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Abstract End-stage renal failure (ESRF) represents a major health problem. Early di-

agnosis and effective measuresto slow or to stop renal damage are essential goals
for nephrologists to prevent or delay progression to ESRF. Identifying mecha-
nisms of progressive parenchymal injury is instrumental in developing reno-
protective strategies. Proteintraffic through the glomerular barrier isanimportant
determinant of progression in chronic nephropathies and proteinuria is the best
predictor of renal outcome.

Atthemoment, ACE inhibition isthe most effectivetreatment in patientswith
chronic nondiabetic proteinuric nephropathies, reducing protein traffic, urinary
protein excretion rate and progression to ESRF more effectively than conven-
tional treatment. Low sodium diet and/or diuretic treatment may help to increase
the antiproteinuric effect of ACE inhibitors by maximally activating the renin-
angiotensin system. Intensified blood pressure control, whatever treatment is
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employed, also enhances the antiproteinuric response to ACE inhibitors. How-
ever, since thisis not always sufficient to normalise urinary proteins and fully
prevent renal damage, additional treatments may be needed in patients poorly or
not responding to ACE inhibitors. These may include angiotensin Il receptor
antagonists, non-dihydropyridine calcium antagonists and perhaps low doses of
nonsteroidal anti-inflammatory drugs.

Preliminary data on multidrug treatments including these additiona anti-
proteinuric agents are encouraging, but additional studiesin larger patient num-
bers are needed to better define the risk/benefit profile of this innovative

approach.

End-stage renal failure (ESRF), atoo common
final result of renal disease, isamajor health prob-
lem. Its prevalence and incidence have rapidly in-
creased in the last 2 decades; the costs of ESRF
treatment have been approximately $12.3 hillion
per year in the US since 1995 and they are rising
by 10% per year.!] Thus, even in theworld’ srich-
est countries, it will be difficult to ensure the fund-
ing for the future treatment of ESRF.

In this context, early diagnosis and the use of
effective measures in order to slow, or possibly to
stop, the progression of renal disease once the loss
of function is established, are essential goals. This
review approaches the problem of renoprotection
from the point of view that chronic renal failure
(CRF) evolves to ESRF through a series of com-
mon mechanisms which cause progressive paren-
chymal damage that seem to be relatively inde-
pendent from theinitial insult. Only by identifying
these mechanismsisit possible to build a strategy
which may ensure renoprotection.

1. Mechanisms of Chronic Renal
Disease Progression

In the 1970s, experimental studied? led to the
formulation of a unifying hypothesis for the pro-
gressive nature of renal diseases: thecommon path-
way theory. This suggested that the reduction in
nephron number, secondary to the initial insult,
damages the intact remnant nephrons which suffer
the consequences of the adaptive increasesin glo-
merular capillary pressure and flow required to
sustain rena function. These glomerular haemo-
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dynamic changes are detrimental in the long term,
leading to renal functional and structural damage.

Therapies such as dietary protein restrictionl®!
and ACE inhibitors,[4 which attenuate such adap-
tive changes, effectively limit structural injury and
slow renal function decline over time.

Animal and human studies have now shown that
this process of progressive destruction of nephron
units pivots around the impaired glomerular per-
msel ectivity to plasmamacromolecules (proteins),
secondary to long term glomerular hypertension.
In fact, the high glomerular capillary pressure en-
largestheradii of the pores perforating the glomer-
ular membrane by a mechanism at least partially
mediated by angiotensin 11.[3] This alters the size
selectivity of the barrier and allows an excessive
ultrafiltration of plasma proteinswhich accumulate
in the lumen of the proximal tubules.[6.7]

These abnormally filtered proteinsmay havein-
trinsic renal toxicity.l8l In fact, after endocytosis
into proximal tubule cells, they contribute to renal
interstitial injury through a complex cascade of in-
tracellular events; protein overload causes lyso-
somal swelling and rupture followed by cytoplasm
damage induced by lysosomal enzymes that then
reach the renal interstitium. Moreover, protein
reabsorption leads to an up-regulation of renal
genes encoding vasoactive and pro-inflammatory
mol ecul es such as endothelin (ET)-1!9 and chemo-
tacti c cytokines such asmonocyte chemotactic pro-
tein-1 (MCP-1)[29 and RANTES (Regulated upon
Activation, Normal T Cell Expressed and Secre-
ted).[!1 In cultured cells these molecules are se-
creted toward the basol ateral compartment of tubu-
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lar cells giving raise to the inflammatory reaction,[®!
ultimately causing renal fibrosis (fig. 1).

