Drug Safety 2000 May; 22 (5): 350-360
REVIEW ARTICLE N 115916/00/0005-0350/520.00/0

© Adis International Limited. All rights reserved.

Risk-Benefit Ratio of Angiotensin
Antagonists versus ACE Inhibitors in
End-Stage Renal Disease

Domenic A. Sica, Todd W.B. Gehr and Andrea Fernandez

Divisions of Clinical Pharmacology, Hypertension and Nephrology, Medical College of Virginia of
Virginia Commonwealth University, Richmond, Virginia, USA

Contents
ADSTIACT e 350
1. Treatment of Hypertension in End-Stage RenalDisease . . . . . . . . . .. ... ... . . .. .... 351
2. Pharmacokinetics . . . . . 352
2.1 ACEInhibitors . . . . o o 352
2.2 Angiofensin Antagonists . . . . . . 353
3. Pharmacodynamics . . . . . . . . 354
3.1 Hypertension . . . . . 354
3.2 Congestive Heart Failure . . . . . . . . . . 354
4. Adverse Effects . . . . . . 355
A1 Thirst e 355
42 ANCEMIO . . . v e 355
4.3 Angioneurofic Oedema . . . . . . . . 356
44 CoUuGh . . 356
4.5 Anaphylactoid Dialyser Reactions . . . . . . . . . . 357
5. CoNCIUSIONS . . . . . o 357
Abstract The effective treatment of hypertension is an extremely important consider-

ation in patients with end-stage renal disease (ESRD). Virtually any drug class—
with the possible exception of diuretics— can be used to treat hypertensionin the
patient with ESRD. Despite there being such a wide range of treatment options,
drugswhichinterrupt therenin-angiotensin axisare generally suggested asagents
of choice in this population, even though the evidence in support of their prefer-
ential useis quite scanty.

ACE inhibitors, and more recently angiotensin antagonists, arethe 2 drug clas-
ses most commonly employed to alter renin-angiotensin axis activity and there-
fore produce blood pressure control. ACE inhibitor use in patients with ESRD
can sometimes prove an exacting proposition. ACE inhibitors are variably dial-
ysed, with compounds such as catopril, enalapril, lisinopril and perindopril un-
dergoing substantial cross-dialyser clearance during a standard dialysis session.
This phenomenon makes the selection of adose and the timing of administration
for an ACE inhibitor a complex issuein patients with ESRD.

Furthermore, ACE inhibitors are recognised as having a range of nonpressor
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effectsthat are pertinent to patientswith ESRD. Such effectsincludetheir ability
to decreasethirst drive and to decrease erythropoiesis. In addition, ACE inhibitors
have a unique adverse effect profile. As is the case with their use in patients
without renal failure, use of ACE inhibitorsin patientswith ESRD can be accom-
panied by cough and less frequently by angioneurotic oedema. In the ESRD
population, ACE inhibitor use is also accompanied by so-called anaphylactoid
dialyser reactions.

Angiotensin antagonists are similar to ACE inhibitors in their mechanism of
blood pressurelowering. Angiotensin antagonistsare not dial ysableand therefore
can bedistinguished from anumber of the ACE inhibitors. Inaddition, theadverse
effect profile for angiotensin antagonists is remarkably bland, with cough and
angioneurctic oedema rarely, if ever, occurring. In patients with ESRD, angio-
tensin antagonists are aso not associated with the anaphylactoid dialyser reac-
tions which occur with ACE inhibitors. The nonpressor effects of angiotensin
antagonists — such as an influence on thirst drive and erythropoiesis — have not
been explored in nearly the depth, as they have been with ACE inhibitors. Al-
though ACE inhibitors have not been compared directly to angiotensin antago-
nists in patients with ESRD, angiotensin antagonists possess a number of
pharmacokinetic and adverse effect characteristics, which would favour their use

in this population.

