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ypertension and the Kidney
ichael Wiederkehr,* Robert Toto,† Andrew Z. Fenves,* and C. Venkata S. Ram‡

Hypertension is an important and widely prevalent risk factor for the development of
chronic kidney disease (CKD), which unfortunately may progress to end-stage renal
disease. CKD is a progressive condition that causes significant morbidity and mortality.
Diabetes is the leading cause of end-stage renal disease in the Western world. Both
hypertension and diabetes are the causative factors for the occurrence of CKD and its
consequences. Aggressive control of hypertension and diabetes is indicated to reduce the
risk for kidney disease in the community. Certainly, effective control of hypertension is a
proven modality to prevent renal disease. The concept of decreasing the systemic blood
pressure as well as the intraglomerular pressure has led to the application of rational
therapeutic options in patients with renal insufficiency. Although treatment of hypertension
alone is critical, drugs that block the renin-angiotensin system have been shown to have
special renal (and cardiovascular) benefits. Early detection and treatment of microalbumin-
uria is an integral part of disease management. This article reviews the pathophysiologic
and therapeutic implications of the link between hypertension and the kidney.
Semin Nephrol 25:236-245 © 2005 Elsevier Inc. All rights reserved.
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n the United States it is estimated that approximately 50
million people have hypertension, about half either do not

now they are hypertensive or have acknowledged but un-
reated hypertension, and only about a quarter have treated
nd adequately controlled their blood pressure (BP).1 Fur-
hermore, approximately 20 million adults have some degree
f chronic kidney disease (CKD),2 of whom 50% to 75% have
ypertension. Importantly, the incidence of hypertension
orrelates directly with the degree of reduction in glomerular
ltration rate (GFR).3 Conversely, there is a direct relation-
hip between systolic blood pressure and the rate of decrease
n renal function4 and development of end-stage renal disease
ESRD).5 The cardiovascular consequences of hypertension
ften are devastating, and in the presence of renal disease, the
verall risk increases exponentially; in fact, patients with
KD are in the highest-risk group for cardiovascular disease.6

espite recently published clinical practice guidelines rec-
mmending specific goals for patients with hypertension and
hronic kidney disease (Table 1), data indicate that the blood
ressure goal is achieved in only a small percentage of pa-
ients. Moreover, despite the widespread availability of an-
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iotensin-converting enzyme inhibitors (ACEIs), angiotensin
I–receptor blockers (ARBs), and other agents with proven
enoprotective properties, the incidence of ESRD continues
o increase steadily. Hypertension is now the second leading
ause of ESRD in the United States7 after diabetes mellitus
DM), in which delaying progression to ESRD relies on rig-
rous control of blood pressure.8

Appropriate management of hypertension in patients with
KD includes decreasing both BP and proteinuria. For exam-
le, it is well established that microalbuminuria, defined as
rine albumin/creatinine ratio of 30 to 299 mg/g albumin, is
ot only a sign of endothelial dysfunction but also of in-
reased cardiovascular morbidity and mortality risk.9 This is
ronounced especially in diabetic patients, in whom mi-
roalbuminuria constitutes a 2-fold higher risk for cardiovas-
ular disease as compared with diabetic patients without mi-
roalbuminuria and microalbuminuric nondiabetic patients.
reating hypertension includes lifestyle modifications such
s controlling obesity, stopping smoking, reducing alcohol
ntake, exercising, and eating a diet low in salt (Na � 2.5 g/d)
ut rich in vegetables, fruits, and low-fat dairy products.10

his review focuses on the pharmacologic treatment of hy-
ertension in patients with established kidney disease based
n data from randomized controlled clinical trials (RCTs).

iabetes Mellitus
n the ESRD population, the most common diagnosis at

resent is diabetic nephropathy,7 with type 2 diabetes being
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Hypertension and the kidney 237
he predominating cause because of its much higher preva-
ence. However, both types follow the same pathophysiologic
equence of (1) glomerular hyperfiltration (preclinical ne-
hropathy), (2) microalbuminuria, typically with the onset of
ypertension at this stage (incipient nephropathy), and (3)
roteinuria with progressive and irreversible impairment of
enal function. Surprisingly, not all (especially type 1) dia-
etic patients are hypertensive, and not all develop renal
isease—what makes this group unique is unknown. Never-
heless, aggressive BP control is essential for all hypertensive
atients with DM. In a large prospective study of type 2
iabetic patients, aggressive BP control proved superior to
ight glycemic management in preventing death, stroke, and
icrovascular disease.8 ACEIs and ARBs are effective modu-