Of course, mechanisms other than modification
of size selectivity may modulate protein transport
through the glomerular barrier. These include con-
figuration, deformability and charge sel ectivity.[12-14]
However, there is no definitive answer regarding
how the permeability of the glomerular barrier to
proteins is modified and further studies are re-
quired to address this important issue.

Consistent with in vitro experimentsisin vivo
evidence that, in rat models of proteinuric nephro-
pathy, the expression of renal genes encoding va-
soactive and proinflammatory molecules are up-
regulated.[15181 |f the interstitial inflammatory
reaction and the subsequent fibrosisin proteinuric
chronic nephropathies were indeed a feature of
protein overloading, limiting protein traffic or the

effect of excessive tubular protein reabsorption
should prevent or delay renal disease progression.
This is precisely what happens in animals where
both interstitial inflammation and progression of
the disease can be limited by drugs that improve
glomerular permselectivity, reducing proteinuria
and filtered protein-dependent signal sfor mononu-
clear cell infiltration and extracellular matrix de-
position.

One might argue that tubul o-interstitial inflam-
mation, observed in proteinuric renal disease, is
sustained by immunological mechanisms that are
relatively independent of tubular protein overload
and which resemble the mechanisms involved in
chronic glomerular inflammation. Of interest,
however, chronic tubular inflammation is also ob-
served in non—-immunol ogically-mediated protein-
uric glomerulopathies such as experimental and
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Fig. 1. Schematic representation of the impact of increased glomerular permeability to proteins on progressive renal damage.
Excessive reabsorption of ultrafiltered proteins leads to a congestion of endolysosomes and endoplasmic reticulum in proximal tubular
cells that may trigger excessive synthesis of vasoactive and inflammatory substances which contribute to fibroblast proliferation and
interstitial inflammation, ultimately leading to enhanced extracellular matrix deposition and renal scarring. The consequent reduction
in nephron mass, through enhanced systemic blood pressure, fuels a self-perpetuating cycle of nephron destruction culminating in

uraemia. 1 indicates increase; | indicates decrease.
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human diabetic nephropathy. Thisisan additional in
vivo evidence that, in proteinuric chronic nephro-
pathies, protein tubular overload plays a paramount
role in the pathogenesis of tubulo-interstitial in-
flammation.

Results of clinical studies and clinicopathol og-
ical correlationsin patients with different forms of
progressive proteinuric nephropathiesindicate that
the observations made in experimental models are
relevant to understanding human disease.

In fact, many studies in patients with rena dis-
ease have found that more severe proteinuriais as-
sociated with amore rapid disease progression. In-
dependently from the initial diagnosis, among 400
patients with nondiabetic proteinuric renal dis-
eases, progression was slower in patients with uri-
nary proteinslessthan 5 g/day whereas those with
higher values had more rapid deterioration of renal
function.[29

In 840 patients with nondiabetic renal disease
enrolled in the Modification of Diet in Renal Dis-
ease (MDRD) study,[2% proteinuriawas the strong-
est predictor of renal outcome. Additional evidence
of acontributory role of protein trafficinrenal dis-
ease progression comes from the observation that
in nephroangiosclerosis and diabetic nephropathy
the onset of de novo proteinuria after a number of
years of stable renal function isan indicator of sub-
sequent renal function decline.

Moreover, the Ramipril Efficacy in Nephropathy
(REIN) study!?! found that in patientswith chronic
nondiabetic proteinuric nephropathies, indepen-
dently of the nature of the underlying disease, base-
line urinary protein excretion rate was the best sin-
gle predictor of renal disease progression. Thus,
patients with baseline urinary protein excretion
<1.9 g/24 hours had the lowest rate of glomerular
filtration rate (GFR) decline and kidney failure
(<5%) over 3 years of follow-up. Patients with ne-
phrotic range proteinuria (>3.9 g/24 hours) lost
>10 ml/min/1.73m? GFR per year with >30% kid-
ney failure at 3 years.[?2l Of interest, in this study,
higher blood pressure predicted a faster GFR de-
cline and alower kidney survival only for a mean
arterial pressure (MAP) >112mm Hg over the fol-

0 Adis International Limited. All rights reserved.

low-up period. This suggests that uncontrolled hy-
pertension may contribute to the acceleration of
renal injury subsequent to enhanced protein traffic
through the glomerular barrier. On the other hand,
neither serum triglyceride nor serum cholesterol
levels correlated with the decline in GFR and pro-
gression to ESRF over the follow-up period, sug-
gesting a limited independent role for dyslipidae-
mia in the progression of chronic renal disease
(CRD).

