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ACE inhibitors in non-diabetic renal disease

Richard J Fluck, Anthony E G Raine

The advent of angiotensin converting enzyme
(ACE) inhibitors has provided not only a new
treatment for hypertension but also a specific
treatment for hypertension in renal disease,
which carries the promise of lessening the
progression of renal disease and the risk of
additional side effects. In this review we aim to
cover the evidence for a role for ACE
inhibition in the slowing or halting of
progression of chronic renal disease, together
with the possible consequences of the use of
these drugs in patients with renovascular hyper-
tension and other forms of renal disease.

Progression of renal disease
Despite the advent of effective renal replace-
ment therapy, mortality and morbidity remain
high in patients undergoing dialysis. Effective
treatment to slow or halt the progression of
renal failure in patients with mild to moderate
chronic uraemia is of prime importance. Such
treatment would delay the onset of renal
replacement therapy, thereby reducing the
incidence of associated complications and the
limitations it places on the quality of life.
Currently, apart from specific treatments for
particular renal diseases, efforts to slow the
progression of renal failure have focused on
two factors: the control of hypertension and
dietary protein restriction. Recent data have
suggested that progression of renal disease in
humans is not significantly improved by
protein restriction, hence, the control of
hypertension remains the mainstay of con-
servative measures.' Evidence is now accumu-
lating that there may be a specific additional
role for ACE inhibitors in the treatment of
renal disease.
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Hypertension in renal disease
All forms of renal disease are associated with
hypertension.2 The prevalence of hypertension
rises as renal disease progresses, and most
(90%) patients are hypertensive at the time of
end stage renal failure. This high rate of
development of high blood pressure partly
contributes to the excess mortality in this
group of patients,3 in particular cardiovascular
disease, which accounts for 50% of deaths in
patients with end stage renal failure.4
Not only is the incidence of hypertension

increased by chronic renal failure but
hypertension itself may worsen uraemia and
accelerate the progression of the disease. It is
the breaking of this reciprocal relation by
effective antihypertensive treatment that may
slow or halt progression towards end stage
renal failure.

Theories of progression of renal disease
Widely held theories to account for the
mechanism of progression of renal disease
have emphasised the importance of glom-
erular capillary hypertension.5 In essential
hypertension effective autoregulation of the
afferent arteriolar resistance seems to protect
the glomerulus from the effects of systemic
hypertension, but in chronic renal disease this
autoregulatory mechanism fails. As a con-
sequence, progressive glomerular injury is
aggravated by increased glomerular capillary
pressure, culminating in glomerular sclerosis.6
Other theories explaining progressive hyper-
tensive glomerular injury have focused on
glomerular hypertrophy. These are based on
experiments in animals showing a significant
correlation between glomerular size and the
degree of glomerular sclerosis.7 These
findings suggest that glomerular hypertrophy
is an adaptive response, compensating for the
reduction in renal mass, but which itself in
some way predisposes to progressive glomer-
ular injury-that is, the process becomes
maladaptive.
These other mechanisms provide at least

two possible targets that may be used in
attempts to slow the progression of renal
disease. Firstly, as the intrarenal vasocon-
strictor action of angiotensin II is primarily on
the efferent arteriole, ACE may reduce
glomerular hypertension by preferential vaso-
dilatation of the efferent arteriole, thereby
reducing glomerular pressure. Secondly,
angiotensin II may act as a growth factor
within the glomerulus, and successful use of
ACE inhibition may thereby reduce glomer-
ular hypertrophy.
As hypertension itself is a major promoter of

declining renal function, however, it is logical
in the first place to attempt to reduce or halt
this progression by effective control of blood
pressure.

Evidence for role of hypertension in the
progression of renal disease
A retrospective study of 198 patients starting
long term dialysis suggested that poor control
of diastolic blood pressure was associated with
an increased rate of decline in renal function.8
A controlled study of 79 Afro-Caribbean
patients with moderate to severe chronic renal
impairment who were not yet receiving dialysis
showed that tight control of diastolic blood
pressure could halt the progression of renal
disease. In this three year study glomerular
filtration rate increased slightly in response to
treatment.9 A more detailed small scale study
of 18 patients suggested that controlling the
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diastolic blood pressure at less than 84 mm Hg
was beneficial in slowing the progression of
renal disease, but further lowering blood
pressure below 80 mm Hg did not confer any
additional benefit.'0
These and many other studies provide good

evidence that control of blood pressure is not
only beneficial but mandatory in the treatment
of chronic renal impairment. Do ACE
inhibitors confer additional benefit above
antihypertensive treatments?

