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FELINE SYSTEMIC HYPERTENSION
Classification and pathogenesis

N
P

Systemic hypertension can be defined as a persistent increase in sys-  Practical relevance The increased
temic blood pressure. In human medicine, systemic hypertension can  availability of indirect blood pressure
be subdivided into the presence of isolated or combined systolic and  monitoring devices in clinical practice
diastolic hypertension. However, in veterinary medicine, and over the past decade has highlighted
particularly within a clinical setting, we are most often considering  the significance of systemic
systolic hypertension. Integral to understanding why hypertension  hypertension in the feline population.
may develop in certain disease conditions is a knowledge of the  without routine monitoring and appropriate
regulatory mechanisms that, during health, maintain blood pressure intervention, cats with undiagnosed systemic
within narrow limits. hypertension may first be presented with
sudden-onset blindness as a consequence of
Control of blood either hyphaema or retinal detachment.
pressure Clinical challenges The primary aim in the early
diagnosis and treatment of systemic hypertension is
Blood pressure is determined  prevention of hypertensive target organ damage (with
by total peripheral resistance respect to the eye, kidney, cardiovascular and central
(TPR) and cardiac output, nervous systems, in particular). A prerequisite is a
where cardiac output is the knowledge of the pathophysiological mechanisms
product of stroke volume and  and disease conditions that may contribute to the
heart rate. development of hypertension. This allows the clinician
Blood pressure is under the to determine those cases in which blood pressure
control of the central nervous  assessment and longitudinal monitoring is essential
system which, in turn, receives  and can assist in determining appropriate therapeutic
feedback from sensory recep- strategies for control of blood pressure. Recent
tors located within the periph-  studies have also begun to explore the relationship
eral vasculature (eg, barore- that systemic hypertension may have with proteinuria
ceptors). The baroreceptors are  and the progression of kidney disease.
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Baroreceptor feedback control
of blood pressure

central nervous system
via hypothalamus

Local factors

Variation in activation
of the sympathetic
and :

* * * located within the walls of the  Ppatient group The geriatric cat appears most
Total Stroke volumel Blear ratg / carotid sinus and aortic _ar‘?h susceptibl-e to the devellop-ment of syst.emic
peripheral and respond to stretch within  hypertension, and monitoring of systolic blood
resistance \ / these vessels. Integration of  pressure is often advocated as part of a routine health
baroreceptor discharge within  screen in cats over 9-12 years old. Consideration
Cardiac output the central nervous system  mustalso be given to cats suspected of having an
_;_/ facilitates short term blood underlying disease such as chronic kidney disease

pressure control, allowing for  or hyperthyroidism, or which are
rapid adjustments in blood receiving therapeutic agents,
pressure to accommodate for irrespective of their age.
variation in blood volume, car-  Evidence base Much
diac output and TPR (see left).  of our understanding of
the pathogenesis of
feline hypertension is
extrapolated from
studies performed

Blood pressure

< DIAGNOSIS AND
¢ MANAGEMENT
[ A sister article addressing the
‘diagnosis and management \
‘feline hypertension appears on pages
35-43 of this issue of J Feline Med
Surg, and at: '
i doi:10.1016/j.jfms.2010.11.008

Baroreceptors

Rosanne E Jepson
BVSc (Dist) PhD MRCVS
Department of Veterinary Clinical Services,

in experimental
animal models or
in human patients,

Royal Veterinary College, Hawkshead Lane, ke Tyl T i ) .
North Mymms, Hatfield, Hertfordshire AL9 7TA, UK Clinical Practice and interspecies differences

Email: riepson@rvc.ac.uk are often poorly understood.

ELSEVIER

1098-612X/10/010025+10 $36.00/0

© 2010 ISFM and AAFP. Published by Elsevier Ltd. All rights reserved. JFMS CLINICAL PRACTICE



REVIEW / Hypertension - classification and pathogenesis ; B )
The renin—-angiotensin-aldosterone system