2. Renoprotective Treatments

Preliminary studies in a small number of pa-
tientsfound that any treatment that reduced urinary
protein excretion in the short term effectively lim-
ited the progressive decline in renal function.[23]
Further analyses in a large series of patients with
chronic nondiabetic renal disease followed pro-
spectively by repeated GFR eval uations found that
blood pressure reduction produced significantly
greater benefit on the rate of GFR decline in pa-
tients with higher baseline proteinuria. Even more
interesting, inthe same series, independently of the
level of blood pressure and of the class of antihy-
pertensive used, reduction of proteinuriawas asso-
ciated with a subsequent beneficial effect on the
progression of renal disease.[20

2.1 Reduced Protein Intake

Despitefindingsin ratswith renal mass ablation
and in animalswith experimental diabetes mellitus
and doxorubicin-induced nephropathy, that a low
protein diet prevented proteinuria and renal in-
jury,[2425] confirmation of abeneficial effect of di-
etary protein restriction in clinical trials has been
inconclusive because of deficienciesin their design
or because changesin renal function were assessed
only by measurements of serum creatinine levels,
which may be affected by diet.

Recently, the MDRD study!2® found only anon-
significant trend toward a slower GFR decline in
patientson avery low protein diet (0.28 g/kg body-
weight per day), which is consistent with amoder-
ate effect of very low protein intake or of the asso-
ciated keto acid—amino acid mixture. Nonetheless,
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therewasno significant difference between the dif-
ferent diet groups in the time to the occurrence of
end-stage renal disease.

Thus, available data do not support protein re-
striction as an effective treatment to slow disease
progression in chronic nephropathies. However, it
seems prudent to avoid a dietary protein intakein
excess of 1 g/kg/day (it should be ideally around
0.8 g/lkg/day) in patientswith persistent heavy pro-
teinuria and with chronic rena disease unless a
high protein intake is specifically desired for short
term management of malnutrition.

2.2 Antihyperlipidaemic Treatment

Hyperlipidaemia is common in patients with
CRD, especially inthose with nephrotic syndrome.
In addition to accel erating the devel opment of sys-
temic atherosclerosis, experimental studiesin ani-
mals suggest that hyperlipidaemia may enhance
the rate of progressive glomerular injury.[28 In
fact, cholesterol loading enhances glomerular in-
jury and reducing lipid levels with an HMG-CoA
reductase inhibitor slows the rate of progressive
renal injury.[27.28] Moreover, the beneficial effect
of lipid lowering may be additive to that of lower-
ing blood pressure.

However, the clinical evidence on the role of
controlling dyslipidaemia in preventing the pro-
gression of renal disease is still lacking; thus, the
main goal of treatment of hyperlipidaemiain CRD
is actualy the prevention of atherosclerotic dis-
ease. In patients without cardiovascular disease,
circulating levelsof low density lipoprotein (LDL)
cholesterol <130 mg/dL (<3.36 mmol/L) should be
achieved; for those with cardiovascular disease or
other forms of atherosclerotic disease, LDL cho-
lesterol values should be <100 mg/dL (<2.59
mmol/L). Diet and bodyweight reduction may help
to improve the lipid profile but often the use of
HMG-CoA reductase inhibitorsis necessary. ACE
inhibitors often reduce serum lipids and the mag-
nitude of these changes appearsto berelated to the
degree of fall in protein excretion.

0 Adis International Limited. All rights reserved.

2.3 Tight Blood Pressure Control

The MDRD study,2% in which patients with
chronic nephropathies of various origin were ran-
domly assigned to either conventional, <140/90mm
Hg, or low blood pressure goal, <125/75mm Hg,
found acorrelation between lower follow-up blood
pressure and slower GFR decline, which depended
on the level of baseline proteinuria. In particular,
the association between higher MAP and steeper
declinein GFR began to become apparent at about
92mm Hg if proteinuria was more than 3 g/24
hours and at about 98mm Hg if proteinuria was
between 0.25 and 3 g/24 hours. These findingsled
the authors to recommend considering the level of
proteinuriawhen blood pressure goal sare being set
in patientswith chronic nephropathy; in particular,
they suggested a blood pressure goal of <125/75
and <130/80mm Hg, respectively, in patients with
urinary protein excretion moreor lessthan 1 g/day.
The conventional goal of 130/85mm Hg is till ac-
ceptable for patients with proteinuria <0.25 g/day.

