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Abstract

In geriatric dogs, aging-specific changes in cardiovascular physiology, drug metabolism, drug pharmacokinetics and drug tolerance contribute
to adverse drug reactions (ADRs). Comorbidities can also cause polypharmacy and thus drug-drug interactions. Adverse drug reactions for
ACE inhibitors, 3—blockers, furosemide, aldosterone antagonists and digoxin are common. Geriatric cardiology epitomizes the principle that
cardiovascular disease is only 1 component of a larger, multidimensional disease state with concomitant geriatric syndromes. Comorbidities
(cardiorenal syndrome, hypertension, diabetes mellitus, atherosclerotic disease, metabolic syndrome, obesity, chronic obstructive pulmonary
disease and frailty and cognitive dysfunction) are common, aggravate HF, complicate therapy and increase the total heart failure burden.
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Kopeklerde Geriatrik Kardiyoloji - Boliim 2: Geriatrik Kopeklerde Kalp
Yetmezligi Tedavisinde Zorluklar: ila¢ Reaksiyonlari ve Komorbitler

Oz

Geriatrik kopeklerde yasa bagh kardiyovaskdler fizyoloji, ilag metabolizmasi, ilag farmakokinetigi ve ilag téleransindaki degisiklikler ilag yan
etki reaksiyonlarina yol agar. Komorbitler de polifarmasiye ve boylece ilag-ilag etkilesimlerine neden olabilir. ACE inhibitorleri, B-blokorler,
furosemid, aldosteron antagonistleri ve digoxin‘e karsi ilag reaksiyonlari yaygindir. Geriatrik kardiyoloji, kardiyovaskuler hastaligin geriatrik
sendromlarla birlikte cok boyutlu bir olusumun bir komponentini temsil eder. Komorbidler (kardiyorenal sendrom, hipertansiyon, diabetes
mellitus, atherosklerotik hastalik, metabolik sendrom, obesite, kronik obstriiktif pulmoner hastalik ve gti¢stizlik ve kognitif disfonksiyon)
yaygindir, kalp yetmezligini siddetlendirirler ve tedaviyi komplike hale getirirler.

Anahtar sézciikler: Geriatrik kardiyoloji, ilac yan etkileri, Komorbitler, Kpek

INTRODUCTION

Whereas cardiovascular (CV) guidelines and standards of
care are oriented toward younger adults, most clinicians
devise individual strategies to optimize care for their
geriatric patients. Indeed, many cardiologists are adept
at integrating patient-centered priorities with existing
medical science. Nonetheless, the principles of geriatric
medicine combined with management and process for
older CV patients are not standardized, and core quality
metrics for measuring patient-centered outcomes are not
sufficiently delineated to teach, implement, or monitor ™.
Since elderly patients differ from non-elderly patients

and develop changes in cardiovascular physiology and
metabolism, pharmacotherapy must consider aging-specific
changes in cardiovascular physiology, drug metabolism,
drug pharmacokinetics and drug tolerance, as well as
comorbidities, polypharmacy and drug-drug interactions
that contribute to adverse effects 2.

ADVERSE DRUG REACTIONS

Treatment of the geriatric dogs with heart failure (HF) is
not optimal. Polypharmacy is common and can lead to
drug interactions, raising issues of efficacy and safety ..
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Adverse Drug Reactions for ACE Inhibitors

In general, ACE inhibitors should be discontinued if life-
threatening adverse drug reactions (ADRs) develop,
including angio-edema and anuric renal failure. Caution is
advisable in geriatric dogs with low blood pressure (<90
mmHg), high serum creatinine (>3 mg/dL) or high serum
potassium (>5 mEqg/L) levels. Renal function and serum
potassium should be monitored at frequent intervals >4,

ACE inhibitors are thought to minimize the hypertrophic
process in blood vessels and the myocardium and to
retard the process of abnormal collagen deposition. It is
important to note that much of the beneficial effect of ACE
inhibitors stems from their ability to block bradykininase,
thus increasing the beneficial effects of bradykinin. Because
nonsteroidal anti-inflammatory drugs (NSAIDs) block
the bradykininase inhibition of ACE inhibitors, the use
of NSAIDs with ACE inhibitors is contentious B,

Since fluid retention blunts the therapeutic effects of
ACE inhibitors and fluid depletion potentiates ADRs, fluid
balance should be monitored and a diuretic given prior
to and during ACE inhibitor therapy .

Persistent cough, anuric renal failure and angioedema
warrant discontinuation of the ACE inhibitor and
replacement by an ARB. However, this requires caution
since ARBs can also lead to angioedema 4.,

Adverse Drug Reactions for 3-Blockers

ADRs include reactive airways disease (asthma), fluid
retention, fatigue, bradycardia (sick sinus syndrome, and
second- or third-degree heart block) and hypotension 2.
Rather than discontinue the B-blocker, fluid retention should
be treated with a diuretic with concurrent monitoring for
excessive weight gain (>2 kg/day) .

Fatigue usually resolves within several weeks but may
require dose adjustment. In the very elderly, fatigue may
be due to comorbidities (e.g., anemia) or concurrent
medications M.

Treatment of HF symptoms is complicated by orthostasis.
Evidence of organ hypoperfusion or worsening of renal
function may require withdrawal of the B-blocker ™.

Bradycardia and hypotension are more common with
carvedilol owing to (a;-blockade, resulting in light-headed-
ness, dizziness or blurred vision that alarm the very elderly
and may lead to falls. Volume depletion may exacerbate
hypotension. Care should be taken not to use beta-
blockers until the geriatric dog is stable, because these
agents can exacerbate the signs of overt heart failure 2.

