Squire 224-229:Squire 224-229 8/6/05 5:55 pm Page 1 $

CLINICAL FOCUS

Can we treat heart failure effectively and
maintain potassium homeostasis”
A clinician’s perspective

IAIN SQUIRE

Abstract

ypokalaemia and hyperkalaemia are common
H complications of heart failure and its treatment:

either may increase markedly the risk of
arrhythmias and sudden cardiac death. Hypokalaemia
predominates in the early stages of heart failure. The
risk of hyperkalaemia increases as renal function
declines, usually in the context of advancing heart
failure. For patients with heart failure, serum potassium
levels of between 4.5-5.5 mmol/L are recommended.
Monitoring of serum potassium is essential, with more
frequent monitoring in patients with moderate renal
failure, relatively high serum potassium, or in those at
high risk of renal impairment, e.g. elderly or diabetic
patients. Hypokalaemia can be ameliorated by a
potassium-sparing diuretic or an aldosterone recepto,
antagonist; increasing dietary potassium intake o 6
taking potassium supplements is less eﬁective.@
loop or thiazide diuretics should be optimised:
Hyperkalaemia is more often seen in adva e
failure. Restriction of dietary potassium &
of potassium supplements are standag¥{J¢m
discontinuation of angiotensin-conv
inhibitor and/or aldosterone re ra
therapy may be appropriate te should be
made to reintroduce these éss@retic therapy
should be avoided. Wit ine powassium monitoring
and pre-emptive inte on included in heart failure
protocols, the risk: patients can be minimised.
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Introduction
Electrolyte disturbances are common in chronic heart failure

Department of Medicine & Therapeutics, University of Leicester,
Clinical Sciences Building, Leicester, LE2 7LX.
lain Squire, Senior Lecturer in Medicine/Consultant Physician

Correspondence to: Dr | Squire
(email: is11@leicester.ac.uk)

224

\C’VQQ‘
o

<
RO

V.S
. Q
O

lain Squire

PN

(CHF) and are more likely to provoke adverse clinical conse-
guences than in healthy individuals due to the abnormal cardio-
vascular conditions that characterise CHE" Disturbances to sodi-
um, potassium and magnesium balance are common, often
occurring together, and are interrelated to one another. Loss of
potassium homeostasis encompasses two competing dangers:
hypokalaemia and hyperkalaemia. Even in the situation of nor-
mal electrolyte balance, patients with CHF are vulnerable to
arrhythmias and indeed sudden cardiac death accounts for up to
half of all mortality in CHF? Myocardial ischaemia, patchy fibro-
sis and pro-arrhythmic sympathetic activation may all play a role,
and inadequate or excess levels of potassium are important con-
tributors to electrical instability in the myocardium.? Both condi-
tions have potentially life-threatening consequences by increas-
ing the risk of arrhythmias and sudden cardiac death."*’
Accordingly, monitoring for potassium imbalance, the identifica-
tion of individuals at higher risk and preventive intervention
should be integral to CHF management strategies.

CHF predisposes to potassium imbalance through a variety of
mechanisms (table 1). Activation of the renin-angiotensin-aldos-
terone system (RAAS) exerts a powerful influence on potassium
regulation,’* while deteriorating renal function, related to CHF
disease progression and/or concomitant conditions, contributes
by restricting the kidneys’ ability to regulate potassium excretion
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Table 1.  Disease-related and drug-related factors contributing to risk of

potassium imbalance in heart failure

Factors contributing
to risk of hypokalaemia

Factors contributing
to risk of hyperkalaemia

RAAS activation Renal insufficiency

Diuretic therapy Potassium supplements

Volume overload Potassium-rich diet

Systemic alkalosis Conditions which reduce potassium
entry to cells e.g.:

