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Clinical Investigations

Useand Side-Effect Profile of SpironolactoneinaPrivate Cardiologist’sPractice
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Summary

Background: The beneficial effects of spironolactone on
thetreatment of cardiovascular diseases arewell known, but
trand ating these benefitsinto private practice can be difficult
because of the drug’sside-effect profile.

Hypothesis. When patients are monitored over the long
term, spironolactone can be used safely with an acceptable
side-effect profile.

Methods: We retrospectively studied 762 patients taking
spironolactoneover a7-year periodinacardiologist’sreferral-
based practice and monitored them for side effects from the
medication.

Results: Datawereavailable on 762 patients. Theaverage
age of our patientswhen started on the medication was 67.2
+ 0.5 years. Of these, 585 (76.8%) patientsweretreated for
heart failure and 155 (20.3%) for hypertension. An average
dose of 38.4 + 1.4 mg of spironolactonewas used for treat-
ment of all conditions. Of the 762 patients, 81 (10.6%) ex-
perienced side effects while using the medication; 40 had
hyperkal emia (5.3%), 14 had gynecomastia (1.8%), and 15
had gastritis (2%). Of the patientswith hyperkalemia, aver-
age creatinine clearance decreased from 64.6 + 5.8 ml/min
at therapy start to 50.3 + 5.5 ml/min at the time of onset of
Sideeffects.
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Conclusion: Spironolactone can be used with an acceptable
side-effect profile aslong as patientsare monitored long-term
whilereceiving the medication.

Key wor ds. spironolactone, eplerenone, hyperkaemia, con-
gestive heart failure, minerd ocorticoid, gynecomastia, gastri-
tis, cregtinineclearance

Introduction

Since the Randomized Aldactone Evauation Study
(RALES)in 1998 demonstrated adecreasein mortality with
theuseof spironolactonefor patientswith congestiveheart fail-
ure (CHF), therehasbeen much researchandinterestintheuse
of thedrug for treating heart failure. However, while spirono-
lactoneisafamiliar drug to many physicians, its userequires
additiona monitoring, asmultiplesideeffectsincluding hyper-
kaemia, gynecomeastia, and gastritismay occur with useof the
drug. Sincetherelease of thetrid results, there have beenre-
portsof difficulty using spironolactonebecause of highratesof
these side effects.2 3 These reports highlight the difficulty in
implementing the resultsfrom alarge, well controlled, multi-
center tria to clinical practice.# Thus, while RALESwasim-
portant for demongtrating the survival benefits of spironolac-
tone, trand ating spironol actone' s efficacy and usefulnessinto
clinicd practice requiresunderstanding of itsclinica side-ef-
fect profileand theimportance of long-term monitoring.

M aterialsand M ethods

All chartsof patientswho had taken any form of spironolac-
tone (spironolactone, Aldactone®, [Pfizer, Inc., New York,
N.Y., USA], Aldactazide®, [Pfizer, Inc]) at any time during
their treatment were reviewed. This search brought up atota
of 762 patientswho saw asingle private cardiol ogist between
August 31, 1996, and May 23, 2003. The mgjority of patients
were referralsto a cardiol ogist, managed by both acardiolo-
gistand aprimary care physician. Spironolactonewasused to
treat hypertension, CHF, hyperal dosteronism, superior vena



150

cavasyndrome, venousinsufficiency, and hypomagnesemia.
For patients with multiple diagnoses, the primary reason for
initiation of spironolactonetreatment determined their group-
ing; of thosewith CHF, approximately 10%werein New York
Heart Association (NYHA) class 1V, and the remaining pa-
tientsweresplit between classes!| andI11. Our god for clinica
management has been to keep patients’ serum potassium lev-
elsbetween 4 and 5 mmol/l. During therapy, patientshad mul-
tiplemeasurements of potassium and cregtinine performed by
both the primary doctor and the treating cardiologist. Hyper-
kalemia was defined as any potassium level >5.0 mmol/l;
gynecomastia was defined as breast enlargement and/or ten-
derness; gadtritiswas defined asrecurring stomach pain after
the patient was started on spironolactone. Dosing information
was the last available dose at time of data retrieval. Patients
without dosing information availablefrom chart review were
excluded fromthat portion of theanalysis.

