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Abstract

Chronic kidney disease (CKD) is defined as either kidney damage or an estimated
glomerular filtration rate (eGFR) of less than 60 mL/min/1.73 m* for more than 3 months.
Kidney damage is defined as pathological abnormalities or markers of damage, including
abnormalities in blood or urine tests or imaging studies. CKD is classified as stage 1 to 5 on
the basis of eGFR. Cardiovascular disease (CVD) carries a reciprocal risk of loss of kidney
function in patients with chronic kidney disease (CKD) and with the development of kidney
disease. CVD is a major cause of morbidity and mortality in patients with CKD. Blood pressure
control in patients with CKD aims to prevent CVD and provide renoprotection. The renin-
angiotensin system (RAS) is involved in every stage of the progression of CKD and is,
therefore, a critical link in the pathologic relationship between hypertension and renal disease.
The first-line agents for controlling blood pressure are inhibitors of the RAS: angiotensin-
converting enzyme inhibitors and angiotensin II receptor blockers. These agents have been
shown to have renoprotective effects in addition to their ability to control bood pressure. In
CKD, the target blood pressure is less than 130/80 mm Hg, or 125/75 mm Hg, if amount of
urinary protein is more than 1 g/day. To achieve the target blood pressure, other classes of
antihypertensive agents, such as diuretics and calcium channel blockers, should be
administered in addition to angiotensin-converting enzyme inhibitors and angiotensin II
receptor blockers.
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Definition and Stages of Chronic Kidney Disease

Chronic kidney disease (CKD) is defined as either
kidney damage or an estimated glomerular filtration
rate (eGFR) of less than 60 mL/min/1.73 m? for more
than 3 months (Table 1). Kidney damage is defined

as pathologic abnormalities or markers of damage,

including abnormalities in blood or urine tests or
imaging studies; proteinuria is especially important.
The classification of individuals is based on the
presence or absence of markers of kidney disease
and the eGFR (Table 2). Higher stages represent
lower eGFR.
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Table 1 Definition of Chronic Kidney Disease

1. Kidney damage for = 3 months, as defined by
structural or functional abnormalities of the
kidney, with or without decreased GFR, manifest
by either: pathological abnormalities or marked
of kidney damage, including abnormalities in the
composition of the blood or urine, or
abnormalities in imaging test

2. GFR<60 mL/min/1.73 m? for = 3 months, with
or without kidney damage

Ref (1)

Progression of Renal Dysfunction

There are many causes of renal dysfunction,
including genetic abnormalities, autoimmune disease,
toxic exposures, infections, and trauma, but
hypertension and diabetes are among the most
common®. Because the primary function of the
kidney is to filter the blood, thereby regulating blood
volume and pressure and eliminating unwanted
molecules  while retaining essential ones,
deterioration in renal function is reflected in the
decreasing ability of the kidney to effectively filter
the blood. The decline in function is seen as a
progressive decrease in GFR. Hypertension is a
major risk factor for progression of CKD and, as
such, is an important therapeutic target.

Proteinuria results from glomerular injury that
allows albumin and other large serum proteins to
gain access to the mesangium and tubular fluid®. The
magnitude of proteinuria generally correlates with
the risk of progression to end-stage renal disease. In
addition to being a facet of the natural history of
CKD, proteinuria appears to reflect generalized
system endothelial injury. In some animal models of
CKD, proteinuria has been shown to be associated
with the release of inflammatory mediators, which
promote inflammation, culminating in  the
development of glomerular and tubulointerstitial

fibrosis and kidney failure®.

CKD and Cardiovascular Disease

In Japan and Western countries, studies have
shown that CKD is a risk factor for both the

progression of end stage renal failure and the
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Table 2 Stages of Chronic Kidney Disease

. GFR

Stage Description (mL/min/173 m?)
1 Kidney damage with =90

or normal 1 GFR
2 Kidney damage with 60-90

mild { GFR
3 Moderate | GFR 30-59
4 Severe { GFR 15-29
5 Kidney failure <15 (or dialysis)

Ref (1)

development of cardiovascular disease (CVD)™.
Urinary protein, even at low levels, is a marker for
CVD risk and for renal dysfunction®. In the general
population without hypertension or diabetes, the
presence of CKD, such as albuminuria and decrease
in GFR in mild, has been shown to be a risk factor
for CVD’. In a recent study, the rate of renal
replacement therapy over the 5-year observation
period was 1.1%, 1.3%, and 19.9%, respectively, for
the National Kidney Foundation Kidney Disease
Outcomes Quality Initiative stages 2, 3, and 4, but
that the mortality rate was 19.5%, 24.3%, and 45.7%.
Thus, death was far more common than dialysis at
all stages’. In particular, CVD was more prevalent in
the patients who died’. Therefore, in patients with
CKD, attention must always be paid to the
development of CVD. In addition, it has been
reported that renal function is decreased in patients
with CVD®. Furthermore, renal anemia is an
independent risk factor for CVD in patients with
CKD. Treatment of the risk factors of CKD, such as
hypertension and diabetes mellitus, aims to prevent
progressive CKD and to CVD.