ators of angiotensin-mediated hemodynamic (glomerular
apillary hypertension and hyperfiltration) and nonhemody-
amic effects (inflammation, cellular proliferation, and aldo-
terone release).11 Since the initial landmark study by Lewis
t al12 establishing unequivocal benefits of ACEIs on the kid-
ey beyond its BP lowering properties in type 1 diabetic
atients with proteinuria, several RCTs have shown benefit of
CEIs in patients at risk for nephropathy including the Mi-
ro–Heart Outcomes Protection Evaluation (HOPE) study
3,577 diabetic patients randomized to placebo versus
amipril),13 the captopril primary prevention project
CAPPP) study (572 diabetic patients among 10,985 patients

igure 1 Irbesartan in microalbuminuric type 2 diabetes: the devel-
pment of overt nephropathy. Number needed to treat: 10 patients
ver 2 years to prevent 1 case of overt nephropathy. Reprinted with

able 1 Treatment of Hypertension in CKD

Type of CKD
BP

Goal
P
f

iabetic <130/80
ondiabetic with spot urine total
protein-to-creatinine ratio >200 mg/g

<130/80

ondiabetic with spot urine total
protein-to-creatinine ratio >200 mg/g

<130/80

ransplanted CKD <130/80

bbreviations: HTN, hypertension; CCB, calcium-channel blocker.
ata from the National Kidney Foundation.6
ermission from Parving et al.19 p
ith hypertension, randomized to captopril versus non-
CEI therapy),14 the appropriate blood pressure control in
iabetes (ABCD) trial (470 patients with type 2 diabetes on
nalapril versus nisoldipine),15 and Fosinopril and Amlodip-
ne Cardiovascular Event Trial (FACET) (fosinopril versus
mlodipine in 380 patients with type 2 diabetes).16 More-
ver, a follow-up study of HOPE showed a reduced incidence
f new-onset diabetes during treatment in patients receiving
CE inhibitor17 therapy.
With their specific angiotensin II–blocking properties,

lus potentially enhanced stimulation of antiproliferative,
nti-inflammatory type 2 angiotensin receptors, ARBs can be
onsidered suitable for inhibition of the renin-angiotensin
ystem. Angiotensin II (similar to aldosterone) escapes with
CEI therapy because of non–angiotensin-converting en-
yme pathways (chymase and others), and although certainly
ttractive,18 the ultimate role of bradykinin remains specula-
ive. The first 3 large RCTs investigating the renal effects of
RBs in the population with DM type 2 were both promising
nd disappointing. In diabetic patients with microalbumin-
ria, irbesartan reduced the incidence of progression to overt
ephropathy, but normoalbuminuria was restored in only
4% of patients and only at the maximum dose of 300 mg
Fig 1).19 Although both irbesartan20 and losartan21 (Fig 2)
howed a reduced risk for developing ESRD in established

ed Agents
D � HTN

Other Agents to Reduce CVD Risk
and Reach BP Goal

or ARB Diuretic preferred, then �-blocker or CCB
or ARB Diuretic preferred, then �-blocker or CCB

preferred Diuretic preferred, then ACEI, ARB,
�-blocker, or CCB

preferred CCB, diuretic, �-blocker ACEI, ARB

igure 2 Losartan reduces the risk for ESRD in diabetic nephropa-
hy. Reduction in end points in non–insulin-dependent diabetes
ellitus with angiotensin antagonist losartan (RENAAL) trial, which

ncluded 1,513 type 2 diabetic patients with nephropathy. Re-
referr
or CK

ACEI
ACEI

None

None
rinted with permission from Brenner et al.21
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238 M. Wiederkehr et al.
iabetic nephropathy, both agents fell short of showing a
ardiovascular benefit (except for fewer hospitalizations for
eart failure with losartan). However, it is important to note
hat none of these trials were powered to detect differences in
ardiovascular outcomes. In contrast, the ACEI ramipril has
een shown to provide cardiovascular benefit in diabetic par-
icipants in the HOPE trial (Fig 3).22 Similarly, greater cardiac
enefits were seen with captopril versus losartan after acute
yocardial infarction.23 A cardiovascular benefit of losartan,

s well as a reduced incidence of new-onset diabetes, was
hown in the Losartan Intervention for Endpoint (LIFE)
tudy21; however, the use of a �-blocker in the control arm
as been criticized.24,25

