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HYPERTENSIVE NEPHROSCLEROSISAND ITSPREVENTION
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(Abstact : With increasing life expectancy, hypertension has emerged as an important worldwide public heath problem. It has become ;
leading cause of chronic kidney disease and increases risk of CKD progression and cardiovascular disease risk. INC VII Report defines
normal blood pressure as systolic and diastolic readings of <120 AND <80 mm of Hg respectively. The kidneys play a key role in the
regulation of fluid volume and vascular tone. The histological lesions of hypertension-induced kidney damage are non-specific, the earliest
and most frequent lesion in longstanding hypertensivesis segmental hyalinization of interlobular arteriesand afferent arterioles, glomerular
and tubular compartments are affected secondarily. Therapeutic interventions aimed at reducing kidney damagein hypertension are aimed
at reduction of systemic blood pressure, reduction of pressure transmission to the renal microvasculature and modification of local molecular
pathwaysto attenuatetissue injury. Management startswith lifestyle modification and then to drug therapy. The choice of drugisinfluenced
by the presence of concomitant medical conditions. Diuretics and drugs acting at the renin-angiotensin pathway are the preferred agents.
The latter are especialy useful in proteinuric individuals. Statins are important adjunctsin those with high cholesterol. Infuture, strategies
that either directly halt the molecular processes leading to hypertensive renal damage or alow reversa of established renal damage may

\become available.

J

INTRODUCTION

Inthiseraof chronic diseases, hypertenson hasemerged asanimportant
worldwide public hedlth problem. As the life expectancy increases, an
increasing proportion of theageing populationisdeveloping hypertension;
anindividua who is normotensive even a the age of 55, carries a90%
lifetime risk of developing hypertenson.* Hypertension prevaence
depends on theracid and ethnic population mix in different geographic
areesaswell asthecriteriausedto defineit. Thisconditionistraditiondly
classfiedinto‘essentid’ and ‘ secondary’ categories. Theterm‘ essentid’

was coined with the understanding that anincreasein blood pressureisa
necessary phenomenon reguired to maintain normal organ perfusion as
the arteries stiffen with age, but has largely been discarded in favor of
‘primary’ or ‘idiopathic’ hypertension. Thefrequency of secondary forms
of hypertension depends on the nature of population studied and
extendvenessof theeva uation, and variesfrom 6%in generd population
to 35%inreferrd centers.

EPIDEMIOLOGY

BP readingsin the generd population fal in aGaussian distribution, but
are skewed towardsthe higher end, making it difficult to chooseasingle
value that would denote the cut off between normotension and
hypertenson. The definition and grading of hypertenson has evolved
over thelast 25 years; thelatest criteriahave been proposedinthe Seventh
Report of Joint National Committeeon Prevention, Detection, Evauaion
and Trestment of High Blood Pressure (INC 7). According tothisreport,
norma blood pressure is defined by systolic and diastalic readings of
<120 AND <80 mm of Hg respectively. Sage | and Il hypertension are
defined as SBP of 140-159 and/or DBP 90-99 and SBP €’ 160 and/or
DBPe" 100 respectively. A new category of “prehypertenson”, defined
asaSBP of 120-139 OR DBP 80-89 mm of Hg, wasintroduced in this
report.

Thethird National Health and Nutrition Examination Survey carried out
inthe United Statesbetween 1988 and 1991 used the INC V criteria, and
categorized 24% of the adult population as having hypertenson’. The
prevaencewas4% amongst the 18-34 year olds, but increased to 58.5%
intheagegroup 65-74years. African-Americansexhibit a50-75%higher
prevaenceand havethehighest incidence of hypertension-rd ated ESRDS.
The 1998 Hedlth Survey in England defined high BP as SBP €’ 140 and
DBP€'90, or antihypertensive drug use, and found the prevdenceto be
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40.8% for men and 32.9% for women’. Indian urban population studies
of the mid-1980s used older WHO guiddines for diagnosis (BP €’160
and/or 95 mmHg) and reported hypertension prevaence of 1.2-4.0%°.
Subsequent studies have reported asteady increase in prevaence: from
5% to 12-15%°. Prevalence is lower in the rura Indian population,
athough there has been a steady increase over time here as well. The
most recent studies using revised criteria (BP €140 and/or 90 mmHg)
have shown a prevaence of 15-40% among urban adults'®.
Hypertensionisaleading cause of end-stage kidney disease (ESRD) in
thewest. Hypertenson waslisted asthe causein 27% of incident ESRD
patientsin the United Statesin 2000, second only to diabetes mellitus™.
However, thebasisfor making thisdiagnosisisnot uniforminal reports.
Inaprospective study of 56 Cauicasian patients, theclinica diagnosisof
hypertensivenephrosclerosiscould be confirmed onrend biopsy inonly
48%, wheress 35% showed atheromatousvascular diseass. Hypertension
waslisted asthe primary cause of chronickidney disease (CKD) in14.5
% of casesin the Indian CKD Registry (Rgjgpurkar M, for Indian CKD
Registry Group).