Pharmacologic Blockade of the Renin-angiotensin

System

The renin-angiotensin system (RAS) is involved in
every stage of the progression of CKD and is,
therefore, a critical link in the pathologic relationship
between hypertension and renal disease. Regulation
of extracellular fluid volume, sodium and water
homeostasis, and electrolyte balance are the primary
functions of the RAS. The sympathetic nervous
system and vasoactive hormones work with the

RAS to coordinate its hemodynamic effects and
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thereby maintain blood pressure. Angiotensin-
converting enzyme inhibitors (ACEIs) block the
conversion of angiotensin I (A I) to angiotensin II (A
II), the peptide thought to initiate most of the
deleterious effects of the RAS. Because ACEIs also
metabolize bradykinin, a direct vasodilator, and
promote release of the vasodilators NO and
prostacyclin, a second effect of ACEIs is the
reduction of bradykinin degradation’. However,
studies have shown that levels of circulating A II
return to pretreatment levels in patients receiving
long-term ACEI therapy. This process, known as
ACE escape, is attributed to alternate pathways for
A 1II, such as those involving cathepsin G and
elastase, which may directly convert
angiotensinogen to A II, and chymases and
cathepsin G, which may convert A I to A II'". On
the other hand, A II receptor blockers (ARBs)
selectively block the binding of A II to A II type I
receptors without interfering with the binding of A
II to A II type II (AT2) receptors, thereby, allowing
AT2-mediated effects

(vasodilation, inhibition of cell growth, improved

potentially beneficial
endotherial function, and inhibition of collagen
deposition)’. Theoretically, the combination of an
ACEI and an ARB provides more complete RAS
inhibition while providing the beneficial effects of
increased bradykinin levels and AT2 receptor

activation.

Rationale for Combination Therapy

Their complementary mechanisms of action in
inhibiting the RAS make dual blockade of the RAS
system with ACEIs and ARBs an attractive
possibility for further improving the renoprotective
effects observed with monotherapy. In part, the
rationale for evaluating submaximal doses of ACEIs
and ARBs in combination therapy is the potential for
high-dose ACE or ARB monotherapy to worsen
renal function, hypotension, or hyperkalemia. A
recent meta-analysis of 14 relevant trials evaluated
the safety of the combination of an ACEI and an
ARB®™ In another recent meta-analysis of
combination therapy in diabetic nephropathy,

combination therapy with submaximal doses of
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ACEIs and ARBs was found to reduce 24-hour
proteinuria better than does an ACEI alone”. Benefit
was achieved with only small effects on GFR, serum
creatinine level, potassium, and blood pressure®.
With a median follow-up period of 56 months, the
Ongoing Telmisartan Alone and in Combination with
Ramipril Global Endpoint Trial (ONTARGET)
evaluated combination therapy with telmisartan and
ramipril compared with monotherapy with ramipril".
The composite primary endpoint of dialysis, doubling
of the serum creatinine level, and death was reached
at a higher rate in the combination therapy group.
The rates of reaching the secondary endpoint of
dialysis or doubling of the serum creatine level was
also higher in the combination group. The incidence
of chronic dialysis was similar across the 3 groups.
Compared with monotherapy, combination therapy
did decrease the rate of either the development of
new microalbuminuria or the progression of
microalbuminuria to macroalbuminuria'.

Most of these studies were of insufficient size and
duration to properly assess the long-term safety
issues surrounding the use of combination therapy.

Further large-scale investigations are needed.

Management of Hypertension

The management of hypertension aims to prevent
progressive CKD and control the development of
CVD.

1) The target blood pressure is less than 130/80
mm Hg, but when proteinuria is greater than 1g/
day, the target for blood pressure reduction
becomes 125/75 mm Hg.

2)  Because both nocturnal hypertension
(nondipper) and morning hypertension can
exacerbate CKD, home monitoring of blood pressure
is a useful method for diagnosing them. Thus, home
monitoring of blood pressure is important in
antihypertensive therapy. Blood pressure should be
gradually and carefully decreased over 2 to 3
months.

3) The firstline agents for controlling blood
pressure are inhibitors of the RAS, such as ACEIs
and ARBs. These drugs have been shown to have
renoprotective  effects

(reducing  proteinuria,
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decreasing glomerular hypertension, and slowing
progression of nephrosclerosis) in addition to their
ability to control blood pressure. When the blood
pressure cannot be decreased, the combined use of a
diuretic agent and a calcium channel blocker should
be considered as a second-line treatment. In many
cases, a multidrug regimen is required to reach
targets of blood pressure reduction. Although the
evidence does not support the direct effects of beta-
blocking agents, alpha blocking agents, or central
sympatholytic agents in preventing the progression
of CKD, these drugs can also be expected to have
beneficial effects in CKD by lowering blood pressure.

4) Improvements in lifestyle, especially a low-salt
diet, are important, and a salt intake of less than 6
g/day is recommended. A low-salt diet enhances the
antihypertensive effects of ACEIs and ARBs. When
salt restriction is difficult, salt excretion can be
increased with a low dose of a thiazide diuretic
agent (CKD stage 1 to 3) or a loop diuretic (CKD
stage 4 to 5). In elderly persons, appetite loss may
result from excessive salt restriction, and care must
be taken not to impair renal function through
dehydration.

5) If a patient with CKD, especially that greater
than stage 3, is treated with an ACEI or ARB,
serum creatinine levels might increase. Therefore,
these agents should be administered at low dosages.
Treatment is continued if the serum creatinine value
increases by less than 30% of the most recent value
or by less than 1 mg/dL. When the increase is more
than 30% of the most recent value or is greater than
1mg/dL,

treatment should be stopped and a nephrologist

the dosage should be decreased or

should be consulted. Similar steps should be taken
when the serum potassium level is greater than 5.5
mEq/L.
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