- diabetes with insulin deficiency

- beta blocker dose increase

- progressive metabolic acidosis
ACE inhibitors

Angiotensin Il receptor antagonists
Aldosterone receptor antagonists

Inadequate potassium intake

Key: RAAS = renin-angiotensin-aldosterone system; ACE = angiotensin-
converting enzyme

effectively. Superimposed on these intrinsic abnormalities, how-
ever, are the effects of CHF medications, notably angiotensin-
converting enzyme (ACE) inhibitors or angiotensin Il receptor
blockers (ARBs),*"" and aldosterone receptor antagonists.'>™
These reduce aldosterone activity levels to varying degrees, thus

terone, namely regulation of potassium excretion throughgehe
distal renal tubules. These agents therefore tend to incre
risk of hyperkalaemia. Beta antagonism exerts a relatj

est hypokalaemic effect.™ Diuretics, other than t at
specifically potassium-sparing, are potent kaliuge¥c\age @”
partly as a result of stimulating the RAAS . ally,

hypokalaemia tends to occur more freque

of CHF before development of signifi
renal function declines and po;[é
1

stages
n ction. As
m 1®n becomes
al increases.®

This article focuses on th tq‘ major CHF drug
classes can exert on potas% omeostasis, and considers the
implications for monitori modification of pharmacological
intervention.

increasingly impaired, the risk of

Hypokalaemi%heart failure
It is difficult to obtain an accurate estimate of the incidence of
hypokalaemia in CHF; the definition of hypokalaemia varies, as
do the triggers to therapeutic intervention. Moreover,
hypokalaemia is not routinely reported in the literature, particu-
larly as regards the incidence in standard CHF populations. In one
major trial (@ population of patients with heart failure soon after
acute MI, and for the most part receiving an ACE inhibitor in
combination with beta blocker and diuretic therapy), serious
hypokalaemia (serum potassium < 3.5 mmol/L) was reported in
13% of patients over a 16-month period." This was twice as fre-
quent as serious hyperkalaemia.

Hypokalaemia has a multifactorial aetiology in CHF. Elevated
plasma aldosterone levels act on the renal tubule, enhancing
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Figure 1. Relationship between serum potassium concentration and
incidence of ventricular fibrillation among 537 patients upon
admission to hospital for acute myocardial infarction

Incidence of ventricular
arrhythmia (%)
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influencing one of the primary endocrine functions of a|dOS\
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sodium retenti t t@ense of increased potassium excre-
y

tion. Vol erl contribute by diluting the available
potassi hil@emic alkalosis promotes cellular potassium
upt ith \ uent falls in serum potassium concentration.
Dituelcs i sodium delivery to distal nephrons, stimulating

cretion, and also contribute to activation of the
an associated increase in aldosterone activity. Beta
ts, particularly those which act on the beta-2 receptor, can
play a part by stimulating movement of potassium into tis-

a

Whatever the balance of causal factors in an individual
patient, hypokalaemia is a strong independent predictor of mor-
tality in CHF.® Declining serum potassium levels confer a marked-
ly increased risk of ventricular arrhythmias (figure 1);*° the
Multiple Risk Factor Intervention Trial (MRFIT) reported a 28%
increase in risk of ventricular arrhythmia for every 1 mmol/L fall
in serum potassium level.2' This, in turn, increases the likelihood
of sudden cardiac death,’??® a risk that is exacerbated in the set-
ting of CHF’

Hyperkalaemia in heart failure

The development of hyperkalaemia in CHF is much less common
than hypokalaemia. As CHF progresses and cardiac output falls,
renal perfusion is reduced; progressive renal dysfunction devel-
ops in parallel with increasing severity of CHF. The pharmacolog-
ical effects of ACE inhibitors, ARBs and aldosterone receptor
antagonists, all of which inhibit potassium excretion via a fall in
aldosterone activity, increase the likelihood of hyperkalaemia.
These effects are compounded by failing renal function and a
growing inability to regulate potassium and sodium exchange
effectively. Thus the disease itself, and its pharmacological thera-
py, tends to be seen more frequently in patients with more severe
disease.® Patients with impairment of renal function, most often
manifesting as raised serum creatinine, are thus at increased risk
of hyperkalaemia.”® There is also an increased propensity to
hyperkalaemia in patients with diabetes,® partly due to diabetes-
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Table 2.  Relative risk of arrhythmic death in 6,797 patients with left
ventricular dysfunction according to type of diuretic therapy

(multivariate analysis)?’

