyses were undertaken comparing
cats with neither, one or both values of variables above
the chosen cut-offs using Kaplan-Meier and log-rank
analysis. Cats that were lost to follow-up, died of a non-
cardiac cause or survived until the end of the study were
right-censored in the analysis at the point of their last
known contact with investigators or the time of death.

Finally, a graph was plotted with values of the two
variables on the axes illustrating those cats that did and
did not experience an event.

To determine whether cats at risk of an event could be
identified by repeated measurement of characteristics
identified to be associated with the likelihood of an event
at baseline, the following analyses were undertaken. For
those variables that differed significantly between cats
that subsequently experienced an event and those that
did not at the baseline visit, values for the absolute
change in the variable ([measurement at visit n+1] —
[measurement at visit n]) and the percentage change in
the variable between visits were calculated (100*[(meas-
urement at visit n+1) — (measurement at visit n)]/[meas-
urement at visit n]). The absolute and percentage change
of each variable from the previous visit were compared
between cats that subsequently experienced an event
and those that did not. For those variables that demon-
strated a significant difference between groups, an
ROC curve was plotted using the absolute or percentage
change in the variable as the discriminator and
subsequent event yes/no as the outcome.

Results
Forty-seven cats were diagnosed with preclinical HCM
and recruited to the study. Baseline characteristics of the
cats are summarised in Table 1.

Of the 47 cats, 15 experienced at least one cardiac-
related event (32%); six developed signs consistent with
CHF (13%), five experienced sudden death (11%) and

five experienced ATE (9%). One cat experienced CHF
and ATE concurrently. Four cats experienced death
owing to non-cardiac causes (9%). Twenty-eight cats
(60%) were alive and known not to have experienced a
cardiac-related event at the time of last contact with the
investigators. Figure 1 is a flow chart illustrating the out-
come for all 47 cats recruited to the study.

The median time of follow-up for all cats in the study
was 1135 days (range 215-2456 days); that is, greater
than 3 years. The median time in the study for those cats
that experienced an event was 1016 days (range 215-1811
days). The median time in the study for those cats that
did not experience an event was 1210.5 days (range 264—
2456 days). In total there were 56,444 days (154.6 years)
of patient follow-up, meaning that there was one event
per 10.3 years of patient follow-up, giving an incidence
rate of 9.7% (95% confidence interval [CI] 5.4-16%) per
year.

Eight cats required sedation in order to perform at
least one of their echocardiographic examinations. Seven
cats required sedation at the first examination, of which
five were subsequently examined (once, n =2; or twice,
n = 3) without the need for sedation. One cat sedated at
the initial examination required sedation at both subse-
quent examinations and one cat required sedation at the
second re-examination only. One cat that did not require
sedation at the baseline visit and first re-examination
required sedation for the second re-examination.

Baseline variables that differed significantly between
cats going on to experience an event and those that did
not were as follows: LA:Ao (P <0.001), NTproBNP con-
centration (P=0.001) and LA long axis measurement
(P =0.025). For all three variables, values were higher in
the group of cats that went on to experience an event.

Results of the ROC analysis testing the ability of these
three variables to discriminate between those cats that
went on to experience an event and those cats that did
not are illustrated in Table 2. Cut-off values are derived
from the co-ordinate points of the ROC curves for the
two most promising discriminators and the sensitivity,
specificity and positive and negative likelihood ratios
calculated on the basis of these cut-offs.

The numbers of cats experiencing an event (and not
experiencing an event) according to whether they had
none, one or both risk indicators above the proposed cut-
offs are reported in Tables 3 and 4. A Kaplan-Meier
graph illustrating the proportion of cats remaining free
of an event against time for the three groups of cats (nei-
ther risk indicator elevated, one risk indicator elevated
and both risk indicators elevated) is shown in Figure 2.
Cats without either risk factor were significantly less
likely to experience an event compared with those with
one factor (P =0.018) and cats with both risk factors (P
<0.001). The median time to event was not reached in
the group with neither risk factor. The median time to
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Table 1 Baseline characteristics of cats recruited to the study

Values in bold indicate P <0.05. Continuous and ordinal data are reported as median (range). Nominal data are reported as n (%)
HCM = hypertrophic cardiomyopathy; BUN = blood urea nitrogen; NTproBNP = N-terminal pro B-type natriuretic peptide; cTnl = cardiac
Troponin |; LA:Ao = left atrium to aortic ratio; LA long = left atrial long axis measurement

event was 1693 days (95% CI 665-2720 days) for cats
with one risk factor and 1016 days (95% CI 647-1384
days) for cats with both risk factors; however, the differ-
ence between these groups was notsignificant (P = 0.124).