. . and control of systemic blood pressure
Blood pressure is also influenced by sys-

temically circulating hormones (eg, renin- Decreased tubular Sympathetic nervous
angiotensin—aldosterone system [RAAS], see f-um/Chiclipy Decreased i o activalighy
! sensed at the arterial stimulating B-adenergic

right) and locally derived vasoconstrictor and TR G- pressure
vasodilatory metabolites. Arterioles are the

major site of resistance to blood flow and

are often termed the resistance vessels. Small —>/uxtaglomerular apparatu+_
changes in calibre, as a result of local,

endothelial-derived, systemically circulating +
or neural factors, can cause large changes in Renin
»  Angiotensin |

receptors

TPR. Vasomodulatory factors that may influ- m—
ence TPR are summarised in Table 1. proiotensinogSugy
In addition to neurohormonal modulation, Angiotensin-

some tissues and organs (eg, kidney) have a converting enzyme/

particularly well developed capacity to regu-
late their own blood pressure via a process Angiotensin I
referred to as autoregulation. Autoregulation T’
results from a combination of the intrinsic
myogenic and contractile response of smooth
muscle within vessel walls to stretch (‘myo- ,

ic theory of autoregulation’) and the con- I cardiiac output
genic theory au % Vascular remodelling and increased vascular stiffening
centration of local vasodilator substances that % Increased aldosterone
accumulate in metabo]jcal]y active areas <= Stimulation of central nervous system activity
(‘metabolic theory of autoregulation’). Y

Within the kidney, autoregulation maintains INCREASED BLOOD PRESSURE

renal blood flow and glomerular filtration rate
gressive kidney disease. The capacity of the

ANGIOTENSIN RECEPTOR | MEDIATED EFFECTS
% Vasoconstriction, resulting in increased total peripheral resistance

(GFR) over a range of systemic pressures.
However, hypertension may override this
autoregulatory mechanism, leading to

glomerular hypertension and the develop-
ment of glomerulosclerosis. Glomerular
hypertension can cause damage to the perm-
selective nature of the glomerular filtration
barrier and increased transfer of protein from
the glomerular capillaries to the filtrate enter-
ing the proximal tubule. Evidence from exper-

kidney to autoregulate may also be adversely
affected by the presence of pre-existing chron-
ic kidney disease (CKD).

In health, these homeostatic mechanisms
act in concert to main-
tain blood pressure
within narrow

imental studies suggests that increased limits (see

absorption of protein by the proximal tubular right), main- 4 :

cells may stimulate the production of inflam- taining ade- Normal systolic pressure in cats
matory mediators and cytokines, exacerbating quate tissue JEEEOUNG healthy cats, studies usingRCIISEy
interstitial nephritis and contributing to pro- perfusion [eiemetric blood pressure 'MONNSEE

oo devices have reported normal systolic pressures
and limit- of approximately 125 mmHg, although there can
ing poten— be considerable inter- and intra-individual
tial target variation.!? Studies evaluating the healthy
TABLE 1  Factors contributing to the modification of organ dam- feline population within a clinical setting

total ripheral resistan using indirect blood pressure monitoring
otal peripheral resistance age (TOD) devices report SBP ranging from 118
Origin Vasodilation Vasoconstriction ﬁjom hypoten-. 11 mmHg (oscillometric) to 162 =
- - - — - - - sion and hypoxia 19 mmHg (Doppler).34
Circulating Atrial natriuretic peptide Epinephrine h ¢ . I
hormones Histamine Norepinephrine or hypertension. In
Substance P Angiotensin I humans, an age-related
V_aspactive intestinal peptide A_rginipe vasopressin (anti- increase in SBP is reported up to the ninth
Kinins g'ﬂ;et:'a(;nhormone) decade, while diastolic blood pressure (DBP)
Urotensin I remains constant or declines after the fifth
Local factors Increased PaCO,, decreased PaO,  Autoregulation decade, resultmg. na p;‘oport’lonal mcree.lse. m
Increased pH Decreased temperature pulse pressure with age.” In cats, an association
Increased Kt, lactate, adenosine, between age and SBP is controversial, with
histamine some studies suggesting an age-related increase

Increased temperature . .
P may occur, and others suggesting a possible

el o P oxice Shdotheln | stepwise increase or no association at all.*¢7

Y A Currently, no relationship has been established
Neurohormonal Decreased activation of Increased activation of between gender, breed or body weight and
factors sympathetic nervous system sympathetic nervous system blood pressure in cats.
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Currently, no relationship has been established

REVIEW / Hypertension - classification and pathogenesis

vessels of the eye, and that other factors such
as age and concurrent disease may influence

between gender, breed or body weight susceptibility to ocular TOD.
and blood pressure in cats. Kidney

Defining systemic hypertension:
what criteria should we use?

The definition of systolic hypertension has
been the cause of some confusion within the
veterinary literature. Early clinical studies
used a wide range of cut-off values for the
diagnosis of systolic hypertension (140-185
mmHg) and also used various techniques for
the assessment of blood pressure.®* These
values were largely extrapolated from clinical
experience and based on systolic pressures
at which TOD, most commonly hypertensive
retinopathy/choroidopathy, was appreciated.

