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Anaemia induces haemodynamic compensatory mechanisms resulting in
volume overload and increased left heart dimensions in humans and dogs.
The aims of this retrospective study were to investigate the effects of anaemia
on echocardiographic left heart dimensions, vertebral heart size (VHS) and

radiographic evidence of congestive heart failure (CHF) in cats. Fifteen cats
fulfilled the inclusion criteria and were classified as mildly anaemic (haematocrit
(Hct) > 18—24%) or severely anaemic (Hct < 18%). Eight out of eight severely
anaemic cats had left atrial enlargement compared with 1/6 mildly anaemic cats
(P <0.005) and severely anaemic cats also had a larger median left ventricular
end-diastolic diameter (1.80 cm versus 1.27 cm, respectively; P < 0.05). No
difference was found between the groups in VHS or frequency of radiographic
signs of CHE. Despite the small sample size, these preliminary findings suggest
that severely anaemic cats are more likely to have enlarged left heart dimensions
than mildly anaemic cats.
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naemia results in a decrease in the oxygen-
A carrying capacity of the blood and, therefore,
a reduction in tissue oxygenation, prompting
a number of complex haemodynamic compensatory
mechanisms.

In response to an acute decline in haemoglobin
levels, generalised peripheral vasodilation occurs,
predominantly due to increased nitric oxide
activity.' > An acute reduction in blood viscosity
and later, recruitment of collateral circulation, also
contribute to an overall reduction in systemic vascular
resistance.*"® Cardiac afterload is thus reduced, pro-
moting an increase in cardiac stroke volume and car-
diac output, as described in both humans and dogs.*”
These acute responses are also sustained during
chronic anaemia”"" and the increased cardiac output
does not resolve immediately following correction of
the anaemia.*

Peripheral vasodilation results in a tendency towards
‘arterial under-filling’.® This results in activation of neu-
roendocrine compensatory mechanisms to promote re-
nal sodium and water retention. Such mechanisms
have been described in chronic anaemia in humans
and experimentally in dogs.”'' The neuroendocrine
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responses involved include activation of the re-
nin—angiotensin—aldosterone system, increased sympa-
thetic activit}l and the non-osmotic release of arginine
vasopressin.'! The time-scale of these neuroendocrine re-
sponses is difficult to determine precisely. It is thought
that activation of the renin—angiotensin—aldosterone
system and increased sympathetic activity occur rapidly
in response to a reduction in peripheral vascular resis-
tance.” Sustained activation of these mechanisms has
been documented in chronic anaemia in humans."" In-
creased intravascular volume stimulates the release of
atrial natriuretic peptide (ANP), itself a mediator of vaso-
dilation, later in the course of disease.'?

Chronic anaemia can lead to progressive circulatory
volume overload, by the mechanisms described
above. In humans and dogs, it has been shown that
the increase in cardiac preload leads to increased left
ventricular end-diastolic volume and in time, this vol-
ume overload can induce eccentric left ventricular
hypertrophy.”!31*

Anaemia is a common presenting complaint of cats.
However, little work has been performed in cats to in-
vestigate the association between anaemia and cardio-
vascular changes. One published case report
described cardiomegaly in a kitten with anaemia sec-
ondary to flea infestation, with subsequent resolution
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of the cardiomegalSy following normalisation of the
haematocrit (Hct).!

We hypothesised that anaemia would cause neuro-
endocrine activation that would increase the likeli-
hood of developing circulatory volume overload and
that this would manifest as increased left atrial and
left ventricular diastolic dimensions. We hypothesised
that these cats would be at increased risk of congestive
heart failure (CHF). We also hypothesised that left
heart enlargement would be greater in cats with se-
vere anaemia compared with mild anaemia. The
aims of this study were to compare left heart dimen-
sions in mildly versus severely anaemic cats, to com-
pare vertebral heart size (VHS) and to compare the
proportion of cats with radiographic changes consis-
tent with CHF in each group.

Materials and methods

Case selection

Electronic medical records of cats admitted to the
Royal Veterinary College, Queen Mother Hospital
for Animals (QMHA), between January 2003 and De-
cember 2008 were reviewed by using over 40 different
search terms. Cats were identified with anaemia on
presentation, as defined by a Hct < 24% (normal refer-
ence interval 24—45%).