Type of diuretic Relative risk P value

No diuretic 1.00 Reference value
Any diuretic 1.37 0.009
Non-potassium-sparing 1.33 0.02
Potassium-sparing” 0.90 0.6

Key: °Either alone or in combination with a non-potassium-sparing diuretic

related abnormalities in RAAS functioning as well as onset of dia-
betic nephropathy. Patients with a high dietary or supplementary
potassium intake are more vulnerable to the kidneys' declining
capacity to excrete potassium. As with hypokalaemia, hyper-
kalaemia can be potentially life-threatening, by predisposing to
cardiac arrhythmias with associated risk of sudden cardiac
death.*

Pharmacotherapy and potassium homeostasis in CHF
Diuretics

Diuretics represent the most effective therapeutic option for
symptomatic relief of CHF symptoms.’™ While generally associat
ed with a relatively favourable safety profile, diuretic therapy,
been linked to increased risk of ventricular arrhythmias a

different diuretics to induce hypokalaemia.
gests differences in the rates of sudden (
mic) death in CHF (table 2),%” suggesti
ciation of diuretic classes with arrhytdrivias. In
comparisons of different diuretics,i Fa . A direct, causal
effect of electrolyte disturba d &nt arrhythmias in

rospectively. We must bear in

individual patienttddcardiac arrhythmias.

Thiazides result in a greater reduction in serum potassium
than either loop diuretics or acetazolamine, while spironolac-
tone, amiloride and triamterene are considered to be ‘potassium-
sparing’."” Patients prescribed potent loop diuretics, the most
common type of diuretics used in CHF, are in general co-pre-
scribed ACE inhibitor or ARB therapy, helping to counter potas-
sium loss.” Where hypokalaemia occurs, a number of alternative
courses of action may be considered, depending upon clinical
examination and other biochemical findings. Reduction in the
dose of loop diuretic may be appropriate. Alternatively, careful
addition of a potassium-sparing diuretic may be indicated.

As the severity of CHF progresses, renal function declines and
renal potassium excretion declines correspondingly. In those
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patients with renal insufficiency who are taking potassium-spar-
ing therapy (ACE inhibitor, ARB, potassium-sparing diuretic, or
potassium supplement) in conjunction with potent diuretics, the
risk of hypokalaemia declines and the likelihood of hyperkalaemia
increases correspondingly. Diuretic-related hyperkalaemia is rarely
seen in the absence of significant renal dysfunction.

ACE inhibition and angiotensin Il receptor blockade
The clinical benefits of ACE inhibition and ARB therapy in CHF are
well established,”** and these form the mainstay of CHF therapy.
Part of this benefit may be due to maintenance of physiological
electrolyte levels and prevention of icular arrhythmias.?=2
Potentially, however, this retentio otassium can be detri-
mental. Both ACE inhibitors an s affect renal elimination of
potassium,'* and can caus ic hyperkalaemia by a variety
of mechanisms including«edBc¢tions in glomerular filtration rate
(GFR) or aldosterone exesetidn.>"*¢ Acute renal insufficiency asso-
ciated with ACE inhi s ¥ usually reversible,* but heightens the
risk of ventricul lagties and sudden death.

It is importbo b@e that hyperkalaemia can also man-
ifest abrupslyN atl ceiving long-term ACE inhibitor or ARB
therap or ut an associated fall in GFR, for example, if
diar ev ¢ However, ACE inhibitors/ARBs seldom cause

Q ilicant hyperkalaemia in the absence of renal dys-
deed, in patients with preserved renal function,
Q&lon of an ACE inhibitor often results in no change or
e en'Q rise in GFR due to improved renal blood flow. Where reno-
ular disease exists, GFR may be intimately linked to

Ongiotensin II'levels. In such circumstances ACE inhibitors/ARBs

should be used with caution or renal impairment with sudden
hyperkalaemia may result. Further to this, the occurrence of sig-
nificant renal impairment in response to initiation of ACE inhibitor
or ARB therapy should alert the physician to the possibility of ren-
ovascular disease.