Patients receiving long term maintenance hae-
modialysis have an age-adjusted death rate severa
times higher than that of the general population.[*
The large majority of patients with end-stage rena
disease (ESRD) begin renal replacement therapy
with a disproportionate burden of cardiovascular
disease risk factors.[2 Thus, it isnot at all surpris-
ing that cardiovascular disease is a leading cause
of death in ESRD, accounting for 30 to 50% of all
deaths.[*4 Hypertension, an important contribut-
ing factor to the progression of renal failure, also
features significantly in the cardiovascular event
rate in the patient with ESRD.[25]

Hypertension is a complex multifactorial pro-
cess in ESRD.[Z Volume expansion has long been
held as perhaps the single most important factor in
the development and maintenance of hypertension
in patientsreceiving dialysis.[6-71 Recently, the crit-
ical role of volume in ESRD-related hypertension
has been re-examined.[8-9 Although control of vol-
ume expansion remainsanimportant elementinthe
effective treatment of ESRD-related hypertension,
a number of other factors are now recognised as
important contributors to this condition. Such fac-
torsinclude arelative to absoluteincreasein renin-
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angiotensin-al dosterone axis activity, 191 increased
sympathetic activity,[1213] endothelial abnormali-
ties14-16] and/or hyperparathyroidism.[17]

1. Treatment of Hypertension in
End-Stage Renal Disease

The treatment of hypertension in the patient with
ESRD iscomplicated. A cornerstone of therapy re-
mains the efficient management of salt and water
balance. Obstacles to this approach include:[%]
 the absence of an accepted operational defini-
tion of dry weight and methods to assess it
» patient noncompliance with dietary salt and
fluid restriction

* intradialytic hypotension secondary to overly
aggressive ultrafiltration during the relatively
short duration of haemodialysis treatments.

An additional concern in the treatment of ESRD-
related hypertension is that casual blood pressure
readings obtained in the immediate prediaysis pe-
riod poorly reflect the true blood pressure load ex-
perienced during an interdialytic period.[”8l Al-
though ambulatory blood pressure monitoring may
better define blood pressureload in the patient with
ESRD, this procedure is not routinely available,
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forcing theclinicianto rely instead on casual blood
pressure readings.[918]

ESRD-related hypertension has been effec-
tively treated with any of a number of antihyper-
tensive drug classes. In particular, drugs that inter-
rupt the renin-angiotensin-aldosterone axis have
been proposed as being well tolerated and effective
agentsin thetreatment of hypertensionin ESRD. A
number of drug classes can interfere with renin-
angiotensin-aldosterone axis activity, including -
blockers, ACE inhibitorsand angiotensin antagonists
(AT, receptor antagonists), with ACE inhibitors
being most frequently used to achieve thisgoal in
the ESRD population.[19-20]

Unfortunately, despite a lengthy legacy of use
of ACEinhibitorsinthetreatment of ESRD-rel ated
hypertension, a number of problems exist with
ACE inhibitors, fueling the search for aternative
therapies. One such alternative therapy involves
the use of angiotensin antagonists, compoundsthat
specifically block the effect of angiotensin Il at the
AT receptor. Severa angiotensin antagonists are
either currently marketed or are in various stages
of development. These compounds are mechanisti-
caly distinct in their action, being devoid of any
effect on bradykinin metabolism, which distinguish-
esthem from ACE inhibitors. They also differ phar-
macokinetically from many of the ACE inhibitors
in that they have a predominantly nonrenal mode of
elimination. Use of angiotensin antagoni sts has been
limited; thus, comments concerning this class of
drugs must be viewed cautiously. This review will
specifically address treatment considerations in
ESRD-related hypertension and, by inference,
congestive heart failure, aswell asthe risk-benefit
ratio that attends the use of each of these drug
classes.