Adverse Drug Reactions for Furosemide

Reduced circulating blood volume and/or blood pressure
will stimulate the RAAS, which is the argument for adding

an ACE inhibitor or an aldosterone antagonist to dogs
treated with furosemide .

Adverse Drug Reactions for Aldosterone Antagonists

Close monitoring of renal function and serum potassium
should be performed when using aldosterone antagonists,
especially in the geriatric dogs . Since the use of
aldosterone antagonists in patients with renal dysfunction
increases the risk of hyperkalemia and this risk is greater
in the elderly and those receiving an ACE inhibitor or
ARB concurrently, spironolactone or eplerenone should
be used at a low dose under those circumstances and
avoided in those with a creatinine clearance under 30 mL/
min. Gynecomastia can occur in 10% and hyperkalemia in
2% of treated human patients ",

Adverse Drug Reactions for Digoxin

Common ADRs are nausea and vomiting (10%), visual
disturbances (15%), cardiac arrhythmias and heart block
(3%), in humans . The geriatric dogs should be closely
monitored for these ADRs as well as drug-drug interactions,
and the dose of digoxin reduced if amiodarone or
verapamil are used 2,

COMORBIDITIES

Geriatric cardiology epitomizes the principle that CVD is
only 1 component of a larger, multidimensional disease
state with concomitant geriatric syndromes. Selection of
assessments and therapies is best accomplished in the
context of the aggregate circumstances M.

Comorbidities are common, aggravate HF, complicate
therapy and increase the total HF burden. Cardiorenal
syndrome, hypertension, diabetes mellitus, atherosclerotic
disease, metabolic syndrome, obesity, chronic obstructive
pulmonary disease and frailty and cognitive dysfunction
need to be targeted early and aggressively with appropriate
measures to prevent progression to HF stage D 57,

Cardiorenal Syndrome

Cardiorenal syndrome (CRS) occurs when worsening renal
function limits diuresis despite clinical volume overload
associated with HF. In dogs being treated for chronic
HF, declining renal function should be anticipated. The
diagnostic marker for chronic kidney disease (CKD),
isosthenuria, cannot be relied upon in dogs being treated
with diuretics. Monitoring of creatinine especially should
be used to discern trends in renal function. A progressive
rise even within the normal range should alert the
practitioner, along with clinical signs: PU/PD, hyporexia,
anorexia, weight loss and vomiting. Goals of treatment
are to recognize CRS, reverse it as much as possible and
deal with the renal consequences of HF and the complex
relationship between HF and renal injury. The difficult
balance is to “dry out” the HF and hydrate the kidneys.
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Different therapeutic strategies are based upon the degree
of compromise of each organ 2.

ACE inhibitors are the mainstay of therapy for CRS especially
in the presence of hypertension or proteinuria. Dogs with
CRS should be hydrated before starting therapy. Low dose
benazepril or enalapril 0.25 mg/kg q 24 h can be increased
to proved better control for HF. Benazepril is metabolized
in the liver, Enalapril in the kidneys. Therefore, dogs with
CRS may need a lower dose of enalapril than benazepril.
Initiation of therapy may show a transient increase in BUN/
creatinine concentrations. If persistent, lowering the dose
is usually sufficient B,

If azotemia is becoming a concern, the first step is to lower
the dose of diuretics. The goal is to find the lowest effective
dose that controls HF. The dose must be continuously
reassessed. The ideal dose for an individual patient achieves
the threshold rate of drug excretion. Adequate natriuresis
can be grossly assessed by observation of increased urine
volume and decreased specific gravity. Periodic drainage
of pleural fluid or ascites can be used to avoid excessive
diuretic use B,

In the event that diuretic resistance occurs, several options
are available to correct fluid balance. A CRI of furosemide
(0.3-0.6 mg/kg/h IV inhibits sodium resorbtion more
effectively than oral or IV boluses. Once the volume over-
load has resolved, most cats will again respond to oral
therapy. Another loop diuretic, torsemide has superior
diuretic action and long half-life (0.2 mg/kg PO g 12 h).
It appears to be 10 times more potent than furosemide.
Dual-diuretic therapy can be considered when furosemide
dose needs to be decrease. Spironolactone (1-2 mg/kg
g 12 h) may cause severe facial pruritus and must be
used with caution B,

Systemic hypertension is common in CKD and by increasing
afterload increases the cardiac workload. Hypertension
worsens both CKD and HF. If present, amlodipine (0.0625-
0.25 mg/cat PO q 24 h) should be added. Blood pressure
monitoring is critical to avoid the effects of iatrogenic
hypotension 28,

In advanced CRS, a positive inotrope (pimobendan) may
improve azotemia, demeanor and appetite and allow
reduction in diuretic dose .,

Dietary modification should consider both conditions.
Sodium restriction and Lower phosphorus diets may be
helpful in managing kidney disease but may result in the
loss of lean body condition. High quality protein should
be given to the level that it does not worsen azotemia.
Omega-3 polyunsaturated fatty acids have been shown
to be beneficial in both cardiac and renal conditions >,

Fluid administration is a balance between improving renal
blood flow without precipitating congestive HF. Fluids
should be given slowly to correct azotemia, tailored to

the individual’s ability to tolerate. Abrupt changes in weight,
a new gallop heart sound and/or heart rate may indicate
impending congestive event and justify fluid rate reduction.
Sometimes a low-dose CRI of furosemide will be indicated
concurrently in dogs with end-stage CRS. SQ fluids may
be less likely to trigger a congestive event and can be
given every 24-48 h via a balanced electrolyte solution
and adjusted to the individual patient’s ability to tolerate.
In fragile patients, a smaller volume of fluids may be
necessary, titrating slowly upward if the expected effect
on uremia is not evident. Electrolytes should be monitored
closely, especially potassium, as hypokalemia can trigger
arrhythmia. Correction can take place through fluid therapy
or oral means 8. Although renal function may remain
stable for a period of time in dogs with HF, when CRS occurs
it leads to frequent hospitalization, difficulty maintaining
good quality of life and eventually euthanasia ©°\.

