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Diversity of Calcium Channel Blockers in Hypertension: Are All CCBs The Same ?

Peera Buranakitjaroen, M.D., D.Phil.”
‘Division of Hypertension, Department of Medicine, Siriraj Hospital.

Calcium channel blockers (CCB) is one of the most potent antihypertensive drug. There
are 2 types, long lasting type (L type) and transient type (T type). At this moment, only L type
CCBs are available for clinical use. According to World Health Organization classification, only
class A CCBs which exert antihypertensive effect consist of 3 types i.e. type 1 phenylalkylamine
e.g. verapamil, type 2 benzothiazepine e.g. diltiazem and type 3 dihydropyridine (DHP) e.g.
nifedipine, felodipine, amlodipine etc.

Each type of CCB has totally different molecular structure and act at different sites at the
calcium channel on the cell membrane of smooth mucle cells to inhibit influx of Ca’~ i.e. prevent
vascular constriction. Non-DHP CCBs (verapamil and diltiazem) are less vasoselective but exert
cardiac nodal inhibition to slow heart rate, while DHP-CCBs are more vasoselective with minimal
effect on the heart. CCB had been shown to be as effective as angiotension converting enzyme
inhibitor/angiotensin receptor blocker in left ventricular hypertrophy regression. CCB had been
shown to prevent stroke better, but caused more heart failure than conventional antihypertensive
drugs (diuretic+ beta-blocker).

There are several DHP-CCBs available for clinical use. They have different
pharmacokinetic, trough to peak ratio and only some of them have beneficial effect on renal
microcirculation. Non-DHP CCB e.g. diltiazem was shown to have antiproteinuric effect. On the
contrary verapamil was not able to prevent microalbuminuria in type Il diabetic patients in
BENEDICT (BErgamo NEphrologic Dlabetes Complication Trial). Only certain types of DHP-CCBs
e.g. efonidipine, manidipine and lercanidipine have antiproteinuric effect by dilating efferent
arteriole.

Meta-analyses showed that short-acting nifedipine caused more cardiovascular events
than control group, while long-acting ones did not. Nifedipine GITS was safe to use in stable
angina patients (ACTION—A Coronary disease Trial Investigation Outcome with Nifedipine GITS).
Long acting CCBs were shown to decrease CV events in high CV risk patients when compared
with placebo e.g. nitrendipine in SYST-EUR (Systolic hypertension—Europe) and amlodipine in
PREVENT (Prospective Randomized Evaluation of the Vascular Effects of Norvasc Trial) etc.
DHP-CCB either alone or combination with other antihypertensive drug exhibited better CV

prevention than other drug classes e.g. amlodipine vs lisinopril in ALLHAT (Antihypertensive and
Lipid-Lowering treatment to prevent Heart Attack Trial), amlodipineiperindopril VS
atenololtbendroflumethiazide in ASCOT-BPLA (Anglo-Scandinavian Cardiac Outcomes Trial-
Blood Pressure Lowering Arm) and benazepril+ amlodipine vs hydrochlorothiazide+benazepril in

ACCOMPLISH trial (Avoiding Cardiovascular events through COMbination therapy in Patients
Llving with Systolic Hypertension trial) etc.
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Diversity of Beta-Blockers in Hypertension: Are all beta-blockers the same?

A, WW. 8135 gndlaeIna
N1ATEIBIYIANERT IRIAINTINNIINE A

Beta-adrenergic antagonists %138 Beta blockers %138 [3-blockers lasunisAuwnulul
A.F. 1958 IEIEJ beta blocker FLINAB dichloroisoproterenol LLas Sir James W. Black WU
sanldUseloailunonainlul a.e. 1962 enguiifidatsinaieusznis uwnzvialauin
ARd9vaz (cardiac arrhythmias), dreunilasnarsitawalansinarsbarialanie uaz maem
lafings

Lﬁaqmnmnajuﬁaamqwﬁummmmlao epinephrine #38 adrenaline Ha%us9fiaavshln
nsshwinnenarasteileanaion (angina pectoris) Tuszezusn

Lﬁa\‘lﬁ]’m beta blockers block aaﬂqwéé’ue‘iy“aﬂﬁﬁ']amﬂaq catecholamines (epinephrine
71580 adrenaline) LAE norepinephrine %38 noradrenaline IA8NIWNIS B—adrenergic receptors %\‘1
Wudinnitezasszuulszamenluifdanidsia (sympathetic nervous system)