Early evidence suggested that ARBs may have a slightly less-
er effect on potassium excretion than ACE inhibitors,*2* possibly
because they do not accumulate significantly in the presence of
renal failure.® Recent direct comparisons®“ have shown almost
identical incidence of renal impairment with ACE inhibition com-
pared to ARB therapy in CHF.

Aldosterone blockade

Aldosterone receptor blockade reduces mortality in chronic HF
when used in combination with ACE inhibition,? or in HF associ-
ated with acute myocardial infarction (M) in conjunction with
both an ACE inhibitor and a beta blocker.™ This clinical benefit
may result from suppression of the effects of ‘aldosterone
escape’ which is seen with chronic ACE inhibition. Aldosterone
receptor antagonists are generally well tolerated™ but by
impairing the potent effect of aldosterone on potassium excre-
tion, addition of an aldosterone receptor antagonist to ACE
inhibitor therapy increases significantly the risk of hyper-
kalaemia."*" Reciprocally, though, the incidence of hypokalaemia
is reduced significantly (figure 2).”* Hypokalaemia is a more com-
mon occurrence than hyperkalaemia in the absence of renal

THE BRITISH JOURNAL OF CARDIOLOGY

—b—



Squire 224-229:Squire 224-229 8/6/05 5:55 pm Page 4 $

Figure 2. Incidence of serious hyperkalaemia and serious
hypokalaemia among 6,608 CHF patients randomised to the
aldosterone receptor antagonist eplerenone or placebo.
Serious hypokalaemia was defined as serum potassium
> 6 mmol/L. Serious hypokalaemia was defined as serum
potassium < 3.5 mmol/L
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Adapted from Pitt B et al."

insufficiency, and the reduction in hypokalaemia seen with aldos-

I
re
terone blockade may contribute to the reduced risk of sudder\OJpo

cardiac death shown in recent trials with spironolactone@
eplerenone.®

Patients with advanced CHF who receive aldoster: &ck\
ade are already at relatively high risk of electrolyte &alit&
ith

As would be expected, the risk of hyperkala
terone blockade is higher among patients wi

In recognition of this, the major trials of
antagonists in CHF excluded patients i al
raised serum potassium, and ser. ot

checked routinely during dose nﬂ% or patients with
baseline creatinine clearance 67&/ ) ere is little differ-
ence in incidence of hype@mia witi aldosterone blockade
versus placebo.®” *

This has clear imfigations for the use of these agents in
everyday clinical p Actide, where patients are more likely to have
co-morbidity su€h s renal impairment. Aldosterone receptor
antagonists should, accordingly, be used with great care in
patients with moderate-to-severe renal insufficiency. For patients
with mild renal impairment for whom aldosterone receptor
antagonist therapy is indicated, concomitant use of potassium-
sparing diuretics should be avoided. With these precautions, and
by following recommended dosing guidelines, aldosterone
blockers can be used with relatively low risk of hyperkalaemia.

It has been hypothesised that spironolactone could be asso-

ciated with a higher risk of hyperkalaemia than epleronone due
to longer half-life,” but this has not been assessed clinically.

Id

Potassium monitoring in CHF
For patients with CHF, serum potassium levels of between
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4.5-5.0 mmol/L' or 4.5-5.5 mmol/L*' have been recommended.
Intervention should certainly take place if values fall below 4.0
mmol/L. Levels above 5.5 mmol/L are to be avoided; as noted
already, a high proportion of CHF patients have some degree of
renal impairment and are vulnerable to hyperkalaemia.