Hypertension and Heart Failure

Hypertension increases the cardiac workload by increasing
afterload. There is a critical role of hypertension in the
pathogenesis of HF. Elevated levels of diastolic and especially
systolic blood pressure are major risk factors for the
development of HF 2219 Also, hypertension is frequently
accompanied by metabolic risk factors and obesite, which
themselves increase the risk of HF. On the basis of the 44-
year follow-up data of the Framingham Heart Study, 75%
of patients with HF have antecedent hypertension "', In
humans, both acute and chronic hypertension have been
linked to the risk of HF. Sudden elevation of blood pressure
(such as in hypertensive emergencies) can lead to acute
left ventricular strain and acute HF '? and is a common
precipitating cause for decompensation in a patient with
chronic HF ®., Progression from chronic hypertension to
structural ventricular changes and then to asymptomatic
diastolic and systolic ventricular dysfunction is well
established by longitudinal epidemiological studies, such
as the Framingham Heart Study .

Elevated blood pressure places greater hemodynamic
burden on the myocardium and leads to left ventricular
hypertrophy. Left ventricular hypertrophy is associated with
increased myocardial stiffness and decreased compliance,
initially during exercise and subsequently at rest >4, The
initial concentric hypertrophy (thick wall, normal chamber
volume, and high mass-to-volume ratio) helps keep wall
tension normal despite high intraventricular pressure.
Because systolic stress (afterload) is a major determinant
of ejection performance, normalization of systolic stress
helps maintain a normal stroke volume despite the need
to generate high levels of systolic pressure '3,

Aggressive control of blood pressure is the most effective
approach to reduce the incidence of HF in a hypertensive
population. Primary prevention trials have demonstrated
up to a 50% reduction in the incidence of HF in patients
with hypertension who are treated with blood pressure-
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lowering agents "¢, The Hypertension in the Very Elderly
trial achieved a 64% relative risk reduction in heart failure with
the diuretic indapamide, with or without the angiotensin-
converting enzyme (ACE) inhibitor perindopril 7.,

Inhibition of the renin-angiotensin system with ACE
inhibitors or angiotensin receptor blockers (ARBs) appears
to exert a greater benefit on left ventricular hypertrophy
and remodeling than would be predicted from their
pressure-lowering effect. Their effectiveness in reducing
morbid events in nonhypertensive patients with athero-
sclerotic disease may involve pressure-independent as
well as pressure-dependent mechanisms '8,

[-Blockers are also effective in preventing HF in hypertensive
geriatric dogs, partly through pressure reduction and
partly through inhibition of structural remodeling of the
left ventricle. Diuretic therapy also is effective in preventing
heart failure, not only through blood pressure reduction
but also by intravascular volume contraction, which
reduces the risk of congestion. Diuretics are not known to
affect remodeling directly. Calcium channel antagonists,
especially amlodipine, contribute to prevention of heart
failure by their powerful vascular effects that reduce blood
pressure and diminish reflected waves 2.

Diabetes Mellitus and Heart Failure

Diabetes and insulin resistance are important risk factors
for the development of HF . The presence of clinical
diabetes mellitus markedly increases the likelihood of HF
in patients without structural heart disease and adversely
affects the outcomes of patients with established HF 202",
The Framingham Heart Study showed that the prevalence
of heart failure was twice as high among diabetic men and
five times as high among diabetic women aged between
45 and 74 years as in age-matched nondiabetic controls 22,
After the age of 65 years, the association became even
stronger, with a fourfold higher prevalence in diabetic men
and an eightfold higher prevalence in diabetic women 2.,
HF is the most common admission diagnosis for diabetic
patients, and more than one third of patients with type 2
diabetes die of heart failure 2**%, There is no date on this
concern in dogs.

The basic reason for the increased prevalence of HF
among diabetic patients is the presence of a distinct
diabetic cardiomyopathy that is structurally characterized
by cardiomyocyte hypertrophy, microangiopathy, endo-
thelial dysfunction, and myocardial fibrosis ?°. At the
cellular level, diabetic cardiomyopathy is associated with
defects in subcellular organelles and downregulation of
catecholamine receptors as a result of chronically elevated
catecholamine levels 29, Also, in animal models with the
onset of hyperglycemia, changes in myocardial calcium
transportation and alterations in contractile proteins occur,
both of which lead to systolic and diastolic dysfunction
that worsens as the collagen content of the myocardium

increases 1. Doppler imaging studies have been used to
provide load-independent assessments of cardiac relaxation.
These studies not only have confirmed evidence of diastolic
dysfunction in asymptomatic patients with diabetes but
also have demonstrated a direct relationship between the
extent of diastolic dysfunction and glycemic control 28,
Although diastolic dysfunction is the hallmark of diabetic
cardiomyopathy, concomitant subtle systolic dysfunction
is present even at earlier stages of the disease 13!,

