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Summary Severe congestive heart failure (CHF) is often characterised by fluid retention.
A (chronic) state of overhydration has a negative influence on both the quality of
life and prognosis of these patients. Therefore, the use of diuretics remains a
cornerstone in the treatment of heart failure. However, diuretic resistance, a fail-
ure to correct the hydration state adequately with the use of conventional dosages
of loop diuretics, is a frequently occurring complication in the treatment of ad-
vanced stages of CHF.

Several intra- and extrarenal mechanisms may be involved in the development
of diuretic resistance. An important pathophysiological mechanism leading to
diuretic resistance seen after chronic use of loop diuretics is the functional adap-
tation of the distal tubule. Studies in animals demonstrate that the sodium reab-
sorption capacity of this nephron segment increases significantly when the
sodium delivery to this segment is augmented, as is the case during administration
of loop diuretics.

The use of combinations of diuretics acting on different segments of the neph-
ron appears to be an effective option in the treatment of diuretic resistance. Sev-
eral combinations have been used; however, the combination of a loop diuretic
and a thiazide drug acting on the distal tubule appears to be the most effective.
However, since the use of this combination may lead to serious adverse effects
such as hypokalaemia, metabolic alkalosis and dehydration, careful monitoring
of the patient on combination diuretic therapy is necessary.

Heart failure is a major health probléh?l and failure is often dominated by the presence of oedema
its incidence is expected to further increase in th@nd congestion, causing symptoms of dyspnoea,
next decad€l Since no curative therapy is cur- fatigue, nausea and discomfort. Moreover, chronic
rently available for the majority of patients, the congestion contributes to further progression of the
goals of treatment are to improve quality of life anddiseasé®-¢! For these 2 reasons, maintenance of an
to postpone progression of the diseldsalthough  adequate state of hydration is very important. This
important advances in the pharmacological treatis usually achieved by use of loop diuretics in com-
ment of heart failure have recently been achievedpination with salt restriction and a limitation of
it is still inevitable that a considerable number ofphysical activity. However, as the disease pro-
patients will progress to the advanced stages of thigresses, oedema may reoccur despite these meas-
disease. ures. In some of these cases, the decrease in effi-

The clinical picture of advanced stages of heartacy of diuretic therapy appears to be caused by
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diuretic resistance, a phenomenon that can be derable I. Cause of treatment failures with conventional dosages of
fined as the failure to create a negative sodium bal_loop diuretics in patients with decompensated heart failure
ance despite the use of conventional dosages Ofioncompliance with medical regimen
furosemide (frusemide) [250mg per day or an Nonadherence to sodium restriction
equivalent amount of another loop diuretic], a so-Nonadherence to drug regimen
dium-restricted diet (60 to 80 mmol sodium per True diuretic resistance
day) and restriction of physical activity. Pharmacokinetic causes
The mechanisms responsib|e for diuretic resis-Altered intestinal absorption of the loop diuretic
tance are very diverse (table 1). In decompensatecpecreased renal perfusion due to
heart failure, intestinal absorption of orally admin- o cardiac output
istered furosemide may be altered, causing inade—g:e()r\;c:;ig':s renal arter . :

i . ! . , y stenosis, cholesterol emboli
quate concentrations of Ioop diuretic on the site of decreased filtration fraction (e.g. due to use of ACE inhibitors
action[”] Decrease of renal perfusion due to vari- or NSAIDs)
ous causes results in a decrease of the capacity ¢feduced tubular secretion
the proximal tubule to secrete furosemide and/or hypovolaemia
bumetanide into the urif®.Endogenous acids and ~ "éPhrologic pathology _
nor;]—lster%idal antif—inﬂammatory drur?s cgrr:pe;)te o romat et oty o erectt endogenous
with loop diuretics for secretion into the tubule by ,
the organic acid pump in the prOXimal tublle. Zg:rr),tl;fif;dgfnc?ir:tlglf:iﬁ/i?uted tubule to chronic use of