Combination therapy of ACEIs plus ARBs in both types of
M was investigated in some RCTs showing greater reduc-

ion in BP and albuminuria.26-28 The question of the optimal
ose of the components remains unclear. Although the effect
n BP has been inconsistent, strong evidence suggests supe-
ior efficacy for reducing albuminuria with combination
herapy when compared with maximum-dose ACEI
lone.29-31

No RCT is available on the effect of aldosterone-receptor
lockade in diabetic nephropathy. One small and unblinded
tudy of only 8 patients with various nephropathies (5 DM
ype 2) and mean proteinuria of 3.8 g/d found that adding
pironolactone to enalapril resulted in a further reduction of
rotein excretion by 54%, albeit with a decrease of 10 mm Hg

n mean BP.32

rimary Glomerular Disease
ecause proteinuria per se induces cellular toxicity to podo-
ytes, mesangial cells, and tubular epithelial cells, and leads
o systemic hypertension caused by enhanced proximal tu-
ular salt retention,33 measures that decrease proteinuria—

igure 3 ACE inhibition improves cardiovascular outcomes in type 2
iabetic patients. The Micro-HOPE results are shown. The study
onsisted of 3,498 type 2 diabetic patients with 1 additional cardio-
ascular risk factor. □, Placebo; �, ramipril. *The occurrence of
yocardial infarction, stroke, or cardiovascular death. RR, relative

isk reduction. Reprinted with permission from the HOPE Study
nvestigators.13 Available: www.hypertensiononline.org.
ither pharmacologic or by dietary protein restriction— p
hould retard progression of renal disease, regardless of the
nderlying cause, as has been confirmed by Modification of
iet in Renal Disease (MDRD)34 and Ramipril evaluation in
ephropathy (REIN).35 The decrease in renal function in pa-
ients with immunoglobulin A nephropathy, nephrosclero-
is, autosomal-dominant polycystic kidney disease (AD-
KD), or chronic interstitial nephritis is slower when
ompared with the diabetic population.36 With the possible
xception of ADPKD, ACEIs slow progression of nondiabetic
ephropathy. This was shown in several RCTs, such as
DRD,34 REIN,35 HOPE,22 African American Study of Kid-

ey Disease and Hypertension (AASK),37 and others.38,39

In ADPKD, progression to ESRD is more rapid if hyperten-
ion is present, however, improving BP has not been shown
o influence deterioration of renal function significantly.34,40

urthermore, to date, neither ACEI therapy36,38,41,42 nor pro-
ein restriction35 has shown appreciable benefit in ADPKD. In
small study of 12 hypertensive patients with ADPKD, the
RB candesartan effectively decreased BP and microalbumin-
ria, but no long-term follow-up evaluation was available.43

t this time, no RCTs have been conducted with ARBs in
atients with AKPKD.
A synergistic renal effect of combining ACEIs and ARBs in

ondiabetic renal disease was shown in some trials, and with-
ut any adverse effects.44-47 In patients with congestive heart
ailure, however, the combination led to worse mortality out-
ome or an increase in adverse effects in 2 recent trials.48,49

onotherapy with eplerenone, a selective aldosterone inhib-
tor, reduced albuminuria to a greater extent than enalapril in

nondiabetic population (61.5% versus 25.7%, respec-
ively), with similar effect on BP and a slightly more favorable
ide-effect profile.50

ypertensive Nephrosclerosis
ypertensive nephrosclerosis is defined as nondiabetic CKD

ssociated with chronic (often stage 2) hypertension with or
ithout moderate proteinuria and a pathologic picture char-

cterized by arteriosclerosis, arteriololsclerosis, glomerulo-
clerosis, and interstitial fibrosis in the absence of immune
eposits. In the vast majority of patients the diagnosis of
ypertensive nephrosclerosis is based on clinical (history,
hysical examination, urinalysis, and serologic testing crite-
ia) rather than renal biopsy examination findings. Hyperten-
ion is an important cause of CKD and accounts for about one
ourth of new cases of ESRD. The mechanisms by which
ncreased BP causes kidney damage are understood incom-
letely and are the subject of intense investigation.
Approximately 6% of patients with hypertension may be at

isk for permanent kidney damage and progressive disease
eg, hypertensive nephrosclerosis).51 Among Americans with
nd-stage kidney disease approximately 27% are believed to
ave primary hypertension as the underlying cause.52 Hyper-
ensive nephrosclerosis is the second most common cause of
ll cases of ESRD in the United States and it is approximately
-fold more common in African Americans as compared with
on–African Americans.37,53 The Medicare costs to the ESRD