Fasting glucose levels are predictive of hospitalizations
for congestive heart failure, with a 10% increase in the risk
of heart failure-related hospitalization for each 18 mg/
dL increase in fasting glucose level ?. The choice of oral
hypoglycemic agent that may be used is restricted. For
instance, metformin is contraindicated in the presence
of either HF or renal impairment, and precautions also
apply to the use of the thiazolidinediones %3, In addition
to treating hyperglycemia, it is crucial to control all
other cardiovascular and metabolic risks and to prevent
complications in patients with diabetes. ACE inhibitors or
ARBs can prevent the development of end-organ disease
and the occurrence of clinical events in diabetic patients,
even in those who do not have hypertension 2. Long-
term treatment with several ACE inhibitors or ARBs has
been shown to decrease the risk of renal disease in diabetic
patients 5334, and prolonged therapy with the ACE inhibitor
ramipril has been shown to lower the likelihood of heart
failure, myocardial infarction, and cardiovascular death =2,
Likewise, the use of ARBs in patients with diabetes mellitus
and hypertension or left ventricular hypertrophy has been
shown to reduce the incidence of first hospitalization for
heart failure, in addition to having other beneficial effects
on renal function 13536,

Atherosclerotic Disease and Heart Failure

Patients with known atherosclerotic disease (e.g., of the
coronary, cerebral, or peripheral blood vessels) are at
increased risk of developing heart failure. Although it is
less common in dogs, coronary atherosclerotic disease can
lead to acute or chronic ischemia, thereby predisposing to
left ventricular dysfunction and symptomatic heart failure 2.

ACE inhibitors reduce incidence of heart failure by 23%
among patients who have coronary artery disease and
normal systolic function and by 37% among patients who
have reduced left ventricular systolic function, in humans.
Observational studies and small clinical investigations
have suggested that hydroxymethylglutaryl-coenzyme A
reductase inhibitors (statins) may be beneficial in patients
with ischemic and nonischemic heart failure ™.

Metabolic Syndrome and Heart Failure

The term “metabolic syndrome” refers to a cluster of risk
factors for cardiovascular disease and type 2 diabetes
mellitus. According to the National Cholesterol Education
Program Adult Treatment Panel lll, metabolic syndrome
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is diagnosed when three or more of the following five
risk factors are present B¢: (1) fasting plasma glucose of
100 mg/dL or higher; (2) high-density lipoprotein (HDL)
cholesterol level lower than 40 mg/dL in men or lower than
50 mg/dL in women; (3) triglyceride levels of 150 mg/dL or
higher; (4) waist circumference of 102 cm or more in men
or 88 cm or more in women; and (5) systolic blood pressure
of 130 mmHg or higher or diastolic blood pressure of 85
mm Hg or higher, or the presence of drug treatment for
hypertension.

The prevalence of metabolic syndrome reaches epidemic
levels and ranges from 6.7% among people 20 to 29 years
of age to 43.5% for people 60 to 69 years of age and
42.0% for those 70 years of age or older 5738,

Mechanisms underlying elevated cardiovascular risk
associated with metabolic syndrome appear to involve
subclinical organ damage 3. Among patients with hyper-
tension but without diabetes, those with metabolic
syndrome seem more likely to have microalbuminuria,
left ventricular hypertrophy, and increased carotid intima
thickness than did those without metabolic syndrome ©9.
In addition, the greater the number of metabolic syndrome
components present, the more severe were the micro-
albuminuria and left ventricular hypertrophy B9,

Treatment of metabolic syndrome consists of aggressive
management of each of its individual components,
including impaired fasting glucose concentration,
dyslipidemia, and hypertension. Drugs targeting nuclear
peroxisome proliferator-activated receptors (PPARs) PPAR-
a (e.g, fenofibrate and gemfibrozil) are used in the treatment
of metabolic syndrome. Fibrates decrease triglyceride
level, increase HDL cholesterol, and may have some anti-
inflammatory effects; however, their effect on cardio-
vascular disease outcomes continues to be evaluated %,
Among patients with impaired glucose tolerance and
cardiovascular disease or risk factors, the use of the ARB
valsartan along with lifestyle modification led to a relative
reduction of 14% in the incidence of diabetes but did not
reduce the rate of cardiovascular events !

Obesity and Heart Failure

In several studies, obesity has been associated consistently
with left ventricular hypertrophy and dilation ,which are
known precursors of heart failure ¥4, In the Framingham
Heart Study population, overweight, lesser degrees of
obesity and extreme obesity were associated with an
increased risk of HF 145461,

There are several plausible mechanisms for the association
between obesity and heart failure. Obesity is a risk factor for
hypertension ! diabetes mellitus ¥74®, and dyslipidemia,
all of which augment the risk of myocardial infarction 224,
an important antecedent of HF, in humans. Adipose tissue
acts as an endocrine organ, secreting hormones and

other substances that create a proinflammatory state and
promote formation of atherosclerotic plaques 5%,

In humans, a number of strategies have been used to
treat obesity, including diet, exercise, behavior therapy,
medications, and surgery. To select among these treatments,
clinicians must evaluate the obesity-related risks to
the individual patient and balance those risks against
any possible problems with the treatment. Because all
medications inherently carry more risks than do diet and
exercise, medications should be chosen only for people
in whom the benefit justifies the risk 52,

Chronic Obstructive Pulmonary Disease and Heart Failure

The importance of COPD as a cause of death is probably
underestimated, in as much as COPD is probably a contri-
butor to other common causes of death, in humans P3.
The risk ratio of developing heart failure in patients with
COPD is 4.5, in comparison with age-matched controls
without COPD, after adjustments for cardiovascular risk
factors **. Among the comorbid conditions commonly
associated with HF, COPD is the one that most delays
the diagnosis of heart failure and is most often blamed
for nonadherence to therapeutic guidelines, especially
[-blockade ©2,