Ontheother hand, amgjor contribution of hypertensonintheprogresson
of dl types of chronic kidney diseeses is not doubted. Both SBP and
DBP were shown to be strong independent predictors of ESRD in the
cohort of 332,544 men followed up for 16 years for the Multiple Risk
Factor Intervention Tridl. In comparison to thenormotensive (BPd” 120/
80), thosewithaSBP €’ 210 mm Hg or DBP €’ 120 mm Hg exhibited a
22-fold increased risk of developing ESRD*. Hypertenson is dso an
important cardiovascular disease risk predictor. Sarting a 115/75 mm
Hg, the CVD risk doubles with each increment of 20/10 mm Hg?.

KIDNEYSAND BLOOD PRESSURE

Thekidneysplay akey roleintheregulation of fluid volumeand vascular
tone. The intravascular volume control involvesregulation of water and
sodium excretion and vessel tone depends upon secretion of vasoactive
substancesby thekidneys Aneevationinrend perfuson pressureresults
in an increased excretion of sodium and water, the so caled “pressure
natriuresig/diuresis’. According to Guyton, pressurenatriuresispromotes
the excretion of sodium and water until blood volume is diminished
sufficiently to return blood pressure back to norma range. Many
compounds, including rennin, vasopressin, atrid natriuretic peptide and
angiotensin |1 play an important role in this pressure natriuresis. The
renin—angiotensn system is a powerful regulator of arterid pressure,
sodium balance and intraglomerular pressure®.
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EFFECTSOFHYPERTENSION ON
KIDNEYS

The adverse effects of hypertension on kidneys are determined by the
level of systemicblood pressureaswell astheabruptnesswithwhichthis
pressureloadistransmitted to therend vascular bed. Increasein systemic
blood pressure is normaly followed by proportionate autoregulatory
vasocongriction of preglomerular arterioles so that the high pressureis
not trangmitted to the rena microvasculature, and the rend blood flow
andglomerular hydrogtatic pressurearemaintained at aconstant level 617,
Thehistologica lesionsof hypertension-induced kidney damagearenon-
specific, and do not dlow differentiation between the different causes of
high blood pressure. The earliest and most frequent light microscopic
lesion in longstanding hypertensives is segmental hyalinization of
interlobular arteriesand afferent arterioles. Mediaisaffected preferentidly,
and exhibits a diminished number of smooth muscle cell nuclei®®.
Immunofluorescenceand el ectron microscopy reved depositsof plasma
congtituentssuch as1gM and complement components(C1q, C3) within
thehydinized areas'®. Similar lesonsarenotedin anima modelsof chronic
hypertension. The glomerular and tubular compartments are affected
secondarily. Some patients, especidly thosewith pronounced narrowing
of theinterlobular arteriesand afferent arterioles, may exhibit prominent
ischemic callgpseof theglomerular tuft. Theselesionshavebeen described
under the rubric of “benign nephrosclerosis’. The lack of a specific
phenotypemakesit difficult to quantitatethe contribution of hypertension
to progressiverend diseases of other etiologies, asthedlassicd vascular
pathology of hypertension is usudly obscured by lesions of underlying
disease. Anaccd erated glomerul osclerosissuperimposed ontheintringc
phenotypeis often the only finding??.