In clinical practise the use of combinations of loop diuretics
diuretics acting on different segments of the neph_Abbrgviation_st_ACE:angiotensin-converting enzyme; NSAID = non-
ron, often referred to as sequential nephron block-=£2da! antinfammatory drug.
ade, has shown to be highly effective in the treat-
ment of diuretic resistance in congestive heart = )
failure (CHF)I10 Recent studies give insight in to fioutions of the nephron segments to sodium
some of the pathophysiological mechanisms in€aPsorption.
volved in diuretic resistance. In this article, we fo-
cus on the mechanisms that explain the synergism 1.1 Sodium Reabsorption in Heart Failure

of combinations of diuretic drugs in severe heart _ _
failure, indications for their use and adverse ef- In heart failure, the absolute amount of sodium

fects. that is filtered may be decreased due to reduced
renal perfusion in a state of low cardiac output.
Secondly, heart failure is characterised by activa-
1. Mechanisms of Diuretic Resistance tion of both the renin-angiotensin system and sym-
pathetic stimulation. In heart failure the filtration
Under physiological conditions, sodium reabsorp-fraction is increased, which is mediated by vaso-
tion takes place in all segments of the nephron. Irtonstriction of the efferent arteriole. This vasocon-
the proximal tubule, 60 to 70% of the filtered so- striction is mainly induced by an increased intra-
dium is reabsorbed; in the loop of Henle, distalrenal production of angiotensint& As a result,
tubule and collecting tubule 20 to 25%, 5 to 10%transcapillary hydrostatic pressure and oncotic
and only 3% of the filtered sodium, respectively, ispressure is decreased, causing increased sodium
reabsorbed. This means that more than 99% of filand water reabsorption in the proximal tubule.
tered sodium is usually reabsorbed in the tubulaMoreover, angiotensin || may exert a direct so-
systeml] However, in heart failure, with or with- dium-retaining effect on the proximal renal tu-
out diuretic therapy, these numbers are differentbuld!3.14l and it increases sodium reabsorption in-
Several mechanisms account for the varying condirectly in the collecting ducts by an upregulation
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of aldosterone secretion. Although the use of
angiotensin-converting enzyme (ACE)-inhibitors
in heart failure is advocated, angiotensin Il levels
are often insufficiently decreased in patients with
severe heart failure due to intolerance of adequate
dosages of ACE-inhibitors.

Catecholamines directly induce an increase of
sodium reabsorption by several mechanisms: they
stimulate sodium reabsorption in the proximal tu-
bules; indirectly stimulate this reabsorption by
stimulation of renin release; and reduce renal per-
fusion as a result of their vasoconstrictive effects
on the afferent arterial systéi:17] Other mecha-
nisms that play a role in the development of vol-
ume overload are the stimulation of the cerebral
thirst centre by angiotensin and the enhanced re-
lease of antidiuretic hormone in end-stage heart
failure [5)

In addition to activation of sodium-retaining
mechanisms, the natriuretic effects of atrial natri-
uretic peptide are attenuated in heart failfre.

These mechanisms may all contribute to the so-
dium retaining state (and thus the development of

considerable part of the dosage interval. In this
so-called ‘post-diuretic phase’, sodium is avidly
reabsorbed, resulting in a rebound sodium re-
tention in the nephron. Moreover, the natriuretic
effect of the loop diuretic is attenuated after re-
peated dosages while the patient is on a salt re-
stricted diet!®! This phenomenom is often re-
ferred to as braking. Both these observations
can not completely be explained by enhance-
ment of sympathetic stimulation and further
increase of the activity of the renin-angiotensin-
aldosterone axiB% However, to prevent acti-
vation of the latter in heart failure, diuretics are
combined with ACE-inhibitors, whenever pos-
sible.