Inclusion criteria were age >6 months, anaemia of
any aetiology >24 h duration (other than traumatic
blood loss) and echocardiographic records. Cats
were excluded if they had received isotonic crystalloid
fluids at a rate greater than 4 ml/kg/h, natural or syn-
thetic blood products, or any other colloid solution
following detection of anaemia and prior to echocardi-
ography, to exclude the likelihood of iatrogenic vol-
ume overload.” Additional exclusion criteria
included previously diagnosed cardiac disease, left
ventricular end-diastolic septal or free wall thickness
>6 mm, evidence of hyperthyroidism and systemic
hypertension (defined as non-invasive systolic blood
pressure >180 mmHg measured by Doppler sphyg-
momanometry), documented either previously or
currently.

Cats which met the inclusion criteria were further
classified as having mild or severe anaemia according
to Hct, with mild anaemia defined as >18—24% and
severe anaemia <18%.

Recorded variables

Variables recorded in all cats included signalment, Hct
on inijtial presentation, presence or absence of regenera-
tive anaemia (defined as an absolute aggregate reticulo-
cyte count >40 x 10°/1), aetiology of the anaemia and
echocardiographicleftheart dimensions. Where thoracic
radiographs were available, these were reviewed by
both a board-certified cardiologist and a board-certified
radiologistblinded to the details of each case. Additional
variables recorded in these cats included VHS and
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whether radiographic changes were present which
were consistent with CHF (pleural effusion or pulmo-
nary oedema). VHS was considered to be normal at
<8.5 vertebrae (v).'%” Both observers made an indepen-
dent assessment and then a consensus was reached if
opinions initially differed.

The echocardiographic variables were obtained
from patient records. All echocardiograms were re-
corded on a GE Vivid-7 by either a board-certified car-
diologist or a cardiology resident. Variables recorded
included 2D left atrial end-systolic diameter (LAD)
in a right parasternal long axis view; 2D diastolic
left atrial to aortic ratio (LA:Ao) in short-axis and M-
mode left ventricular end-diastolic diameter (LVDd).

We defined left heart volume overload as the pres-
ence of any of the following criteria: LAD > 1.6 cm,'®"”
LA:Ao >1.5,"?! or LVDd > 2.0 cm.”

Statistical methods

All analyses were performed using computerised sta-
tistical analysis software (GraphPad Prism 5.00,
GraphPad Software, San Diego, CA, USA, 2007). Dif-
ferences in categorical data (presence or absence of
left heart volume overload or CHF) between cats
with mild and severe anaemia were analysed using
the Fisher’s exact test. Continuous data were com-
pared using the Mann Whitney U test. Statistical
significance was set at P < 0.05.

Results

Of 6123 cats admitted to the QMHA during the study
period, 15 were identified which fulfilled all the inclu-
sion criteria. Breeds represented were domestic short-
hair (n =8), domestic longhair (n=2), British Blue
(n=2), British Shorthair (n =1), European Shorthair
(n=1) and Balinese (n=1). All cats were neutered
with 11 males and 4 females. Ages ranged from 17
months to 15 years (median age 9 years).

The aetiology of the anaemia was identified in 12/
15 cats and categorised as follows: immune-mediated
haemolytic anaemia (IMHA, n = 5), renal insufficiency
(n=5), myelodysplasia (n =1) and pyothorax (n=1).
Seven cats had mild anaemia, all of which were non-
regenerative. Eight cats had severe anaemia, of which
three were non-regenerative and five were regenera-
tive. All of the cats with renal insufficiency had mild
anaemia and all cats with IMHA had severe anaemia.

Left atrial measurements were not available for one
cat. Median LAD was increased in severely anaemic
cats (1.77 cm), compared with mildly anaemic cats
(1.48 cm; P < 0.05, Fig 1), with 8/8 severely anaemic
cats having LAD > 1.6 cm, versus only 1/6 mildly
anaemic cats (P <0.005). However, although there
was a trend towards an increased median LA:Ao in
severely anaemic cats (1.57) compared with mildly
anaemic cats (1.26), this difference did not reach statis-
tical significance (P =0.093, Fig 2). None of the six
mildly anaemic cats had LA:Ao>15, compared
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Fig 1. Scatter dot plot of LAD (values in cm) in mild and
severe anaemia groups. The solid lines denote the median
values. LAD was significantly larger in severely anaemic
cats, all of which exceeded the upper limits of normal
(1.6 cm; denoted by dotted line).

with 4/8 severely anaemic cats (P =0.085). Median
LVDd was greater in severely anaemic cats (1.80 cm)
compared with mildly anaemic cats (1.27cm,
P <0.05, Fig 3), with 2/8 severely anaemic cats having
LVDd >2.0cm, versus 0/7 mildly anaemic cats
(P=0.467). All eight cats with severe anaemia had
at least one criterion for left heart volume overload
compared with only 1/7 cats with mild anaemia
(P=0.001).