Specific role for ACE inhibitors in
chronic renal failure?
ROLE OF ANGIOTENSIN II
In addition to the efferent arteriolar vaso-
constriction caused by angiotensin II, there is
evidence that it acts as a growth factor in both
glomerular and tubulointerstitial tissue, as
summarised in table 1." Given these cellular
effects of angiotensin II and their possible
detrimental consequences for progressive renal
impairment, ACE inhibitors might provide
additional benefit over and above their
antihypertensive action. In studies using the
5/6 nephrectomy experimental model of
chronic renal failure, ACE inhibitors lowered
glomerular pressure and decreased glomerular
sclerosis to a greater degree than comparable
antihypertensive treatment with reserpine,
hydralazine, and hydrochlorthiazide.'2 A
retrospective uncontrolled study in humans
has suggested that ACE inhibition also slowed
the progression of clinical renal failure.'3
Few studies, however, have compared

different antihypertensive treatments directly
in human renal disease. Glomerular haemo-
dynamics have been studied in normotensive
subjects subjected to treatment with either
nifedipine or captopril.1' The ACE inhibitor
reduced the extent of amino acid induced
glomerular hyperfiltration, in contrast to
nifedipine, which induced hyperfiltration at
rest and allowed maximal hyperfiltration to
occur when the amino acid infusion was
administered. This is interesting as calcium
channel blockers have a preferential vaso-
dilator action on the afferent arteriole. This
may lead to glomerular hypertension, despite
lowering of systemic blood pressure, by
impairing glomerular autoregulation. In
keeping with these hypotheses, studies in
which treatment was started some weeks after
subtotal nephrectomy in rats showed that
treatment with calcium antagonists was
associated with reduced nephron survival and
progressive glomerular sclerosis-in contrast
to ACE inhibition, which was protective.'5

Table 1 In vitro effects of angiotensin II on mesangial and proximal tubular cells"

Phenotype Mesangial cells Tubular cells

Growth effect Proliferation Hypertrophy
Angiotensin II receptor type AT, AT, and AT2
Signal transduction pathway IP3/DAG/Ca'+ Intracellular cyclic AMP
Oncogene activation Yes Yes
Collagen synthesis Preferentially type I Preferentially type IV
Existence of genes induced
by angiotensin II Unknown Yes

IP3, inositol 1,4,5-triphosphate; DAG, diacylglycerol; Ca2', intracellular calcium.

PROTEINURIA-SURROGATE MARKER FOR

PROGRESSION?

Proteinuria may be a marker for both
glomerular hypertension and hyperfiltration
and, as a consequence, treatments that reduce
proteinuria may be beneficial in renal failure.'6
Long term administration of angiotensin II
may increase proteinuria in normal rats."' A
large study in animals compared the calcium
channel blocker verapamil with enalapril'5; it
showed that proteinuria increased in response
to calcium antagonism, and this was associated
with a high percentage of glomerular sclerosis.
This occurred despite equivalent blood
pressure control with verapamil and enalapril;
in the group given enalapril proteinuria and
glomerulosclerosis were reduced.

Protein excretion is also increased in reno-
vascular disease, a high renin state.'8 More
recently, ACE inhibitors have reduced
proteinuria in rats with induced chronic
uraemia,'9 and there have been comparable
studies in patients with moderate uraemia due
to a variety of renal diseases.20 Fractional
urinary albumin excretion was significantly
reduced in patients with mild, moderate, and
severe albuminuria, but without a significant
change in serum creatinine concentrations.
Both enalapril and captopril are effective in
reducing proteinuria in hypertensive patients
with renal disease.2' 22 In some studies
comparing ACE inhibitors with calcium
channel blockers a greater reduction in
proteinuria was achieved with ACE
inhibitors,22 23 although recent prospective
studies have failed to confirm this.24 In
addition, in none of these studies was a
difference in rate of progression detected in
the different treatment groups.