A different histologica picture dominates patients in whom the blood
pressure rise is sudden and exceeds the autoregulatory limits. Dubbed
“mdlignant nephrosderos’s’, theselesionspredominantly affect theintimd
space of smdl szed blood vessds, particularly the interlobular arteries
and afferent arterioles”. The subendotheliad compartment getsfilled up
with plasmaand cdllular blood congtituents. Thisis often accompanied
by fibrinoid necrogis of the media. The intimal process dominates,
however, and leads to severe narrowing of the vascular lumen. Over
time, myointima cells make their appearance, followed by collagen
deposition. Hyperplasacof thejuxta-glomerular epithelioid cdls ischemic
collgpse of the glomerular tufts, tubular atrophy, and interdtitid fibrosis
usudly follow?. At onetime, it was believed that declinein glomerular
filtration rate occurred only in thase with malignant nephrosclerosis, but
thisview isnow largely discounted.

PATIENT EVALUATION

The main objectives® of evauation of patientswith hypertension are: 1.
lifestyleassessment andidentification of other cardio-vascular riskfactors,
2. investigation for the presence of secondary causes of hypertension;
and 3. evauation of target-organ damage (Table 1). Thisrequiresaproper
medica higtory, physical examination, laboratory tests, and specific
diagnogtic procedures.

Ambulatory BP Monitoring

In contrast to office measurements, which are intermittent and teken at
fixedtime points, twenty-four-hour ambulatory blood pressuremonitoring
alowsperiodic (haf hourly or hourly) documentation of blood pressure
during norma daily activity and provides an idea of “blood pressure
load"?. Ambulatory monitoring is ussful for evauation of ‘white-coat’

and drug resigtant hypertension, and in those developing hypotensive
symptoms with medications, episodic hypertension, or autonomic
dysfunction. Ambulatory BPvauesareusudly lower thandlinicreadings.
Hypertensveindividua shaveamean BP>135/85and >120/75mmHg
during daytime and deep respectively®. There is some suggestion that
ambulatory BPrecordscorrd atebetter withtarget-organinjury than office
measurements®®2. Another utility of ambulatory BP monitoring is
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eva uation of theextent of diurnd variaionsin BR Normally, BPdecreases
by 10% to 20%during desp; individuaswho do not show this decrease
(non-dippers) are at increased risk for cardiovascular events”. The
proportion of non-dippersincreases asrend function deteriorates.

Table 1: Evaluation of a patient with hypertension*

Major Risk Factors:

Cigarette smoking

Obesity (BMI >30)

Physical inactivity

Dydipidemia

Diabetes mellitus

Microalbuminuriaor estimated GFR <60mL/min
Family history of premature cardiovascular disease
(men <55years or women <65 years)

I dentifiable Causes of Hypertension:

Chronic kidney disease
Primary aldosteronism
Renovascular disease
Chronic steroid therapy and Cushing syndrome
PheochromocytomaCoarctation of the aorta
Thyroid or parathyroid disease

Tar get-Organ Damage:
Leftventricular hypertrophy anginaor prior myocardia infarction,
heart failure, stroke or transient ischemic attack, chronic kidney
disease, peripheral arteriad diseaseretinopathy * modified fromJNC
7 recommendations (reference 3)

MICROALBUMINURIAAND
HYPERTENSION

Excretion of increased anountsof dbumininurine, yet below thethreshold
vauefor pogtivity by routinedipstick testing, isafestureof many diseases
including hypertension. Antibody-based assays (radioimmunoassay,
enzymeimmunoassay and nephelometry or turbidimetry) arerequiredto
detect such small amounts of abumin. Termed microabuminuria, this
correponds to an abumin excretion rate of approximately 20-200 y/
min or 30-300 mg/day. Commercia test strips adlow quick semi-
quantitative screening®. Use of atimed 24-h urine sampleis considered
as'goldstandard’ but the urinea bumin—cresatinineratioonrandomurine
samples is an acceptable dternaive; aratio of 30-300 ig albumin/mg
cregtinine indicates microabuminuria®. Severd studies have shown a
strong influence of microabuminuriain predicting cardiovascular risk in
diabetic and non-diabetic hypertensivesubjects’ 2. |t hasbeeninterpreted
as an indicator of generdized inflammatory process or endothelia
dysfunction in severa conditions including diabetes, essential
hypertension, obesity and metabolic syndrome. Somerecent studies, most
notable of which isthe PREVEND tria conducted in the Dutch city of
Groningen, have shown that presence of even smdler quantities (<30
mg/day) of abumin or dbumin fragments may indicate increased
cardiovascular risk®. Suchsmall quantitiescan bedetected only by HPLC.
Thisfinding needs confirmation in prospective sudies.