Cardiology recordswere obtained and manually reviewed
for the40 patientswith hyperkaemia. Serum potassumlevels
were confirmed by medical records, and an explanationfor the
hyperkalemiawasrecorded. Both serum creatinineand weight
were recorded at time of onset of hyperkalemiaand at or near
the beginning of therapy. The Cockroft-Gault equation® was
used to determinethe creatinine clearancesinthisgroup of pa-
tients. Statistical analysis was completed using apaired Stu-
dent’st-test for the 34 patientswith hyperkalemiawith avail-
able creatinine clearances a both beginning of therapy and
onset of sdeeffects. A heteroscedastic t-test was used for the
differencebetween ageat onsat of hyperkaemiaand agewhen
starting medication. Meansare expressed asthe mean + stan-
dard error of themean.

Results

An overview of the patient populaionisshownin Tablel.
Datawereavailablefor atotd of 762 patients (47% mae, 53%
female) in our study. The average age of patients when they
weregtarted onthemedicationwas67.2 £ 0.5 years. Thema-
jority (76.8%) weretreated for CHF; 20.3% were treated for
hypertension, and 2.9% were classified as“ other,” whichin-
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cluded hyperal dosteronism, superior venacavasyndrome, ve-
nousinsufficiency, and hypomagnesemia. Dosing information
was available in 734 patients. Overall, we used an average
dose of 38.4 + 1.4 mg of spironolactone daily for al condi-
tions. For the treatment of CHF weused adose of 32.2+ 1.3
mg, whilethetreatment of hypertension required ahigher dose
of 58.3+ 2.9 mgoveral.

Of the 762 patients studied, 81 (10.6%) experienced aside
effect while using the medication, 40 (5.3%) had hyper-
kaemia, 14 (1.8%) had gynecomastia, and 15 (2%) had gastri-
tis. Gadtritis usualy occurred within 2 weeks of the start of
treatment with spironolactone. A total of 12 patientsreported
“other” sideeffects, whichincluded decreasedlibido, hair loss,
hypotension, metallic taste, or athergpeutic trial (asascreen
for primary adosteronism, spironolactonewasgiven to deter-
mine whether it lowered blood pressure) that required with-
drawal of the medication (Tablell).

Confounding illnesses and medicationsin addition to spi-
ronolactonetreatment are shownin Tablelll. Overall, 29.7%
of patients had diabetes, 71.3% were being treated with an
angiotensin-converting enzyme (ACE) inhibitor or an angio-
tensin receptor blocker, about 65% were receiving diuretics
(nonpotassium sparing) while being treated with spironolac-
tone, and 33% 4ill required potassum supplementation
though they continued treatment with thedrug.

Of the 40 patientswho devel oped hyperka emia, 38% had
diabetes, 78% received an ACE inhibitor or anangiotensinre-
ceptor blocker, and 11 (28%) received potass um supplemen-
tation (Table I11). The patients who devel oped hyperkaemia
tended to beolder: 73+ 1.6 yearsversusthe mean starting age
inthisstudy of 67.2 + 0.5 years; thiswas satisticaly signifi-
cant (p=0.0001). The patientsa so had worsening rend func-
tion at the time they experienced side effects compared with
gart of therapy (Table1V). Starting serum cregtinine averaged
at 1.4+ 0.1 mg/dl whilethe average serum cregtinine at onset
of ddeeffectswas1.9+ 0.2 mg/dl. Giventheolder ageof these
patients, the cal cul ated baseline cregtinine clearancefor those
who developed hyperkalemia was 64.6 + 5.8 ml/min com-
pared with 50.3 + 5.5 ml/minat onset of Sdeeffects, withasta:
tigticaly significant difference(p=0.001). Datafor theoveral
crestinine clearance of the 762 patientswere not avail able.

TaBLE | Basdinecharacteristicsof study population
No. of No. of patients Mean dose(mg)

Population overview patients % with doseinformation of spironolactone
Totd patients 762 100 734 384+14
Male 357 47 345 351+18
Femde 405 53 389 412+19
Mean ageat spironolactonestart 67.2+05
Diagnosis

CHF 585 77 563 322+13

HT 155 20 150 58.3+29

Other 22 3 N.A. N.A.

