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Treatment of Heart Failure

With Preserved Ejection Fraction

Reflections on Its Treatment

With an Aldosterone Antagonist

Heart failure (HF) with preserved ejection fraction

(HFpEF) is a syndrome that occurs in about one-half

of all patients with HF and is being recognized with

increasing frequency. Although its specific causes

have not been elucidated in the majority of patients,

HFpEF occurs most commonly in elderly individuals

who have 1 or more comorbidities that include hyper-

tension, obesity, diabetes, metabolic syndrome, atrial

fibrillation, anemia, and chronic kidney disease. While

by its usual definition the left ventricular ejection frac-

tion is 45% or more (and in some instances �50%),

HFpEF may also be characterized by diastolic dysfunc-

tion that impairs ventricular filling resulting from

slowed ventricular relaxation and an increase in pas-

sive ventricular stiffness. In some patients with

HFpEF, this elevation in filling pressure is manifest

only during exercise, whereas in others it is more sus-

tained, and results in pulmonary hypertension.1

Avarietyofabnormalities incardiacstructureand/or

function occur in HFpEF, including increases in the di-

ameter of cardiomyocytes, and ventricular hypertro-

phy,aswell asexpansionof the fibrous tissue thatmakes

up theextracellular cardiacmatrix. The latter,whichalso

occurs in patients with HF and reduced ejection frac-

tion (HFrEF), appears to result fromaugmentationof the

synthesis andcross-linkingof collagen, accompaniedby

a reduction of its degradation.

Abnormalities of diastolic function, increased left

ventricularmass tovolumeratio, andenlargementof the

left atriumare key features ofHFpEF that canbe recog-

nized by echocardiography.2 However, there is a wide

spectrum of echocardiographic features of HFpEF that

may be normal in some patients. Patients exhibiting

more prominent structural and functional abnormali-

ties are at higher risk for cardiovascular events.2

In 1993, Brilla et al3 reported that the infusion of al-

dosterone to uninephrectomized rats resulted in an in-

crease of the cardiac extracellularmatrix. These effects

of aldosterone were blocked by low doses of the min-

eralocorticoid receptor antagonist (MRA) spironolac-

tone. These seminal observations have been con-

firmed repeatedly. There is now considerable evidence

that links aldosterone to HF. Thus, patients with dia-

stolic dysfunction and preserved ejection fraction ex-

hibit a statistically significant correlation between the

levelof circulatingaldosteroneand left ventricularmass.

The central role of interstitial fibrosis in the heart (and

perhaps the kidney aswell) inHFmakes theseobserva-

tions particularly important.

Three major placebo-controlled trials, led by Pitt et

al4,5 and Zannad et al,6 have provided evidence that ad-

ministrationofMRAs improvedclinicaloutcomes, includ-

ingsurvival, inpatientswithHFrEFaswellaswith leftven-

triculardysfunctionfollowingmyocardial infarction. Inthe

RALES trial, extensive cardiac remodelingandpoor clini-

caloutcomeswereassociatedwithexcessive turnoverof

theextracellularmatrix.7Theextentofclinicalbenefit from

theMRAsappearedtobemostprominent in thepatients

withHFrEFinwhomthisturnoverwasreduced.Theseob-

servations, takentogether,underscore the important re-

lationshipsbetweenaldosterone,theextracellularmatrix,

ventricular dysfunction, and the severity of clinical HF.

The effects of MRAs on patients with diastolic dys-

function, bothwith andwithout HFrEF, have been stud-

ied inavarietyofpatients, includingpatientswithessen-

tial hypertension, obesity, andmetabolic syndrome, and

in elderly individuals. A meta-analysis of 11 randomized

trials showed that administration of anMRAwas associ-

atedwith an improvement indiastolic function assessed

by echocardiography, as well as with a reduction in the

concentration of circulating biomarkers that reflect the

collagen turnover associatedwithmyocardial fibrosis.8

Based on this rationale and the public health bur-

den resulting fromHFpEF, theNationalHeart, Lung, and

Blood Institute initiated theTreatmentofPreservedCar-

diacFunctionHeartFailureWithanAldosteroneAntago-

nist (TOPCAT) trial. Patientswere selected on the basis

of having symptomatic HF and a left ventricular ejec-

tion fraction of 45% or more. In addition, patients had

to have been hospitalizedwithin 12months before ran-

domization for HF or to have an elevated brain natri-

uretic peptide within the 60 days preceding random-

ization. The major exclusions were uncontrolled

hypertension and elevated serum potassium level

(�5.0 mEq/L [to convert to millimoles per liter, multi-

ply by 1]), creatinine level (�2.5 mg/dL [to convert to

micromoles per liter, multiply by 88.4]), or estimated

glomerular filtration rate (<30 mL/min per 1.73 m2).9

Randomization was to either placebo or spironolac-

tone at a starting dose of 15 mg with a maximum titra-

tion to 45mg in addition to other HFmedications.