PREVENTION OF HYPERTENS VE RENAL
DISEASE

Therapeutic interventions aimed at reducing kidney damage in
hypertenson can betailored to fulfill one or more of thefollowing three
broad strategies: 1) reduction of systemicblood pressurel oad; 2) reduction
of pressuretransmissiontotherend microvasculature and 3) modification
of locd molecular pathwaysthat mediate eventud tissueinjury.
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Out of thesethree approaches, themost successful oneisthereduction of
systemic blood pressure by non-pharmacological and pharmacologica
means. According to current standards, the acceptable blood pressure
god for target organ protection is <140/90 mmHg; reduced further to
<125-130/75-80mmHginthosewith diabetesor chronickidney disease®.
Thedgorithm for thetreatment of hypertension asproposedby INC 7 is
showninFigure1.Thefirs stepinmild-to-moderate hypertension should
awayshbelife-stylemodification; drug therapy should beconsidered only
if thesefail or when the hypertensonis severe.

Lifestyle modifications

EP not at goal

|

Initiate drug therapy

' !

No compelling indication Compelling indications present

_ Stage 1 Stage 2 Use drugs for compelling indications
Thiazides, ACEIs, ARBs, 2-drug therapy for most Other agents if required
PB-blockers, CCB

| |
l !

BP not at goal

|

Optimize dosage or add drugs until goal achieved
Look for modifying factors
Investigate for secondary cause

Figure 1: Algorithm for treatment of hypertension (modified from INC 7°)

LIFESTYLE MODIFICATIONS(TABLE 2)

Hedthy lifestyleiscritica for theprevention management of hypertension.
Mgor lifestylemodificationsshowntolower BPincludeweightreduction
inthe overweight®*, increased physicd activity, cessation of smoking
and moderation of acohal consumption®. INC 7 aso recommends
adoption of diet rich in potassum and cacium and low in sodium, as
describedinthe Dietary A pproachesto Siop Hypertension (DASH) study™®.
Lifestylemodificationsnot only decreaseblood pressureby itsdlf but dso
enhancesefficacy of antihypertensivedrugs.

Prehypertens on hasnot been considered adiseasein INC 7, but identifies
individudsat high risk of developing hypertension. All prehypertensives
should be strongly advised to practice lifestyle modification. Thosewith
digbetes or CKD are candidates for gppropriate drug therapy if atrid of
lifestyle modification failsto reduce their BP to 130/80 mmHg or less.

Table 2: Life-style modifications in hypertension
[ Modfiaion

Weight reduction

Recommendation

Maintain Body mass Index between 18.5-249 mgjmz

Diet 1, Adopt a diet rich in fruits, vegetables and low-fat dairy  products with
reduced content of saturated and total fat.
2. Reduce dictary sodium intake to< 100 mEq/L (6 gm of sodium chloride or
24 gm of sodium)

Physical activity Regular aerobic physical activity such as brisk walking (at least 30 min per day.
most days of the week)

Alcohol consumption Limit consumption to no more than 2 drinks per day in men and no more than |

drink in women and lighter-weighted persons

Smoking Stop smoking completely
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DRUGTHERAPY

Life-stylemodificationsa oneare sufficient to bring the BPdown to god
only in a minority of individuds, and most require drug therapy for
adequate control. Given below is the list of drugs which are used for
blood pressurereduction. Multipledrugsarefreguently requiredto achieve
thetarget.