Routine monitoring of serum potassium is a long-standing
recommendation for CHF patients receiving an ACE inhibitor,
ARB therapy or an aldosterone receptor antagonist. In patients
who have normal or near-normal renal function and low baseline
potassium, monitoring should be undertaken regularly as part of
standard management. In patients with moderate renal failure or

relatively high serum potassium, m eqguent monitoring is
necessary. The intensity of monit(y&ould be increased in the
event of volume-depleting illness,odvdeterioration of renal func-
tion. More intensive monito@lso recommended in patients
at high risk of renal imp% t, e.g. diabetic patients and the

elderly. It is worth be mind that the early symptoms of
clinically relevant aemia, such as muscle weakness or

myocardium co n ormalities, may be non-specific or
may mimic th fa CHF. Monitoring by regular assess-
ment of mi& ill increase the chances of adverse
change g (@\ed early.

ati hypokalaemia for CHF therapy
to a diagnosis of hypokalaemia must be dependent
clinical findings in the individual patient. As noted
oV, hypokalaemia may be a manifestation of fluid retention
increased diuresis may be required. On the other hand, the
O)roblem may be excessive diuresis. Careful assessment of the
patient and the full biochemical picture will usually be required.
In clinical practice, the incidence of hypokalaemia may be
higher in patients who are not taking either an ACE inhibitor or
ARB, usually because of intolerance. In these individuals,
hypokalaemia can be ameliorated by the introduction of an aldos-
terone receptor antagonist. More often, the patient is receiving
an ACE inhibitor or an ARB; again addition of an aldosterone
receptor antagonist may be appropriate.® If serum potassium is
< 5.0 mmol/L and the patient is already receiving aldosterone
blockade, careful increase in the dose is recommended.
Increasing dietary intake of potassium®“ or use of potassium
supplements® are less effective strategies, although dietary intake
should be checked. Diuretic therapy is not associated with potas-
sium loss in adrenalectomised patients, suggesting that the
hyperaldosterone response to diuretic therapy, not the diuretic
itself, induces kaliuresis. Accordingly, aldosterone blockade may
be a more rational therapeutic choice than potassium supple-
mentation in patients receiving loop or thiazide diuretics.* The
minimum effective dose of loop or thiazide diuretic agents should
be used. Switching from a loop to a potassium-sparing diuretic
may be possible, particularly for those patients with low diuretic
requirements. For those in whom continuing a loop diuretic is
considered clinically necessary, addition of a small dose of a
potassium-sparing diuretic may be appropriate. Since aldosterone
receptor antagonists replenish tissue levels of both potassium and
magnesium, these may be preferable to other potassium-sparing
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diuretics.' Beta blockers counteract the hypokalaemic effect of
catecholamines that is seen even in the presence of ACE inhibitor
therapy and, as such, are thought to help reduce the risk of
hypokalaemia-related arrhythmias and sudden cardiac death.

Implications of hyperkalaemia for CHF therapy
Hyperkalaemia may be a medical emergency. The urgency of
intervention rises if other electrolyte irregularities are present,
such as hyponatraemia, or if there are ECG abnormalities or
arrhythmias. Intervention to reduce serum potassium levels > 5.5
mmol/L is advisable, even if ECG readings are normal. Acute
management techniques such as administration of intravenous
calcium are familiar to most clinicians. Restriction of dietary
potassium and withdrawal of potassium supplements are rou-
tine, and specific causes of hyperkalaemia should not be neglect-
ed - e.g. where hyperkalaemia occurs secondary to diabetes,
antihyperglycaemic treatment can have a corrective effect.
Modifications to the CHF treatment regimen are likely to be
required in order to achieve long-term stability of potassium lev-
els. Such modifications should be approached carefully, and con-
tinuation of ACE inhibitor/ARB, beta blocker and aldosterone
receptor antagonist therapy should be sought to avoid loss of
their proven survival benefits. ACE inhibitors or ARBs may need
to be temporarily discontinued to allow potassium levels to nor-
malise, after which attempts should be made at reintroduction
and upwards titration.
inhibitors may be better tolerated than long-acting agents,"

there may be a benefit in selecting an ACE inhibitor that i
nificant hepatic clearance. If serum potassium ex \00nment
on

mmol/L, aldosterone receptor antagonists should

ued temporarily, or the dose reduced until the p el s
in the range 4.5-5.5 mmol/L. Use of a loop di ina-
tion with metolazone enhances potassiu when
there is pronounced renal dysfunction Ipful for
hyperkalaemia in patients receivi blocker.