2. Pharmacokinetics

2.1 ACE Inhibitors

In the treatment of essential hypertension, the
pharmacokinetics of the ACE inhibitors arerarely
a consideration unless they are being given to pa-
tientswith renal insufficiency.[2! In that condition,
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Table I. ACE inhibitor properties and dialysability in patients with
end-stage renal disease

Drug Protein  Molecular CLnp (ml/min)
binding  weight [% removed]
(%) (parent/diacid)
Benazeprilat®  >95 461/396 NA
Captoprill26-29] 30 217 80-120 [35]
Enalaprilat®®-32 60 493/384 40-70 [60]
Fosinoprilat®334  >95 585/436 <10
Lisinoprill3] 10 442 60 [50]
Moexiprill36] 50 499/471 NA
Perindoprill3:38 20 368/340 50-70 [50]
Quinaprilat®4  >95 475/410 <10
Ramiprilati*l] >60 417/388 20-30
Trandolapril42 80 431/402 NA

CLup = haemodialysis clearance; NA = data not available.

since the mode of elimination of these compounds
is primarily renal, systemic accumulation will en-
sue unless dosage adjustment has occurred.[22l The
exceptions to this are fosinopril and trandolapril.
Each of these compoundsundergoesacombination
of both renal and hepatic clearance and thereby
accumulate to a lesser degree in renal failure.[23]

In ESRD, the otherwise mundane pharmacoki-
netics of ACE inhibitors become more confusing.
Repetitive administration of arenally cleared ACE
inhibitor, in the undialysed state, will inevitably
result in significant drug accumul ation and thereby
prolonged pharmacol ogical effect. Oncedialysisis
superimposed on a particular administration sched-
ule, variable dialytic clearance of acompound will
occur in relationship to compound-specific fea
tures such as molecular weight, protein binding
and volume of distribution, as well as compound-
independent features such as membrane surface
area, dialyser blood flow and duration of dialysis.
The most important of these features is protein
binding, since in the presence of extensive protein
binding (>90%) all other considerations for dia-
Iytic clearance of acompound are superfluous. The
fact that several ACE inhibitors are not heavily
protein-bound means that a substantial mass of
drug can be removed during a haemodialysis ses-
sion (table).r24

If ESRD-related blood pressure values are par-
ticularly renin-dependent, they can rise during a

Drug Safety 2000 May; 22 (5)
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Table Il. Elimination characteristics of ACE inhibitors in
haemodialysis

Drug Dialysable? Accumulation Post-dialysis
supplementation®
Captopril Yes Yes Yes
Enalaprilat Yes Yes Yes
Lisinopril Yes Yes Yes
Perindopril Yes Yes Yes
Ramiprilat Yes Yes Yes
Fosinopril No No No
Quinapril No Yes Yes
Benazepril NA Yes Yes
Moexipril NA Yes Yes
Trandolapril NA No No

a ‘Yes'indicates drug removed during dialysis.

b Postdialysis dosage supplementation or routine administration
within 4h postdialysis is considered when >30% drug re-
moval has occurred and blood pressure levels warrant treat-
ment.

NA = data not available.

haemodialysis session in the absence of the damp-
ening influence of an ACE inhibitor. Administra-
tion of antihypertensives in ESRD is most com-
monly dictated not by interdialytic readings, but
rather by readings obtained in the peridialytic pe-
riod. A common approach to the treatment of
ESRD-associated hypertension isto withhold drug
treatment for the several hoursimmediately before
adialysis session in the hope that peak drug effect
will not coincide with the vasodepressor effect of
haemodialysis and lead to intradialytic hypoten-
sion. Whether intradialytic hypotension can be ef-
fectively minimised by thisapproach remainsto be
determined.