Beta receptor ANaneAta L2 [31, Bz and BS receptors Tne B;adrenergic receptors
wufinalauazle  [B,-adrenergic receptors wuluuan maiiina1vns su aagnnauiiiafivasn
Lﬁamm:na”wmﬁaa'laﬁ"ﬁ'mﬂw Bs—adrenergic receptors Wuﬁmaa‘”lzlai’u

beta-blocker aanqw%f‘[mamié]’uég\a beta-receptor LLIEiEI’lﬂ@:NaU’lwﬁﬂﬁ’lmiﬂﬂi:rﬁjﬁ
receptor v[,ﬂ” %Gﬁ@mﬁuﬂlﬁlﬂ% partial agonist 138 intrinsic sympathomimetic U9 WAAITNEINISE
Talaiue T full agonist woNANHA ANNLANAIIAWIHAISSURY beta-receptor A9 12w
U2 HASUSIANIZITNZT968 betal receptor WANTINLBEINAITHLANATFIWE 179 NGO
AAWAIFRNS WAL membrane stabilizing effect ﬁ?ﬂﬁi’lﬂ&l’]ﬂfjua Taun propranolol, metoprolol,
nadolol 18
qnénwmﬁ'ﬁnm

ssuulnaisuladinuazala n1sld beta-blocker Tugilaalsarnunuladngas
sasnanANeulaRalailaldRnsaii gnaikinanniseangnizeseifeszuuae g nane
530U 1w e lauasrannden SNARAIZUU renin-angiotensin IABSUAINITHAS rennin waz
pnfinarassuulszamansnanslathodentuanansadmgrganasls was beta-blocker §
gnasaiala nlwialauduasdumlatosa

szuumatiunela n138U80 beta2 receptor findnsntaiSeuzaianaan vlw
naenanfuadlaeanizageoluginefifulsanauiin asvirlvannaduannis

B beta-blocker na1aaRad1N1InaRANNAWIngnAT A uan e Tusafin Ineannis

#5719 aqueous humor

%)
o

szUURaN 1SHauwazINAIUBRAN beta-blocker HIN15ASULEINTZUIN lipolysis LAY
glycogenolysis AaunwN51Ta BNl HMaINA1Izi A almEansTas SemasldaenaseSoln
fiheiumauildBugaunsafisl glucagon reserve wiae wialudihedisnaudanaan
WUIAWA LY beta-blocker §iszaulnsndizolss ndo VLDL tis waz526U HDL-cholesterol
anaY WA LHANARAB5EAU LDL cholesterol WANNUINYINIHEMS18IW289 HDL Fa LDL-cholesterol



http://en.wikipedia.org/wiki/James_W._Black
http://en.wikipedia.org/wiki/Cardiac_arrhythmia
http://en.wikipedia.org/wiki/Epinephrine
http://en.wikipedia.org/wiki/Angina_pectoris
http://en.wikipedia.org/wiki/Catecholamine
http://en.wikipedia.org/wiki/Norepinephrine
http://en.wikipedia.org/wiki/Adrenergic_receptor
http://en.wikipedia.org/wiki/Sympathetic_nervous_system
http://en.wikipedia.org/wiki/Beta-1_adrenergic_receptor
http://en.wikipedia.org/wiki/Beta-2_adrenergic_receptor
http://en.wikipedia.org/wiki/Beta-3_adrenergic_receptor
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anasvanainlonaidasaaslsnrasraondanialalaidnii
LAHYIAUFANERT
snﬂzjN‘ﬁgn@m%uiﬂ”ﬁtﬁa%”%’uﬂizmu izﬁugaqmuﬁm%u 1-3 glag nassuUsENINeN
Propranolol LA/ first pass metabolism v[,lﬁﬁﬂﬂﬁi'l bioavailability ﬂ'a%?ﬁﬂﬁl’l LL&iﬁ]xN’lﬂ%uﬂy’l
RNIWIAET BIUERIT1079RANTZUIBATTHENEI2EY hepatic extraction
Propranolol dansawaNganasld A1AZiiinaesenguiagszning 2-5 d2lug daulng
propranolol W& metoprolol gmﬂ?iauLLmJm*?iry'"fuLLazﬁﬂ'mﬁaEn'?igﬂﬁ’uaaﬂmaﬁamaﬂugﬂﬁm
gmﬂﬁﬂmmm
Pindolol IL&z atenolol gmﬂﬁlamﬂmvlaimﬂﬁfﬂ
nadolol gnﬁuaanmaﬂﬂﬂnﬂmﬂa&ﬂﬁmgﬂua:ﬁﬁhﬂ%a%imﬂnﬁqﬁ]
Uselovsl
1. msldlulsasialauaznasnidan s1ngaildnnlunmssnsianasulafings uas
angina pectoris WaNNURBEILTAIMSUSIWIA1IlaERAAUNR 19% supraventricular W38
ventricular arrhythmias Talwn1sshuwnntznarsberialanieiieunds (acute myocardial
infarction) wasilasiuniaindy Geeradunisldnalniivinldananasoinisldeandiansasiala
A3 redistribution 2a91daaluala nsanszaunsalasiudssslunataan uazgns anti-
arrhythmic 28981
2. nsldlunsdigu
1Fwn122 hyperthyroidism 1B UEI8IN1TN1952UUUSLEM sympathetic 134 810151980
WalaLAwsa
19%)99n1581115UIRASWELUY migraine ZeflFlawLn propranolol, timolol Was metoprolol 34
13119371115 block craniovascular beta —receptor L?J%ﬂ’l’i&qliuglﬁm’il,ﬁm vasodilation (ﬂ’l'ﬁLﬁﬁl
migraine pain LiAAN vasodilation 284 cranial vessels)
Tz dunisiiwsin Taur propranolol F9azvinlwiAnnizaeuls wonansugana1nis
wamaanlwguszuuUszan sympathetic 14w 81N19ARILLAWLS? nannLHaaw 15nan
18d1%15Un195n11 open-angle glaucoma b4 timolol Wa2 butatoxol Imamﬁ’aqwéammm
AWlHENA191NN15LUaANTSH319 aqueous humor t@e ciliary body
AN LLANGINIYAS beta—blocker
Beta-blockers a3130uUTn 2 ﬂéjaﬂ,ﬂajﬁa non-selective blockers ﬁé’ug’aﬁ’a 61 8
Bz receptors LAs selective B1 blockers ¥138813138N71 cardioselective beta-blockers %Emﬁ]’m‘a
fmgnwaé’uE‘T’aé]’m,l,mnﬁhaﬁ’uﬁamwﬁmawmwj’u receptor Tei19 A58N17 intrinsic sympathetic
activity
Nonselective beta—adrenergic antagonists
Propranolol
FmTuedwuU289ngH beta blocker AAINFIH1TOIWANTANY betal UaE beta2-