In 2007, the American College of Veterinary
Internal Medicine (ACVIM) consensus panel,
composed of experts within the field of veteri-
nary hypertension, produced a series of guide-
lines to aid in the definition, diagnosis and
management of systemic hypertension in both
dogs and cats.® Within this document a classi-
fication system for systemic hypertension was
proposed based on the perceived relative risk
of the development of TOD utilising both
systolic and diastolic blood pressure (Table 2).
This classification system is now widely
accepted, although it should be appreciated
that it remains to be clinically validated.

Target organ damage

Eye

Clinical evidence suggests that hypertensive
retinopathy/choroidopathy is a relatively
common manifestation in cats with systemic
hypertension, with studies suggesting a
prevalence of 60-80% (Fig 1).°! Often these
ocular lesions are bilateral, although the
severity may vary in each eye (Table 3).
Hypertensive retinopathy/choroidopathy is
most often reported with SBP measurements
>170 mmHg.*13* In an experimental neph-
rectomy study hypertensive retinopathy/
choroidopathy was reported in a cat with a
direct arterial SBP of 168 mmHg. However, in
such models the development of hypertension
is acute and may not be directly comparable
with the situation in naturally occurring dis-
ease. Recovery of vision after retinal detach-
ment or substantial hyphaema, despite reat-
tachment of the retina and resolution of haem-
orrhage with antihypertensive treatment, is
rare. It may also be that fluctuations in sys-
temic pressure, rather than absolute or incre-
mental changes, are more damaging to the

In human medicine, an association between
hypertension, proteinuria and progression of
kidney disease has been established, although
the role of hypertension as an initiating cause
of kidney disease is less well defined.!>®
Histopathological manifestations of renal
TOD include glomerular hypertrophy,
glomerulosclerosis, mesangial expansion and
interstitial inflammation; clinically, in human
medicine, TOD to the kidney may present as

TABLE 2 ACVIM consensus guidelines for classification of I
blood pressure*

Risk category Risk of TOD SBP (mmHg) DBP (mmHg)

| Minimal <150 <95

I Mild 150-159 95-99

I Moderate 160-179 100-119

1% Severe =180 =120

*Based on the risk of future target organ damage (TOD)
SBP = systolic blood pressure, DBP = diastolic blood pressure

Recovery of vision
after retinal
detachment or
substantial hyphaema,
despite reattachment
of the retina and
resolution of
haemorrhage with
antihypertensive
treatment, is rare.

FIG 1 (a) Unilateral hyphaema in a cat. (b) Fundic photograph showing multiple focal bullous
retinal detachments in a cat. (c) Fundic photograph showing multiple areas of retinal
haemorrhage in a cat. Courtesy of Dr D J Gould
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TABLE 3 Clinical manifestations of target organ damage I

Target organ Clinical manifestations of damage

tensive encephalopathy and associated neuro-
logical signs (Table 3) are most likely to occur
with acute onset and/or severe hyperten-
sion.’>!” Clients will often comment that their

Eye Hypertensive retinopathy/choroidopathy
Acute-onset blindness

Focal bullous retinal detachment
Retinal detachment

Retinal haemorrhages

Vitreal haemorrhage/hyphaema

Retinal vessel tortuosity

Papilloedema

Secondary glaucoma

Kidney Development or progression of kidney disease
Development or progression of azotaemia
Decline in glomerular filtration rate
Microalbuminuria

Proteinuria

Central nervous
system

Depressed/altered mentation
Seizures

Vestibular signs/head tilt/nystagmus
Lethargy

Behavioural abnormalities

Focal neurological deficits

Cardiovascular
system

Left ventricular hypertrophy
Gallop rhythm/arrhythmia
Systolic murmur

Epistaxis

a serial increase in creatinine concentration,
decline in GFR, development of microalbu-
minuria and progressive proteinuria.

Clinical studies evaluating kidney tissue
obtained post mortem from hypertensive cats
(predominantly with concurrent renal dis-
ease) have revealed nephrosclerosis and
medial thickening of renal arterioles.”!
In experimental feline models of renal hyper-
tension, histopathology has revealed
evidence of glomerulosclerosis, tubular
atrophy and interstitial fibrosis.!8%

An association between the magnitude

Classification of systemic hypertension
In veterinary patients, systemic hypertension is commonly

cat appears brighter or more interactive after
starting antihypertensive medication. How-
ever, whether such subjective comments are
evidence of subtle hypertensive encepha-
lopathy is undetermined.