Thedialysisclearancevauesfor ACEinhibitors
intable| should be viewed cautiously. These clear-
ance values were typically determined under what
might be currently viewed as contrived study con-
ditions; that is, dialyser blood flow rate was typi-
cally 150 to 200 mi/min and dialyser size <1.2mZ2.
Itishighly likely that dialyser clearances for those
ACE inhibitors that are dialysable will be consid-
erably higher than the values reported in table I,
since blood flow rates and dialyser size are now
moretypically 400 ml/min and =2.0m?, respective-
ly. Accordingly, assessments of ACE inhibitor ef-
fect on any of the pharmacodynamic parameters
cited in this review should take into account the
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year(s) in which the study was conducted and the
prevailing dialysis practice at that time. Current di-
alysis conditions should result in considerably
lower postdialysis blood concentrationsfor dialys-
able ACE inhibitors than values observed in the
1980s. Thus, much of the early literature from the
1980s concerning ACE inhibitor dialysability isno
longer directly applicable.

A final consideration in assessing the differen-
tial pharmacokinetics of ACE inhibitorsin ESRD
relates to their mode of systemic elimination. As
previously mentioned, the ACE inhibitors fosino-
pril and trandol april are systemically eliminated by
both renal and hepatic mechanisms.[2223] This as-
pect of the elimination profile of an ACE inhibitor
must befactored into their intradiaytic elimination
behaviour. Thus, ACE inhibitors are dialysable or
nondialysable and accumulating or nonaccumul at-
ing. To start a patient with ESRD on an ACE inhib-
itor isnot as simple as ‘randomly’ selecting one of
the several drugs in this class. The selection pro-
cess requires a thorough understanding of drug ki-
netics and dialysability (table 1), and if correctly
performed can influence outcome.

2.2 Angiotensin Antagonists

Angiotensin antagonists have only been avail-
able for the treatment of hypertension since 1995,
a which time the first such compound, losartan po-
tassium, was rel eased. Since then severa addition-
al compounds have either been released for general
use or will soon be available (table 111). Angioten-
sin antagonists are distinguishable in that these

Table Ill. Angiotensin antagonist properties and dialysability in
patients with end-stage renal disease

Drug Protein binding Molecular CLnp
(%) weight (ml/min)

Losartan potassium 431 98.7 461 0
E-317414 99.8 437 0
Irbesartan(*4 90.0 429 0
Valsartant®! 95.0 436 NA
Eprosartan(*®! 98.0 521 1
Candesartan cilexetil “1  99.0 611 0
Telmisartanie! 99.5 515 0

CLup = haemodialysis clearance; NA = not applicable.
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drugsareall heavily protein-bound (>90%), which
precludes significant dialysability. Thus, the pro-
cess of treating renin-dependent forms of hyper-
tension in ESRD is likely to be simplified. Table
Il provides information useful for estimating the
potential for an angiotensin antagonist to bediays-
ed. Where data are available, actual clearance val-
ues are reported; otherwise the potential for dia-
Iytic clearance of an angiotensin antagonist can be
inferred from the pharmacological features of the
compound.

The likelihood of an angiotensin antagonist ac-
cumulating with repetitive administration hasbeen
examined only for losartan potassium and irbesar-
tan. However, marked accumulation isunlikely with
these drugs, since they al undergo a significant
degree of nonrenal clearance (table V).

3. Pharmacodynamics

3.1 Hypertension

A number of studies have established both ACE
i nhibitors/20.30.31,35,38,40.41] gnd angiotensin antago-
nist51-54 as effective therapies in the treatment of
ESRD-related hypertension. Unfortunately, there
have been few pharmacological studies that have
determined the concentration-effect relationship
for blood pressure reduction with either ACE in-
hibitors or angiotensin antagonists. It can be pre-
sumed that if the form of hypertension expressed
by a patient with ESRD is renin-dependent there
will be a steep concentration-effect relationship at
low doses of an ACE inhibitor and/or an angioten-
sin antagonist.[202%-41 Thus, the pharmacol ogical
features of an ACE inhibitor or an angiotensin an-
tagonist, such as dialysability and/or mode of sys-
temic elimination, will be of lesser concern.