A working hypothesis to account for the high prevalence
of left ventricular systolic dysfunction in patients with
COPD is that low-grade systemic inflammation in COPD
accelerates progression of coronary atherosclerosis, which
ultimately results in ischemic cardiomyopathy. Such a
hypothesis is based on the fact that patients with COPD
have higher elevation of inflammatory markers ©657,
and it fits the clinical observation of a higher incidence
of troponin elevation ®® and left ventricular wall motion
abnormalities *8 noted in patients with COPD and left
ventricular dysfunction. Patients with HF and concomitant
COPD have higher activation of neurohormones, particularly
norepinephrine and plasma rennin ¢, COPD may also lead
to right ventricular failure from pulmonary hypertension, a
common complication of COPD . The cause of pulmonary
hypertension in COPD is generally assumed to be hypoxic
pulmonary vasoconstriction 2%,

Bronchodilators, corticosteroids, and antibiotics in the
treatment of acute exacerbations constitute the mainstay
of current drug therapy for COPD %, Long-term oxygen
therapy was also shown to reduce mortality and improve
quality of life in patients with severe COPD and chronic
hypoxemia (partial pressure of arterial oxygen <55 mm
Hg) ©". The presence of COPD affects the treatment of HF,
in as much as COPD is still viewed as a contraindication
to B-blockade. Therefore, patients with HF caused by left
ventricular systolic dysfunction who also have COPD are
often deprived of the most beneficial pharmacological
intervention. A large body of data indicates that patients
with COPD may tolerate selective B-blockade, and these



324
Geriatric Cardiology in Dogs - ...

medications should not necessarily be denied to patients
with heart failure and concomitant COPD 962,

Frailty and Cognitive Dysfunction and Heart Failure

Other problems such as frailty and cognitive dysfunction
common in the elderly HF patient can also complicate
management “. Frailty and cognitive impairment are
common and lead to reduced compliance. Response
to diuretics, ACE inhibitors, B-blockers and/or positive
inotropes may be diminished .

Cognitive dysfunction (CD) lead to polypharmacy. The
most common signs of CD are disorientation in time and
space, altered learning, house soiling, altered interactions
(e.g. attention seeking, anxiety, irritability), changes in
activity (wandering or pacing), changes in sleep patterns,
decreased appetite and increased vocalization 3,

Therapies extrapolated from studies in humans and
dogs include anti-oxidant enriched diets, supplements
phosphatidyserine, omega-3 fatty acids, Vitamins E and C,
L-carnitine. SAMe improved activity and awareness in dogs.
Selegiline (Anipryl), which has been anecdotally reported
to be proven beneficial in dogs for CD. Environmental
enrichment have often been recommended. Any changes
should take place slowly 263,

CONCLUSION

In geriatric dogs, aging-specific changes in cardiovascular
physiology, drug metabolism, drug pharmacokinetics and
drug tolerance contribute to ADRs. Comorbidities can also
cause polypharmacy and thus drug-drug interactions.

Comorbidities (cardiorenal syndrome, hypertension, diabetes
mellitus, atherosclerotic disease, metabolic syndrome,
obesity, chronic obstructive pulmonary disease and frailty
and cognitive dysfunction) are common, aggravate HF,
complicate therapy and increase the total HF burden.

REFERENCES

1. Bell SP, Orr NM, Dodson JA, Rich MW, Wenger NK, Blum K, Harold
JG, Tinetti ME, Maurer MS, Forman DE: What to expect from the
evolving field of geriatric cardiology? J Am Coll Cardiol, 66 (11): 1286-1299,
2015.DOI: 10.1016/j.jacc.2015.07.048

2. Turgut K: Klinik Kedi ve Képek Kardiyolojisi. Nobel Tip Kitabevleri
Tic. Ltd. Sti., Istanbul, 2017.

3. Hamlin RL: Geriatric heart diseases in dogs. Vet Clin North Am: Small
Anim Pract, 35, 597-615,2005. DOI: 10.1016/j.cvsm.2005.01.003

4. Goldwater DS: Geriatric cardiology: A fellow’s perspective. J Am Coll
Cardiol, 64 (13): 1401-1403, 2014. DOI: 10.1016/j.jacc.2014.08.009

5. Yusuf S, Pfeffer MA, Swedberg K, Granger CB, Held P, McMurray
JJ, Michelson EL, Olofsson B, Ostergren J: Effects of candesartan in
patients with chronic heart failure and preserved left-ventricular ejection
fraction: The CHARM-preserved trial. Lancet, 362, 777-781, 2003. DOI:
10.1016/5S0140-6736(03)14285-7

6. Cicardi M, Zingale LC, Bergamaschini L, Agostoni A: Angioedema
associated with angiotensin-converting enzyme inhibitor use: Outcome

after switching to a different treatment. Arch Intern Med, 164, 910-913,
2004. DOI: 10.1001/archinte.164.8.910

7. Jessup M, Abraham WT, Casey DE, Feldman AM, Francis GS, Ganiats
TG, Konstam MA, Mancini DM, Rahko PS, Silver MA, Stevenson LW,
Yancy CW: 2009 focused update: ACCF/AHA guidelines for the diagnosis
and management of heart failure in adults: A report of the American
College of Cardiology Foundation/American Heart Association Task Force on
Practice Guidelines: Developed in collaboration with the International
Society for Heart and Lung Transplantation. Circulation, 119, 14, 1977-
2016, 2009. DOI: 10.1161/CIRCULATIONAHA.109.192064

8. Gheorghiade M, Zannad F, Sopko G, Klein L, Pifa IL, Konstam
MA, Massie BM, Roland E, Targum S, Collins SP, Filippatos G,
Tavazzi L: Acute heart failure syndromes: Current state and framework
for future research. Circulation, 112, 3958-3968, 2005. DOI: 10.1161/
CIRCULATIONAHA.105.590091