receptor v[,ﬂ”wi’]’] % LLm'VLN'ﬂ intrinsic sympathomimetic activity
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Propranolol azanalwlainlaruazgnandulafnienassulszniu enfin first pass
metabolism 7lWindauszanm 20% fidrgnssualadio uazdomuinluudazauwinnisgnyinane
faulusauusnruazuananeiudoduualiszauaosenlwnaanILAnR19RwAIE N529AENTiAU
WWazanaIL B A8 I A LTI iNEuLAE bioavailability azifinluszrinanisldenfnsadnsses
1987%1% propranolol §1N130ENWANGsTUUUSEEMEIWNAI L6 A mﬁgﬂl,ﬂﬁaul,tﬂaovlﬁwlﬂLLa:LN
sualariisafignaifuilanu beta-receptor 6l fi 4-hydroxypropranolol 8n3iAAZsE5mln
waanUszNa 4 galae waAnuTgns unsananaswlafneglareudiownn vldananse
ThenTnazAsonsaThas 2 ASa
Nadolol

I nonselective beta-blocker Tifiszeziaaniseangnaaglawin s membrane
stabilizing WL intrinsic sympathomimetic activity
Timolol

ln nonselective beta-blocker ARAIAUTY uaifiszezIansaangnaaglalaun enitld
# membrane stabilizing W& intrinsic sympathomimetic activity Uselegiin1emasinldlunissnen
lsamnusanladings wazldluguzasenreannisnun glaucoma
Labetalol

aanqwéﬁ‘]% competitive antagonist ‘ﬁ alphal LLas beta-receptors ﬂ’ﬁaaﬂfmé?dﬂﬁ%ﬁ
receptors fanafinalianasulafnanldideldiugialsarnasuladngs
Selective beta1—adrenergic antagonists

awn&jwﬁaanqw’ﬁfﬂmﬁy’uﬁ beta1 -receptor UnurinlallA receptor gnnazsulme NE uaz b
agonists

Metoprolol LLaZ Atenolol

1Y
o

#9809 ba# intrinsic sympathomimetic activity Atenolol ﬂ@mﬂmﬁﬁazmaﬁﬂﬁﬁ il
nsewdganaadnlarawingias Atenolol fiAAS93mE1IN91289 metoprolol
Esmolol

ﬁizﬁlzL’Jﬂﬁﬂﬂiﬂﬁﬂq%éﬁ@ﬂﬁﬂﬁi%’l% 18if membrane stabilizing activity 4as#l intrinsic
sympathomimetic activity %8¢ GLﬁTﬂElﬂﬂiaﬂL?ly’mﬂaﬂLﬁE]ﬂi%ﬂiﬁﬁﬁElyaﬂﬂﬂﬂqrﬁﬁﬂq%gﬂﬂﬁ%ﬁ
beta-receptor wszezdn wioludiagarnisninidwalauiudd
Acebutolol

H intrinsic sympathomimetic activity
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Clinical Uses
Class/Drug HTN Angina | Arrhy | MI CHF | Comments
Non-selective
carteolol X ISA; long acting; also used for glaucoma
carvedilol X X | O-blocking activity
labetalol X X ISA; O -blocking activity
nadolol X X X X long acting
penbutolol X X ISA
pindolol X X ISA; MSA
propranolol X X X X MSA; prototypical beta-blocker
sotalol X several other significant mechanisms
timolol X X X X primarily used for glaucoma
B ,—selective
acebutolol X X X ISA
atenolol X X X X
betaxolol X X X MSA
bisoprolol X X X
esmolol X X ultra short acting; intra or postoperative
HTN
metoprolol X X X X X MSA
nebivolol X relatively selective in most patients;
vasodilating (NO release)

ANga: HTN, hypertension; Arrhy, arrhythmias; MI, myocardial infarction; CHF, congestive heart

failure; ISA, intrinsic sympathomimetic activity.