Alternatively, if the form of hypertension ex-
pressed by a patient with ESRD is more volume-
sensitive, albeit with lessrenin-dependency, higher
concentrations of an ACE inhibitor or an angioten-
sin antagonist may well become an important de-
terminant of response. In this regard, a compound
that isnot dialysabl e but undergoes some degree of
nonrenal clearance (to limit excessive systemic ac-
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Table IV. Mode of elimination of angiotensin antagonists

Drug Relative clearance (%)
renal hepatic
Candesartan cilexetil*’] 60 40
Eprosartan(*9] 30 70
Irbesartani44 1 99
Losartan potassium!>°! 10 90
E-3174550 50 50
Telmisartanl“8] 1 99
Valsartani®! 30 70

cumulation) may befavoured. The ACE inhibitors
fosinopril and trandolapril are compoundswith such
characteristics and may well be the most suitable
compounds for use in patients with ESRD.[23:33]
The angiotensin antagonists al so possess the phar-
macological characteristics of nondialysability
and an absence of systemic accumulation —similar
to fosinopril and trandolapril — which facilitates
their use in the treatment of hypertension in
ESRD.![% Nonetheless, until specific studies are
performed in the ESRD population to determine
the concentration-effect relationship of specific
ACE inhibitors or angiotensin antagonists, theim-
pact of drug dialysability and/or systemic accumu-
lation on blood pressure control will remain con-
jectural.

3.2 Congestive Heart Failure

ACE inhibitors and angiotensin antagonists as
therapy for congestive heart failure have been stud-
ied in arather cursory fashion in the ESRD popu-
lation. To date, in this population no long term out-
come studies have been conducted with either of
these drug classes. In addition, no studies have been
conducted that compareindividua ACE inhibitors
and/or angiotensin antagonists in a head-to-head
fashion. Heart failure management in ESRD is a
complicated issue with multiple aetiological fac-
torsbeing present. Although ACE inhibitorscan be
presumed to be ‘effective’ in the management of
congestive heart failure found in the setting of
ESRD, thisis by inference alone from congestive
heart failure studies completed in non-ESRD pop-
ulations; for angiotensin antagonists, even fewer
such studies exist in the non-ESRD population.

Drug Safety 2000 May; 22 (5)
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Thereis no doubt that the alteration in angiotensin
Il effect from either ACE inhibitor or angiotensin
antagonist therapy should offer some therapeutic
benefit to the patient with ESRD and congestive
heart failure, although the exact nature of such ben-
efit remains to be determined, particularly for the
angiotensin antagonists.

A series of recent studies have suggested agreater
benefit in heart failure management from high
rather than low dosages of ACE inhibitors,[56:571 and
current practice guidelines for the management of
congestive heart failure recommend therapy with
high dosages of ACE inhibitors for optimal symp-
tomatic and survival benefits. A question yet to be
resolved is whether the benefits of ACE inhibitor
therapy in congestive heart failure management are
also drug concentration—dependent for the ESRD
population. If aparallel existsfor congestive heart
failure treatment in the ESRD population, then the
pharmacological features of either an ACE inhibi-
tor or an angiotensin antagonist may dictate thera-
peutic success. For example, dialysable compounds
would provide aless sustained exposure to the pre-
sumed positive effects of an agent that interrupts the
renin-angiotensin-aldosterone axis. The opposite
would logically apply to anondialysable compound.
Furthermore, the tentative nature of postdialysis
administration of antihypertensive medication would
also lessen exposure to adialysable ACE inhibitor.
A further and final confounding variable in the
ESRD population is that of the inter-relationship
between blood pressure and dose titration of an
ACE inhibitor. Because of intradialytic blood pres-
sure changes, it is rare that the dosage of ACE in-
hibitors is titrated to maximal effect in the ESRD
population.