In summary, there is no doubt that ACE
inhibitors are effective in reducing proteinuria.
However, it remains unproved whether
reduction in proteinuria and the implied
beneficial effect on glomerular haemo-
dynamics will lead to a more favourable renal
outcome in the long term.

BLOOD PRESSURE INDEPENDENT EFFECTS OF

ACE INHIBITORS

It remains a matter of controversy whether the
beneficial actions of ACE inhibitors relate
solely to their antihypertensive properties or
whether additional mechanisms independent
of blood pressure control also contribute.
Ikeda et al and Bianchi et al found that blood
pressure control in the different treatment
groups was equivalent.22 23 However, small
differences, or an unmeasured change in the
profile of blood pressure control over 24 hours,
may well result in significant changes in renal
outcome. The possibility that ACE inhibitors
may have an additional beneficial effect
through reducing the effect of angiotensin II as
a growth factor is of current interest. Actions
of ACE inhibitors independent of those on
blood pressure may potentially be investigated
through their use in normotensive patients
with renal disease, with subsequent assess-
ment of their effects on progression of renal
disease and on proteinuria. Such studies will
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require long follow up times and large
numbers of patients; no data are yet
available.
A small study of ACE inhibition in 14

patients with chronic renal failure and pro-
teinuria greater than 1 g/day included five
normotensive subjects.25 Overall, creatinine
clearance and urine protein excretion both
improved during a 30 month follow up period,
though no comparisons were made between
normotensive and hypertensive subjects. In a
crossover study subjects given conventional
triple drug treatment were given captopril for
12 months.26 This small study of 10 patients
suggested that the ACE inhibitor halted the
decline of renal failure with no change in
control of blood pressure. Of interest in this
study was the fact that blood pressure control
was identical and urinary protein excretion did
not improve during the 12 months of captopril
treatment. Despite this, the progression of
renal disease, as assessed by reciprocal plots of
creatinine concentration, was retarded. A criti-
cism of this study, as of many others, is that
renal function was poorly assessed, with failure
to use definitive methods such as isotopic
assessment of glomerular filtration rate.

Summary
In non-diabetic chronic renal failure there is at
present incomplete evidence that ACE
inhibitors have an additional benefit in the
slowing of progressive renal disease over and
above their antihypertensive properties. In
theory, their beneficial action might result
both from decreased glomerular hypertension,
through selective dilatation of the afferent
arteriole, and from blocking the actions of
angiotensin II as a growth factor in both the
glomerulus and the interstitium. The evidence
is, however, flawed, incomplete, and in many
cases circumstantial. Long term placebo
controlled crossover studies are still required
to answer these questions.

ACE inhibition in renovascular disease
The widespread use of ACE inhibitors in
clinical practice requires an awareness of their
side effects, particularly those related to
underlying renal disease. The main area of
concern is the use of these drugs in occult or
overt renovascular disorders. This awareness
must encompass not only renal physicians but
all physicians who prescribe ACE inhibitors.
The dilemma arises because ACE inhibitors
are very effective in reducing blood pressure in
patients with renovascular hypertension, most
of whom have an activated renin-angiotensin
system. However, the possible long term
adverse effects of ACE inhibitors on renal
function in unilateral stenosis of the kidney are
worrying; they may precipitate severe renal
impairment in bilateral renovascular disease.

Incidence of renovascular disease
The incidence of renovascular disease is
difficult to ascertain as the condition is largely

painless and asymptomatic. If only one kidney
is stenosed, there will be no warning change in
the indicators of renal function measured
routinely. For these reasons, a high index of
suspicion must be maintained in patients at
risk.
The proportion of patients with end stage

renal failure who have renovascular disease as
the primary diagnosis ranges from 8% to
140/o.27 28 This incidence increases with age at
time of presentation. Renovascular disease
may be a relevant factor in up to 16% of
patients with acute presentation of renal
failure.29 Mailloux et al reported that the prog-
nosis in patients with end stage renal failure
due to renovascular disease was worse than
that in patients with diabetic nephropathy.30
The comparatively high rate of renovascular