LONA1381989

1. Cruickshank JM (August 201 O). “Beta blockers in hypertension”. Lancet 376
(9739): 415

2. William H. Frishman (2008-12). "Fifty years of beta-blockers: a revolution in CV
pharmacotherapy”. Cardiology Today.



http://linkinghub.elsevier.com/retrieve/pii/S0140-6736(10)61217-2
http://www.nymc.edu/People/William.H.Frishman/index.html
http://www.cardiologytoday.com/view.aspx?rid=33841
http://www.cardiologytoday.com/view.aspx?rid=33841
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Diversity of Diuretics in Hypertension: Are all diuretics not all the same?

Anutra Chittinandana, MD.
Bhumibol Adulyadej Hospital
Thiazides

Hydrochlorothiazide and chlorthalidone are the thiazide diuretics most commonly used for
hypertension. However, only hydrochlorothiazide is available in Thailand. These drugs have
produced remarkable results in lowering blood pressure and reducing morbidity and mortality
associated with hypertension, particularly in the elderly population, as demonstrated in such
trials as the Systolic Hypertension in the Elderly Program (SHEP) and the Systolic Hypertension-
Europe (Syst-Eur) trial. Diuretic doses used in earlier studies (50-100 mg of
hydrochlorothiazide or chlorthalidone) caused salt and water loss with a reduction in vascular
volume, which contributed to the hypotensive mechanism. Higher doses of thiazide diuretics
result in secondary activation of the sympathetic nervous system and the renin-angiotensin
system, hypokalemia, hypomagnesemia and increased serum glucose.

The antihypertensive effect of low-dose diuretics may result from alterations in
intracellular calcium concentrations and modulation of potassium channels with resultant
vasodilation. The low thiazide doses currently advocated for hypertension (for example, 6.25-25
mg of hydrochlorothiazide) cause little diuresis and minimal activation of the sympathetic
nervous system and renin-angiotensin system and minimal, if any, alterations in electrolyte
concentrations or glucose metabolism. However, closer evaluation of the SHEP data reveal that
after 1 year of treatment, 7.2% of patients randomized to active treatment with 12.5 mg of
chlorthalidone had a serum potassium of <3.5 mg/dL, compared to only 1% of those receiving
placebo. The synergistic effects of low-dose diuretic combinations with ACE inhibitors, ARBs, and
beta blockers represent the additive effect of multiple drug mechanisms. If actual diuresis is
necessary, either higher thiazide doses or loop diuretics must be used. Thiazides are generally
ineffective when serum creatinine exceeds 2.5 mg/dL. Thiazides have also been noted to
increase bone density, which may represent another benefit of their use in the elderly population.

Two "thiazide-like” drugs deserve mention. The indole derivative indapamide may be
used in individuals intolerant of thiazides; mechanistically, it appears to block the L-calcium
channel in a fashion similar to that of CCBs and has been reported to be more effective than 25
mg of hydrochlorothiazide in regressing left ventricular hypertrophy. Addition of indapamide to an
ACE inhibitor providing effective blood pressure reduction together with vascular protection that is
independent of blood pressure reduction in three large clinical trial, Perindopril PROtection
aGainst REcurrent Stroke Study (PROGRESS), Action in Diabetes and Vascular disease: preterAx
and diamicroN-MR Controlled Evaluation (ADVANCE) and Hypertension in the Very Elderly Trial
(HYVET). Metolazone appears to be effective even in the presence of reduced renal function;

however, outcome data are lacking for this drug.




Potassium-Sparing Diuretics

Potassium-sparing diuretics including spironolactone, amiloride, and triamterene have
minimal antihypertensive effects alone but were commonly used in the past, particularly in
combination with thiazides, to minimize potassium and magnesium loss. However, in recent
years, probably due to the lower doses of thiazides used together with the abundance of newer
drugs developed for the treatment of hypertension, interest in these drugs waned. Interest was
reawakened in the use of spironolactone in the treatment of advanced heart failure when its
markedly favorable effect on survival was demonstrated in the Randomized Aldactone Evaluation
Study (RALES). Now, evidence is emerging that primary hyperaldosteronism may account for
10%-20% of cases of previously diagnosed primary hypertension. Thus, for these patients,
antagonism of the mineralocorticoid receptor provides dramatic blood pressure reduction.
Furthermore, spironolactone may reduce the extent of myocardial fibrosis. Spironolactone doses
of 12.5-25.0 mg daily are effective and inexpensive.
Loop Diuretics

