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Abstract
Renalinvolvementinpatientswithtype2diabetescarries
a risk of increased cardiovascular mortality. This is
particularlytrueinthepresenceofmicroalbuminuriabeing
anearlymarkerofendothelialdysfunction.TheuseofRenin
Angiotensin Aldosterone System (RAAS) blockers has
beenfoundbeneficialinimprovingendothelialdysfunction
aswellaspreventingdevelopmentofmicroalbuminuriaand
itsprogressiontomacroalbuminuria.Thisclassofdrugshas
beenprovedeffectiveindelayingthedevelopmentofend
stagerenaldisease.However;inpatientswithestablished
endstagerenaldisease, itbecomescontroversialwhether
using these drugs may still be beneficial. Indeed, some
studieshaveshownthattheymayevenbeharmfulifused
in late stages of chronic kidney disease. In this article,
wewill reviewfirstly, the renovascularchanges inhealth
anddisease and secondly appraise thedifferent trial data
pertaining to theassessmentof theuseofvariousRAAS
inhibitors at different stages of the renal continuum.We

hope the reviewwillhelpput togetheraphysiologically-
basedfundamentalknowledgeandatrial-derivedevidence
base for to help inform day to day decision-making in
clinicalpractice.

Key Words:RAAS,Diabetes,Microalbuminuria,Hyper-
tension,Endothelialdysfunction,

Introduction
Diabetesisoneofthecommonestcausesofend-stage-renal
disease(ESRD)worldwide.Itisalsoamajorriskfactorfor
cardiovasculardisease(1,2).Overtwentyeightpercentof
patientswithtype2diabetesmellitus(T2DM)havemicro-
albuminuria, and about 8% have clinical proteinuria (3).
Withouttreatment,around20-40%ofthesewouldprogress
to overt nephropathy (2,3). In some studies. aggressive
glycemiccontrolwasshowntodelayprogressionofdiabetic
nephropathy (4,5). Use of renin angiotensin aldosterone
system (RAAS) blockers in treatment of hypertension
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associated with proteinuria has delayed progression of
nephropathy in many studies. It is also established that
RAAS play an important role in cardiovascular disease
(CVD)includingheartfailure.

Renovascular physiology
Fundamentally,RAASisacascadeof reactions inwhich
angiotensinogeniscleavedbyrenintoformangiotensinIas
theinitialstep(Figure1).Angiotensinconvertingenzyme
(ACE) then converts angiotensin I to angiotensin II.The
resulting Angiotensin II in turn stimulates aldosterone
synthesis from zona glomerulosa of the adrenal cortex,
stimulatesthirst,andleadstoantidiuretichormonerelease.
These changes consequently result in sodium and water
retention. Angiotensin II is also known to be a potent
vasoconstrictorandastimulantofinflammatorycytokines,
adhesion and chemotaxis of inflammatory cells (6-8).
RAASinhibitionhasbeenfoundtobeeffectiveinreducing
cardio-renalmortalityandmorbiditycommonlyknownas
thecardio-renalcontinuum(CRC)(Figure2).
The mechanism through which the capillary pressure
remains controlled within 5mmHg, despite varying
perfusion pressures is described as renal autoregulation
(9-10).It ismainlycontrolledbythevasculartoneofthe

afferentandefferentglomerulararteriolarsystem.Incases
of high systemic blood pressure, the afferent arterioles
initiatereflexcontractionthatreducesrenalbloodflowtoa
levelthatisappropriateforfiltration(usuallyameanarterial
pressure 70-80 mm Hg) (9, 10). Increased delivery of
sodiumchloridetothedistalnephronisanothermechanism
thatcausesafferentarteriolarconstrictionthroughatubular
glomerular feedback mechanism (11). Conversely when
there is hypovolemia, the efferent glomerular arteriole
constricts to maintain filtration pressure (12). With
early development of atherosclerotic vascular disease
in diabetics, the autoregulation at the afferent arteriole
becomeimpaired,andhencesystemicpressurescaneasily
betransmittedtoglomerularvessels.
Another characteristic feature of endothelial dysfunction
isanimpairednitricoxide(NO)activitywhichconstitutes
anearlystepinthepathogenesisofatheroscleroticdisease.
NitricoxideisderivedfromL-argininethroughtheaction
ofNOsynthasesandhasakeyroleinmaintainingvascular
wallintegritythroughavarietyofmechanisms,including
inhibition of inflammation, cellular proliferation, and
thrombosis.Moreover, due to its vasodilating properties,
NO is an important regulator of afferent and efferent
arteriolartoneofrenalglomeruliandthushasacrucialrole