This study also assumed for the first time that,
once close blood pressure goal is achieved, differ-
ent antihypertensives are equally effective in re-
ducing urinary protein excretion and slowing renal
disease progression. Thisisin line with the recent
evidence that greater the blood pressure reduction
thelessthe anti protei nuric response depends onthe
class of antihypertensive employed.®

2.4 ACE Inhibition Therapy

2.4.1 Glomerular Barrier Dysfunction

Studies in diabetic and nondiabetic renal dis-
ease found that besides reducing systemic blood
pressure, ACE inhibitors al so reduced urinary pro-
teinsby improving the permsel ectivity of themem-
brane. Thus, in 10 patients with immunoglobulin
(Ig)A nephropathy and clinical proteinuria,?® 1
month of enalapril therapy significantly lowered
fractional clearances of albumin and 1gG and amel-
iorated size selective properties of the glomerular
membrane measured by the clearance of neutral
dextrans of different molecular radii; these changes
were completely reversed after 1-month wash-out
from ACE inhibition therapy and were not ac-
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counted for by assumed changes in glomerular
pressures. Evidence that calculated changes in
membrane pore radii are unrelated to assumed
changes in hydraulic pressure gradient across the
glomerular membrane, suggests that the reduced
filtration of circulating macromol ecul es associated
with ACE inhibition therapy doesnot simply result
from an hypothetical reduction in glomerular cap-
illary pressure but must additionally derive from
changesin intrinsic membrane permsel ective prop-
erties.[29]

2.4.2 Renal Disease Progression

A meta-analysisi®d of 10 studies in 1594 pa-
tients with nondiabetic renal disease found that
ACE inhibitors were more effective than other an-
tihypertensive agents in lowering urinary proteins
and slowing the progression to ESRF but the mean
decline in blood pressure during follow-up was
greater in the ACE inhibitor as compared with the
conventional therapy groups; thus, it could not be
said whether the reduced risk of progression was
due to thefact that ACE inhibitorslowered protein
traffic or rather was a specific effect of better blood
pressure control.

The ACE Inhibitionin Progressive Renal Insuf-
ficiency (AIPRI) study,!3% included 583 patients
with renal insufficiency caused by various disor-
ders and found a lower risk of doubling baseline
serum creatinine levelsin patients receiving ACE
inhibitor therapy with benazepril than in those re-
ceiving conventional therapy. However, again, a
considerable difference in blood pressure between
the 2 treatments left open the question of whether
the renoprotective effect of benazepril was related
to its antiproteinuric effect or to better blood pres-
sure control. Among the patientsin thistrial, ama-
jority had non-proteinuric chronic renal diseases
with a remarkably slow progression rate and ap-
peared not to benefit from ACE inhibitor therapy,
at least during the study follow-up. Patients who
did benefit from the treatment had urinary protein
excretion of >3 g/day and the nephroprotective ef-
fect of the ACE inhibitor was related to its reduc-
tion of urinary proteins.[3! Thus, once again, these
findings support the link between the renoprotec-

0 Adis International Limited. All rights reserved.

tive properties of a given drug and its ability to
lower urinary proteins.

Unlike previous trials, the REIN study was de-
signed to test whether glomerular protein traffic
influenced renal disease progression and whether
an ACE inhibitor (ramipril) was superior to con-
ventional therapy, at comparable blood pressure
control, in reducing proteinuria, limiting GFR de-
cline and preventing ESRF.[21]

The REIN study!2! showed that among patients
with baseline urinary protein excretion >3 g/24
hours, both the mean rate of GFR decline and the
risk of reaching the combined end-point of dou-
bling the baseline serum creatinine level or ESRF
were significantly lower in the ramipril thanin the
placebo group. Of interest, a higher level of base-
line urinary protein excretion was associated with
a faster mean rate of GFR decline and with an
higher risk of reaching an end-point in the placebo
group but not inthe ramipril group, which suggests
that higher the proteinuria, the higher renoprotec-
tive potential of ramipril treatment.