The loop diuretics, including furosemide, bumetanide, torsemide, and ethacrynic acid are
short-acting and produce brief periods of natriuresis, followed by periods of sodium reabsorption.
These drugs are not recommended for use in the treatment of hypertension and should not be
routinely used as monotherapy. However, loop diuretics are clearly beneficial for patients with
edema, particularly under conditions of decreased renal function or poor renal blood flow, e.g.,
heart failure. They may be useful additions for patients not adequately controlled with other two -
drug combinations, particularly if both drugs are vasodilators. “Resistance” in such patients is
often the result of secondary salt and water retention with resultant vascular volume expansion.
Thus, the role of loop diuretics is in the treatment of fluid retention and edema, whether
secondary to the use of other hypertensive agents or to concomitant disease states, especially

renal disease.
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Diversity of Renin Angiotensin Aldosterone System Blockade in Hypertension:

ACEI and ARB: Class versus Individual effects?

Songkwan Silaruks
Faculty of Medicine, khan Kaen University

The renin-angiotensin-aldosterone system (RAAS), a key regulator of the blood
pressure, fluid/electrolyte homeostasis, as well as mediator of hypertension-related
complications, is a prime target for cardiovascular drug therapy. Angiotensin-converting enzyme
inhibitors (ACEls) were the first drugs to be used to block the RAAS. During the last two
decades, both ACEls and angiotensin Il type 1 receptor blockers (ARBs) have become the
cornerstone in the treatment of hypertension, chronic kidney disease (CKD), as numerous lines
of evidence have shown that these agents have a blood pressure lowing independent anti-
proteinuric effect.

Both of these classes of drugs lower blood pressure by blocking certain specific steps in
the RAA chain. The ACE inhibitors block the action of the angiotensin-converting enzyme in the
lungs so that angiotensin | is not converted into angiotensin Il, thereby preventing its action of
the most powerful blood vessel constriction. The ARB drugs act by blocking the angiotensin Il
receptors on the arterioles, therefore, the angiotensin cannot cause these arteries to constrict.
The end results of taking an ARB drug or an ACE inhibitor, as just described, may seem similar.
However, there are in fact some definite differences in the way these two classes of drugs work.
There are also other effects of the drugs that are somewhat need further exploration. For
example, the ACE inhibitors has been postulated to generate nitric oxide in the small arterials
wall, thus, blood pressure-lowering effect not only by blocking the production of angiotensin I,
but also by increasing the amounts of powerful vasodilator, endothelial nitric oxide. Whilst ARBs
have also been shown to be equally effective for BP-lowering, an evidence gap still exists in
comparing the effectiveness of angiotensin receptor Il blockers (ARBS) for reducing
hypertension-related CVS complications with that of ACEls.

Additional antiproteinuric effect in diabetic and non diabetic chronic kidney disease, and
reduction in hospitalizations in patients with heart failure already receiving a single RAAS
antagonist, has been achieved by incremental inhibition of the RAAS with dual therapy or
uptitration of an individual agent above conventional dosages. However, the synergistic increase
in plasma renin activity (PRA) and the angiotensin Il escape could reduce the expected benefit
obtained with dual therapy. Results from ONTARGET showing a lack of additional outcome benefit
over monotherapy, with a concomitant increase risk of hyperkalemia, renal impairment, and
hypotension, discourage the use of the ACEI/ARB combination in patients at high risk of
cardiovascular events. This occurred despite a lower albumin excretion in dual versus single
RAAS blockade, indicating that an incremental antiproteinuric effect may be not automatically

translated into cardiovascular outcome benefits.
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Diversity of Renin Angiotensin Aldosterone System Blockade in Hypertension:

ACEI/ARB Combination: Should We Use Them or Not?

wi.aiLe Y lanaSyge
wigdznlsale NATFIEgIANERS ANzWNNEANERS an1Inenaeideclns

El’ls[,%ﬂa:ﬂ angiotensin-converting enzyme inhibitors (ACEI) LLAE angiotensin receptor
blockers (ARB) (HugnanlunissnuingalsnvirlauaznasnfonuazlsnlaSoiiosnn
fndngmiianusyuielazinsualunisilain wazazaomnudonmnnsansnnistie
wazdnsIn1sdedin lugtheningalsaialawnznassdon wazgiaelsnlaFess
finsmnuisiwananniilden ACE was ARB $anfi% (dual blockade) Lﬁaé'uégamiﬂi:@”mzuu
renin-angiotensin-aldosterone system (RAAS) "Lm”[?']ﬁa%uﬁgai%ﬂ@:u;j’ﬂaaisﬂﬁa%LLa:mamﬁarﬂ
wazgihelsalonSest TuunanarasnuniuntsAnundilden ACEl uaz ARB
FINAWIBNGNEUIEAING?