Thoracic radiographs were available for review in
12 of the cases; five mildly anaemic cats and seven se-
verely anaemic cats. Median VHS of severely anaemic
cats was 9.1 vertebral bodies, compared with 8.2 ver-
tebral bodies in mildly anaemic cats (P =0.088, Fig
4). Both observers agreed with respect to the presence
or absence of radiographic changes consistent with
CHF in all cases; one cat was excluded due to poor
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Fig 2. Scatter dot plot of LA:Ao in mild and severe anaemia
groups. The solid lines denote the median values. Median
LA:Ao exceeds the upper limit of normal (1.5; denoted by
the dotted line) in severely anaemic, but not in mildly
anaemic cats. The distribution of LA:Ao is much wider in
severely, compared with mildly anaemic cats.
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Fig 3. Scatter dot plot of LVDd (values in cm) in mild and
severe anaemia groups. The solid lines denote the median
values. LVDd was larger in severely anaemic than mildly
anaemic cats but did not exceed normal limits (2 cm;
denoted by dotted line) in either group.

quality radiographs. Five out of seven severely anae-
mic cats and 2/4 mildly anaemic cats had radio-
graphic changes consistent with CHF (odds ratio 2.5,
95% confidence interval 0.33—42.5; P =0.576, Table 1).

Discussion

The results of this retrospective study suggest that se-
verely anaemic cats are more likely to have increased
left heart dimensions than mildly anaemic cats. This is
consistent with findings in anaemic human patients,
where the mechanism is believed to be associated
with neuroendocrine compensatory responses such
as activation of the renin—angiotensin—aldosterone
system, resulting in sodium and water retention and
leading to volume overload.'”" Such mechanisms
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Fig 4. Scatter dot plot of VHS (values in vertebrae) in mild
and severe anaemia groups. The solid lines denote the
median values. Median VHS exceeded the upper limit of
normal (8.5 v; denoted by the dotted line) in severely
anaemic, but not in mildly anaemic cats.
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Table 1. Echocardiographic indices of left heart
dimensions, VHS and radiographic changes
consistent with CHF in mildly and severely anae-
mic cats. Data are expressed as median (range).

Variable Mild anaemia Severe anaemia P value
LAD 1.48 (1.16—1.95) 1.77 (1.64—2.05) 0.029
LA:Ao 1.26 (1.12—1.32) 1.57 (1.12—1.96) 0.093
LVDd 1.27 (1.17—-1.97) 1.80 (1.43—2.32) 0.020
VHS 8.20 (7.10—9.00) 9.10 (8.05—10.00) 0.088
CHF,.q 2/4 5/7 0.576

CHF,,4 = radiographic evidence of CHF, expressed as
a proportion of cats for which radiographs were avail-
able for review. Significance was set at P < 0.05.

are prompted by a reduction in systemic vascular re-
sistance in response to anaemia.'””

All of the indices of volume overload were greater
in the severely anaemic cats, but not all variables
reached statistical significance. Despite review of
a large number of records, very few cats met the study
inclusion criteria as many anaemic cats had received
blood products or other intravenous fluids prior to
echocardiography. As a result, sample numbers were
small and confidence intervals were wide. A differ-
ence in some of the criteria for volume overload was
nonetheless still evident between cats with mild and
severe anaemia. In this respect, it is interesting that
LAD was significantly increased in severely anaemic
cats but LA:Ao was not, suggesting that LAD is
a more sensitive indicator of left atrial enlargement
than LA:Ao in cats. In contrast, a previous study of
left atrial sizes in cats receiving various fluid rates
found that LAD and LA:Ao both increased in cats
on a high intravenous fluid rate (10 ml/kg/h) and
both decreased in cats which were volume-depleted.”

Left ventricular eccentric hypertrophy in response
to chronic anaemia has been reported in both hu-
mans'* and dogs’ and results in increased LVDd
with normal wall thickness. Cats with severe anaemia
in our study had increased LVDd compared with
mildly anaemic cats, although LVDd did not meet
our criterion for volume overload in all but two se-
verely anaemic cats. We chose to define normal
LVDd as <2.0cm, although values <1.8 cm have
been used elsewhere.”>**2° We were not able to spe-
cifically investigate the effects of anaemia on left ven-
tricular wall thickness, as we deliberately excluded
cats with diastolic wall thickness >6 mm in order to
prevent inclusion of cats with pre-existing hypertro-
phic cardiomyopathy.