Cardiovascular system

In human patients a graded relationship exists
between increasing blood pressure and
cardiovascular morbidity and mortality.
Cardiovascular manifestations are appreciated
in cats with systemic hypertension (Table 3),
with the prevalence of cardiovascular abnor-
malities reported to be significantly higher in
cats with CKD and hypertension (65%) com-
pared with normotensive cats with CKD
(35%).1° Echocardiographic studies have shown
that 74-85% of hypertensive cats fulfil the cri-
teria for left ventricular hypertrophy, with
thickening of both the interventricular septum
and the left ventricular free wall.2*% However,
studies have not compared these findings with
the normotensive geriatric feline population.
A study by Elliott et al reported that up to 20%
of cats with systemic hypertension may die
from cardiovascular-related causes.! However,
assigning cause of death is always problematic
and no studies have rigorously evaluated
cardiovascular morbidity or mortality longitu-
dinally in cats with systemic hypertension.

Idiopathic hypertension

In human medicine, the
terms essential and pri-
mary hypertension have
been used interchange-
ably to refer to hyper-

Idiopathic or secondary?

classified as either idiopathic or secondary. Secondary

hypertension may be attributable to an underlying disease
process or associated with the administration of certain thera-
peutic agents (eg, erythropoietin, mineralocorticoids, glucocor-
ticoids). Conditions that are implicated in the pathogenesis of
secondary hypertension in cats include CKD, hyperthyroidism
and, less commonly, primary hyperaldosteronism and, rarely,

pheochromocytoma or chronic anaemia.'#26?” The phenom-

tension for which no
underlying cause can
be identified, account-
ing for between 95 and
99% of cases of sys-
temic  hypertension.

of proteinuria and survival has been
shown in cats both with CKD and
systemic hypertension.?2! However, SBP
may be a determinant of proteinuria and,
therefore, proteinuria and SBP are unlike-
ly to be independent contributors to the

progression of kidney disease. Currently
the relationship between systemic hyperten-
sion and progressive kidney disease,
although suspected, remains unconfirmed in
cats.

Central nervous system

Hypertensive encephalopathy with hyper-
plastic arteriosclerosis of cerebral vessels,
interstitial white matter oedema and
parenchymal microhaemorrhages has been
described in cats that have undergone
partial nephrectomy or renal transplantation
procedures.”?>* In the clinic situation, hyper-
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enon of white-coat hypertension is also recognised.
In human medicine there is a strong association
between both obesity and diabetes mellitus and
systemic hypertension, but to date these
associations have not been docu-
mented in cats.28-30

Essential hypertension is
considered a multifactori-
al problem occurring as a
consequence of interaction
between a large number of
genetic and environmental fac-
tors.3! The presence of persistently
increased blood pressure implies that there is
dysregulation of the neurohormonal and renal
mechanisms that act to maintain blood pres-
sure.3! However, the identity of the genes that
predispose to the development of essential
hypertension, even in human medicine,
remains largely undiscovered.



A diagnosis of primary or essential hyper-
tension relies on thorough diagnostic screen-
ing to exclude all possible underlying disease
conditions and to differentiate this condition
from white-coat hypertension. In humans
such investigations would usually include
assessment or estimation of GFR. In veteri-
nary patients such stringent criteria are rarely
achieved and the term idiopathic hyperten-
sion is, therefore, preferred.®

Idiopathic hypertension has been reported to
occur in 13-20% of cats with systemic hyper-
tension.!122! In one study, 20.3% (23/110) of
cats diagnosed with systemic hypertension
(SBP 2175 mmHg, Doppler technique) were
non-azotaemic (plasma creatinine <177
umol/1l) and had no biochemical, clinical or
historical findings consistent with hyperthy-
roidism.* Fifteen of these cats had aldosterone
concentrations assessed in order to exclude
hyperaldosteronism as an underlying aetiolo-
gy, and aldosterone concentrations were
considered normal in 14/15 cats. However,
compared with a population of normotensive,
healthy non-azotaemic geriatric cats, those
with systemic hypertension had a significantly
higher plasma creatinine concentration and
lower urine specific gravity.3> Suboptimal urine

/

White-coat hypertension is the docu-
mentation of increased blood pressure
as a consequence of stimulation of the
autonomic and central nervous systems
during situations of stress, anxiety or
excitement. A study using radiotele-
metric implant devices to monitor blood
pressure in healthy cats during simu-
lated clinic visits
demonstrated that
there was a signifi-
cant increase in SBP
during clinic visits
(mean increase 17.6
mmHg = 5.9 mmHg).
The presence of
tachycardia was not
necessarily a reliable
marker of the magni-
tude of the white-
coat effect and there
was great inter-indi-
vidual variability in the increase in SBP.2
The same study showed that cats sub-
jected to repeat simulated visits to the
veterinary clinic over a 6-week period
did not show evidence of habituation,
remaining susceptible to the white-coat
effect on each revisit. This highlights the
importance of acclimatisation, careful

Great care must be
be taken to ensure that
anxiety-induced
increases in blood
pressure do not lead
to an erroneous
diagnosis of systemic
hypertension.

assessment of the cat’s magnitude of
stress and repeated measurements
when interpreting blood pressure.