By blocking sodium reabsorption in the loop
segment, loop diuretics cause an increase in tu-
bular sodium concentration at the level of the
distal convoluted tubul!l In studies in rats, it
was shown that high rates of sodium delivery to
the distal convoluted tubule, induced by chronic
furosemide infusion, caused a hypertrophy of

oedema) that characterises the advanced stages ofthis segment of the nephron that was associated

CHF. Due to activation of the sodium-retaining
mechanisms in severe heart failure, loop diuretics

with an increased capacity to reabsorb so-
dium[21-231 These morphological and functional

are less effective, and so dose-response curves of changes were observed after one week of furo-

loop diuretics are shifted downward and to the
right in patients with CHE®! In a number of these
patients, an extreme activation of the described so-
dium retaining mechanisms may thus cause di-
uretic resistance.

1.2 Pharmacodynamic Effects of Diuretics

The administration of loop diuretics has a num-
ber of effects:
* Loop diuretics inhibit the Na-K-2Cl cotranspor-
ter from the luminal site of the thick ascending
limb of the loop of Henle, thereby blocking the

semide infusion. Although the exact mecha-
nisms involved in these structural and function-
al adaptations are unknown, it was hypothesised
that cellular sodium concentrations regulate
tubular cell growth directliZ¥ Data obtained
from a human study indicate that these adapta-
tions to chronic furosemide administration also
occur in human®3! This mechanism may ex-
plain why the diuretic efficacy of loop diuretics
after chronic administration attenuates in heart
failure.

Thiazides are able to block essentially all so-

sodium reabsorption in this segment of thedium reabsorption in the distal convoluted tubule,
nephron almost completely. Usually an in- €ven after hypertrophy has occurféd. This
creased urinary sodium excretion will follow. means that thiazides are highly effective, when
+ When the commonly used intermittent dosingboth the sodium reabsorbing capacity of the distal
schedules of loop diuretics are used, no diureti¢dubule and the sodium delivery to the distal tubule
drug is available at the site of action during aare increased, as is the case after chronic adminis-
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tration of a loop diuretic. It explains the synergisticine), in combination with long term treatment with
natriuretic effect of loop diuretics and thiazides. bumetanide 2mg 3 times daily in patients with
On the other hand, chronic administration of thi- CHF, produced a synergistic effect. Addition of the
azides induces a reduction of the sodium reabsorgsroximally acting diuretic drug appeared to be su-
tion capacity in this part of the nephr8fl. This  perior to monotherapy with bumetanide given in a
observation indicates that functional adaptationsdaily dosage of up to 6mig! It should be noted
due to increased sodium delivery in the distal tu-that theophylline has not only diuretic properties,
bule may be avoided or corrected by administratiorbut also inotropic and chronotropic effects, which

of thiazides. may contribute to the improvement of natriuresis
in CHF. However, the use of theophylline as a diu-
2. What Diuretic Combinations retic drug in heart failure may be limited by its
Are Useful? chronotropic effects.

In a recent study, it was established that coad-
ministration of the carbonic anhydrase inhibitor
acetazolamide, to heart failure patients with an in-
adequate natriuretic response to furosemide, was

Many different combinations of diuretic drugs
have been described in the past three decades.
nearly all of the described combinations, loop di-
uretics form the basis of combination therapy. Al- Hoctivel2d]
though the two most widely used loop diuretics,very effectiv " N
furosemide and bumetanide, differ with respect to These studies clearly show that the combination

pharmacokinetic properties, the difference in over-_Of aloop diuretic and a diuretic acting on the prox-

all response to equipotent amounts of these drug'énal tUthIe hz;1_|s synergistic o::uretlc_ eff_ects n thle
is subtle and probably of no clinical relevance inacu_tle kl?l ase.h owf?ver, noflr;]_ormang_n |s_currehnty
patients with CHI2" In the following we discuss 2vallable on the efficacy of this combination when

most of the possible combinations of drugs. pi-2pplied on a long term basis. Moreove_r, it has not
uretic drugs currently available and their site Ofbee_.\n established vyhether treatment with diuretics
action in the nephron include: acting on_the proximal tgbule induces structural
. acetazolamide, theophylline and mannitoland functional changes in the downstream seg-
(proximal tubule); ments of the nephron.
« ethacrynic acid, furosemide, bumetanide, tor-
asemide and piretanide (loop of Henle): 2.2 Loop Diuretics and Diuretics Acting on
« hydrochlorothiazide, chlorothiazide, bendro-  the Distal Convoluted Tubule
flumethiazide, chlorthalidone and metolazone
(distal convoluted tubule); and
» amiloride, triamterene and spironolactone (col-