disease in patients with known renal disease
gives no information about its incidence in the
general population. Nevertheless, data from
general angiography indicate that renovascular
disease is common. Patients investigated for
peripheral vascular disease with angiography
had significant renal artery stenosis in 42% of
cases,3' and 19% of 1303 patients undergoing
cardiac catheterisation had renal artery
stenosis.32 The predictors for renal artery
stenosis included increased age, the presence
of peripheral vascular disease, raised serum
creatinine concentrations, smoking, and
female sex (table 2). Another study found that
half of the 450 patients undergoing
angiography for peripheral vascular disease
had an occlusion of a renal artery."3 It is of
note that a fifth of these were in fact
normotensive at the time of study.
ACE inhibitors may acutely impair renal

function in patients with renal artery stenosis,
and this was first described in a renal
transplant recipient over 10 years ago.34 In
patients with hypertension due to renovascular
disease plasma renin concentration is usually
high. Treatment with an ACE inhibitor
generally produces a gratifying fall in blood
pressure, but this may be accompanied by the
risk of an appreciable deterioration in renal
function. This risk arises particularly in
patients with a single functioning kidney or
with bilateral renal artery stenosis.

MECHANISM

The mechanism of acute renal failure
accompanying the use of ACE inhibitors in
renovascular disease is still imperfectly under-
stood. The generally accepted explanation is
that arterial stenosis results in impaired
perfusion of the afferent arteriolar circulation.
The increased renin secretion this induces
causes a compensatory efferent arteriolar
vasoconstriction, which maintains glomerular
hydraulic pressure and thus maintains a
normal glomerular filtration rate.36 When an
ACE inhibitor is administered the renin-angio-
tensin cascade is inhibited, with a decrease in
angiotensin II concentration and therefore a
loss of the efferent arteriolar compensatory
vasoconstriction. This leads to a reduction in
glomerular capillary pressure, and glomerular
filtration and acute renal failure may result.

Table 2 Risk factors for
renal artery stenosis32

Risk factor

Old age
Peripheral vascular disease
Congestive cardiac failure
Raised serum creatinine
History of smoking
Female sex
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Cases of acute renal failure are often
multifactorial, and renal failure associated
with ACE inhibitors in renovascular disease is
no exception. Cases may be exacerbated in
patients who are given non-steroidal anti-
inflammatory drugs at the same time,37 who
are salt depleted, particularly when receiving
loop diuretics,38 or who have other underlying
renal parenchymal disease. Hence a con-

tinuing awareness of patients at risk, especially
those with volume depletion, diabetes
mellitus, or underlying chronic renal disease,
is required.

CLINICAL COURSE

In general, acute renal failure secondary to the
use of ACE inhibitors in renovascular disease
should be reversible, but this is not always the
case. Firstly, the condition must be recognised
early enough to allow the treatment to be
withdrawn in time. Secondly, blood pressure

and circulatory volume should be restored to
minimise the risk of long term renal ischaemic
damage or thrombosis.
Acute renal failure due to ACE inhibitors in

renovascular disease is symptomless, clinical
sequelae often becoming apparent only when
the patient has established acute renal failure.
Therefore it is recommended that patients at
risk have their renal function assessed before
treatment is started and within 2-5 days after
the first dose. In addition, the starting dose
should be at the lower end of the
recommended range for any given ACE
inhibitor.

Acute renal failure in non-renovascular
conditions
In addition to concern over ACE inhibitors in
renovascular disease, acute renal failure
associated with their use in other renal
disorders is not unknown. The use of enalapril
has been associated with reversible renal
failure in hypertensive nephrosclerosis in
which the main additional risk factor was a

local heat wave, perhaps associated with
volume depletion.39 All cases were reversible
and were successfully managed by dose
reduction or withdrawal of the ACE inhibitor.
A series of five patients with autosomal domi-
nant polycystic kidney disease were reported
to have suffered acute renal failure associated
with the use of ACE inhibitors.40 Again, there
were other precipitating factors, including
intravascular volume depletion secondary to
diuretic treatment in at least two cases. In two
of the patients studied acute renal failure
occurred again after rechallenge with the ACE
inhibitor. These patients were extensively
investigated and no evidence of renal artery
stenosis was found.