rogram in the United States for care of patients with hyper-

http://www.hypertensiononline.org
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Hypertension and the kidney 239
ensive nephrosclerosis exceed $1 billion annually. End-
tage kidney disease attributed to hypertension generally oc-
urs at a younger age in African Americans as compared with
on–African Americans.52 Moreover, epidemiologic and
ase-control studies show increased risk for hypertension as a
ause of ESRD.5,54-58 Factors that may account for racial dis-
arity in ESRD attributed to hypertension include a lack of
ccess to medical care, socioeconomic status, severity of hy-
ertension, duration of hypertension, educational level, alco-
ol and drug abuse, genetic factors, and nephron endow-
ent.5,59-66 However, modifiable risk factors including

ociodemographic, lifestyle, and clinical factors explain less
han half of the increased risk for ESRD.67 Therefore, other
isk factors including genetic determinants may play an im-
ortant role in predisposing African Americans to ESRD.

isk Factors for Hypertensive
ephrosclerosis

ystolic hypertension is the most powerful predictor of de-
elopment of progression of chronic kidney disease to ESRD
Table 2). For example, analysis of the impact of systolic
ypertension among 334,000 men screened for the Multiple
isk Factor Intervention Trial indicated that systolic hyper-

ension was an independent risk factor for all-cause ESRD.
oreover, the relationship between systolic BP and the de-

elopment of ESRD was graded and consistent throughout
he range of BPs recorded at the time of screening into the
tudy.5 Observational studies and clinical trials also identi-
ed systolic BP as a predictor of renal outcomes in patients
ith hypertensive kidney disease. In addition to data from

he Multiple Risk Factor Intervention Trial, data from the
therosclerosis risk in the communities observational
tudy,68-71 the Hypertension Detection and Follow-Up
tudy,51 the Systolic Hypertension in the Elderly Program
rial,72 and the VA cooperative trial73 reported that systolic BP
s an independent risk factor for ESRD attributed to hyper-
ension.

Proteinuria is a marker for the increased rate of decrease in
idney function in hypertensive patients with CKD.37,53,74-77

or example, those with a urine protein excretion rate of
pproximately 300 mg/d enrolled in the AASK study exhib-

able 2 Risk Factors for Progression of Kidney Disease in
ypertensive Nephrosclerosis

Age
Sex
Race
Duration of hypertension
Proteinuria
Dyslipidemia
Family history
GFR <30 mL/min
Smoking
Lower socioeconomic status
Fewer nephrons
ted a 2-fold higher rate of decrease in GFR as compared with u
hose with lower protein excretion rates.53 In hypertensive
ephrosclerosis and glomerular diseases (eg, focal segmental
lomerulosclerosis), proteinuria is associated with worse re-
al outcomes and reduction in proteinuria with improved
utcomes. Moreover, antihypertensive strategies that reduce
roteinuria and BP are more effective at slowing the decrease

n GFR as compared with those that only decrease blood
ressure.37,76,78

ow GFR
linical trials indicated that lower GFR is a risk factor for

ubsequent development of ESRD and the rate of decrease in
he GFR is faster among those with lower GFR levels.37,77,79

yslipidemia
pproximately 60% of hypertensive patients have dyslipide-
ia and 40% of dyslipidemic individuals are hypertensive.
ypertriglyceridemia and low plasma levels of high-density

ipoprotein are associated with the onset of hypertensive re-
al disease.68 Also, hypercholesterolemia correlates with
lobal glomerulosclerosis in patients with biopsy examina-
ion–proven hypertensive nephrosclerosis.80 However, to
ate there are no clinical trials indicating that lipid-lowering
herapy reduces the risk for onset or progression of hyper-
ensive nephrosclerosis.

igarette Smoking
moking has been associated with an increased rate of de-
rease in renal function in diabetic patients and in those with
ypertensive nephrosclerosis.81,82 Cigarette smokers with hy-
ertensive nephrosclerosis and CKD have a markedly in-
reased rate of progression of kidney disease despite similar
evels of blood pressure control compared with nonsmok-
rs.81

ardiovascular Disease Risk
t is important to note that those with hypertension and CKD
re at high risk for cardiovascular morbidity and mortality.51

or example, long-term follow-up evaluation of patients with
ypertensive nephrosclerosis indicated that systolic BP in-
rease is a strong predictor of development of heart failure.73

ypertensive patients with CKD are far more likely to have a
yocardial infarction, stroke, or cardiovascular death than

hose without CKD.83 After controlling for BP, those with
idney disease are at higher risk for these complications.
herefore, in addition to BP control, treatment should in-
lude identification and management of other cardiovascular
isk factors in hypertensive nephrosclerosis.