9. Levy D1, Larson MG, Vasan RS, Kannel WB, Ho KK: The progression
from hypertension to congestive heart failure. JAMA, 275, 1557-1562,
1996. DOI: 10.1001/jama.1996.03530440037034

10. Wilhelmsen L1, Rosengren A, Eriksson H, Lappas G: Heart failure
in the general population of men: Morbidity, risk factors and prognosis.
JIntern Med, 249, 253-261, 2001. DOI: 10.1111/j.1365-2796.2001.00801.x

11. Lloyd-Jones DM, Larson MG, Leip EP, Beiser A, D’Agostino
RB, Kannel WB, Murabito JM, Vasan RS, Benjamin EJ, Levy D:
Lifetime risk for developing congestive heart failure: The Framingham
Heart Study. Circulation, 106, 3068-3072, 2002. DOI: 10.1161/01.CIR.
0000039105.49749.6F

12. Gandhi SK, Powers JC, Nomeir AM, Fowle K, Kitzman DW, Rankin
KM, Little WC: The pathogenesis of acute pulmonary edema associated
with hypertension. N Engl J Med, 344, 17-22, 2001. DOI: 10.1056/
NEJM200101043440103

13. Inouye |, Massie B, Loge D, Topic N, Silverstein D, Simpson P,
Tubau J: Abnormal left ventricular filling: An early finding in mild to
moderate systemic hypertension. Am J Cardiol, 53, 120-126, 1984. DOI:
10.1016/0002-9149(84)90695-7

14. Smith VE, Schulman P, Karimeddini MK, White WB, Meeran MK,
Katz AM: Rapid ventricular filling in left ventricular hypertrophy: Il.
Pathologic hypertrophy. J Am Coll Cardiol, 5, 869-874, 1985. DOI: 10.1016/
S0735-1097(85)80425-3

15. Gunther S, Grossman W: Determinants of ventricular function in
pressure-overload hypertrophy in man. Circulation, 59, 679-688, 1979.
DOI: 10.1161/01.CIR.59.4.679

16. Baker DW: Prevention of heart failure. J Card Fail, 8, 333-346, 2002.

17. Beckett NS, Peters R, Fletcher AE, Staessen JA, Liu L, Dumitrascu
D, Stoyanovsky V, Antikainen RL, Nikitin Y, Anderson C, Belhani
A, Forette F, Rajkumar C, Thijs L, Banya W, Bulpitt CJ: Treatment of
hypertension in patients 80 years of age or older. N Engl J Med, 358, 1887-
1898, 2008. DOI: 10.1056/NEJM0a0801369

18. Yusuf S, Teo KK, Pogue J, Dyal L, Copland I, Schumacher H,
Dagenais G, Sleight P, Anderson C: Telmisartan, ramipril, or both in
patients at high risk for vascular events. N Engl J Med, 358, 1547-1559,
2008. DOI: 10.1056/NEJM0a0801317

19. Haydardedeoglu AE: Geriatrik hasta kopeklerde fiziksel, biyokimyasal
ve radyolojik bulgularin degerlendirilmesi. Doktora Tezi, Ankara Univ.
Saglik Bil. Enst., 2012.

20. He J, Ogden LG, Bazzano LA, Vupputuri S, Loria C, Whelton PK:
Risk factors for congestive heart failure in US men and women: NHANES |
epidemiologic follow-up study. Arch Intern Med, 161, 996-1002, 2001.
DOI: 10.1001/archinte.161.7.996

21. Krumholz HM, Chen YT, Wang Y, Vaccarino V, Radford MJ, Horwitz
RI: Predictors of readmission among elderly survivors of admission
with heart failure. Am Heart J, 139, 1, 72-77, 2000. DOI: 10.1016/S0002-
8703(00)90311-9

22. Kannel WB, McGee DL: Diabetes and cardiovascular disease. The
Framingham study. JAMA, 241, 2035-2038, 1979. DOI: 10.1001/jama.
1979.03290450033020

23. Bell DS: Heart failure in the diabetic patient. Cardiol Clin, 25, 523-538,



325

TURGUT, SULEYMANOGLU
ERTAN, INCE

2007.DOI: 10.1016/j.ccl.2007.08.003

24, Cook CB, Tsui C, Ziemer DC, Naylor DB, Miller WJ: Common reasons
for hospitalization among adult patients with diabetes. Endocr Pract,
12,363-370, 2006. DOI: 10.4158/EP.12.4.363

25. Fang ZY, Prins JB, Marwick TH: Diabetic cardiomyopathy: Evidence,
mechanisms, and therapeutic implications. Endocr Rev, 25, 543-567, 2004.
DOI: 10.1210/er.2003-0012

26. Huggett RJ, Scott EM, Gilbey SG, Stoker JB, Mackintosh AF,
Mary DA: Impact of type 2 diabetes mellitus on sympathetic neural
mechanisms in hypertension. Circulation, 108, 3097-3101, 2003. DOI:
10.1161/01.CIR.0000103123.66264.FE

27. Poirier P, Bogaty P, Garneau C, Marois L, Dumesnil JG: Diastolic
dysfunction in normotensive men with well-controlled type 2 diabetes:
Importance of maneuvers in echocardiographic screening for preclinical
diabetic cardiomyopathy. Diabetes Care, 24, 5-10, 2001. DOI: 10.2337/
diacare.24.1.5