A graph illustrating the concentrations of NTproBNP
and LA:Ao of individual cats measured at baseline is
illustrated in Figure 3.

A significantly greater proportion of cats that experi-
enced an event received atenolol at some point during
their follow-up (P = 0.046).

At the first re-examination, the absolute and percent-
age change in LA:Ao, LA long axis measurement and
NTproBNP concentration did not differ between cats
that went on to experience an event and those that did
not (Table 5). At the second re-examination, the absolute
and percentage change in LA:Ao from the previous visit
were greater in cats that went on to experience an event

(Table 6). The absolute change in the NTproBNP concen-
tration was lower in those cats that went on to experi-
ence an event compared with those that did not (Table 6).
The absolute and percentage changes in LA:Ao were sig-
nificantly associated with the likelihood of an event in
the ROC analysis (Table 7). As can be seen from Figure 1,
10 events occurred after the second re-examination and
data were only available for nine of those cats, represent-
ing only 60% of all cats that experienced an event.

Discussion

This is the first study to prospectively follow a cohort of
cats with preclinical HCM managed in a primary care set-
ting by non-specialists. It provides additional informa-
tion about the natural history of this common disease,
confirms the value of known echocardiographic risk indi-
cators and demonstrates the value of measurement of
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47 cats recruited to the study

2 cats LTFU without «

4 cats experienced event without
undergoing further examination

further examination
264 and 1234 days AFE

215-1050 days AFE

1 cat LTFU without
further examination

41 cats undergo first re-examination
294-649 days AFE
median 390 days

817 days AFE

3 cats experienced

| 1 cat experienced an event

non-cardiac death
718 — 1046 days AFE

322 days AFE

4 cats alive and well
1107 — 2169 days AFE

32 cats undergo second re-examination
615-1001 days AFE
median 784 days

g

21 cats alive and well
819 — 2456 days AFE

1 cat experienced

1773 days AFE

non-cardiac death

10 cats experienced an event
864 - 1811 days AFE

Figure 1 Flow diagram indicating the outcome and time to outcome for the 47 cats recruited to the study. AFE = after first

examination; LTFU = lost to follow-up

Table 2 Area under the receiver operator characteristic (ROC) curves and their 95% confidence intervals (Cls) for the
ability of the listed variables to discriminate cats that will go on to experience an event from those that will not

AUC = area under the curve; LA:Ao = left atrium to aortic ratio; LA long = left atrial long axis measurement; NTproBNP = N-terminal pro B-type

natriuretic peptide

circulating biomarkers in identifying cats at greater risk
of going on to experience a cardiac-related event. It also
provides information regarding the value of serial evalu-
ation of risk indicators.

The findings in the described population of cats con-
firm that many cats with preclinical HCM can live
for long periods without experiencing a cardiac-related
event. It has previously been reported that for many cats
with HCM, particularly those that are free of clinical signs
at the time of diagnosis, the disease can be a relatively

benign and slowly progressive or non-progressive.>¢12 In
the current study, during more than 150 years of patient
follow-up only 15 cats experienced cardiac-related events,
occurring at a rate of one event per 10.3 years. The three
individual events that were considered cardiac-related
events, the onset of CHF, ATE and sudden or unexpected
death, occurred with similar frequency. In the population
as a whole, fewer than one third of the affected cats expe-
rienced an event in a period of follow-up of, on average,
3 years.
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Table 3 Number of cats above and below the cut-off
values for the two risk indicators identified

Data are presented for the 46 cats for which the values of both
variables were known at baseline. The number of cats in each cell
is presented as the total number, followed by the number of cats
that experienced the event in bold/the number of cats that did not
experience an event (percentage of cats that experienced an event)

LA:Ao = left atrium to aortic ratio; NTproBNP = N-terminal pro B-type
natriuretic peptide

Table 4 Number of cats (percentage) experiencing an
event and not experiencing an event according to whether
they had none, one or two of the identified risk indicators
above the proposed cut-off

-
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o
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Percent not yet
experiencing an event
(5]
o
h

"

0 1000 2000
Time (days)

3000

Figure 2 Kaplan—-Meier plot indicating the proportion of cats
that had not yet experienced an event against time according
to whether they had none, one or two of the identified risk
indicators above the proposed cut-off values

Many previous studies have demonstrated the value
of LA:Ao as an indicator of cats at greater risk of an
adverse outcome.>%!1-13 In the current study, this result
was confirmed with cats having an LA:Ao =1.5 being
approximately four times more likely to experience a
cardiac-related event. The current study also demon-
strated that NTproBNP concentrations, when consid-
ered in isolation, were of similar predictive value to
LA:Ao. Cats with a concentration =700 pmol/1 were also
approximately four times more likely to experience a
cardiac-related event. These markers appeared to be
complementary in their ability to identify cats at higher
risk. Cats with values of both indicators above the cut-off
were the most likely to experience an event and did so
more quickly.