reatment
ssessment and Management Guidelines
ssessment of patients with hypertensive kidney disease
hould include complete medical history, physical examina-
ion, hemoglobin A1C, routine chemistries and urinalysis,

rine protein/creatinine ratio, renal sonogram, and appropri-
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240 M. Wiederkehr et al.
te serologic testing to look for auto-immune disorders (Ta-
le 3). This evaluation is aimed at identifying other causes of
idney disease such as familial diseases (eg, Alport’s syn-
rome, Fabry’s disease, focal segmental glomerulosclerosis)
f the kidney as well as systemic lupus erythematosus, athe-
oembolic renal disease, multiple myeloma, systemic necro-
izing vasculitides, hepatitis-associated glomerulonephriti-
es, and cryoglobulinemia. Data from the AASK kidney
iopsy examination pilot study indicated that these criteria
orrectly will identify patients with a pathologic picture con-
istent with hypertensive nephrosclerosis.80 Further evalua-
ion for causes other than hypertension including renal bi-
psy examination may be necessary in some cases depending
n the results of serologic or renal imaging studies. The his-
ory and examination should include assessment of lifestyle
nd diet, with particular attention to smoking, exercise, and
verweight stature. In addition, a lipid panel and measure-
ent of hemoglobin level are important because both dyslip-

demia and anemia may increase the risk for kidney disease
rogression in some patients.68,84

Lifestyle modifications and pharmacologic decreasing of
P to less than 130/80 mm Hg with an ACE inhibitor–based
egimen are recommended by the National Kidney Founda-
ion for treatment of hypertensive CKD. Identifying addi-
ional modifiable risk factors beyond decreasing BP and in-
ibition of the renin-angiotensin-aldosterone system are an

mportant aspect of ongoing studies.

reatment Goals
here is an important interaction between BP levels, protein-
ria, and kidney outcomes in patients with hypertension and
KD. There are 2 main treatment goals for those with hyper-

ension and nondiabetic CKD: (1) lower the blood pressure
nd (2) block the renin-angiotensin-aldosterone system with
n ACEI, or with an ARB in those with more than 300 mg
rotein/g creatinine on a random urine sample. The most

mportant aspect of management of hypertensive CKD is to
ecrease BP. The National Kidney Foundation Clinical Prac-
ice Guidelines for Hypertension recommend a BP goal for all
ypertensive patients with CKD of less than 130/80 mm Hg.
n addition, for those with nondiabetic CKD the use of an
CEI as first-line treatment is recommended for those with a

able 3 Recommended Treatment Plan for Hypertensive Ne-
hrosclerosis

First Line Alternative

onpharmacologic
therapy

None

CEI Angiotensin II receptor blocker
iuretic*
alcium-channel blocker �-blocker
-blocker Clonidine
inoxidil Hydralazine

OTE. Once-daily agents preferred for pharmacologic intervention.
Thiazide for estimated GFR >50 mL/min/1.73 m2, loop diuretic for

estimated GFR <50 mL/min/1.73 m2.
rine protein level of greater than 300 mg/g creatinine a
hereas other first-line agents are acceptable for those with
ess than 300 mg/g creatinine.6 This BP level is based on
esults from AASK and other studies in hypertensive patients
ith nondiabetic kidney disease. In the AASK study, nearly
,100 African Americans with hypertensive nephrosclerosis
nd reduced GFR were randomized to either ramipril, meto-
rolol, or amlodipine once daily and other antihypertensive
edications to achieve 1 of 2 mean arterial pressure goals of
ean BP less than 92 mm Hg or 102 to 107 mm Hg. The
CEI ramipril was found to be more effective in reducing the
isk for rapidly decreasing GFR, ESRD, and death as com-
ared with either amlodipine or metoprolol XL. In addition,
amipril treatment was associated with reduced proteinuria
s compared with amlodipine. However, the AASK study did
ot find that a lower systolic BP decreased the risk for ESRD
mong those with hypertensive nephrosclerosis. Impor-
antly, in treated patients, the average rate of decrease in GFR
n patients with hypertensive nephrosclerosis (2 mL/min/y) is
elatively slow as compared with diabetic nephropathy (6
L/min/y). Meta-analyses of more than 1,800 nondiabetic
roteinuric hypertensive patients support this BP goal.75,76,78

ystolic BP in the range of 120 to 130 is associated with a
ower risk for ESRD in patients with more than 1 g/d of urine
rotein excretion, whereas for those with lesser degrees of
roteinuria the lowering of systolic BP below 140 mm Hg was
ot. Taken together these data support the National Kidney
oundation recommendations as shown in Table 1. ACEI-
ased regimens are recommended as first-line therapy for all
roups except in those with a very low level of proteinuria.
ost patients with hypertensive nephrosclerosis have stage 2

ypertension; therefore, both nonpharmacologic and multi-
rug therapy almost always are required.