In human medicine use of 24 h ambu-
latory blood pressure monitoring enables
representative assessment of blood
pressure outside the clinic situation.
However, continuous blood pressure
monitoring is rarely
available outside of
a research or critical
care setting for our
feline patients and
great care must
therefore be taken to
ensure that anxiety-
induced increases in
blood pressure do
not lead to an erro-
neous diagnosis of
systemic hyperten-
sion. There is prelimi-
nary evidence that human patients with
white-coat hypertension have more labile
blood pressure and may be at increased
risk of the development of hypertensive
TOD.3* Such an association has not yet
been made in our veterinary patients and
currently antihypertensive therapy is not
recommended.

REVIEW / Hypertension - classification and pathogenesis

concentrating ability identified in this study
may be the consequence of pressure diuresis
secondary to hypertension; equally, without
assessment of GFR and proteinuria, subclinical
kidney disease cannot be excluded. Further
study is warranted to determine whether such
cases represent true essential hypertension or
whether they are, in fact, cats with subclinical
non-azotaemic kidney disease.

Secondary hypertension

Chronic kidney disease

In feline patients, systemic hypertension is
most commonly associated with CKD.
Between 65% and 100% of cats that present
with systemic hypertension and concurrent
hypertensive  retinopathy/choroidopathy
have evidence of reduced renal func-
tion.”1>1317 However, the relationship between
systemic hypertension and renal function is
complex, and there is little information cur-
rently available in cats to determine whether
the presence of hypertension initiates renal
damage or whether systemic hypertension
develops as a consequence of reduced renal
function. Although 20-65% of cats with CKD
have evidence of systemic hypertension,
many have normal blood pressure at diagno-
sis and never develop systemic hyperten-
sion.>1013 Interestingly, in cats the severity of
azotaemia does not appear to correlate with
the presence of hypertension and, in most
cases, azotaemia is only mild.

The pathogenesis of renal hypertension is
complex and multifactorial but has tradition-
ally been attributed to impaired excretion of
sodium leading to excess intravascular vol-
ume, disruption of the pressure-natriuresis
relationship and excessive activation of the
RAAS. Other factors that have been associated
in either experimental or human patient stud-
ies with the pathogenesis of renal hyperten-
sion include stimulation of the sympathetic
nervous system, structural Change to arteries,
endothelial dysfunction, reduced bioavailabil-
ity of the vasodilator nitric oxide, increased
production of the vasoconstrictor endothelin,
oxidative stress and an increase in reactive
oxygen species.®

Several studies have tried to evaluate the
role of the RAAS in feline hypertensive CKD.
Syme et al reported that plasma renin activity
(PRA) was normal to low in hypertensive azo-
taemic cats.’® However, in a study by Jensen et
al no significant difference in PRA was found
between hypertensive cats with CKD and a
control group that consisted of non-azotaemic
healthy young cats.?”

In human medicine, angiotensin-converting
enzyme inhibitors (ACEi) are a first-line
therapy in the management of systemic

JFMS CLINICAL PRACTICE
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. = Hyperthyroidism
_AEO0
Although 20-65% of cats with CKD have evidence of In humans hyperthyroidism is reported to

systemic hypertension, many have normal blood pressure result in a relatively small decrease in mean
arterial blood pressure (MABP). This decrease

at diagnosis and never develop systemic hypertension. is attributable to a decrease in DBP as a conse-

hypertension. Experimental studies in which
the feline remnant kidney model has been
used to induce mild renal hypertension have
documented a reduction in blood pressure
and improvement in glomerular hypertension
with administration of ACEi.®® However, such
studies use direct arterial blood pressure
monitoring, the reduction in blood pressure is
small (<10 mmHg) and it is difficult to be
certain that the results can be directly extrap-
olated to patients with naturally occurring
disease. In the clinic situation, the use of ACEi
as sole antihypertensive therapy rarely
achieves adequate reduction in systemic
blood pressure. This leads us to question
whether stimulation of the RAAS is likely to
be the primary determinant of the develop-
ment of renal hypertension in cats.!”-%’