1. Diuretics (thiazides and loop diuretics)

2. Angiotensin converting enzymeinhibitors (ACEI)

3. Angiotensin receptor blockers (ARB)

4. b-adrenergic blockers

5. &adrenergic blockers

6. Cdcium-channd blockers (CCB), epecidly dihydropyridines

7. Centrdly acting drugs (e.g. clonidine, methyldopa)

8. Vasodilators (e.g. minoxidil, hydralazine)

Inthiseraof evidence-based medicing thereislittledataonthedifferentia
renoprotective effects of antihypertensive agents in management of
uncomplicated hypertension. The primary outcome measures in most
antihypertensive dlinicd trids have been heart failure, ischemic heart
dissaseor stroke. Mogt of the avail able dataon renoprotection hascome
fromgtudieson patientswith pre-existing chronickidney diseeseof digbetic
and nondiabetic etiologies.

Table 3: Considerations for individualization of anti-

hypertensive therapy
Tndication Initial Therapy Second Hne therapy Notes/Cautions
DM with nephropathy ACEVARB Add thiazide, f -blockers , LA-CCB,  Cardiosclective B-
ACE/ARB combo blockers
DM without ACEVARB Combolst line Rx or I seram creac»1.8 mg/dl,
nephropathy or thiazide fblockers, LA-CCB (oo trese Tox
wvolume control
Angina [ -blockers + strongly consider  LA-CCB Avoid short acting
ACEL nifedipine
Prior Ml [ -blockers + ACE] Combine additional Rx
CHF B -blockers + ACEL + Hydralazine fitrates thiazide or loop  Avoid non DHP-CCB
spironolactone (ARB diuretics (diltiazem, verapamil}
if ACEI intolerant ) s additive therapy
Prior CVA ACEWdiuretic combination BP reduction & recurrent
or TIA events
Renal Discase ACELlfdiuretic as additive Rx ARB if ACEI intolerant Avoid ACEL if bilateral
Combe other agents Renal antery stenosis
LVH ACEI, ARBs, DHP-CCB, Avoid hydralazine and
thiazide, f -blockers < 55 yr minoxidil

Severa guidelineson managing hypertension have been published, four
in 2003 done. While containing large measures of agreement, these
guidelines are not unanimous in their recommendation of the initid
antihypertensvedrug and themethod of subsequent management; whether
drugs should be added (stepped-care) or exchanged (sequentia design).
JINC 7, chiefly on the basis of the results of the Antihypertensive and
Lipid-Lowering Trestment to Prevent Heart Attack Trid (ALLHAT)®,
recommendsuseof diuretics, particularly thiazides, asthefirst lineagent.
Thistrid compared chlorthalidone, lisnopril, amlodepin and doxazosin
in about 45,000 individuas (32%African-Americans), dl abovetheage
of 55 years. Compared to diuretic-treated individuds, those trested with
doxazosin®® and amlodepinhad higher ratesof heart failure, andlisinopril-
trested individua sshowed increased frequency of heart failureaswell as
stroke®. Other smdler trid slike Perindopril Protection against Recurrent
Sroke Study (PROGRESS)* have shown similar findings. The lower
cogt of thiazides makes them particularly attractive astheinitid agents.
Diuretics aso enhancethe antihypertensive efficacy of multi-drug
regimens, and help achieve BP control in casesof resistant hypertension.
Accordingto INC 7, hypertension can only bedefined as drug-resistant
when diuretics have been tried and found ineffective as a part of
combination therapy?®.

The ALLHAT trid, however, has been criticized on severa counts,
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specificaly thegenerdizability of findingsinasdected patient population,
and theassumption that drugs added | ater (inthe second or third step) are
notimportant in outcomeandysis. The Second Australian Nationa Blood
Pressure Trid* reported better outcomesin white ederly men with a
regimen that began with an ACE inhibitor compared with one starting
with adiuretic. Mot studiesthat have shown favorable effects of ACE-
inhibitors have used them in larger dosage than those used in dlinicd
practice(e” 10mg/d of ramipril, 20-40 mg/d of benazepril or €' 8 mg/d of
perindopril). It has been suggested that different trestment approaches
may be required for managing blood pressure in different population
groups. In astudy of single-drug therapy, it was found that young white
individua sresponded better on ACE inhibitorsand b-blockers, but poorly
to diuretics whereas the BP in older whites responded best to CCBs.
Blacksof dl agesresponded poorly to ACE inhibitors®.