onpharmacologic Treatment
irst, all patients should be educated about lifestyle modifi-
ation to include smoking cessation, regular aerobic exercise,
oderate alcohol consumption, and weight loss for over-
eight individuals (�24 and �27 kg/m2 for women and
en, respectively). Smoking cessation may slow progression

f kidney disease, and reduction in alcohol consumption,
xercise, and weight loss also can lower BP markedly. Finally,
or those with a high sodium intake, lowering dietary sodium
ntake may have a profound effect on systolic BP including in
frican Americans. Diets rich in fruits and vegetables (high
ber) and low-fat dairy products and low in saturated fat
Dietary Approaches to Stop Hypertension diet) are effective
n lowering BP.10

harmacologic Treatment
onsistent with the Joint National Committee 7 recommen-
ations, all patients should be assessed for any complications
esulting from hypertension and those with a systolic blood
ressure of 160 mm Hg or greater should begin with 2-drug
herapy in addition to nonpharmacologic intervention. The
se of once-daily ACEI combined with a diuretic is recom-
ended by the National Kidney Foundation. For those with
n estimated GFR of less than 50 mL/min, a loop diuretic
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Hypertension and the kidney 241
dministered 2 or 3 times daily is preferable to a thiazide for
hose with hypertensive nephrosclerosis. If the BP goal is not
chieved on this regimen, the addition of a once-daily calci-
m-channel blocker (or �-blocker) is reasonable. If 3 agents
o not control BP then addition of a once-daily �-blocker (or
alcium-channel blocker) is advisable. The subsequent addi-
ion of a long-acting �-blocker or a centrally acting �-2 sym-
athomimetic such as clonidine or guanfacine may be used.
inally, for selected individuals, the addition of a vasodilator
uch as hydralazine or minoxidil may be needed.

onitoring BP Response
P measurement should be performed frequently, preferably
y the patient with a home BP monitor. The readings should
e recorded by date and time and reviewed by the treating
hysician. The BP device should be tested and compared
ith office BP equipment to ensure that the office readings

eflect home readings for accuracy. After initiation of antihy-
ertensive therapy in those with CKD, the BP should be
easured at least every 2 weeks until the target is reached and

hen monthly for 3 months to ensure stability and allow for
itration of medications as needed. After establishment of the
P goal, quarterly office visits for BP measurements should be
ade to ensure maintenance of goal and to reassess renal

unction. Renal function monitoring should include mea-
urement of serum creatinine level and urine protein level/
reatinine level ratio. If BP control cannot be achieved with
his sequence of adding agents, then consideration of second-
ry causes of hypertension including adrenal causes and re-
ovascular hypertension is prudent and appropriate evalua-
ion should be undertaken. However, review of diet and
ther lifestyle modifications, compliance with medication,
nd ability to afford antihypertensive agents are far more
ommon and should be considered before extensive diagnos-
ic studies are performed. AASK study was a prospective,
ouble-blind, randomized, controlled trial in approximately
,100 nondiabetic African Americans with hypertensive ne-
hrosclerosis. The trial attempted to answer 2 key questions:
1) Does very aggressive lowering of blood pressure result in
lower decrease in renal function? (2) Does the type of anti-
ypertensive agent used to initiate BP lowering matter with
egard to renal outcomes? Study participants were random-
zed to ramipril, amlodipine, or metoprolol XL administered
nce daily on the background of other antihypertensive med-
cations and to 1 of 2 BP levels, either a mean arterial pressure
f less than 92 or 102 to 107 mm Hg. There were no differ-
nces in the rate of decrease in GFR between groups; how-
ver, those treated with ramipril had a lower incidence of
SRD and death combined. Patients with a baseline protein
xcretion rate in excess of 300 mg/d or a urine protein creat-
nine ratio of greater than 0.22 had a rate of decrease in GFR
f approximately 5 mL/min/y as compared with 2 mL/min/y
n those with a baseline urine protein creatinine ratio of less
han 0.22. Moreover, the composite clinical end point event
ate was nearly 5 times higher in patients with proteinuria at
aseline versus nonproteinuric participants. Ramipril low-