Use ofACE inhibitors in renal
transplantation
Hypertension is a common accompaniment of
cadaveric renal transplantation, and its inci-
dence and prevalence have increased with the
introduction of cyclosporin.4' Consequently,

patients receiving renal transplants are
increasingly exposed to the use of ACE
inhibitors for the treatment of hypertension. In
such patients who have one functioning kidney
the incidence of renal artery stenosis is
significant.42 There is no doubt that the use of
ACE inhibitors should be discouraged in the
early stages of renal transplantation, while
renal function is being established. Treatment
with ACE inhibitors for resistant hypertension
following transplantation should be preceded
by investigation for occult renal artery
stenosis, particularly as this may be the cause
of the hypertension.

In view of the potential benefit of ACE
inhibitors in progressive renal disease, it is
natural to speculate whether these drugs may
have a beneficial action in slowing or prevent-
ing the decline in renal function that results
from long term graft rejection. As yet there are
no long term placebo controlled trials avail-
able to assess this question, but several studies
have assessed proteinuria in renal transplant
recipients. Use of lisinopril in a group of
12 hypertensive recipients with proteinuria
but no evidence of renal artery stenosis re-
sulted in a decrease in proteinuria from
2-98 (SD 2.06) g/24 h to 2.06 (2.9) g/24 h.43
A control group of patients with comparable
blood pressure control but who were not
taking ACE inhibitors did not show any
changes in the degree of proteinuria. The
study lasted only three months and glomerular
filtration rate remained unchanged, but the
short term nature of the study allows no con-
clusions about the progression of renal dys-
function.

ACE inhibitors in end stage renal failure
The pharmacokinetics of ACE inhibitors in
renal failure have been extensively reviewed.44
The absorption of ACE inhibitors is generally
unchanged in renal disease, but after meta-
bolism in the liver most active compounds are
excreted by the kidney. As a consequence,
recommended maximal doses of these drugs
are reduced in patients with renal failure, with
the exception of fosinopril, whose clearance is
primarily hepatic. In maintenance haemo-
dialysis most ACE inhibitors, including
captopril, enalapril, and lisinopril, have high
clearances. By contrast, quinapril, which has
high plasma protein binding, has an extremely
low clearance of 0-6 ml/min.
A recent problem reported with ACE

inhibitor treatment in patients receiving
haemodialysis is the development of ana-
phylactic reactions associated with the use of
AN69 polyacrylnitrile high flux dialysers. The
mechanism is largely unknown, but it may be
a result of an increase in bradykinin synthesis
induced by an interaction of blood and blood
compounds with the polymer and a con-
comitant blockade of bradykinin metabolism
because of inhibition of kininase by the ACE
inhibitor.45 The current recommendation is
that ACE inhibitors should not be used in
association with these particular high flux
dialysers.
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In patients receiving continuous ambulatory
peritoneal dialysis the pharmacokinetic data
on ACE inhibitors are few. Quinapril
excretion in the peritoneal dialysate seems to
be negligible compared with that of captopril,
where a single dose led to the detection of
captopril in the dialysate.44

ACE inhibitors as a diagnostic tool
The use of captopril renography has enjoyed
recent popularity. In essence, the technique
entails isotopic renal scanning before and after
a single dose of captopril (25 mg orally).46 47

After the administration of captopril the
expectation is a delay in tracer handling on the
side of the renal artery stenosis. Other data
suggest that the specificity and sensitivity of
this test for the absolute diagnosis of
renovascular disease are poor, but that the
results are a better predictor of successful
outcome of revascularisation or angioplasty.48

Summary
In non-diabetic renal disease ACE inhibitors
have brought both benefit and problems. On
the one hand, they are undoubtedly effective
antihypertensive agents and data suggest that
they may have a beneficial role in the
prevention of progression of renal disease,
although further placebo controlled double
blind trials of adequate duration are required.
On the other hand, their widespread use in
elderly patients and those with generalised
atherosclerosis has increased the risk of acute
renal failure when occult renovascular disease
is present. Awareness among physicians of the
high rate of renovascular disease in popula-
tions at risk is to be encouraged.
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