Recently there has been interest in the role of
aldosterone in the pathogenesis of renal hyper-
tension and the progression of renal disease.
Experimental rat models have suggested that
selective inhibition of aldosterone offers
benefits beyond renin-angiotensin blockade.*
A sstudy by Syme et al reported an inverse asso-
ciation between systemic hypertension and
plasma potassium concentration.! One poten-
tial explanation for this could be stimulation of
the RAAS and increased aldosterone concen-
trations. Jensen et al reported a significant
increase in plasma aldosterone concentrations
in hypertensive azotaemic cats compared with
normal healthy control cats.”” However, other
studies have failed to document a significant
difference in plasma aldosterone concentration
between normotensive and hypertensive cats
with CKD.* Early work suggested that hyper-
tensive cats may have micronodular hyperpla-
sia of their adrenal glands, providing further
evidence for a potential role of hyperaldostero-
nism in the generation of systemic hyperten-
sion.*! However, more recent data evaluating
adrenal glands from 67 cats did not reveal a
significant difference in the degree of hyper-
plasia between those that were from nor-
motensive (n = 30) cats versus those from
hypertensive cats (n = 37).#

To date, the studies performed in cats
have focused on systemic activation of the
RAAS and the role of local RAAS activation

quence of peripheral vasodilation and a 40-60%
reduction in TPR. Vasodilation and a decrease
in TPR in hyperthyroidism is the result of accu-
mulation of local vasodilator metabolites and
also a direct effect of tri-iodothyronine (T,) on
vascular smooth muscle.** The decrease in
TPR causes a reflex increase in heart rate, stroke
volume and cardiac output. A decrease in TPR,
reduced effective vascular filling and reduced
renal perfusion pressure in turn stimulate the
RAAS, augmenting sodium reabsorption and
hence increasing plasma volume.* T, may also
stimulate erythropoietin and red blood cell
production, leading to an increase in total blood
volume. 647

An excess of circulating thyroid hormone
causes positive inotropy and chronotropy.
Despite the apparent hyperadrenergic state in
hyperthyroidism, studies in human patients
suggest that circulating catecholamine concen-
trations are either normal or decreased in
hyperthyroidism. The relative increase in
sympathetic tone is, therefore, likely to be
the result of heightened sensitivity to cat-
echolamines. Systolic myocardial contractility,
and thus cardiac output, can be influenced by
both genomic and non-genomic cellular effects
of T, on cardiac myocytes. Once transported to
the nucleus of cardiac myocytes, T, causes
either transcriptional activation or repression of
specific target genes. These genes may code for
structural (eg, o-myosin and f-myosin heavy
chains of the cardiac myocytes) or functional
cellular components (eg, calcium-activated
ATP-ase or phospholamban), which when
altered result in increased myocardial contrac-
tility.*s Non-genomic effects of T, include mod-
ulation of intracellular sodium, potassium and
calcium concentrations, which may also alter
myocardiac contractility.*’#® However, these
effects are likely to be minor compared with
that of T, on systemic vascular resistance.

Early feline studies suggested that systolic
hypertension was a common finding in hyper-
thyroidism.3'* However, the case numbers in
these studies were small and the criteria used
for the diagnosis of hypertension, variable.

The prevalence of systemic hypertension in newly
diagnosed hyperthyroid cats has been reported to

(eg, within the kidney) remains to be range from 9-23%, suggesting that systemic

explored. The precise role of the RAAS in the hypertension may be less prevalent in the
pathogenesis of feline renal hypertension ) i ) ; 4
remains uncertain. hyperthyroid feline population than first anticipated.
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Hypertension after treatment of hyperthyroidism does not always develop as a

consequence of unmasking of underlying renal insufficiency, highlighting the importance

of longitudinal assessment of blood pressure in cats treated for hyperthyroidism.

Studies evaluating cats with evidence of
hypertensive  retinopathy/choroidopathy
report relatively few cats with hyperthy-
roidism as an underlying aetiology; similarly,
large retrospective studies of cats with
hyperthyroidism have not reported a high
prevalence of hypertensive retinopathy/
choroidopathy.!217:2149:50

The prevalence of systemic hypertension in
newly diagnosed hyperthyroid cats has been
reported to range from 9-23%, suggesting that
systemic hypertension may be less prevalent
in the hyperthyroid feline population than first
anticipated.!>1? Interestingly, approximately
20% of cats may develop systemic hyperten-
sion after treatment.5%? The study by Morrow
et al reported that the median time from initi-
ating antithyroid medication to the subsequent
development of hypertension was 5.3 months;
and, of those cats that developed hyperten-
sion, only 35% were concurrently found to be
azotaemic (plasma creatinine >177 pmol/l
[>2mg/dl]).> This suggests that hypertension
after treatment of hyperthyroidism does not
always develop as a consequence of unmask-
ing of underlying renal insufficiency and high-
lights the importance of longitudinal assess-
ment of blood pressure in cats diagnosed with
and treated for hyperthyroidism.