red proteinuria to a greater extent as compared with amlo- i
ipine. The results of these and other analyses from this
andmark clinical trial likely will provide additional new in-
ights and directions for future research into hypertensive
ephrosclerosis.
In summary, hypertensive nephrosclerosis is an important

ublic health problem. Similar to primary hypertension, it is
heterogeneous kidney disease that overall progresses slowly

n comparison with other common renal diseases. Decreasing
he BP to a level �130/85 mm Hg with a regimen containing
n ACEI is effective in improving outcome in this disease.
owever, additional risk factors beyond BP are important in
isease progression and future research should focus on
hese factors. The AASK cohort study will follow-up a sub-
tantial proportion of the original AASK study population
nd was designed for this purpose. Additional epidemiologic,
istologic, pathophysiologic, and genetic studies also are
eeded before we optimally can treat and eventually prevent
his devastating disease. Patients with hypertensive nephro-
clerosis who smoke cigarettes should be encouraged to quit
y enrollment in formal smoking cessation programs as soon
s possible. Further, ATP III guidelines for lipid-lowering
herapy should be applied to patients with hypertensive ne-
hrosclerosis.85

reatment Guidelines
he key is to initiate treatment aggressively and in the early
tages of disease. Once GFR reaches approximately 50% of
ormal, renal function usually deteriorates owing to glomer-
lar hyperfiltration, proteinuria, and interstitial disease.86 Al-
hough controversial, the exact sequence and type of BP med-
cation probably is less important than actually reaching and

aintaining the recommended BP goal. In United Kingdom
rospective Diabetes Study (UKPDS), among 758 patients
ith tightly controlled BP, 593 with DM type 2 who were

ollowed-up for a median of 8.4 years showed no difference
n long-term complications between the captopril and ateno-
ol group.87 In a study comparing enalapril and �-blocker in
atients with nondiabetic disease, no difference was found in
lowing progression to end-stage renal failure after 3 years.88

urthermore, the majority of patients with renal disease and
ypertension will require 3 or more antihypertensive
rugs.89 It is imperative to tailor the drug regimen according
o the side-effect profile, comorbid conditions, and response
o treatment, thus maximizing compliance.

Substantial evidence suggests that using an ACEI or ARB in
atients with CKD slows the progression of nephropathy.
ide effects will need monitoring, in particular hyperkalemia,
hich is an issue in patients with impaired renal function,

nadequate diuretic therapy, or DM (hyporeninemic hypoal-
osteronism); changing from an ACEI to an ARB may or may
ot ameliorate the problem.90 An increase in the serum cre-
tinine level of 20% to 30% from baseline after starting ACEI
r ARB therapy is common. Such increases may be less of a
lass-specific effect but rather the consequence of BP lower-
ng per se in patients with nephropathy and impaired renal
utoregulation.91 Importantly, several studies suggest that an

ncrease in serum creatinine level in this setting is a favorable
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rognostic sign, resulting in better long-term preservation of
enal function.92,93

Large and rigorously conducted RCTs have had a tremen-
ous impact in our ability to improve disease and quality of

ife in our patients. Yet, what holds true for a large study
opulation may not be true in a particular patient. In the
uture, investigation into genetic polymorphisms, for exam-
le, genes involved in activation of the renin-angiotensin sys-
em such as the DD isoform of the ACE gene,94 will aid in
dentifying specific subgroups of patients particularly re-
ponsive to a certain regimen. This would help target therapy
o maximum susceptibility and effect.

ypertension in
emodialysis Patients

cope of the Problem
s noted earlier, the ESRD population is continuing to grow

n the United States, and now nears 300,000 patients. Hyper-
ension is present in 75% of patients on hemodialysis in the
nited States.95 Hypertension is correlated independently
ith morbidity and mortality in the hemodialysis popula-

ion.96 Moreover, Foley et al97 found that each increase of 10
m Hg in mean arterial BP was associated independently
ith a progressive increase in concentric left ventricular hy-
ertrophy and the development of de novo cardiac failure.
hese data strongly suggest that long-term hypertension is a
ajor risk factor for cardiovascular events in the ESRD pa-

ient. Even though nephrologists recognize hypertension and
ommonly prescribe treatment, achieving a safe and optimal
evel of BP is a major challenge for patients and physicians.98

here are many reasons for this poor BP control, including
he following: (1) inconsistency in measuring BPs in ESRD
atients because of the presence of a functioning access in
ne extremity that restricts BP measurement in the other
xtremity, or leg BP readings that are not well validated; (2)
ariable blood pressure depending on interdialytic weight
ains in a given patient; (3) increased white coat effect caused
y the anxiety associated with the anticipated cannulation of
fistula or graft; and (4) no consensus with regard to the

ptimal timing of BP measurement in hemodialysis pa-
ients.98 Thus, it would seem prudent to standardize BP mea-
urement somehow in hemodialysis units according to pub-
ished guidelines.99