134 dual blockade A28 ACEI Laz ARB lugiaalsavilauaznannion
wann13 (Rationale)' ™

#anaINTi angiotensin I funumaiAglunisaivaaanawladin
u,azaaq@ae‘fﬂaamﬁaLL%LLazmiﬁ'}mEl‘zlaq'ifwmaﬁluﬂ'rszﬂnﬁl,l,aﬁ 571§l angiotensin Ii
Wingwnslunszusifonuazlmiteideludihelsanalouaznaanden Sofinasaniafin cardiac
remodeling, inflammation, oxidative stress, LLa% atherosclerosis
snemanazdulifizadulaiaannlnd1unanaz 6 angiotensin receptor  8lUNGH ACE!
§ugenIreaasawla angiotensin-converting enzyme (ACE) ¥inlvnsiaen angiotensin |
TUiS% angiotensin Il Teiaeas wazdasuanisrinewaasawlas kininase Il ¥inl¥iszau
bradykinin WAz nitric oxide WinawESNNElWNT2eNENaendan  agnslsinanisld ACE
RessumelalsNsasusnisashe angiotensin Il Taanysol $ha9a1nin1e “angiotensin
escape” 138991 AN158919 angiotensin Il §1% non-ACE pathways (gﬂﬁ 1) F9nn151981 ACEl
398 ULT ARB 769690197 1914289 angiotensin Il {1% angiotensin Il (AT) receptors
azvinlinssusagnizes angiotensin Il TeRaw agalsfimunisldemioasongamiinali
negative feedback ‘Zlmﬂ’liﬂiwju renin ARAY K IARILAUADY renin LAY plasma renin activity

LN
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Angiotensinogen

N Diect renin
ool —E O inhibitors

A 4

Bradykinin ‘Angiotensin escape’
: i ® - Chymase
14_ ACE —» Cathepsin G
Y
e Angiotensin Il “
metabolites
_______ Angiotensin Il
® receptor blockers

Y
Angiotensin Il receptor(s)

UM 1. 92UV Renin-Angiotensin System'"

NN53NWIANNARLATRES

nsrnunaInlrg lunisld ACEI uag ARB SanAWlnANTINEIANNAKLaRAES
wuiansnsaananuswlafnalasnudlisninfefisuiunisldaniuelunguimn
wazrasanan1Aannaw taunnarsainnisldengung @

N15AN®1 ONTARGET (ONgoing Telmisartan Alone and in combination with Ramipril Global
End point Trial) auflun13Anwa dual blockade A8 ACEI (ramipril 10 4N./7%) L&z ARB
(telmisartan 80 an./9%) LAeuAUN151881 ACEI ¥30 ARB
digesanieailng figalugiheddanudesgeselsalowazvaonidon
viogtheiunruilafnnzialenes @ Twiihe 25,620 sefidrdnisinuifisesas 6o
ffinnusulafings wuiinislden ACEl was ARB Saniuananusulafialafiniinisldensabien
WENARD composite outcome (v[,rﬁlyLLﬂ' death from cardiovascular causes, myocardial infarction,
stroke, 1138 hospitalization from heart failure) Taifianauana1eiwiaiisununisldesaen
281915ARTNNN51TE87 ACEl wae ARB SanfuyinlviAm adverse events (lauA episodes of
hypotensive symptoms, syncopal events, diarrhea, acute kidney impairment, LLag hyperkalemia)
iadnadnefinediAn  n1slden ACEl uas ARB anrulugiledasaz 30
AAusulataUnRRIumSNARaINalAAR syncopal WA hypotensive events LN
uea1n3z¥ilHLARA cardiovascular events mﬂ%%

pavwudelaiuneinnisld ACEl uas ARB SandulunnasnwiAusulafings N
Canadian Hypertensive Education Program LLas Canadian Heart and Stroke Foundation 1ud A.A.

2009 unzth1¥ngAN153nWIAI8E7 ACEI Uaz ARB 3axAWlun1s3nwIANAwladngs ™"

N155A¥1A13E congestive heart failure (CHF)

{n13AN®INNS1EEN ACEl WAT ARB SINABIBNITIN®IN1IEHILaaNIAAT (congestive
heart failure) NANAYDE 3 N1TANW
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N19MN&1 RESOLVD (Randomized Evaluation Of Strategies for Left Ventricular
Dysfunction) Wiguwiaunisile candesartan + enalapril AunsLe candesartan ¥158 enalapril
digesaiealugiaevialadiinas NYHA Class lI-IV fifl ejection fraction anas™® wuiingaiilden
ACEIl uaz ARB %auﬁ’uvlm”ﬂszfaﬂﬂut'%aa left ventricular remodeling 91NN199A left ventricular
systolic Lhae diastolic volume