Primary hyperaldosteronism
Primary hyperaldosteronism, or Conn’s syn-
drome, is defined as an excess of aldosterone
independent of its chronic regulator,
angiotensin IL»® In human patients, primary
hyperaldosteronism is most frequently associ-
ated with bilateral adrenal hyperplasia and
aldosterone-producing adenomas, but has also
been associated with unilateral adrenal hyper-
plasia, aldosterone-producing adrenocortical
carcinomas and as a familial condition.>*
Aldosterone is a mineralocorticoid secreted
by the zona glomerulosa of the adrenal cortex.
Like many other steroid hormones, aldos-
terone binds to a cytoplasmic receptor and
this receptor-hormone complex enters the
nucleus of the cell where it alters gene tran-
scription.® In the non-diseased state aldos-
terone secretion is under the control of the
RAAS (see page 26) and a direct stimulatory
effect of increasing potassium concentra-
tion.>*%®  Adrenocorticotrophic ~ hormone
(ACTH) may cause acute increases in aldos-
terone release, but this is a short-lived
response.® Within the kidney, aldosterone
acts on the principal cells of the collecting

ducts, resulting in retention of sodium, potas-
sium diuresis, fluid retention and an increase
in extracellular volume.*

Systemic hypertension in primary hyper-
aldosteronism may initially be the conse-
quence of volume expansion leading to
increased cardiac output. However, with sus-
tained systemic hypertension, pressure diure-
sis develops leading to natriuresis. Ultimately,
plasma volume returns to normal and, there-
fore, does not explain persistent hypertension
in patients with primary aldosteronism.>

Recently it has been recognised that aldos-
terone has important roles in modulating
vascular tone and within the central nervous
system. Mineralocorticoid receptors have
been identified in non-epithelial tissues such
as fibroblasts in the heart, endothelial cells,
vascular smooth muscle cells and in the
brain.*> Experimental studies in rats indicate
that increased aldosterone concentrations are
associated with increased sympathoexcitatory
responses and increased arterial pressures.®
Circulating aldosterone can exert both genom-
ic and non-genomic effects on different layers
of blood vessel walls. Within the peripheral
vasculature, aldosterone is considered to be
pro-inflammatory, profibrotic and to play an
integral role in vascular remodelling and
vasoconstriction, ultimately resulting in
endothelial dysfunction. Thus persistent arte-
rial hypertension in primary hyperaldostero-
nism is considered to be the consequence of
the synergism of renal sodium and fluid reten-
tion, increased sympathetic drive, endothelial
dysfunction and increased TPR.53%

Primary hyperaldosteronism remains a rela-
tively uncommon condition in feline medi-
cine, although the prevalence of hypertension
in cats with this condition is reported to be
high.5-% A case series by Ash et al evaluated
13 cats with primary hyperaldosteronism.
Twelve of the cats had assessment of SBP
performed using the Doppler technique and
91.6% (11/12) were reported to have evidence
of systemic hypertension (using the criterion
SBP >170mmHg), with 38.5% (5/13) showing
evidence of hypertensive retinopathy/
choroidopathy.®® Similarly, in a study by
Javadi et al, 10/11 cats with primary hyper-
aldosteronism had assessment of SBP per-
formed using the Doppler technique and, in
all cases, SBP was >190 mmHg, with 58%
(7/12) showing signs of hypertensive
retinopathy/choroidopathy.*!

Histopathological examination of adrenal

JFMS CLINICAL PRACTICE
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tissue from cases of feline primary hyperaldos-
teronism has revealed unilateral and bilateral
adrenal adenomas, micronodular hyperplasia
and unilateral adrenal carcinomas. 585963

Pheochromocytoma

Pheochromocytoma is a neuroendocrine
tumour originating from the chromaffin cells
of the adrenal medulla. Secretion of excessive

concentrations of catecholamines, usually
epinephrine or norepinephrine, can result in
sustained or paroxysmal hypertension.?’>
Occasionally these tumours can arise from
outside the adrenal gland, being referred to as
extra-adrenal pheochromocytoma or para-
ganglioma. Pheochromocytomas are a rare
cause of secondary hypertension in cats, with
very few reports within the literature.26:66-69

fcase notes /f

Nelson, a 10-year-old, male neutered domestic shorthair cat, presented
with a history and clinical signs that were suspicious of hyperthyroidism.
Initial diagnostics confirmed the diagnosis. After starting medical
management with methimazole, Nelson’s owners were keen to pursue
radioactive iodine therapy as a long-term treatment strategy.