QQ’”

h&%stams as an integral part of CHF
ffers the most effective means to pro-
tect patients fro risks of potassium imbalance and its
potentially seriobinical sequelae. Avoiding hypokalaemia or
hyperkalaemia is central to reduction of risk of ventricular abnor-
malities and sudden cardiac death in CHF patients. The clinician’s
quandary is that the very agents which confer significant mortal-
ity or symptomatic improvements in CHF also complicate potas-
sium regulation. The benefits of diuretics in providing sympto-
matic relief, and the value of ACE inhibitors, ARBs and aldos-
terone receptor antagonists in improving outcomes are so well
established that the clinical priority is to avoid long-term discon-
tinuation of those therapies due to potassium imbalance.
Prudent monitoring of potassium, modification of diuretic type
and dose, possibly with addition of an aldosterone receptor
antagonist, can avert clinically significant hypokalaemia. Similarly,
routine potassium monitoring, identification of high-risk

Excessive diuretic therapy should
Conclusion

Incorporating potassium
management proto
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It is possible that short-acting ACK

% Key messages

® Maintaining potassium homeostasis is a key part of
chronic heart failure (CHF) management

® Both hypokalaemia and hyperkalaemia may increase risk
of ventricular arrhythmias and sudden cardiac death

® Potassium levels should be maintained between 4.5
mmol/L and 5.5 mmol/L in patients with CHF

® Regular serum potassium monitoring should be routine
practice, with increased freque hlgh risk patients
@|

® Addition of a potassium-sp
preferential use of an al
ameliorate hypokalae

® |f temporary dlsconM ion of ACE inhibitor and
aldosterone re antagonist is required in

hyperkalae empts should be made to continue
these in @ if possible

uretic, with
rdne receptor blocker, can

risk of hyperkalaemia. Maintaining potassium
mportant in any circumstances, but becomes particu-

itical in CHF, where mechanical, electrical and neuro-
crine forces combine to create a highly pro-arrhythmic envi-

Conflict of interest

IS has served as Councillor on the Board of the British Society for
Heart Failure. He has participated as a researcher in a number of
trials in heart failure, received financial assistance with atten-
dance at conferences from MSD, Roche, Pfizer and Astra-Zeneca,
and received honoraria for speaking or consulting for MSD,
Roche, Pfizer, Takeda and Astra Zeneca.

References

1. Leier CV, Dei Cas L, Metra M. Clinical relevance and management of the
major electrolyte abnormalities in congestive heart failure: hyponatrem-
ia, hypokalemia, and hypomagnesemia. Am Heart J 1994;128:564-74.

2. Uretsky BF, Sheahan RG. Primary prevention of sudden cardiac death in
heart failure: will the solution be shocking? J Am Coll Cardiol 1997,30:
1589-97.

3. Tsuji H, Venditti FJ Jr, Evans JC, Larson MG, Levy D. The associations of
levels of serum potassium and magnesium with ventricular premature
complexes (the Framingham Heart Study). Am J Cardiol 1994;74:232-5.

4. Singh BN. Significance and control of cardiac arrhythmias in patients
with congestive cardiac failure. Heart Failure Rev 2002;7:285-300.

5. Cleland JG, Dargie HJ, Robertson I, Robertson JI, East BW. Total body
electrolyte composition in patients with heart failure: a comparison with
normal subjects and patients with untreated hypertension. Br Heart J
1987;58:230-8.

6. Sica DA. Hyperkalemia, congestive heart failure, and aldosterone recep-
tor antagonism. Congest Heart Fail 2003;9:224-9.

7. Gehr TW, Sica DA. Pharmacotherapy in congestive heart failure:
Hyperkalemia in congestive heart failure. Congest Heart Fail 2001;7:97-
100.