The GFR decline in the ramipril group was as-
sociated with an early reduction in urinary protein
excretion rate, which remained significantly lower
than in the control group throughout the whole
study. In both treatment groups blood pressure was
comparable at baseline and remained similar dur-
ing the entire follow-up period (with differences
consistently below 2mm Hg), providing evidence
that ramipril slowed renal function decline and
halved the combined risk of doubling of serum cre-
atinine level or ESRF through a renoprotective ef-
fect largely independent of changes in blood pres-
sure (fig. 2). On the other hand, the finding that
ramipril-induced reduction in urinary protein ex-
cretion rate was the only time-dependent covariate
that predicted alower rate of GFR decline and pro-
gression to ESRF, clearly indicated that reno-
protection is linked to protein traffic reduction.[21]

The results of the REIN follow-up study32 in-
dicated that prolonged ACE inhibitor therapy
slowed therate of GFR decline and limited the pro-
gression to ESRF even more; of note, GFR almost
stabilised and the risk of requiring dialysis was
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Fig. 2. Risk to reach the combined end-point of doubling serum
creatinine levels or end-stage renal failure (ESRF) in the Ramipril
Efficacy in Nephropathy (REIN) study, among patients with
baseline urinary protein excretion =3 g/day. 58 patients reached
this combined end-point: 18 in the ramipril and 40 in the placebo
group (p = 0.02). At baseline, blood pressure was similar in the
2 treatment groups and remained comparable during the entire
follow-up period, whereas urinary protein excretion decreased
early, after 1 month, in the ramipril group and remained signifi-
cantly lower than in the control group throughout the study pe-
riod.

negligible in patients taking continued ramipril
therapy for more than 36 months.

Recent data from this study[33 show that the
tendency of GFR to decline with time in chronic
nephropathies can not only be slowed but also re-
versed, even in patients with severe disease. Sim-
ilar results have been obtained in patients with di-
abetic nephropathy34 and in preliminary studies
in experimental animals where early ACE inhibi-
tion therapy may reverse some of the glomerular
and tubulointerstitial changes of remnant kidney
nephropathy and sustain structural rearrangements
aimed to increase the glomerular filtering surface
by glomerular capillary neoformation.[33 Thus,
both experimental and clinical data strongly sug-
gest that long term ACE inhibitor therapy may lead
to remission of CRD at least in some patients.

ACE inhibitor therapy was also renoprotective
in patients with nondiabetic chronic nephropathies

0 Adis International Limited. All rights reserved.

and non-nephrotic proteinurial3dl where it halved
the risk of progression to ESRF and to persistent
nephrotic range proteinuria compared with con-
ventional antihypertensive treatment. In addition,
urinary protein excretion decreased inthe ACE in-
hibitor group but progressively increased in the
conventional antihypertensive group. Thisledto a
significant difference in urinary protein excretion
rate between the 2 treatments that paralleled the
different risk of progression to end-points. These
results again support the hypothesis that reducing
proteinuriais protective in the long term.

Moreover, patients with basal GFR of 45
ml/min/1.73m? or less had a high risk of develop-
ing ESRF and were protected from eventsby ACE
inhibitor therapy, whereas those with a better pre-
served renal function had a very low risk of pro-
gression that was not substantially influenced by
ramipril .[38] Among patients with basal GFR of 45
ml/min, 24-hour proteinuria above or below 1.5g
identified 2 different rates of progression and re-
sponse to therapy. The response to ramipril in pa-
tients with basal 24-hour proteinuria of 21.5g is
consistent with data from patients with chronic
nephropathies and 24-hour proteinuria =3g.

Of interest, adifferent gender response to ACE
inhibitor renoprotection was been found in the
REIN study.[31 Compared with men, women were
faster progressors on conventional treatment but
slower progressors on ramipril treatment. Thus,
ramipril decreased GFR decline and events by 52
and 74%, respectively, in women and only by 19
and 40%, respectively, in men. This different re-
sponse to ramipril translated into more proteinuria
reduction in women than in men, despite compara-
ble blood pressure control.

Analyses of the I/D (insertion/deletion) poly-
morphism of the ACE genein the study group asa
whole, found that the DD genotype was associated
with more sensitivity to ramipril treatment; how-
ever, unlikein men, theresponseto ACE inhibition
in women was independent of the underlying ge-
notype. Thus, among patients at high risk because
of heavy proteinuriaand/or uncontrolled hyperten-
sion, all women and DD genotype men gain the
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greatest advantage from ramipril treatment, whereas
men with hypertension or proteinuria with the ID
or |1 genotype are virtually unaffected by ACE in-
hibitor therapy. Other clinical trialg3839 have
shown that patientswith DD polymorphism have a
higher antiproteinuric response to ACE inhibitors
than those with ID or Il genotype. However, in
another study,[*? no antiproteinuric response was
noted in patients with DD genotype and nondia-
betic CRF. Thus, additional studies need to care-
fully evaluate the possibility of interactions be-
tween gender, 1/D genotype, ACE inhibition and
renal progression.