28. Shishehbor MH, Hoogwerf BJ, Schoenhagen P, Marso SP, Sun
JP, Li J, Klein AL, Thomas JD, Garcia MJ: Relation of hemoglobin Alc
to left ventricular relaxation in patients with type 1 diabetes mellitus
and without overt heart disease. Am J Cardiol, 91, 1514-1517, 2003. DOI:
10.1016/50002-9149(03)00414-4

29. Held C, Gerstein HC, Yusuf S, Zhao F, Hilbrich L, Anderson C,
Sleight P, Teo K: Glucose levels predict hospitalization for congestive
heart failure in patients at high cardiovascular risk. Circulation, 115, 1371-
1375,2007.DOI: 10.1161/CIRCULATIONAHA.106.661405

30. Gilbert RE, Connelly K, Kelly DJ, Pollock CA, Krum H: Heart
failure and nephropathy: Catastrophic and interrelated complications
of diabetes. Clin J Am Soc Nephrol, 1, 193-208, 2006. DOI: 10.2215/
CJN.00540705

31. Lipscombe LL, Gomes T, Lévesque LE, Hux JE, Juurlink DN, Alter
DA: Thiazolidinediones and cardiovascular outcomes in older patients
with diabetes. JAMA, 298, 2634-2643, 2007. DOI: 10.1001/jama.298.22.2634

32. Yusuf S, Sleight P, Pogue J, Bosch J, Davies R, Dagenais G: Effects of
an angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascular
events in high-risk patients. The Heart Outcomes Prevention Evaluation
Study Investigators. N Engl J Med, 342, 145-153, 2000. DOI: 10.1056/
NEJM200001203420301

33. Kasiske BL, Kalil RS, Ma JZ, Liao M, Keane WF: Effect of
antihypertensive therapy on the kidney in patients with diabetes: A
meta-regression analysis. Ann Intern Med, 118, 129-138, 1993. DOl
10.7326/0003-4819-118-2-199301150-00009

34. Lewis EJ, Hunsicker LG, Bain RP, Rohde RD: The effect of
angiotensin-converting-enzyme inhibition on diabetic nephropathy.
The Collaborative Study Group. N Engl J Med, 329, 1456-1462, 1993. DOI:
10.1056/NEJM199311113292004

35. Zanella MT, Ribeiro AB: The role of angiotensin Il antagonism in
type 2 diabetes mellitus: A review of renoprotection studies. Clin Ther, 24,
1019-1034, 2002. DOI: 10.1016/50149-2918(02)80016-9

36. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH,
Franklin BA, Gordon DJ, Krauss RM, Savage PJ, Smith SC Jr, Spertus
JA, Costa F: Diagnosis and management of the metabolic syndrome: An
American Heart Association/National Heart, Lung, and Blood Institute
Scientific Statement. Circulation, 112, 2735-2752, 2005. DOI: 10.1161/
CIRCULATIONAHA.105.169404

37. Ford ES, Giles WH, Dietz WH: Prevalence of the metabolic
syndrome among US adults: Findings from the third National Health and
Nutrition Examination Survey. JAMA, 287, 356-359, 2002. DOI: 10.1001/
jama.287.3.356

38. Kereiakes DJ, Willerson JT: Metabolic syndrome epidemic. Circulation,
108, 1552-1553, 2003. DOI: 10.1161/01.CIR.0000093203.00632.2B

39. Leoncini G, Ratto E, Viazzi F, Vaccaro V, Parodi D, Parodi
A, Falqui V, Tomolillo C, Deferrari G, Pontremoli R: Metabolic
syndrome is associated with early signs of organ damage in non-
diabetic, hypertensive patients. J Intern Med, 257, 454-460, 2005. DOI:
10.1111/j.1365-2796.2005.01468.x

40. Miranda PJ, DeFronzo RA, Califf RM, Guyton JR: Metabolic

syndrome: Evaluation of pathological and therapeutic outcomes. Am
Heart J, 149, 20-32, 2005. DOI: 10.1016/j.ahj.2004.07.012

41. NAVIGATOR Study Group, McMurray JJ, Holman RR, Haffner
SM, Bethel MA, Holzhauer B, Hua TA, Belenkov Y, Boolell M, Buse
JB, Buckley BM, Chacra AR, Chiang FT, Charbonnel B, Chow CC,
Davies MJ, Deedwania P, Diem P, Einhorn D, Fonseca V, Fulcher GR,
Gaciong Z, Gaztambide S, Giles T, Horton E, llkova H, Jenssen T, Kahn
SE, Krum H, Laakso M, Leiter LA, Levitt NS, Mareev V, Martinez F,
Masson C, Mazzone T, Meaney E, Nesto R, Pan C, Prager R, Raptis SA,
Rutten GE, Sandstroem H, Schaper F, Scheen A, Schmitz O, Sinay |,
Soska V, Stender S, Tamas G, Tognoni G, Tuomilehto J, Villamil AS,
Vozar J, Califf RM: Effect of valsartan on the incidence of diabetes and
cardiovascular events. N Engl J Med, 362, 1477-1490, 2010. DOI: 10.1056/
NEJMo0a1001121

42. Alpert MA, Lambert CR, Terry BE, Cohen MV, Mukerji V, Massey
CV, Hashimi MW, Panayiotou H: Influence of left ventricular mass on left
ventricular diastolic filling in normotensive morbid obesity. Am Heart
J,130, 1068-1073, 1995. DOI: 10.1016/0002-8703(95)90210-4

43. Gardin JM, McClelland R, Kitzman D, Lima JA, Bommer W,
Klopfenstein HS, Wong ND, Smith VE, Gottdiener J: M-mode
echocardiographic predictors of six- to seven-year incidence of coronary
heart disease, stroke, congestive heart failure, and mortality in an elderly
cohort (the Cardiovascular Health Study). Am J Cardiol, 87, 1051-1057,
2001.DOI: 10.1016/50002-9149(01)01460-6