THE BRITISH JOURNAL OF CARDIOLOGY

—b—



Squire 224-229:Squire 224-229 8/6/05 5:55 pm Page 6 $

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Packer M, Lee WH. Provocation of hyper- and hypokalemic sudden death Engl J Med 1991,325:293-302.
during treatment with and withdrawal of converting-enzyme inhibition 29. The CONSENSUS Trial Study Group. Effects of enalapril on mortality in
in patients with severe chronic heart failure. Am J Cardiol 1986;57:347- severe congestive heart failure: results of the Cooperative North
8. Scandinavian Enalapril Survival Study (CONSENSUS). N Engl J Med 1987,
Warner JN, Rush JE, Keegan ME. Tolerability of enalapril in congestive 316:1429-35.
heart failure. Am J Cardiol 1989;63:33D-37D. 30. Torp-Pedersen C, Kober L, Carlsen J on behalf of the Trace Study Group.
Sica DA. ACE inhibitor intolerance and lessons learned from the can- Angiotensin-converting enzyme inhibition after myocardial infarction:
desartan in heart failure: assessment of reduction in mortality and mor- the Trandolapril Cardiac Evaluation study. Am Heart J 1996;132:235-43.
bidity (CHARM) trials. Congest Heart Fail 2004;10:160-4. 31. Cleland JGF, Erhardt L, Murray G, Hall AS, Ball SG on behalf of the AIRE
Kostis JB, Shelton B, Gosselin G et al. Adverse effects of enalapril in the Study Investigators. Effect of ramipril on morbidity and mode of death
Studies of Left Ventricular Dysfunction (SOLVD). SOLVD Investigators. Am among survivors of acute myocardial infarction with clinical evidence of
Heart J 1996;131:350-5. heart failure. Eur Heart J 1997;18:41-51.
Pitt B, Zannad F, Remme WJ et al. for the Randomized Aldactone 32. Pfeffer MA, Braunwald E, Moyé LA et al. Effect of captopril on mortality
Evaluation Study Investigators. The effect of spironolactone on morbidi- and morbidity in patients with left ventricular dysfunction after myocar-
ty and mortality in patients with severe heart failure. N Engl J Med 1999; dial infarction. N Engl J Med 1992; 327
341:709-17. 33. Granger CB, McMurray JJ, Yusuf S & HARI\/I Investigators and
Pitt B, Remme W, Zannad F et al. Eplerenone, a selective aldosterone Committees. Effects of candesarta nts with chronic heart failure
blocker, in patients with left ventricular dysfunction after myocardial and reduced left-ventricular sys \ ction intolerant to angiotensin-
infarction. N Engl J Med 2003;348:1309-21. converting-enzyme inhibitor CHARM-Alternative trial. Lancet
Svensson M, Gustafsson F, Galatius S, Hildebrandt PR, Atar D. How 2003;362:772-6. \
prevalent is hyperkalemia and renal dysfunction during treatment with 34. Pfeffer MA, McMurray Mazquez EJ et al.; Valsartan in Acute
spironolactone in patients with congestive heart failure? J Card Fail Myocardial Infarction {rf& Investigators. Valsartan, captopril, or both in
2004;10:297-303. myocardial infarcti mplicated by heart failure, left ventricular dys-
Goldenberg IF, Oliveri MT, Levine TB, Cohn JN. Effect of dobutamine on function, or bot lell ed 2003;349:1893-906.
plasma potassium in congestive heart failure secondary to idiopathic or 35. Bakris GL, Si@ j on D et al. for the VAL-K Study Group.
ischemic cardiomyopathy. Am J Cardiol 1989;63:843-6. ACE inhibition%ef"angi in receptor blockade: impact on potassium in
Nicholls MG. Interaction of diuretics and electrolytes in congestive heart renal f&dn 00;58:2084-92
failure. Am J Cardiol 1990;65:17E-21E. 36. Text R ilure related to angiotensin-converting enzyme
Taylor SH. Diuretic therapy in congestive heart failure. Cardiol Rev 2000; i . S phrol 1997;17:67-76.
8:104-14. 37, on @acpherson DS. Hyperkalemia in outpatients using
n

van Zwieten PA. Neuroendocrine effects of diuretics in heart failure. Br giot@— verting enzyme inhibitors: how much should we worry?
Heart J 1994,72:551-S53. CX Med 1998;158:26-32.