4. Adverse Effects

4.1 Thirst

In polydipsic haemodialysis patients, angioten-
sin Il levelsrise after a dialysis session, in part in
relationship to the degree of volume removal.[58]
Angiotensin Il levels can remain elevated in the
interdiaytic period, despite the progressive volume
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expansion that characterisesthis period. High plas-
ma levels of angiotensin Il have been associated
with excessive thirst, mediated by either central or
peripheral thirst promoting mechanisms.[58-6%

An important practical implication of these ob-
servationsisthat drugsthat decrease activity inthe
renin-angiotensin-aldosterone axis may aleviate
the polydipsia observed in these patients.[1-63 |n
an early nonblind trial using captopril, interdialytic
bodyweight gain and thirst were diminished in 4
patients.[%1] In a more extensive set of studies em-
ploying a double-blind, placebo-controlled, cross-
over design, enal april therapy was accompanied by
significant reduction in interdialytic bodyweight
gain, thirst and oral intake of fluid.[62 Thesechang-
esdirectly paraleled decreased levels of angioten-
sin Il. Unfortunately, the effect of ACE inhibitors
on thirst drive in patients with ESRD has not been
uniformly observed.[62

This suggests that this phenomenon may be
more heterogeneous than first thought. Multiple
factors exist as determinants of a slackening of
thirst drivewith ACE inhibitors, and, no doubt, ad-
ditional clarifying studieswill berequired. To date,
angiotensin antagonists have not been studied in
patientswith ESRD astotheir effect onthirst drive.

4.2 Anaemia

In 1984, 9 out of a group of 12 hypertensive
patients on maintenance haemodialysis displayed
a decrease in haemoglobin concentration, haema-
tocrit and red blood cell masswhile receiving long
term treatment with captopril. After discontinua-
tion of captopril, haematocrit values returned to
pretreatment levels.[%4 In follow-up studies, it was
demonstrated that this phenomenon was associated
with reduced circulating concentrations of angio-
tensin 11169 that paralleled a suppression of eryth-
ropoietin production.[¢ The observed anaemiain
these patients was successfully treated with andro-
genic steroids despite little change in erythropoie-
tinlevels, suggesting an el ement of ‘erythropoietin
resistance’ to the process.[6"]

ACE inhibitor—related anaemia seems to be a
class effect!®8 and has been observed to occur in
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patients on haemodialysis%46567] and continuous
ambulatory peritoneal dialysis.[69 Theexact mech-
anism(s) of ACE inhibitor—elated anaemiain ESRD
remain poorly defined. It was originally believed
that ACE inhibitor administration, by increasing
rena blood flow and decreasing tissue hypoxia,
removed a hypoxic stimulus to erythropoietin re-
|ease and thereby decreased red blood cell mass.[70
Subsequent studies have suggested that ACE in-
hibitor-related anaemia in ESRD cannot be ex-
plained simply by decreasing erythropoietin lev-
€els7172 although this so-called ‘erythropoietin
resistance’ has not been universally observed.[73.74

Recent observations point to 2 possible mecha-
nisms by which ACE inhibitors might suppress
erythropoiesis.[”>78 First, ACE inhibitors reduce
circulating insulin-like growth factor— and thereby
curb erythropoiesis.[”® Second, ACE inhibitorsin-
crease the plasma levels of the natura stem cell
regulator N-acetyl-seryl-aspartyl-lysyl-proline,
which prevents the recruitment of pluripotent hae-
mopoietic stem cells.[78]

Thepotential for angiotensin antagonist therapy
to retard red blood cell production is still poorly
defined. For example, the angiotensin antagonist
|osartan potassium has been observed to decrease
haemoglobin concentration in patients with post-
transplant erythrocytosis, a pattern similar to that
observed with ACE inhibitors.[77.78] Alternatively,
| osartan potassium has been variably associated with
the development of anaemia in ESRD.[7980 The
carefully performed studies of Schiffl and Lang,8%
in particular, suggest that the partial resistance to
recombinant erythropoietin observed with captopril
was not seen with losartan.