Figure 1.TheRAASActivationandPathwaysforgenerationofAngiotensinII(Adaptedfromreference6).
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in determining renal hemodynamics. Increased reactive
oxygen species formation and altered basal NO activity
contribute to endothelial dysfunction in patients with
T2DMandarterialhypertension.Thisandhasbeenlinked
totheinitiationandprogressionofatherosclerosisandovert
cardiovascularandrenaldisease(13).

Role of RAAS blockade in the renal continuum
Endothelial dysfunction
Endothelial dysfunction is the earliest stage of vascular
involvement,followedbyacascadeofcardiovascularand
renal events that include microalbuminuria as depicted
infigure2.RAASblockadehasbeenprovedeffective in
renalprotectionatdifferentstagesoftherenalcontinuum.
Perhaps the best known “proof of concept” trialwas the
TRENDYtrial(13).Theinvestigatorsevaluatedtheeffect
ofTelmisartanandRamiprilon renalhemodynamicsand
renalendothelialfunction.Theyincluded66patientswith

hypertensionandT2DM,withorwithoutmicroalbuminuria.
Endothelialdysfunctionwasevaluatedbymeasuringrenal
plasma flow after infusion of N-monomethyl-L-arginine
(L-NMMA),indicatingincreasedbasalNOactivityofthe
renalvasculature.Theauthorsdemonstratedthatbothdrugs
led toasignificantNOactivity in response toL-NMMA
infusionafter9weeksoftreatment(13).

Prevention of microalbuminuria
Microalbuminuriaisaprogressivestepinthedevelopment
ofdiabeticnephropathy.Severalstudieshaveinvestigated
the effect of RAAS inhibition in prevention of
microalbuminuria.TheprimaryendpointforBENEDICT
trialwasthedevelopmentofpersistentmicroalbuminuria.
The trial included 1204 subjects who were randomized
to receive Trandolapril plus Verapamil, Trandolapril
alone, Verapamil alone or placebo for three years. The
onset of microalbuminuria was delayed in the arms of

Figure 2. Renalcontinuumandorgandamage(Adaptedfromreference7).
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Trandolapril plus verapamil and trandolapril alone. The
authorsconcludedthatuseoftrandolaprilinpatientswith
type2diabetesandhypertensionreducestheincidenceof
microalbuminuria (14). More recently, the ROADMAP
trial evaluated the effect of Olmesartan in prevention of
microalbuminuria.Thestudywasconductedin19centres
across Europe and included 4447 patients with type2
DM. The primary end point was the first occurrence of
microalbuminuria.Olmesartanresultedinsignificantrisk
reduction of 23% with hazard ratio of 0.77; P=0.0104.
However, cardiovascular mortality was greater in the
Olmesartan group and thiswas attributed to its effect in
reducingbloodpressureinpatientswithexistingcoronary
heart disease (CHD) (15). The DIRECT trial was larger
anditincluded5,231patients.DIRECTconsistedofthree
large placebo controlled multicenter trials. It evaluated
theeffectsofARB(Candesartan)ondiabetic retinopathy
andnephropathy.Thestudywasnotadequatelypowered
for assessment of renal outcomes. Microalbuminuria
developedin401overaperiodof4.7yearsoffollowup.
Candesartandidnotresultinsignificantreductioninriskfor
microalbuminuria.However,therateofchangeofurinary
albumin excretion was significantly reduced in patients
assignedtoCandesartan(P=0.02)(16).