2.4.3 Safety of ACE Inhibitors

ACE-inhibitorsare generally well tolerated, but
in patients with impaired renal function a few ad-
verse effects such as hyperkal aemiaand acute GFR
decline may be observed.

Hyperkalaemia is due to the fact that ACE in-
hibitors lower circulating angiotensin Il and, con-
sequently, the production of aldosterone, impairing
potassium excretion which may be reduced in pa-
tients with CRD.

The other well known kidney-related adverse
effect of ACE inhibitors is the development of
acuterenal failurein patientswith significant bilat-
eral renovascular disease, volume depletion or se-
vere congestive heart failure. The use of ACE in-
hibitors in these conditions is contraindicated.
Patients with hypertension, particularly if highly
renin-dependent, often receive ACE inhibitors
with adiuretic, and the marked fall in blood pres-
sure and renal perfusion pressure may even cause
acuterenal failure, usually reversible after discon-
tinuation of study drug and correction of the vol-
ume depletion. Thus, temporary withdrawal of di-
uretic therapy (for at least 24 hours) isrecommended
before the first dose of ACE inhibitor is adminis-
tered in order to limit the risk of acute, symptom-
atic hypotension.

ACE inhibitors should always be started at
lower doses and then progressively up-titrated ac-
cording to tolerability and action on blood pressure
and proteinuria. Close follow-up measurements of
serum potassium and creatinine levels are recom-

0 Adis International Limited. All rights reserved.

mended; an evaluation of these parameters should
be made before starting ACE inhibitor therapy and
repeated 7 days after the first administration and
subsequent dose titrations. Monitoring of haema-
tocrit is also advisable since long term ACE inhi-
bition may occasionally worsen the anaemia of CRF.
Thedightincreasein serum creatininelevels(<30%),
which usually occurs early during ACE inhibitor
therapy, reflects an haemodynamically mediated
reduction in GFR that may be renoprotectiveinthe
long term; thus, this is not an indication to with-
draw the drug.[*!! In contrast, withdrawal of the
ACE inhibitor is recommended in patients with a
sustained hyperkalaemia (=5.5 mEg/L), despite
dietary potassium restriction, concomitant diuretic
treatment and effective correction of metabolic
acidosis.

Data from the REIN studies show that, if these
guidelines are adhered to, ACE inhibitors are well
tolerated and can be safely administered in patients
with moderate and even severerenal insufficiency.

2.4.4 Maximising the Effect of ACE Inhibitors

A low-sodium diet (sodium intake <100
mol/day is recommended) and/or diuretic treat-
ment are advisable to increase the antiproteinuric
effect of ACE inhibitors by maximally activating
the renin angiotensin system. The use of a non-po-
tassium sparing diuretic has the additional advan-
tage of limiting therisk of hyperkalaemia. Intensi-
fied blood pressure controll2? also enhances the
antiproteinuric response to ACE inhibitors, what-
ever treatment is employed. Preliminary evidence
is also available that the reduction in proteinuria
correlates linearly with enhancing doses of ACE
inhibitors, and thisis not dependent on the level of
blood pressure control [74]

3. Future Therapeutic Options

Infact, ACE inhibitionisthe best therapy avail-
able for proteinuric progressive nephropathies;
however, this approach alone is not always suffi-
cient to normalise urinary proteins or to fully pre-
vent renal damage and GFR decline.[21.22.29-33]
Thus, other treatments may synergise with ACE
inhibitors in further limiting protein traffic and/or

Drugs 2001; 61 (6)



Renoprotective Therapy in Nondiabetic Nephropathies

741

interfering with eventswhich may lead to intersti- ~ »
tial inflammation and structural damage.l“2

Multidrug approaches have to be targeted to:
« maximisetheresponseto ACE inhibitorsthrough

low sodium diet and/or diuretics and intensified

blood pressure control;

of growth factors (fig. 3).