Many clinical studies report the synergistic ef-
fect of loop diuretics and thiazides or thiazide-like
lecting duct) drugs in CHF30-421 The guidelines of the American

' L . . College of Cardiology/American Heart Associa-

Asa g(_aneral rule, combinations of two dlureuction and the European Society of Cardiology on the
dr.ugs acting on the same §egment of the neF’hroﬂeatment of heart failure recommend the use of this
will not resuit in a synerg|st|c effect and therefore combination in case of diuretic resistance to a loop
should not be combined. diuretic/143] As described above (section 1.2), the
mechanism behind this synergism consists of func-
tional adaptations in the distal tubule following

Few studies have been done examining the comehronic administration of a loop diuretfé:23.44
bination of a loop diuretic with a drug acting on the Many different thiazide and thiazide-like drugs
proximal tubule. Sigurd and Oledéf established have been used in combination with a loop diuretic.
that the proximally-acting phosphodiesterase in-Most of the published data relates to metolazone.
hibitor aminophylline (theophylline ethylenediam- However, comparisons of thiazides with respect to

2.1 Loop and Proximal Diuretics
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their efficacy when used in combination therapy
are spars&?! On the basis of the available litera-
ture, thiazide drugs are equally effective. .
Used as monotherapy, thiazides are ineffective
at glomerular filtration rates <30 ml/min. How-
ever, coadministration of thiazides increases the ef-

take is suspected, urinary drug excretion may be
evaluated.

When noncompliance with the medical regimen

is excluded, diuretic resistance is identified as

the cause of therapy-resistant oedema.

When diuretic resistance is present, improve-

ficacy of a loop diuretic in patients both with and ment of the efficacy of the loop diuretic prescribed

without renal failurd3s:41.42]

2.3 Loop Diuretics and Diuretics Acting on
the Collecting Duct Tubule

Addition of triamterene or amiloride to a loop
diuretic appears to have a limited effect on natri-
uresis, probably because the sodium reabsorbing
capacity of this part of the nephron is snfdllOn
the other hand, coadministration of spironolactone
(100mg once a day) in CHF refractory to high-dose
bumetanide (10 mg per day), improves natriuresis
significantly!46]

3. Indications for Combinations of
Diuretics in Heart Failure

In case of an inadequate response to diuretics in

a patient suffering from heart failure, a stepwise®

evaluation may help to find the reason:

* Is the patient really overhydrated? A careful
physical examination usually will answer this
question. During long term follow-up of a pa-
tient, bodyweight is a very important parameter.

could be the next step:

Increase the dosage of the loop diuretic. Large
doses of furosemide (daily oral dosage up to
2000mg) have been shown to overcome diuretic
resistancé*’! Many clinicians feel reluctant to
use such high dosages of diuretics, because of
the potential for ototoxiciti#8! In our experi-
ence, however, irreversible ototoxicity only oc-
curred after coadministration of aminoglyco-
sides. In addition, audiometric evaluations have
revealed that short term completely reversible
ototoxic adverse effects occurred significantly
more frequently after administration of intra-
venous bolus injections of furosemide than after
administration of an equal dosage as a continu-
ous intravenous infusion (TPJ Dormans et al.,
unpublished data).

Administer the loop diuretic two or three times
a day. This strategy reduces the drug-free inter-
vals, and thus the post-diuretic sodium reten-
tion [9:50] However, inconvenience due to fre-
quent nocturnal voiding should be avoided.
When the effect of these steps is insufficient

- Ensure that there are no causes for oedema othgfveral additional therapeutic strategies are to be
than heart failure. Hypoalbuminaemia and otherconsidered:

causes of heart failure that need to be treated by
other means [e.g. valvular disease or (constric-
tive) pericarditis] need to be excluded.