Prevention of progression to macroalbuminuria
RAAS inhibitors were also studied in patients with
microalbuminuria. IRMA2 study is a double blind,
randomized, placebo-controlled trial that evaluated the
renoprotective effects of Irbesartan in 590 patients with
T2DM. , hypertension, and persistent microalbuminuria
over a period of 2 years. The primary outcomewas the
onsetofovertdiabeticnephropathyasevidencedbythefirst
occurrenceofanalbuminexcretionrateof>200ug/min,or
anincreaseofatleast30%frombaselineontwosuccessive
evaluations. The unadjusted hazard ratio for diabetic
nephropathy was 0.62 (P=0.08) in the 150mg Irbesartan
group,and0.30(P<0.001)inthe300mgIrbesartangroup.
After adjustment for baseline level of microalbuminuria
and blood pressure the adjusted hazard ratio for diabetic
nephropathy in the 150mg group was 0.56  (P=0.05)
(17).The effects ofEnalapril on reducingprogression to
macroalbuminuriain95normotensiveT2DMpatientswith
microalbuminuria in a placebo-controlled trial conducted
over5years(18).Thedifferenceinchangeinalbuminuria
was quite significant in favour of Enalapril (p< 0.005).
It was also concluded that there was a close correlation
betweenserumcholesterollevelsandthedeclineinkidney
function(18).TheDETAILtrialwas thefirst tocompare

anACEandanARBinpreventionofprogressiontoESRD
fromabaselineofmicroalbuminuria(19).Itincluded250
patients with T2DM and hypertension. It concluded that
therewasnodifferencebetweenACEinhibitorsandARBs
inpreventionofprogressiontoESRD(19).

Macroalbuminuria
Most of the studies conducted for the prevention of
progression of nephropathy were in patients with
macroalbuminuria.Irbesartanindiabeticnephropathytrial
hasincluded1715patientswithT2DM,hypertension,and
nephropathy (urine protein excretionof>900mg/day and
serum creatinine between 1-3mg/dl in women and 1.2-
3mg/dl inmen).Theprimaryendpointwas a composite
ofdoublingserumcreatinine,ESRD(indicatedbystarting
dialysis,serumcreatinine>6mg/dlorrenaltransplantation),
or death. Patients were assigned to either Irbesartan,
Amlodipine,or aplacebo (20).The studyconcluded that
IrbesartanwasmoreeffectivethanAmlodipineinreducing
primaryendpoints(riskreduction23%,P=0.006).Itwas
also  more effective  than placebo with risk reduction
of 20%; P=0.02 (20). RENAAL is another landmark
trial that studied Losartan in renal protection. The study
included1531T2DMpatientswithnephropathy [defined
as24hoursurineproteinexcretionofatleast300mg/day
and serumcreatinine between1.3-3mg/dl]. Patientswere
followedupforaperiodof4.5yrs.Theprimaryoutcome
was the first event of composite end point of doubling
serum creatinine. Losartan has reduced the incidence of
doubling serum creatinine time by 25% (P=0.006) and
endstagerenalfailureby28%(P=0.002).Thecomposite
ofmorbidity andmortality fromCVDwas equal inboth
groups. The rate of first hospitalization for heart failure
wassignificantlylowerwithLosartan(32%riskreduction,
P=0.005)(21).AMADEOtrialcomparedtwoARBswith
respect to reducing urinary albumin creatinine clearance
(22).A total of 860 patients with T2DM, hypertension,
and an earlymorning spot urine albumin creatinine ratio
of>700wereincluded.Patientswererandomizedtoeither
Losartan(anARBwitha lowlipophilicityandshorthalf
life) or Telmisartan (a highly lipophilicARB with long
half-life). They were followed up for 52 weeks. Both
TelmisartanandLosartanresultedinsignificantreduction
inAlbumin:Creatinine ratio (29.8% for Telmisartan, and
21.4%forLosartan,P=0.0001 forbothdrugs).However,
TelmisartanwassuperiortoLosartaninreducingalbumin
excretion (P < 0.03) (22). Chronic activation of renin
systemwasdemonstratedtocauseendorgandamageand
that plasma renin activity is an independent risk factor
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for cardiovascular events anddeath.This has lead to the
explorationofathirdblockadepointinRAASnamelythe
blocking of renin directly. In theAVOID trial,Aliskerin
was used in addition to Losartan treatment and the dual
blockadewascomparedtoplaceboinpatientswithT2DM,
hypertension and albuminuria (>300mg/gm). Aliskerin
resultedin20%reductioninmicroalbuminuriaandthiswas
significantly greater than placebo (p=0.0009). It has also
resultedinreductionofprogressiontoESRDespeciallyin
thosewithuncontrolledbloodpressure(23).