Although not statistically significant, there was
a trend for VHS to be greater in the severely anaemic
cats (median 9.10 v compared with 8.2 v; Table 1).
Very few cats had thoracic radiographs available, in-
cluding only four of the mildly anaemic cats. Changes
consistent with CHF were present in 2/4 of the mildly
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anaemic cats and 5/7 of the severely anaemic cats for
which radiographs were available for review. Larger
numbers of cats in each group would be necessary
to test the association between anaemia and radio-
graphic signs of CHF. Not all cats in this study with
radiographically suggestive changes may have actu-
ally had CHF, because other diseases can produce
similar findings of pulmonary infiltrates and pleural
effusion. Compared with VHS, echocardiography is
a more accurate diagnostic tool for detecting small
changes in cardiac chamber size.

Although the findings of this study are suggestive of
volume overload, there are other possible causes of left
heart enlargement, such as myocardial disease, systolic
dysfunction, dysrhythmias or congenital heart dis-
ease.””?® However, these conditions would have been
readily diagnosed with echocardiography and concur-
rent electrocardiographic recording, making excessive
plasma volume expansion a more likely explanation
in the cats described here. By excluding cats with a his-
tory of receiving blood products or high fluid rates, we
believe the evidence of left heart dilation found in some
cats was most likely associated with the underlying
disease process responsible for the anaemia, rather
than with intravenous fluid therapy.

The development of cardiovascular signs associated
with anaemia in humans depends on the severity of the
anaemia, its rate of onset and the presence and nature
of any pre-existing cardiac disorders.* It was not pos-
sible to document the rate of onset or duration of anae-
mia in cats prior to presentation in this study, thus it
cannot be determined whether the degree of left car-
diac chamber enlargement is related purely to the se-
verity of anaemia, or if the duration and rate of
development are also risk factors. Additionally, we
were not able to confirm the precise pathophysiological
mechanisms for the association between the apparent
volume overload and severe anaemia in the cats re-
ported here, but it is likely that they are the same as
those reported in anaemic human patients.

We used mildly anaemic cats as a control group to
limit confounding factors associated with the underly-
ing causes of anaemia. There were still differences in
the frequency of underlying conditions, perhaps re-
flecting the likelihood of some diseases to cause either
severe or mild anaemia. However, normal healthy cats
would have been a less satisfactory control group and
would offer no advantage over normal echocardio-
graphic and radiographic reference intervals.

This study measured anaemia based on Hct rather
than a manual packed cell volume (PCV), as PCV
measurements were not available in all cats. The Hct
is an automated reading and can be erroneous for
a number of reasons, such as under-filling of an ethyl-
enediamine tetra-acetic acid (EDTA) tube following
sample collection. Conversely, a manual PCV can be
erroneous due to operator-error. The same haematol-
ogy machine was used throughout for all samples,
thus reducing inter-sample variability. In those cats
where both Hct and PCV were available, the values
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were consistently related, thus it is unlikely that the
use of Hct value has significantly affected the results
of this study.

Hydration status has been shown to affect echocar-
diographic chamber measurements, with a mean
body weight reduction of 5% Iz)roducing significant
decreases in LAD and LA:Ao.*® We excluded cats
which may have been at risk for iatrogenic volume
overload (those which had received crystalloid fluid
therapy at a rate greater than 4 ml/kg/h or had re-
ceived colloids) but did not account for cats which
may have been dehydrated on presentation. This is
a confounding factor which could be eliminated in
a prospective study.

The number of cats studied was small, but our prelim-
inary findings suggest that cats with severe anaemia are
more likely to have an increased LAD and LVDd, com-
pared with mildly anaemic cats. We suggest that these
findings represent an increased intravascular volume
due to haemodynamic compensatory mechanisms and
that fluid therapy should be approached with caution
in these cats, as they are more likely to be susceptible
to CHF. We hypothesise that cats presenting with anae-
mia and findings consistent with volume overload will
benefit from treatment of their anaemia to reduce neuro-
endocrine activation and the associated sodium and wa-
ter retention. Therefore, blood transfusion should
neither be avoided nor delayed in anaemic cats with
changes consistent with volume overload and CHE.

Based on the preliminary results of this study,
a larger, prospective trial is required, with measure-
ments recorded prior to the administration of any
fluids, in order to test these conclusions and confirm
the risk of volume overload in severely anaemic cats.
It would be useful to follow a cohort of anaemic cats
over time, to investigate the effects of the duration of
anaemia on the rate of development of volume over-
load and possible associated cardiac changes, such as
left ventricular hypertrophy. Measurement of neuroen-
docrine markers would also be valuable, to assess the
possible contribution of such mechanisms to the cardio-
vascular changes observed. However, investigation of
the effects of feline anaemia on the cardiovascular sys-
tem over time is likely to be limited by the poor progno-
sis and short life-expectancy associated with many of
the underlying diseases in our feline patients.
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