Whether true differences exist between ACE in-
hibitors and angiotensin antagonistsin their ability
to affect erythropoiesis remains to be determined.
Unless contraindications to their use exist, ACE in-
hibitors should remain the preferred compounds
for suppression of erythropoiesis.

4.3 Angioneurotic Oedema

Angioneurotic oedemais a potentially fatal ad-
verse effect that occurs with ACE inhibitors. Sur-
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veys have indicated that angioedema occurs in
from 0.1 to 1% of ACE inhibitor recipients.[81-83]
Multiple causal mechanisms have been invoked
for the development of angioedema, with the most
plausible being that of a reduced degradation of
bradykinin as a direct class effect of ACE inhibi-
tors.[83] |t was originally thought that angiotensin
antagonists would not be associated with the de-
velopment of angioneurotic oedema, since they do
not interfere with bradykinin metabolism.[84 Re-
cent information suggests that this thinking re-
quires re-examination, since losartan potassium
and valsartan have now been associated with the
development of angioneurotic oedema.[85-8°

The frequency of angiotensin antagonist—related
angioneurotic oedemaisunknown. Themajority of
thereported caseshaveinvolved the use of losartan
potassium, athough this may simply be a reflec-
tion of its being the first angiotensin antagonist
introduced and therefore its gaining the widest pa-
tient exposure. Of those individuals that have de-
veloped losartan potassium-related angioneurotic
oedema, a high number had previously devel oped
angioneurotic oedema during the use of an ACE in-
hibitor.[89 Thisobservation suggeststhat aprocliv-
ity for the development of angioneurotic oedema
may exist in certain patients with hypertension, ir-
respective of the agent in use. The mechanism of
angiotensin antagonist—related angioneurotic oe-
demaisnot established at thistime.[89 It isunlikely
that this process involves bradykinin excess. To
date, angioneurotic oedemahas been rarely report-
ed in patients with ESRD receiving an angiotensin
antagonist.[88 Although A CE inhibitor—associated
angioneurotic oedema is not considered a formal
contraindication to the use of an angiotensin antag-
onist, it may be advisable not to prescribe them in
patients with a history of ACE inhibitor-related
angioedema until its exact pathogenesis has been
established.

4.4 Cough

Cough is one of the most frequent adverse effects
associated with ACE inhibitors.[81.8590 \Whether
cough is more frequent in patients with ESRD be-
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ing treated with ACE inhibitors is currently not
known. It is, though, fairly well accepted that cough
frequency with angiotensin antagonistsislittle dif-
ferent from that observed with placebo.[91-93] This
applies to the use of angiotensin antagonistsin ei-
ther essential hypertension(®1-93] or ESRD.[>4 The
markedly lower incidence of cough with angioten-
sin antagonists is one of the unquestioned advan-
tages of this drug class over ACE inhibitors.

4.5 Anaphylactoid Dialyser Reactions

In 1990, the first cases were described of ana-
phylactoid dialyser reactions occurring in patients
dialysed with AN69 dialyser membranes.[®4 These
reactions were distinctive, occurring at the start of
ahaemodialysis session in patients being concom-
itantly treated with an ACE inhibitor. Since the
original description of this entity a number of cor-
roborating reports have appeared that further de-
fine the nature of this phenomenon.[24.95-98]

Anaphylactoid reactions present as immediate
hypersensitivity reactions and anaphylaxis, both of
variable severity. Thesereactions have not been di-
alyser- or dialysate-specific, although they do oc-
cur more frequently with AN69 (polyacrylonitrile)
membranes.[991%] Reactions have ranged from
mild itching to life-threatening systemic reactions
characterised by bronchospasm, hypotension and
cardiopulmonary collapse.l%8! These reactions are
abrupt, occurring within seconds to minutes of
blood contact with the dialyser and often occur re-
petitively.[2494 These reactions are class-specific
since they have been described with virtually all
ACE inhibitors.[24.9496] Although not specifically
demonstrated to be adose-dependent phenomenon,
these anaphylactoid reactions are likely to be
50.1191 The inability to show convincing ACE in-
hibitor dose dependency for this phenomenon
probably relates to different administration times
predialysisand/or pharmacokinetic differences be-
tween the culpable ACE inhibitors.