RAAS blockade in Acute Kidney Injury
Acute kidney injury (AKI) is defined as an acute insult
that results in a functional or structural changes in the
kidneyresultinginanincreaseinserumcreatinine.Recent
epidemiologicalstudieshavedetectedawidevariationin
the causation and risk factors associatedwithAKI. This
condition increases hospital mortality rates, particularly
if dialysis is required (24). Furthermore, there is an
emerging body of evidence that even minor, short-term
changesinserumcreatinineareassociatedwithincreased
mortality (25).Other importantconsequencesofAKIare
progressionofpre-existingchronickidneydiseaseandeven
developmentofESRD.IntroducingRAASblockadeinthe
presence of acute kidney injury caused by hypotension,
volumedepletionordehydrationandover-diuresis,further
worsens renal function (26). Normalization of kidney
functiontothebaselinehasbeenobservedfollowingACEI/
ARB withdrawal. The proposed mechanism is that the
normalpathwaysthatprotectkidneyperfusioninthecase
ofhypovolemiaareblockedbytheuseofRAAS-inhibitors
(27).TheroleofACEI/ARBincontrastnephropathyhas
been evaluated by many studies. Rim et al prescribed
ACEI/ARB to 64% of patients undergoing coronary
angiography. Inamultivariableanalysis, theuseof these
agents remainedan independent and significantpredictor
ofcontrast-inducedAKIinanunmatchedcohort(OR,1.39;
P=0.06). In the matched cohort, use ofACE inhibitors/
ARBswas also associatedwith a higher adjustedORof
contrast-induced AKI (OR: 1.43; P=0.02) (28).  There
are still controversial views over the preoperative use of
ACEinhibitorsinpatientsundergoingsurgicalprocedures
including coronary artery bypass graft (CABG). While
someauthorssuggestthatthepreoperativeadministration
ofACEinhibitorsincasesofCABGresultsinhypotension
and renal dysfunction (29-30), others suggest that their
usedoesnotcausehypotensionandcanbesafelyusedin
patientsundergoingcardiacsurgery(31,32).Aretrospective
cohortstudyincludeddatafrom3,139consecutivepatients

undergoing isolated CABG in a Brazilian tertiary care
hospitalover14years (33).Theywere followedupuntil
discharge or death. Clinical outcomes after surgerywere
analyzed between users and nonusers ofACE inhibitors
preoperatively.PatientsonACEinhibitorshadahigherrisk
of developing post-operative acute kidney injury (AKI)
(OR 1.23; P=0.042), as well as elderly patients, patients
withchronicobstructivepulmonarydisease(COPD),heart
failure,andpatientswithearlystagesofCKDascompared
topatientswerenotonACEinhibitorspreoperatively(33).

RAAS blockade in Chronic Kidney Disease
ItiswellestablishedthatinhibitingRAASslowsprogression
ofCKD in earlier stages (34), Suissa et al. studied 6102
diabeticpatientswithhypertensionwhoweretreatedwith
either beta-blockers, calcium channel blockers orACEIs
(34). The influence of long term use ofACE inhibition
on the incidence of end stage renal failure (ESRF) was
assessed.PatientstreatedwithACEI’sreachedESRF,faster
thanotherswhowere treatedwitheitherbeta-blockersor
calcium antagonist (2.5% compared to 0.8% and 0.7%
respectively.TheauthorsproposedthattheuseofACEI’s
does not appear to decrease the long-term risk of ESRF
in diabetic patients. Instead,ACEI’smight be associated
withanincreasedrisk.Apparently,theactualstageofCKD
seems toplayan important role in taking thedecisionof
whethertocommenceACEinhibitors(35).Onuigboetal
evaluated26patients12ofthemwerediabeticsandfound
thatolderpatientswithCKDandserumcreatinine>2mg/dl
orGFR<35ml/minprogressesfasterafterinitiatingRAAS
blockade. Themean eGFR increased from (P=0.001) 26
monthsafterwithdrawalofRAASblockade.Inthegroupof
patientswhodidnotundergorenalPTAorstentplacement,
10patientsoutof17hadshownsignificantimprovementin
theireGFR(P=0.005),23monthsfollowingdiscontinuation
of RAAS blockade.This indicates ischemic nephropathy
isunder-diagnosedinthisgroupofpatients(36).Recently,
itwas reported that stoppingRAASinhibitors inpatients
with advanced CKD (mainly stage 5) delayed the onset
of renal replacement therapy, 46% of the population in
thestudywerediabetics,eGFRincreasedby25-50%and
proteinuriawasnotaffectedasproteinuriawillbeminimal
insuchgroupduetoglomerulosclerosis(37).Theseauthors
suggestedthatamacrovasculardiseaseaffectingtherenal
vasculature in diabetics causing ischemic nephropathy
could be the attributing factor for this deterioration, and
thiswillbemoreprominentintheelderlypopulationswith
diffuseatherosclerosis.Moreoverusingadualblockadedid
notaddtotherenalprotectionasseeninONTARGETstudy;
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itwasratherassociatedwithhypotensionandworseningof
renalfunction(38).