* How is patient compliance to the medical regi-
men? It should be emphasised that adherence to
a sodium-restricted diet is essential for the suc-
cess of diuretic treatment. This can be evaluated
by determination of urinary sodium excretion.

If urinary sodium excretion is >100 mmol/day,
without any concurrent bodyweight change,
poor compliance with dietary therapy (and not
diuretic resistance) is the cause of persistent
oedema. When poor compliance with drug in-

O Adis International Limited. All rights reserved.

Intravenous administration of a loop diuretic in-
creases its hioavailability. The amount of drug
delivered to the site of action will be increased.
Because the time course of delivery is an impor-
tant determinant of efficacy, a continuous intra-
venous infusion is more efficacious than intra-
venous bolus injection8!->31 In a recent study

it was reported that administration of bumetan-
ide as a continuous infusion triggered less brak-
ing than an equal dosage administered as a sep-
arate intravenous bolus injectiél In other
words, the diuretic efficacy is better preserved
when using a continuous intravenous infusion.

Drugs 1998 Feb; 55 (2)
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However, intravenous administration usually been shown to be safe and effecti/é8! Addition
makes admission to a hospital necessary. of a thiazide to these high dosages of furosemide
« Combinations of diuretics are highly effective, has been shown to be a powerful diuretic tool in
but may cause severe metabolic disturbancegatients with severe CHf2l
Hypokalaemia must be avoided. Other impor- In cases where even the combined use of a loop
tant adverse drug effects are hyponatraemia, dediuretic and a thiazide fails to reduce extracellular
hydration and metabolic alkalosis. This makesvolume to the desired level, there are still some
frequent control and monitoring of serum elec- alternatives. By addition of a inotropic drug, e.g.
trolytes necessary, especially in the first weeksdobutamine or milrinone, improvement of cardiac
after addition of the loop diuretic. In addition, it output can be achieved. This may lead to an in-
should be remembered that use of combinatiorsrease of the amount of filtered sodium. In addi-
diuretic therapy may cause too rapid a loss ofion, extracorporeal techniques (haemofiltration,
fluid resulting in hypotension and dehydration. haemodialysis, peritoneal dialysis) may lead to
Atoo vigorous dehydration may result in a tem-Short term improvement and restoration of diuretic
porary decrease of the effective circulatory vol-€Sponsiveneds’l However, in our opinion, the
ume. This may cause hypotension and deterio[_eSUIf[S of the chronlg mtgrmlttent use o_f haerr_lo—
ration of renal function. Therefore, in addition filtration and haemodialysis have been disappoint-
to serum electrolytes and bodyweight, renal9: and therefore shquld be reserved_ for remedia-
function and blood pressure also should be monl_:)le cases of heart failure or as a bridge to heart
itored. Finally, noninvasive assessment of the'

ransplantatiorf?]
central venous pressure is of value as a valid
indicator of the state of hydration.

* It is necessary to tailor the treatment to each The combined use of a loop diuretic and a diu-
individual patient to achieve a gradual reductionretic acting on the distal convoluted tubule has
of oedema. For these reasons, hospital admisseen shown to be a very powerful tool in the treat-
sion of the patient is preferred when adding ament of diuretic resistance to conventional therapy
thiazide drug to a loop diuretic. in CHF. However, adverse effects, especially hypo-
Although it is generally advocated to increasekalaemia, necessitate frequent control and moni-

the dosage of the loop diuretic to the maximumtoring of serum electrolytes and the clinical condi-

recommended dosage (240mg furosemide per datjyon of the patient after initiation of this therapy. An
or an equivalent dosage of another loop diuretic)jmportant mechanism behind this diuretic syner-
other strategies have been proven to be successfigism is the functional adaptation of the distal con-
firstly, the addition of a thiazide to a low dosage ofvoluted tubule after chronic administration of loop

a loop diuretic in case of an inadequate response tdiuretics.

the lattet?%] The theoretical advantage of early in-
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