The aetiology of thisprocessis probably related
to ACE inhibitor—-mediated perturbations in the
bradykinin system.[?5101 Polyacrylonitrile mem-
branes are highly negatively charged, which per-
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mits contact activation of Hageman factor at a
greater rate than might be seen with a cuprophane
membrane. Hageman factor then facilitates con-
version of prekalikrein to kallikrein. Under these
conditions of kallikrein activation, an earlier and
more intense generation of bradykinin occursupon
contact exposure of blood to polyacrylonitrile mem-
branes. Thisprocessissimply amplified in the pre-
sence of an ACE inhibitor.[24.95.1011 The association
of this process with bradykinin has now been con-
vincingly shown in that it can be completely pre-
vented by the prior administration of the bradyki-
nin B, receptor antagonist icatibant.[101]

To date, the phenomenon of dialyser-related ana-
phylactoid reactions has not been convincingly
demonstrated with the angiotensin antagonists.[>4
Because of this, conventional practicein most dial-
ysisunitsisto automatically convert ACE inhibitor—
treated patients to an angiotensin antagonist if a
polyacrylonitrile membrane is being used.

5. Conclusions

Hypertension and cardiovascular disease are
common accompanying features to ESRD, often
requiring targeted therapy for the disease state.

ACE inhibitorshavelong been thought to bethe
agents of choice for the patient with ESRD, since
it iscommonly believed that ESRD-related hyper-
tension isa uniformly high renin state. This belief
is not supported by currently available information;
thus, concrete evidence in support of a specific su-
periority of ACE inhibitors over other antihyper-
tensive medicationsis currently lacking. If similar
treatment logic is applied to the angiotensin antag-
onist class of drugs as has evolved for ACE inhib-
itors in ESRD, then angiotensin antagonist use
should increase significantly in the coming years.

Part of the appeal of ACE inhibitor use relates
to aperception, albeit somewhat flawed, that these
drugs are both efficacious and lacking in signifi-
cant adverse effects in patients with ESRD. ACE
inhibitor use in patients with ESRD is an exacting
proposition. Their use requires a working knowl-
edge of both an individual compound’s pharmaco-
kinetics as well as the across-dialyser clearance.
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The latter varies widely among the various ACE
inhibitors. The dilemma of diaytic clearance of
drug is not an issue with the angiotensin antago-
nists because of their extensive protein binding. In
addition, angiotensin antagonists are free of many
of the troublesome adverse effects that accompany
ACE inhibitor use. Thus, angioneurotic oedema,
which occurs with ACE inhibitors, occurs much
lessfrequently with angiotensin antagonists. In ad-
dition, anaphylactoid reactions can occur when
ACE inhibitor—treated patients are dialysed with
polyacrylonitrile membranes; this phenomenon is
rarely (if ever) observed with angiotensin antago-
nists.

Thus, it appearsthat the angiotensin antagonists
can be viewed as being similar to ACE inhibitors
in their actions aswell as being free from many of
the troubling adverse effects observed with ACE
inhibitorsin the treatment of ESRD-related hyper-
tension and/or cardiovascular disease. The pharma
cokinetic characteristics of the angiotensin antago-
nistsarequite similar, in that they are predominantly
cleared by the hepatic route and they are uniformly
nondialysable. Accordingly, if an angiotensin an-
tagonist is considered as therapy in a patient with
ESRD, cost issues may well become the driving
forces behind the selection of a particular product.
Alternatively, pharmacokinetic features, diays
ability and cost are considerations with the use of
an ACE inhibitor.
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