In contrast to previous studies,#!5 cTnl did not prove
to be a useful indicator of the risk of a cardiac-related

2.5+
‘e
2.0' .. 8
o
< °
5 ° :
‘e
154 0. 0@
° : *
( o o o
% ®e .o ¢ o ¢
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104 % o °
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Figure 3 Dot-plot showing the baseline values of N-terminal
pro B-type natriuretic peptide (NTproBNP) concentration and
left atrium to aortic ratio (LA:Ao) for all cats in the study for
which both measurements were available. Cats indicated by
coloured dots went on to experience an event, cats indicated
by black dots did not experience an event in the period of
follow-up. Cats indicated by a blue dot developed congestive
heart failure. Cats indicated by a red dot experienced
sudden death. Cats indicated by a yellow dot experienced
thromboembolism

event in this population. One possible reason for this is
that the cats recruited into this study were all at the pre-
clinical stage of their disease. If the release of troponin
from myocardium is a late event in the course of HCM
then it may only be a good indicator of risk in popula-
tions including those in the later stages of their disease;
that is, those not at the preclinical stage of the disease.
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Table 5 Absolute and percentage change in left atrium to aortic ratio (LA:Ao), N-terminal pro B-type natriuretic peptide
(NTproBNP) concentration and left atrial long axis measurement (LA long) compared between cats that went on to
experience an event and those that did not at the first re-examination

Owing to missing data for at least one visit: values for absolute and percentage change in the LA:Ao and LA long were only available for 10 cats
in the event group; and values for absolute and percentage change in NTproBNP concentrations were only available for 10 cats in the event
group and 29 cats in the group that did not experience events

Table 6 Absolute and percentage change in left atrium to aortic ratio (LA:A0), N-terminal pro B-type natriuretic peptide
(NTproBNP) concentration and left atrial long axis measurement (LA long) compared between cats that went on to
experience an event and those that did not between the first re-examination and the second re-examination

Owing to missing data for at least one visit, values for absolute and percentage change in LA:Ao and LA long were only available for nine cats
in the event group and 21 cats in the group that did not experience events. Values in bold indicate £<0.05

Another possible reason for the lack of demonstrated Both of the identified risk indicators, LA:Ao and
association is that the population described in the cur- NTproBNP, were evaluated serially in this population.
rent study is relatively small; however, this cohort is Cats that subsequently experienced a cardiac-related
larger and was followed for longer than both of those event appeared to have a greater absolute change and
previously described.'#1> percentage change in LA:Ao in the time interval prior to
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Table 7 Area under the receiver operator characteristic (ROC) curves and their 95% confidence intervals (Cls) for the
ability of the absolute change in left atrium to aortic ratio (LA:Ao) and percentage change in LA:Ao between the first and
second re-examinations to discriminate cats that go on to experience an event from those that do not

Variable AUC for 95% Cls for Pvalue
ROC curve AUC

LA:Ao 0.902 0.751-1.0 <0.001

absolute

change

LA:Ao 0.836 0.665-1.0 <0.001

percentage

change

AUC = area under the curve

their experiencing the event. This suggests there is value
in serial monitoring of LA:Ao. However, it is worth
noting that fewer than two thirds of the cats (30 in total)
contributed data to this analysis. Some cats had already
experienced the event before they were re-examined or
their owners chose not to return for subsequent exami-
nations. Clearly, serial measurements can only be of
value in those patients in which they can be obtained.
Methods of prognostication for cats that are only seen on
a single occasion must also be used because cats may
experience an event before they are re-examined and
owners may not be willing to wait for a second examina-
tion before an opinion on their cat’s likelihood of experi-
encing an event is given.

Unexpectedly, those cats that experienced an event
had a lower absolute change in NTproBNP concentra-
tion between their first and second re-examination. This
may be a consequence of there being an upper limit for
the highest concentration of NTproBNP that can be reg-
istered by the assay involved. Cats with concentrations
above 1500 pmol/I that had an increase in concentration
would not be correctly identified by this method of
measurement. This would mean the analysis would only
correctly recognise elevations in cats that initially had
lower concentrations, but not in those that initially had
high concentrations. It makes it doubtful, using the cur-
rent assay, that there will be value in serial measurement
of NTproBNP in cats despite the concentrations meas-
ured at the first visit being good indicators of risk.