Abbreviations: CHF = congestive heart failure, HT = hypertension, N.A. = not gpplicable.
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TasLE Il Tota sdeeffectsoccurring during spironolactonetreatment
No. of No. of patients Mean dose(mg) Meanage
Sideeffects patients % with doseinformation of spironolactone a sdeeffects
Total Sdeeffects 81 10.6
Hyperkaemia 40 52 38 35.7+51 73+162
Gynecomastia 14 18 12 3875 64+25
Gadtritis 15 20 11 619+34.1 71+28
Other 12 16
aTheageat onsat of hyperkaemiawassignificantly different fromthat at the start of therapy (p=0.0001).
TaBLE IIl  Confounding medical conditions
All patients Hyperkaemia Gynecomastia Gadtritis
No. of patients % No. of patients % No. of patients % No. of patients %
Diabetesmellitus 226 30 15 38 3 21 4 27
ACE/ARB 543 71 31 78 12 86 8 53
Diuretics 495 65 26 65 9 64 7 a7
Potassium supplements 250 33 11 28 6 43 3 20
ACE/ARB, DM 183 24 10 25 3 21 3 20
ACE/ARB, DM, and diuretics 139 18 8 20 2 14 3 20
ACE/ARB, DM, diuretics,
and potass um supplements 62 8 1 3 2 14 1 7

Abbreviations: ACE = angiotensin-converting enzyme, ARB = angiotensin receptor blocker, DM = diabetesmellitus.

Discussion

Aldosteroneisproduced locally intheadrend gland, brain,
and smooth muscle cells of blood vessels and the myocardi-
um.® Higher plasmalevelsof ddosterone have deleteriousef-
fectson the cardiovascular system; in CHF, they areknown to
be positively linked to mortality.” Aldosterone has also been
found to cause myocardial and aortic fibrosisin animals, in-
duce coronary inflammation and | eft ventricular hypertrophy,
and cause glomerular damage.8 It isinteresting that the use of
ACE inhibition to reduce al dosterone levelsonly workstran-
siently,? implying that damage caused by a dosterone contin-
uesafter ACEinhibition.

Spironolactone and eplerenone are both mineralocor-
ticoid receptor antagonists. Spironolactone has been avail-
ablefor yearsandisfamiliar to many physicians. It works by
binding to and blocking the mineralocorticoid receptor.
Spironolactone hasahalf-life of 1.6 h, after whichitiscon-
verted into asecondary metabalite, canrenone, whichisalso

TaBLE IV Rena function of the 34 patientswith hyperkaemia

metabolicdly active and hasahalf-life of 16.5 h. Because of
spironolactone’s steroid structure, it can cause gynecomas-
tia, impotence, decreased libido, hirsutism, and menstrual ir-
regularities.10 In addition, becauseit blocksone of thebody’s
main mechanismsfor lowering potassium, hyperkalemiacan
asoresult.

Eplerenone, which is derived from spironolactone, has a
10-20-foldlower affinity for themineral ocorticoid receptor in
vitro. Itshalf-lifeis4-6 h, and it ismainly eliminated by the
CYP3A4, with no active metabolites after breskdown.1t A
chemica modification of the drug makesit more specific for
the minera ocorticoid receptor over other steroid receptorsand
hence makesits side-effect profile more acceptable than that
of spironolactone

Spironolactone hasbeen proventobebeneficia for patients
with heart failure. The RALES trial demonstrated a 30% re-
ductionin mortality for heart failure compared with placebo.
The Eplerenone Pogt-Acute Myocardid Infarction Heart Fail-
ure Efficacy and Survival Study (EPHESUS)*2 found a 15%

Mean serum cregtinine at therapy start onset
Mean serum cregtinine at Sde effect onset

Mean cregtinineclearanceat therapy start

Mean cregtinine clearance at hyperkaemiaonset

14+0.1mg/dl

1.9+0.2mg/dl
64.6+5.8ml/min
50.32+5.5ml/min

aThemean creatinine clearanceat time of onset of hyperka emiawassignificantly lower than the creatinineclearance at therapy start (p=0.001).
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reductionin mortality compared with placebo in patientswith
left ventricular dysfunction after myocardial infarction. The
EPHESUS tria did not show aslarge adecreasein mortality,
but it did demonstrate gynecomastiaat ratessimilar to placebo
andwasoneof thefirst todemonstrateareductionin mortaity
with the combined use of betablockersand mineral ocorticoid
antagonists.> Multiple other studies have demonstrated the
beneficia effectsof spironolactone, includingimproved nitric
oxide-induced vasodilationinthe peripherd arteries'® andim-
proved left ventricular gection fraction, left ventricular end-
systolic volume, and exercisetolerance,* aswell asadecrease
inthefrequency of premature ventricular complexesand epi-
sodesof ventricular tachycardiain patientswith CHR1