Cleland JG, Dargie HJ, Ford I. Mortality in heart failure: clinical variable , Devereux RB. Differential effects of direct antagonism of All com-
of prognostic value. Br Heart J 1987,58:572-82. \ ed to ACE inhibitors on serum potassium levels and azotemia in
Hulting J. In-hospital ventricular fibrillation and its relatlon éa ients with severe congestive heart failure. Congest Heart Fail 2000;6:
potassium. Acta Med Scand Supp!/ 1981,647:109-16. 193-6.

Cohen JD, Neaton JD, Prineas RJ, Daniels KA. Diuretics, seru 5|u 9 Sica DA, Gehr TWB, Fernandez A. Risk-benefit ratio of angiotensin
and ventricular arrhythmias in the Multiple Risk Factor Int on T receptor blockers versus angiotensin converting enzyme inhibitors in
Am J Cardiol 1987,60:548-54. end-stage renal disease. Drug Saf 2000;22:350-60.

Dargie HJ, Cleland JGF, Leckie VJ, Inglis CG, East B 40. Dickstein K, Kjekshus J; OPTIMAAL Steering Committee of the OPTI-
arrhythmias and electrolyte abnormalities to sufVi W|th MAAL Study Group. Effects of losartan and captopril on mortality and
severe chronic heart failure. Circulation 1987;%& 07 morbidity in high-risk patients after acute myocardial infarction: the
Nolan J, Batin PD, Andrews R et al. Prospec@ldy rt rate vari- OPTIMAAL randomised trial. Optimal Trial in Myocardial Infarction with
ability and mortality in chronic heartg&ailure: re the United Angiotensin I Antagonist Losartan. Lancet 2002;360:752-60.

Kingdom heart failure evaluation an endorisk trial (UK-heart). 41. MacDonald JE, Struthers AD. What is the optimal serum potassium level
Circulation 1998;98:1510-16. in cardiovascular patients? J/ Am Coll Cardiol 2004,43:155-61.

Grobbee DE, Hoes AW. Non retics and risk of sud- 42. Dykner T, Wester PO. Plasma and skeletal muscle electrolytes in patients
den cardiac death. J Hypert&S 13: 1%15 on long-term diuretic therapy for arterial hypertension and/or congestive
lkram H, Chan W, Espiner, cholls MG. Hemodynamic and hormone heart failure. Acta Med Scand 1987,222:231-6.

responses to acute an |c furosemide therapy in congestive heart 43. Laragh JH, Sealey JE. K(+) depletion and the progression of hypertensive
failure. Clin Sci 19824 43 9. disease or heart failure. The pathogenic role of diuretic-induced aldos-

Knight RK, Mial awkins LA, Dacombe J, Edwards CR, Hamer J. terone secretion. Hypertension 2001;37:806-10.

Relation of pla aldosterone concentration to diuretic treatment in 44. Down FP, Polak A, Rao R et al. Fate of potassium supplements in six out-
patients with severe heart disease. Br Heart J 1979;42:316-25. patients receiving long-term diuretics for oedematous disease. Lancet
Cooper HA, Dries DL, Davis CE, Shen YL, Domanski MJ. Diuretics and risk 1972;2:721-4.

of arrhythmic death in patients with left ventricular dysfunction. 45. Croxson MS, Neutze JM, John MB. Exchangeable potassium in heart dis-
Circulation 1999;100:1311-15. ease: long-term effects of potassium supplements and amiloride. Am
The SOLVD Investigators. Effects of enalapril on survival in patients with Heart J 1972;84:53-60.

reduced left ventricular ejection fraction and congestive heart failure. N

VOLUME 12 ISSUE 3 - MAY/JUNE 2005 229




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 1.8)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Sheetfed Uncoated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.stephensandgeorge.co.uk/pdfportal.html)
  /PDFXTrapped /False

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /ENU (These are high-end output settings for creating PDFs which conform to the S&G Print Group. They are also very similar to the ISO PDF/X-1a standard for global blind exchange of the PDF file format for print.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