It is interesting to note that the cut-off value in this
study proposed to distinguish cats at greater risk was
700 pmol/1. This is considerably higher than cut-offs that
were previously proposed to distinguish cats in heart
failure from those with respiratory distress due to other
causes, and higher than cut-offs proposed to distinguish
cats with preclinical cardiomyopathy from cats without
cardiomyopathy.?! There may be several reasons for this.
First, the feline NTproBNP assay has been through sev-
eral iterations and it may be that absolute values obtained
from earlier versions of the assay are not directly

Sensitivity of
proposed
cut-off (95% CI)

0.889 (0.565-0.98)

Specificity of
proposed
cut-off (95% CI)

0.905 (0.711-0.973)

Proposed
cut-off value

0.12

8.04% 0.778 (0.453-0.937) 0.81 (0.6-0.923)

comparable with those from more recent iterations.
Second, every cat in the current study was known to
have heart disease and the differentiation being made is
between those with ‘worse” heart disease and milder
heart disease. This may mean that a higher cut-off is
required to distinguish those two groups compared with
a cut-off being used to distinguish cats without heart
disease from those with heart disease.

Treatment with atenolol was offered to cats in which
an elevated left ventricular outflow tract velocity was
found, because at the time our study was designed it
was believed that beta-blockade may improve the out-
come in cats with preclinical hypertrophic obstructive
cardiomyopathy and such treatment was widely recom-
mended by cardiologists.?? Systematically withholding
such treatment from cats in the study was considered
unethical. However, as our study progressed a trial was
published that failed to show a benefit of atenolol admin-
istration in cats with hypertrophic obstructive cardio-
myopathy.!? Treatment was not consistently administered
in all cases in which it was prescribed. One clinical trial
had suggested that once in heart failure, cats receiving
atenolol did less well than those not receiving atenolol
and for that reason, treatment was withdrawn in cats
where evidence of disease progression was found.

A significantly greater proportion of cats that experi-
enced an event received atenolol at some point in the
duration of the study, but it should not be concluded that
this represents a detrimental effect of the treatment.
Treatment was not randomly allocated, nor were investi-
gators blinded to treatment allocation. It is possible that
there was some degree of allocation bias, with cats
administered treatment being somehow different to
those to which treatment was not administered.

The current study has several limitations. The num-
ber of cats followed in the study was relatively small;
however, there are very few large prospective studies of
cats with HCM in the literature and none conducted in a
non-specialist setting. The low number of cats and the
low event rate mean that the total number of cats
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experiencing events contributing to the analyses is only
15. The low number of events means that sub-analyses of
the three separate cardiac-related events would not be
worthwhile. It also means that multivariable analysis
cannot be undertaken. The complementary value of
measurement of NTproBNP and LA:Ao is, however, sug-
gested by analyses including the Kaplan-Meier analysis
and examination of the proportions of cats with none,
one and two elevated risk indicators going on to experi-
ence an event. To conclusively demonstrate an independ-
ent and complementary value of the two tests, a larger
study with a greater number of events would be required.

The diagnosis of HCM was made using published
guidelines by cardiologists with an advanced postgrad-
uate qualification in cardiology but was not confirmed
by a specialist or by post-mortem examination. Two
investigators made the diagnoses and carried out the
follow-up examinations on the cases described; how-
ever, the agreement between the two investigators and
the reproducibility of their findings was not evaluated.

The study was conducted over a long period of time,
during which the assay for the measurement of feline
NTproBNP was changed. This may have introduced a
confounding factor, particularly in the evaluation of
serial concentrations. The lengthy period over which the
study was conducted also resulted in the recommenda-
tions for treatment of preclinical HCM and prevention of
ATE changing during the period of the study. Treatment
was therefore variable over the period of the study and
conclusions regarding the efficacy of treatment cannot
be made.

The diagnosis of ATE was made on the basis of clini-
cal signs in the majority of cases and post-mortem exam-
ination or advanced imaging were not performed. A
diagnosis of sudden death was made on the basis of the
owner’s description and presumed to be cardiac in ori-
gin. The diagnosis of CHF was made on the basis of clini-
cal presentation and response to therapy and was not
confirmed by diagnostic imaging in every case. Confir-
mation of a diagnosis of CHF can be challenging in cats
and the performance of diagnostic imaging is not possi-
ble in every case, especially at the time of an emergency
presentation for breathlessness.

Conclusions

This study has demonstrated that a larger left atrium
and/or higher concentrations of NTproBNP on initial
examination of cats with preclinical HCM indicates those
at higher risk of experiencing CHF, ATE or sudden car-
diac death. In cats that underwent serial measurement of
LA:Ao, those with increasing LA size had a greater risk of
experiencing the same events compared with those in
which LA size was static or reduced. Although the meas-
urement of LA:Ao requires ultrasound equipment and
expertise, the measurement of NTproBNP is widely

available (through a diagnostic laboratory) and may help
to identify patients with preclinical HCM at greater risk
when echocardiography is not available.
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