« amplify theantiproteinuric effect of ACE inhibitors

by the concomitant use of diverse antiprotein-
uric drugs such as angiotensin |l receptor an-
tagonists (All antagonists), non-dihydropyridine
calcium antagonists and perhaps low doses of non-
steroidal anti-inflammatory drugs (NSAIDSs);

| Start low-dose sodium diet and/or diuretic therapy |

v

Add low-dose ACE inhibitor

\4

Up-titrate ACE inhibitor to the maximum
tolerated antiproteinuric dose

\4

| Add low-doses of other antiproteinuric agents |

v

v

inactivate, for example by ET receptor antago-
nists, the most important vasoactive and inflam-
matory mediators which are up-regulated by
proximal tubular protein overload; and enhance
glomerular function through the administration

3.1 Angiotensin Il Receptor Antagonists

Both in animals with various types of progres-
siverenal diseasesand in humanswith diabetic and
nondiabetic chronic nephropathies, All antago-
nists had an antiproteinuric effect apparently me-

All receptor antagonist
(if serum potassium <5 mEg/L)

Non-dihydropyridine calcium antagonists
(if serum potassium =5 mEq/L)

A

A

maximum tolerated

Up-titrate All receptor antagonist to the
antiproteinuric dose

A

Up-titrate non-dihydropyridine calcium
antagonists to the maximum tolerated
antiproteinuric dose

Add and up-titrate non-dihydropyridine
calcium antagonists to the maximum
tolerated antiproteinuric dose

A4

Add low-dose NSAIDs

v

Add an endothelin receptor antagonist
(when available and tested for clinical use)

Fig. 3. A suggested algorithm to guide antiproteinuric treatment in patients with proteinuric chronic nephropathies. Withdraw diuretics
for 24 hours before the first dose of ACE inhibitor is administered. Check serum potassium and creatinine levels within 7 days after
any new treatment is started and any dose is up-titrated. All = angiotensin Il; NSAIDs = nonsteroidal anti-inflammatory drugs.
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diated by a direct amelioration of glomerular bar-
rier permselectivity.[4344 |n experimental studies
of renal ablation, at comparable levels of blood
pressure control, All antagonists and ACE inhibi-
tors were more effective than other antihyperten-
sive drugsin reducing proteinuria.l54¢l Moreover,
in ratswith diabetic nephropathy, an ACE inhibitor
and an All antagonist wereequally effectivein pre-
venting proteinuria, mesangial expansion and glo-
merular membrane thickening.[41 Also in humans,
similar urinary protein excretion rate at compara-
blelevels of blood pressure control were seen with
All antagonists and ACE inhibitors.[*?!

We believethat by acting at two different levels
(reduction of angiotensin Il production and compe-
tition with All receptors) the two compounds
might synergistically inhibit All activity and min-
imise the counter-regulatory responses of the sys-
tem. This hypothesis is corroborated by experi-
mental studies and short term studies with small
numbers of patientsin humans. In fact, in ratswith
renal ablation and with passive Heymann nephritis,
the combination of All antagonistsand ACE inhib-
itors induced a greater renal protection than either
treatment alone, and in 11 patients with chronic
renal disease of various aetiol ogies, the addition of
an All antagonist to ACE therapy, induced a fur-
ther 30% reduction in proteinuriaand no changein
creatinine clearance after 2 weeks of combined
treatment.[48] Moreover, in 8 normotensive patients
with 1gA nephropathy, at comparable levels of
blood pressure control, the combination of an All
antagonist and an ACE inhibitor decreased the uri-
nary protein excretion rate more effectively than
either agent given alone.[*?!

These data are encouraging but need confirma-
tion in larger numbers of patients evaluating the
effects of the combination on safety parameters
(namely serum potassium levels), renal haemody-
namics and glomerular barrier size selectivity.

3.2 Non-Dihydropyridine
Calcium Antagonists

Non-dihydropyridine calcium antagonists also
have a specific antiproteinuric effect mediated by

0 Adis International Limited. All rights reserved.

amelioration of glomerular barrier size selectiv-
ity.[59 | n experimental diabetesmellitus, combined
treatment with non-dihydropyridine cal cium antago-
nists and ACE inhibitors reduced proteinuria and
prevented mesangia matrix expansion and glomer-
ulosclerosis more effectively than either treatment
alone. Similarly, in patients with hypertension and
type 2 diabetes mellitus with overt nephropathy,
the calcium antagonist verapamil and the ACE in-
hibitor trandolapril in combination produced, at
comparable levels of blood pressure control,
greater reductionsin proteinuriathan higher doses
of either agent alone.[>!! These observations sup-
port the possibility that combined treatment with
non-dihydropyridine cal cium antagonistsand ACE
inhibitors may translate into slower progression of
renal disease in the long term.