N13ANW" Val-HeFT (VALsartan Heart Failure Trial) 1Sgutfieunisld valsartan
fugmaanlugiie valaduinad NYHA Class 11-IV 7ifl ejection fraction anad
wazldsunasnuaaaasgw defihedilnalasuen Acel ag®  wuiinisld Ars
Lﬁumﬂm'i'%’ﬂmmmgmvlaivlm”ama“’mﬁmﬂﬁaﬁ"’m usil)szledsilun13am composite end points
2099m91n15U280az8mMI1N19L A6 (relative risk 0.87 (0.77, 0.97))

N19FN®T CHARM (Candesartan in Heart failure: Assessment of Reduction in Mortality
and morbidity) w79 CHARM-Added trial 13guLfisunisld candesartan
Augnnaanlugiaeraladuinal NYHA Class II-IV 7ifi ejection fraction anas wazls3uen ACEl

(9 wud1nslden ARB 998AU ACI #1N1508A composite end

TuN133NWINTNNIAIFINOEHUE?
points (cardiovascular death #38 hospitalization for CHF) 1 (hazard ratio = 0.85 (0.75,
0.96), p-value = 0.01)

9INWANISANYIEINATIINIS European guidelines Loikuzin131#e1 ARB Twgtae CHF Nl

ejection fraction < $a8az 40 ua289581115289 CHF luamzfilasunnssnunnae ACEl 2gLa7
(class of recommendation 1, level of evidence A)(”) WE guidelines ?Jaaaﬁ%'gal,u%mei’lqmbluﬂ
A.A. 2009 wuztilren ARB iisinan ACEI lugiae CHF fidefiannisag
LLlsi"Laiﬂ'J{lz?%wﬁ’ua’lﬂeju aldosterone antagonists (Class Il recommendation, level of evidence
B)"'®  AMNUANA19A8Y strength 2BINTTUULIULAZAANG iasanuanisfnuafinuiildan
all-cause mortality

N133NW1 ischemic heart disease

15FNWY VALIANT (VALsartan In Acute myocardial INfarction) 1Sauifiaunisle
valsartan + captopril Aunisty captopril pe19LREN 1%@1]’;81 acute myocardial infarction ‘ﬁﬁ left
ventricular dysfunction WuinlafinnauanaslunisansnsIn1siedsn nonasnssae8w
(death from cardiovascular causes, recurrent myocardial infarction, %38 hospitalization from
CHF)“S) ﬁ'mimjﬂ'lﬁl acute myocardial infarction ‘ﬁﬁ preserved left ventricular function

(14)

laifinsfnunlaenss"™ usfingugUaediunitalun1sdne ONTARGET

(5)

]
d o d 1

AL HWURARAINNEIT19AT

1314 dual blockade 2881 ACEI uag ARB lugiaalsalasass

wann13 (Rationale) '™

finsenwInINNne89n1319E80 ACEI 58 ARB
o [V ~3 a a w1 & [ 1& s s a
MuangliiAunaUszandualugielsalnsess lnaldguiunsannnunuladn
Inenalnaasnisan intra-glomerular pressure 31NN192818 efferent arteriole IR RN
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proteinuria aRA, gueld mediators of inflammation, gUed oxidative stress, LazUaInwnISLAR
fibrosis WAE renal scarring A151881 ACEl S98AUE1 ARB

o & oV s ) a o o = a
a199zdzanA N FaNgaslsalaSasslaRnIINIsldeResssen HasanainsaanuSun
proteinuria bANINNIINTSLAEIAREY  N15aAUSNIN proteinuria 971NN15h487 ACEI 158 ARB
wuhdnwusnunIsiinlanesesissezgavinenana

o v 1 <

2 o 49 o a
QGNRWWﬂﬂwmnﬂqmﬂ]%ﬁ?NVRﬁﬂqiaﬂﬂiﬂqm

a Ly

. . < . s & o
proteinuria % surrogate end point hn135nENlsAlALEES

waznsifinlspalanaznasadennanas > "

n153nulsAlAaINLUITBITK (diabetic kidney disease)

TsawnnwuaunasuiunibizaclsalaSooszesgarieialan saamslulazmalne
dowulisoeas 30 - 50 2eegihelsalnitosiszazgarineiiviinissnymaunula (end-stage
renal disease; ESRD) Andngiuainnisdnwifiuanslifivadnednaninnislden ACEl na ARB
sansnlasiunasyzasnnmdonzaslsalanoluiihoninueininiuazsiaiaes'*

finanenismnunilden ACEl $anruen ARB ludihelsalnanuiniuluszes
microalbuminuria WUINEIN190aAUSNI0Y urine albumin excretion (UAE)

Taninnansidendaien  wan1sldendaesasannwinaliiszsu GFR anasn1nnan 2"