Many sudies, including Study of Left Ventricular Dysfunction (SOLVD)*,
Surviva and Ventricular Enlargement (SAVE)* and Heart Outcomes
Prevention Evauation (HOPE)* have demondtrated that ACEIls reduce
cardiovascular and stroke-related morbidity and mortdity. Severd trids,
like ACE Inhihition in Progressive Rend Insufficiency (AIPRI)*, ACE
Inhibitors in Diabetic Nephropathy*®®, RENAAL* and IDNT* have
confirmed the renoprotective effect of ACElsand/or ARBsin those with
CKD of both diabetic and non-diabetic etiologies. TheAfrican American
Sudy of kidney disease and hypertenson (AASK)3! showed ACEI tobe
more effective than b-blockers or dihydropyridine CCBsin dowing the
dedinein GFRin patientswithnon-diabetickidney disease, eveninpatients
who did not have sgnificant proteinuria. INC 7 and Kidney Disease
Quality Outcome Initiative (K-DOQI)* recommend using these drugs
preferentialy inthosewith heart failure, diabetesor chronickidney diseese
(Teble3), especidly inthosewith significant proteinuria(> 1g/d). Because
of their physological differential effects on the afferent and efferent
arterioles, a moderate acute decline in glomerular filtration rate (GFR),
reflected by up to 30-35% increase in serum cregtinine abovebasdineis
expected after initiating treetment with ACEIs or ARBs. Thisshould not
be areason to withhold or stop trestment. A watch must be kept for the
firg-doseeffect andlater devel opment of hyperkalemia, espedidly inthose
receiving potass um-gparing diuretics or substantialy reduced GFR.
Centraly acting drugs and vasodilators are usually used in combination
withother drugsin casesof refractory or resstant hypertensonand seldom
ontheir ownasfirst lineagents. A notable exception hasbeen theKidney
Help Rura Trust project®, inwhich cheap drugslikereserpinehave been
successfully used for bringing down the blood pressure. However, their
efficacy in target organ protection has not been examined.

Inmany individuas, complete normaization of systemic blood pressure
is not sufficient in hating progresson of kidney disease completely.
Whether other renoprotective gpproaches would be useful in adding to
the effect of conventiond antihypertensive thergpy remains to be seen.
Mitigating renal damage by reducingintrarend transmission of systemic
blood pressure can be theoreticaly achieved by protein restriction, but
benefit of thisgpproachisonly modest and discerniblein only thosewith
moreadvanced rend diseas=™. Smilarly it may becomepossibleinfuture
toindependently modul atethedownstream molecular mediatorsof tissue
injury.

The place of drugsthat do not reduce the blood pressure in target organ
protection due to hypertension is being explored. Anglo-Scandinavian
Cardiac Outcomes Trid-Lipid Lowering Arm study (ASCOT-LLA)®
showed that agroup of hypertensive patientsthat received 10 mg/day of
atorvadtatin had a 36% relative risk reduction in the primary study end
point of combined nonfata myocardid infarction plusfata coronary heart
disease. In addition, the secondary end pointsof nonfata and fatdl stroke
(27% reative risk reduction), total coronary events (29%), and totd
cardiovascular eventsand rel ated procedures (21%) wered so Sgnificantly
affected. Therewasal3%reductioninall-causemortdity, whichwasnot
significant. The ALLHAT-LLT* however showed that addition of
pravastatin does not have any added benefit then the usud care in
moderately hypercholesterolemic hypertensive patients. There is some

299

evidencethat high doses of atorvagtatin may, by itsdlf, reduce BPlevels,
epecidly systolic BP,
CONCLUSIONS

Hypertenson is a common clinical and public hedth problem. Itisan
important cause of ESRD, and plays a mgor role in worsening the
progression of chronic kidney disease due to other causes. There is
insufficient datato determine optimum renoprotective strategiesfor those
with uncomplicated hypertension. Thecurrent recommendationsinclude
adequate BP control by combination of life-style modificationsand one
or moredrugs, epecidly diureticsand drugsacting onrenin-angiotensin
axis. Satins are important adjuncts in those with high cholesteral. In
future, strategiesthat ether directly hat themolecular processesleading
tohypertensverend damageor dlow reversd of established rend damage
may becomeavailable.
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