RAAS blockade in ESRD
Once the patient reaches ESRD stage , the beneficial
effectofRAASblockadeonrenalprotectionisabolished.
However, cardiac advantages ofRAAS blockade persist.
Theeffectonthevasculaturehelpspreservationofvascular
access as the effect of RAAS blockade in reversing
endothelialdysfunctionandpreventionofatherosclerosis.
Theriskofcardiaceventsindialysispatientsisgreaterthan
inthegeneralpopulation.Thisrendersthemthegroupthat
requirestheRAASblockadethemost.Inadditiontothat
blockadeRAASisrequiredforBPcontrol.Hyperkalemia
inhemodialysis(HD)patientsisoneofthelimitingfactors
for their use in this groupofpatients.This is in contrast
to patients receiving peritoneal dialysis who are more
prone to hypokalemia. It is therefore recommended to
individualizethetreatment,ashyperkalemiainHDpatients
as it is highly dependent on the diet and residual renal
function.Patientsonperitonealdialysistherapyareprone
todevelopperitonealmembranefailureduetofibrosisand
neoangiogenesis resulting in loss of ultrafiltration. This
is related to up-regulation of growth factors (TGFß and
VEGF) andother factors such as aldosterone,which can
promote fibrosis in the peritonealmembrane in response
to exposure to glucose (39-41). In addition, peritoneal
membraneexpressesangiotensinogen,ACE,angiotensin1
and2(42).Itseemsthat,theperitonealmembranehasits
owninternalRAASsystem.StudiesinratsrevealedRAAS
blockadeinhibitssynthesisofTGFßandVEGF.Inhumans,
Kolesnyketal(43)reportedthatthegroupofpatientswho
were treatedwithACEIorARBsdidnotshowincreased
solutetransportwithtimeontherapywhichisseeninthe
controlgroup.Ontheotherhand,Fangetal(44)wereable
to prove in a retrospective study the powerful survival
benefitinthosePDpatientswhoreceivedanACEinhibitors
orARBs.Peritonealdialysispatient’sbenefitsfromRAAS
blockade as it acts as an anti-fibrotic agent and prevent
peritoneal membrane sclerosis, which is responsible for
ultrafiltrationfailure.Inpatientgoingforrenaltransplant,
itisrecommendedtodiscontinueRAASblockadepriorto
theoperationasStevensetal(45)reportedrenaltransplant
recipientswhoweretakingarenin-angiotensin-aldosterone
system blocker at the time of transplantationweremore
likelytodevelopimpairedgraftfunctionpostoperativelyin
theabsenceofotherexplanations(45).

Conclusion 

It is currently well established that RAAS blockade
plays an important role in renal protection, especially in
diabeticpatients,where theywereproven tobeeffective
in prevention of microalbuminuria, delay of progression
to macroalbuminuria, and to ESRD. Use of RAAS
blockade has clearly regressed proteinuria dramatically
in early stages of disease.However, treatment should be
individualized, particularly in the elderly and in patients
withGFRless than35ml/min(CKDStages4-5)as they
mayprogresstoESRDfasteroninitiatingRAASblockers.
Recent work suggested that using RAAS blockers in
late stages of CKD is unwise and mostly harmful with
resulting deterioration in kidney function attributable
to the associated atherosclerotic vascular disease. Some
controversies remain unsettled pertaining to the use of
RAAS blockers in patients undergoing major surgery,
andinpatientsundergoingdialysis.Somestudiesshowed
beneficial effect in peritoneal dialysis patients, and their
cardio-protective effect could be useful in patients on
dialysis.Furtherwork is required to establish the roleof
RAAS blockers in patients with ESRD and patients on
renalreplacementtherapy.
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