In what manner the mineral ocorticoid receptor antagonists
improve surviva is yet to be determined. A substudy of the
RALES group found that plasmaprocollagen typelll amino-
termind peptidewashigher beforetreatment and that spirono-
lactone reduced theselevels, suggesting that the mineral ocor-
ticoid receptor antagonists may reduce cardiac fibrosis; the
marker was al'so found to correl ate negatively with survival .16
Other studies have found improvement in norepinephrine up-
take, leading to more rapid norepinephrine breakdown and a
potential explanation for the decreasein cardiac sudden death
(viadecreased arrhythmias) seenin RALES.Y

In patientswith reduced glomerular filtration rates, adight
worsening of heart failure or dehydration can result in hyper-
kalemiawhilethe patient istaking aminera ocorticoid antag-
onist. Onestudy found hyperka emia(defined as serum potas-
sium> 5.2 mmoal/l) inmorethan 25% of the patientstaking the
medication,? while another study found severe hyperkalemia
in25 of 262 patientstreated with an ACE inhibitor and spiro-
nolactone while being seen in the emergency department.18
Thestudy pointsout someof thetrends our datademonstrated:
pati ents susceptibleto hyperkalemiatend to be older and have
worserena function at thetime hyperka emiadevelopscom-
pared with thetimewhen therapy was started; thus, long-term
monitoring isrequired.

The average age of our patients when started on spirono-
lactone (67 years) issimilar to patients’ agesin both RALES
and EPHESUS. Five percent of our patientsdevel oped hyper-
kalemia, 2% devel oped gynecomastia, and 2% had gastritis,
compared withtheresultsRALES and EPHESUSwhich re-
port a2 and 5.5%incidenceof serioushyperkalemia(defined
as apotassium level of =6 mmol/l) and a9 and 0.5% inci-
dence of gynecomastia, respectively. These reports did not
report gastritisper se, but reported “ gastrointestingl disorder”
similar to placebo in RALES and higher than placebo in
EPHESUS. Gastritis appears to be a frequent complaint in
our practice. It is notable that the dose received by patients
with gagtritisis much higher than the other doses, but this is
due more to an anomaly of one patient being on avery high
doseof 200 mg b.i.d. inasmaller group of 15 patients. Based
onour screening for gadtritis, we believethat our measurement
of gadtritis, though lower than that in RALES or EPHESUS,
represents an accurate estimate of stomach pain caused by the
use of thedrug, which often resulted inthe need for discontin-
uing themedication.

Overdll, the dose of spironolactone we used (38.4 vs. 25
mg) was higher thanthat usedin RALES. Thisisdueto sever-
al reasons, including the fact that we used the medication to
treat hypertension and hyperadosteronism, and our use of the
medi cation predated publication of the RALESresults; at that
time exact dosing guidelineswerenot available.

Our study found a higher incidence of hyperkalemiathan
that found in RALES. Thisisnot surprising considering that
severa factorsinfluenced our research: (1) Our definition of
hyperka emiawas lower than the RALES criteria. (2) Many
patients who devel oped hyperka emia were receiving potas-
sium supplementation asaresult of the combined use of loop
diureticsand management goal serum potassium of between4
and 5 mmoal/l. (3) Many patients were also treasted with an
ACE inhibitor, which a so contributesto decreased glomerular
filtrationrates. (4) Itismoredifficult tofollow patientsinapri-
vate setting than in arigoroudly controlled randomized trial.
(5) Itisasoaresult of the higher dose of spironolactone used
inour study. Wea so found that the patientswith hyperkdemia
tended to be older, reflecting decreased crestinine clearance
with age contributing toward hyperkalemia.

Study Limitations

Limitationsincludethefact that themgjority of our patients
wereolder, and, because of the nature of aretrospective study,
analyses of the patients well-being and serum eectrolytes
were undertaken at random times after initiation of therapy. It
isvery possiblethat hyperkalemiaand someother Sdeeffects
not mentioned by the patients could have been missed. Over-
all, though, our dataprovideinsight into the side effectsresult-
ing fromuseof spironolactonein private practiceover a7-year
period. We continue to support the use of this drug strongly,
but caution against itsusewithout careful, long-term monitor-
ing for hyperkaemia and vigilance for factors that may de-
creaseapatient’srena function and result in hyperkalemia
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