The target BP in hypertensive ESRD patients also is not
ntirely clear. For instance, several studies have shown that
ow presystolic BP is associated with an increased mortality.
hus, the risk for mortality is U-shaped, being higher among
atients who are markedly hypertensive (presystolic BP �
80 mm Hg) or markedly hypotensive (presystolic BP � 110
m Hg) before dialysis or markedly hypotensive after dialy-

is.95 Systolic BP is linked more strongly to cardiovascular
isk than diastolic BP or mean arterial pressure, and needs to
e well controlled in our ESRD patients.

athophysiology of Hypertension in ESRD
here are many reasons why hypertension is so prevalent in

SRD patients. Paramount among these is volume (extracel- d
ular and intracellular) expansion, derangements of the re-
in-angiotensin system, and sympathetic overactivity. Other
actors that may play a role include genetic factors, uremic
oxins (such as homocysteine), the use of recombinant eryth-
opoietin, secondary hyperparathyroidism, and the particu-
ar hemodialysis regimen. Accordingly, good BP control in an
ndividual ESRD patient may involve different and combined
trategies according to which of the earlier-listed mecha-
isms are involved.
An expanded extracellular fluid volume is the most con-

istent finding in hypertensive ESRD patients. Thus, the re-
oval of excess volume is essential in controlling BP, and

ften other strategies fail until this goal is achieved. When BP
emains increased despite achieving adequate volume con-
rol, then blocking increased sympathetic activity or modu-
ating the renin-angiotensin system may be tried next.

In 20% to 30% of kidney failure patients the regular ad-
inistration of recombinant human erythropoiten (rHu Epo)

esults in de novo hypertension or the aggravation of pre-
xisting hypertension.95 This increase in BP often takes weeks
o months to develop. There are multiple mechanisms in-
olved, including an increase in whole-blood viscosity, en-
othelin release, activation of various neurohumoral systems,
nd a direct vasopressor effect of rHu Epo on renal resistance
essels. In these ESRD patients it is essential that the patient’s
nemia need not be corrected to normal values, and some-
imes even modest anemia may be tolerated.

reatment
he most effective way to control hypertension in dialysis
atients is to restrict salt in the diet. Ideally, intradialytic
eight gain can be kept at 2.5 to 3 kg in a 48-hour period,
bviously allowing some flexibility depending on the size of
he patient. In some dialysis centers where long or overnight
ialysis therapy is used, patients often achieve normal BP
ithout any medications. In these patients, the interdialytic
eight gain is removed and the patient remains in relatively
ormal sodium balance.
Drug therapy for hypertension in ESRD patients includes

ll classes of antihypertensive drugs except for diuretics. In a
ew selected patients who have some residual renal function
nd thus significant urine output, a loop diuretic may help
educe interdialytic weight gain and help with better BP con-
rol. In a recent study, the pattern and use of antihypertensive
rugs was reported in hemodialysis patients in the United
tates.100 In this multicenter trial, 72% of the patients re-
eived antihypertensive medications: 48% were prescribed
alcium-channel blockers, 24% were prescribed ACEIs, and
1% were prescribed �-blockers. ACEIs and angiotensin II–
eceptor blockers may decrease morbidity and mortality in
SRD patients by reducing the mean arterial pressure, aortic
ulse wave velocity, and left ventricular hypertrophy.101

The potential downside to ACEI use includes hyperkale-
ia, anaphylactoid reaction with AN 69 membranes, and

ggravation of renal anemia.100 ACEIs exacerbate anemia in
hese patients by decreasing endogenous erythropoietin pro-

uction and by blunting the erythropoietic response to epoi-
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tin. ACEIs are associated with a higher incidence of clini-
ally important hyperkalemia by inhibiting residual renal
otassium excretion and by blocking the colonic excretion of
otassium.
�-blockers decrease BP, decrease some ventricular ar-

hythmias, and potentially improve left ventricular function
n ESRD patients. Hypertensive patients who are noncompli-
nt with their medications may benefit from the addition of
ransdermal clonidine therapy once a week. Minoxidil, a po-
ent vasodilator, generally is reserved for dialysis patients
ith severe hypertension in whom BP cannot be controlled
ith the other classes of antihypertensive agents.
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