44. Vasan RS, Larson MG, Benjamin EJ, Evans JC, Levy D: Left
ventricular dilatation and the risk of congestive heart failure in people
without myocardial infarction. N Engl J Med, 336, 1350-1355, 1997. DOI:
10.1056/NEJM199705083361903

45. Kenchaiah S, Evans JC, Levy D, Wilson PW, Benjamin EJ, Larson
MG, Kannel WB, Vasan RS: Obesity and the risk of heart failure. N Engl
JMed, 347, 305-313, 2002. DOI: 10.1056/NEJM0a020245

46. Alpert MA: Obesity cardiomyopathy: Pathophysiology and
evolution of the clinical syndrome. Am J Med Sci, 321, 225-236, 2001.
DOI: 10.1097/00000441-200104000-00003

47. Stamler J: Epidemiologic findings on body mass and blood
pressure in adults. Ann Epidemiol, 1, 347-362, 1991. DOI: 10.1016/1047-
2797(91)90045-E

48. Chan JM, Rimm EB, Colditz GA, Stampfer MJ, Willett WC: Obesity,
fat distribution, and weight gain as risk factors for clinical diabetes in
men. Diabetes Care, 17, 961-969, 1994. DOI: 10.2337/diacare.17.9.961

49. Manson JE, Colditz GA, Stampfer MJ, Willett WC, Rosner B,
Monson RR, Speizer FE, Hennekens CH: A prospective study of obesity
and risk of coronary heart disease in women. N Engl J Med, 322, 882-
889, 1990. DOI: 10.1056/NEJM199003293221303

50. Lau DC, Dhillon B, Yan H, Szmitko PE, Verma S: Adipokines:
Molecular links between obesity and atherosclerosis. Am J Physiol Heart
Circ Physiol, 288,5,H2031-H2041,2005.DOI: 10.1152/ajpheart.01058.2004

51. Bray GA: Medical therapy for obesity: Current status and future
hopes. Med Clin North Am, 91, 1225-1253, 2007. DOI: 10.1016/j.mcna.
2007.06.013

52. Yanovski SZ, Yanovski JA: Obesity. N Engl J Med, 346, 591-602, 2002.
DOI: 10.1056/NEJMra012586

53. American Thoracic Society: Standards for the diagnosis and care
of patients with chronic obstructive pulmonary disease. Am J Respir
Crit Care Med, 152 (5): S77-S121, 1995.

54. Curkendall SM, DeLuise C, Jones JK, Lanes S, Stang MR,
Goehring E Jr, She D: Cardiovascular disease in patients with chronic
obstructive pulmonary disease, Saskatchewan Canada cardiovascular
disease in COPD patients. Ann Epidemiol, 16, 63-70, 2006. DOI: 10.1016/j.
annepidem.2005.04.008

55. Egred M, Shaw S, Mohammad B, Waitt P, Rodrigues E: Under-use of
beta-blockers in patients with ischaemic heart disease and concomitant
chronic obstructive pulmonary disease. Q J Med, 98, 493-497, 2005. DOI:
10.1093/gjmed/hci080

56. Staszewsky L, Wong M, Masson S, Barlera S, Carretta E, Maggioni
AP, Anand IS, Cohn JN, Tognoni G, Latini R: Clinical, neurohormonal,
and inflammatory markers and overall prognostic role of chronic



326
Geriatric Cardiology in Dogs - ...

obstructive pulmonary disease in patients with heart failure: Data
from the Val-HeFT heart failure trial. J Card Fail, 13, 797-804, 2007. DOI:
10.1016/j.cardfail.2007.07.012

57. Sin DD, Man SF: Why are patients with chronic obstructive
pulmonary disease at increased risk of cardiovascular diseases?
The potential role of systemic inflammation in chronic obstructive
pulmonary disease. Circulation, 107, 1514-1519, 2003. DOI: 10.1161/01.
CIR.0000056767.69054.B3

58. Steele P, Ellis JH, Van Dyke D, Sutton F, Creagh E, Davies H: Left
ventricular ejection fraction in severe chronic obstructive airways
disease. AmJMed, 59, 21-28, 1975. DOI: 10.1016/0002-9343(75)90317-4
59. Naeije R: Pulmonary hypertension and right heart failure in chronic
obstructive pulmonary disease. Proc Am Thorac Soc, 2, 20-22, 2005. DOI:
10.1513/pats.200407-037MS

60. Barnes PJ: Chronic obstructive pulmonary disease. N Engl J Med,

343, 269-280, 2000.

61. Tarpy SP, Celli BR: Long-term oxygen therapy. N Engl J Med, 333,
710-714,1995. DOI: 10.1056/NEJM199509143331107

62. Le Jemtel TH, Padeletti M, Jelic S: Diagnostic and therapeutic
challenges in patients with coexistent chronic obstructive pulmonary
disease and chronic heart failure. J Am Coll Cardiol, 49, 171-180, 2007. DOI:
10.1016/j.jacc.2006.08.046

63. Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum
CB, Eckel RH, Goldberg AC, Gordon D, Levy D, Lloyd-Jones DM,
McBride P, Schwartz JS, Shero ST, Smith SC Jr, Watson K, Wilson PW:
2013 ACC/AHA guideline on the treatment of blood cholesterol to reduce
atherosclerotic cardiovascular risk in adults: A report of the American
College of Cardiology/American Heart Association Task Force on Practice
Guidelines. J Am Coll Cardiol, 63, 2889-2934, 2014. DOI: 10.1161/01.
cir.0000437738.63853.7a