In contrast, dihydropyridine calcium antagonists,
such as nifedipine and nitrendipine, haveavariable
effect on proteinuriaranging from an increase to a
fall inurinary protein excretion.[5253 This could be
related to their different sites of action and different
effects on intrarenal activity.[>¥ In fact, nifedipine
causes preferential afferent arteriolar dilatation, al-
lows more of the systemic pressure to be transmit-
ted to the glomerulus and has no effect on glomer-
ular barrier size selectivity in patientswith chronic
glomerulonephritis,[52 while nicardipine may de-
crease glomerular pressure by itsprevalent efferent
arteriolar dilatation.!5

3.3 Nonsteroidal Anti-inflammatory Agents

Many studies have documented the antipro-
teinuric effect of NSAIDs, in particular indometh-
acin, in chronic proteinuric nephropathies.[55-58]

In patients with nephropathy, indomethacin re-
duced proteinuria by improving intrinsic perm-
selectivity of the injured glomerular capillary
wall.[59 This effect is probably linked to the inhi-
bition of thromboxane A2, an arachidonate meta-
bolite which enhances urinary protein excretion
when produced in excessive amountsat the glomer-
ular level [ Of note, Perico et al.1*3l found that com-
bined treatment with indomethacin and enalapril
(or irbesartan) decreased urinary protein excretion

Drugs 2001; 61 (6)



Renoprotective Therapy in Nondiabetic Nephropathies

743

rate and albumin fractional clearance more effec-
tively than each individual treatment, without sig-
nificant reductionsin GFR and renal plasma flow.

These data were to some extent in contrast to
previous studies showing acute renal function de-
terioration in nephrotic patients given ACE inhib-
itorsand NSAIDs.[%8:60] Evidencethat in these series,
but not in that by Perico et al.,[*3 patients were
recommended to follow alow-sodium diet, would
suggest that fluid/sodium depletion may enhance
therisk of NSAID renal toxicity.

Further studies are needed to better evaluate the
risk/benefit profile of combined treatment with
ACE inhibitors (or All antagonists) and NSAIDs,
before recommending this combination for long
term treatment of patients with chronic renal dis-
ease.

3.4 Endothelin Antagonists

Inexperimental studies, selectiveETA andETB
receptor antagonists reduced proteinuria and pro-
longed kidney survival despite poor blood pressure
control 162 Unsel ective endothelin receptor antag-
onists were even more effective and decreased
blood pressure and proteinuria to the same extent
as an ACE inhibitor.[62

In a very recent study performed in rats with
passive Heymann nephritis and heavy protein-
uria,183 combined treatment with an ACE inhibitor
and an ET-1 antagonist reduced proteinuria more
effectively and was more renoprotective than each
drug alone. Thus, while ACE inhibitors may ant-
agonise excessive protein trafficking through the
glomerular filter, ET-1 antagonists would instead
prevent the inflammatory reaction triggered by en-
hanced endothelin production by proximal tubuli
as a consequence of abnormal protein overload.[64

Whether combination with an ET antagonist
may improve the antiproteinuric and renoprotec-
tive effect of ACE inhibitorsin humans remainsto
be evaluated in the context of controlled clinical
trials.

0 Adis International Limited. All rights reserved.

3.5 Growth Factors

Small clinica trialsin humans have shown that
the administration of insulin-like growth factor
(IGF)-1, improved renal function for short period
in both healthy volunteerd® and patients with
CRF.[66-69] Sinceits useisnot without risk, includ-
ing malignancies, a large multicentre study is re-
quired to define the role of IGF-1 in increasing
renal function and delaying the need for dialysis.

Other factors, such as an osteogenic protein of
the transforming growth factor-B group,l’™® are
currently being investigated in experimental mod-
els of progressive nephropathy.

4. Conclusions

Protein traffic is an important determinant of
progression in chronic nephropathies and protein-
uriaisthe best predictor of disease outcome. ACE
inhibitorsare the most effectiveinterventionin pa-
tients with chronic nondiabetic proteinuric renal
disease, reducing urinary protein excretion rate
and slowing the progression to ESRF more signif-
icantly than other conventional antihypertensive
agents. However, since this approach alone is not
always sufficient to reduce proteinuria and to sta-
bilise renal function and many factorsareinvolved
in the progressive renal injury secondary to glo-
merular barrier dysfunction and increased protein
traffic, multidrug approaches should be used in pa-
tients with little or no response to ACE inhibitors.
Thus, we hope that in future years a similar ap-
proach, through tight blood pressure control and
the use of drugs targeting different levels of the
seguence of events that eventually leads to renal
scarring, will avoid ESRF even in most rapidly
progressing nephropathies.
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