History Nelson was diagnosed with hyperthyroidism when his owners noticed that
he was losing weight more rapidly than they expected after they started a weight
reduction diet. It had also been noted that his appetite had increased in the past few
weeks. His thirst and urination were considered normal but he had suffered from
occasional bouts of vomiting over the same time period. His total thyroxine (tT,)
concentration at the time of diagnosis of hyperthyroidism was 96 nmol/| (reference
interval 19-65 nmol/l). Nelson had been started on methimazole (Felimazole;

Dechra Veterinary Products, 2.5 mg gq12h) and had responded well to this medication,
with resolution of his ravenous appetite and appropriate weight gain. A repeat tT,
performed after 3 weeks showed that he had become euthyroid with treatment
(tT,= 32 nmol/l); a serum biochemical profile performed at the same time was
unremarkable with no evidence of azotaemia. Nelson’s methimazole therapy was

stopped 14 days prior to referral for radioactive iodine therapy.

Physical examination and laboratory findings On
presentation for radioactive iodine therapy, physical examination
revealed that Nelson weighed 4.6 kg with a body condition
score of 4/9. A unilateral left-sided goitre was palpable. On
cardiac auscultation a grade I/VI parasternal systolic murmur
was audible with a heart rate of 220 bpm. Lung auscultation,
abdominal palpation and his remaining physical examination
were unremarkable. Mean SBP assessed using the Doppler
technique was 158 mmHg and an indirect fundic examination
was unremarkable. A serum biochemical profile performed at
that time revealed only a mild increase in alanine transferase
activity (207 U/I; reference interval 25-130 U/l), and a tT,

of 85.1 nmol/l confirmed the presence of hyperthyroidism.
Full urinalysis (semiquantitative dipstick analysis, sediment
examination and urine specific gravity [USG]) performed on

a cystocentesis sample revealed 1+ protein with a USG of
1.045, but was otherwise unremarkable.

Continued case management Nelson was acclimatised to
the hospital environment and subsequently received 111 MBq
of radioactive iodine (I'®'). He remained within the radioactive
isolation unit for 2 weeks before discharge for continued
isolation at home for a further fortnight. On the day of discharge
his weight had increased by 200 g and a repeat tT, was 10.2
nmol/l. A serum biochemical profile was unremarkable, his USG
1.035 and his urinalysis otherwise within normal limits. However,
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repeat assessment of his blood pressure revealed a mean SBP
of 206 mmHg. Fundic examination at this point remained
unremarkable.

Nelson was re-examined 2 weeks later. Clinically, he had
continued to gain weight and his owners were very pleased
with his progress. However, his mean SBP was again increased,
at 196 mmHg. Fundic examination remained unremarkable.

< WHAT IS YOUR ASSESSMENT?

1 According to the ACVIM hypertension guidelines,
in which risk category would you place Nelson?

(@ | —minimal

(b) 1= mild
() Il = moderate
(d) IV —severe

2 How would you classify Nelson?

(@) Essential hypertension, as there is no underlying cause.

(b) Idiopathic hypertension, but it could be secondary to
subclinical non-azotaemic kidney disease.

(c) Secondary renal hypertension after unmasking reduced renal
function with treatment of his hyperthyroidism and a reduction
in GFR.

(d) Hypertension occurring after treatment of hyperthyroidism,
without evidence of reduced renal function.

(e) White-coat hypertension.

) ¢ ‘(p) | s1omsuy



POINTS

Systemic hypertension is a common
problem in the geriatric feline
population and is most often associated
with impaired kidney function.

Systemic hypertension is less prevalent in the
hyperthyroid feline population than once anticipated.
Approximately 20% of cats treated for their
hyperthyroidism may subsequently develop
hypertension, but not all will have an associated
azotaemia.

It remains undetermined whether idiopathic
hypertension is a genuine phenomenon in cats or
whether such cats have subclinical non-azotaemic
kidney disease.

The ACVIM consensus guidelines have been widely
adopted and classify systemic hypertension according
to the relative risk of the future development or
progression of target organ damage.

A better understanding of the pathogenesis of
hypertension in cats may lead to more specific
therapeutic interventions for the treatment of systemic
hypertension and the prevention of target organ
damage.
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