TOPCAT was conducted in 6 countries involving

2 regions in which 3445 patients were collectively ran-

domized:1767inNorthandSouthAmerica(UnitedStates,

Canada,Brazil, andArgentina)and1678 inRussiaandthe

RepublicofGeorgia.Overall, thecompositeprimaryout-

come (cardiovascular death, aborted cardiac arrest, or

hospitalization for HF) was numerically but not signifi-
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cantly reduced in the spironolactonegroup (hazard ratio [HR],0.89;

95%CI,0.77-1.04;P = .14).9Approximatelytwo-thirdsoftheendpoint

eventswere forHFhospitalization,asecondaryendpoint inTOPCAT,

whichwas significantly lower in thepatients randomized to spirono-

lactone (HR, 0.83; 95% CI, 0.69-0.99; P = .04). An extreme differ-

ence intheprimaryeventrateswasobserved;amongthepatientsran-

domized from North and South America, this end point occurred in

11.5of100patientsperyear,while inpatientsfromRussiaandGeorgia,

it was only 2.4 of 100 patients per year.9 The observed incidence in

NorthandSouthAmericawaswhathadbeenexpectedinpatientswith

HFpEF,whiletherateofthoseenrolled inRussiaandGeorgiawasmore

consistentwith that observed in trials of patientswith hypertension

or type 2 diabetes rather thanwith HFpEF.

On further examination, it became apparent that the charac-

teristics of the patients enrolled in the 2 regions were distinctly

different.10 Indeed, of 38 key prespecified variables characterizing

theenrolledpopulation, statistically significantdifferenceswereob-

served in34.Although thismayexplain themarkeddisparities in the

placeboevent rates, thisposthoc regional analysis also revealeddis-

tinct differences in the pharmacologic actions associated with the

administrationof spironolactone. InNorth andSouthAmerica, ran-

domization to spironolactone was, as expected, associated with

more frequenthyperkalemia, elevations in creatinine, reductions in

bloodpressure, and lesshypokalemia.Noneof theseanticipatedef-

fects of spironolactone were observed in the patients randomized

fromRussia andGeorgia. Both thebenignprognosis and lack of the

expectedpharmacologicactionsof spironolactoneconfoundtheva-

lidity of the data from these 2 countries and raise the question

whether thesepatients actually hadHFpEFandevenwhether one-

half of them received spironolactone.

A comparison of the 886 patients randomized to spironolac-

tonewith the 881 patients assigned to placebo in North and South

America is informativeand,webelieve,clinically important.Thecom-

posite primary outcome (HR,0.82; 95%CI, 0.69-0.98), cardiovas-

cular death (HR, 0.74; 95% CI, 0.57-0.97), and hospitalizations for

HF (HR, 0.82; 95%CI, 0.67-0.99) were each reduced significantly.

As expected, more patients assigned to spironolactone developed

hyperkalemia and an increase in serum creatinine.

From a strictly statistical point of view, the results of TOPCAT

must be regarded as neutral. However, HFpEF is often a disabling

and life-shortening condition. Other than the administration of di-

uretics for fluid accumulation and the management of hyperten-

sion (if present), there is little to offer these patients. Based on the

findings in TOPCAT inNorth and SouthAmerica and in the absence

ofothermoredefinitivedata, it nowappears reasonable to treatpa-

tients with HFpEF resembling those enrolled in North and South

Americawith spironolactone to improveoutcomes. This drug is ge-

neric, inexpensive, and generally well tolerated, although periodic

monitoringof electrolytes andcreatininemustbe conducted tode-

tect the occasional development of hyperkalemia and renal

dysfunction.

An additional lesson can be learned from TOPCAT. It has long

been the practice in hospitals to analyze unexpected adverse clini-

caloutcomesanddiscuss thefindings inmorbidityandmortalitycon-

ferences. Indeed, evidenceof suchefforts designed to improve the

quality of patient care must be documented by hospitals to obtain

reaccreditation. To enhance the quality of future clinical trials, it

seems equally advisable to analyze the conduct of trials such as

TOPCAT with unanticipated results that can have profound

implications for patient care.
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