AR Ru1ensAnwIinudinsldendasiasaniuan UAE Tamdnnistdenduiedlwawiaiige >
aeglsnmngslaifin1sinwiNesnuuunazauainn1slden ACEI 398AUeN ARB

A1N190%288N19LAR macroalbuminuria la5NINN1TIdNsRerSe N

Uagundslafinisdnuwinislden Acel sanuen ARB ludiaelsalmanniuimauluszes
macroalbuminuria ﬁ@ﬂ\lﬂl}iaﬂ’lﬂﬁlaﬂﬂmriﬂlmlﬂd ESRD %138# doubling of serum creatinine
Zafia1Tn hard end point 2aegithelsnladess usfi 2
nsAnwrfiegluszninenisnuiienuszdnsuazasnislden ACEI sauiuen ARB
Twn1sgzasniaifin ESRD lugiheiumueiafidesfiogluszes macroalbuminuria Tetuf
N19AN¥1 NEPHRON-D (1U38ULABU losartan + lisinopril iU losartan) waz VALID (1U3auiieu
valsartan + benazepril AU valsartan #1358 benazepril Lﬁ&lx‘iﬁ%ﬁ&l’s)m

nssnwnlaalafilalmTuarniuanaim (non-diabetic kidney disease)

fmanansfnwawimdniilden ACEl Tanriuen ARB Tunsanu3ana proteinuria
TugthelsaladlalmTuaniuiniiu wWulugiae 1gA nephropathy wuiianansaanusao

(60-59) " finn5An¥1 COOPERATE 1SeuLiesunislden

(34)

proteinuria bAANIINTS AL NEIALAL?
losartan $3NNU8N trandolapril [ABUAUNTSLAE losartan %38 trandolapril LNEIA7LAE?
WUINIS LT ENdRIAITINABEINITAYLA8NT5LAR doubling of serum creatinine Waz ESRD
TaRndnnsldensnsien usegnslsfmunisdnuiitldgnoennewitosannsi misconduct™

§l meta-analysis 2 189197 18 lA5INEA209N15AN ¥ COOPERATE Zawudn nnslden ACEl
FaNAvUeI ARB HUseAnSanlun1sanuSnna proteinuria LaANINN15IARNALHE"

A g

Wi luaRefioUseansuananisannisiim ESRD ¥38 doubling of serum creatinine b
Ruggenenti wazAnizlasna91wUseinsuazninisld ARB lugiaeffl proteinuira > 3
N3N/ Auiouddnazlaen ACEI awaLAnAngua wuiniigiuiesaeaz 30 fifl complete remission

AaUSx10l proteinuria aaadrASlHLAY 0.3 NSN/I% wazUszu1AIIBA15aANISLAR ESRD
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9IN3LAL 72 INABLNENSREAE 28 WINBARNIUAREA LAZAZABNTISIARA ESRD 9105824980 8
Yaaluln 20 U Fesiunngnnenlden ACEI 3anruen ARB lwn1sanu5nae proteinuria

%

TifiUszAaNE A Beiuninnisldenieesuienas seaUSan proteinuria XA 1 - 3
N3N/ Inag
DU

Fouwtaunztinaanang uiidogluiaguulun1slden ACEl Taniuen ARB
szlaUszandualugioaaings
nanusnazdIgansnsn1siedinainlsanalauasnasmionnse hospitalization for CHF
TungugUaevalasne NYHA Class Il - IV A% ejection fraction AeLATOEAE 40 Aol
LdaE95iaIN19MAIN1IINWIRIBEN ACE! UAZN1TINWIHIATTIBEBLE
5nﬂEjwﬁﬂu@’ﬂwfmimL%a%’ﬂﬁvlaivlm”ﬁ]umﬂmemﬁﬁU%mm proteinuria ¥1NN71 500
an./Twdonsiinaslaen ACEl n3e ARB falaswitiagnouuan

Tw3asannUasnsiezasnislden ACEl sanriuen ARB ffefidaatnseiifidAn 3
Uszn13 TeuA 1) A1 hypotension Feaswulslugiefimuanlanalsigiagion
fihevaladinan deunsnssgilefionnisuas syncope S8 2) NIARAIYEY GFR
Tugtnefilasunissnunsieen ACEl 3o ARB azfinnsanaszas GFR Talailiusasaz 15 - 30
ABIAIBIRT INNT58A intra-glomerular pressure  N1518E1 ACEI $9nfUEN ARB 927111% GFR
anadlanInnINIsidenmaiel wazenanalviinn1az acute kidney injury (AKI) ﬁﬁémmﬁﬁuﬁw
acute dialysis 16 B98Nz dNRWSAUNZ hypotension 19w lwn15AnW? ONTARGET
ﬂzjNﬁv[,m”maaﬂﬁ’sﬁqﬁﬁmizﬂﬂaomiﬁﬂ acute dialysis 58882 0.33 WYUNUIBEAT 0.15

LAZSAEAT 0.23 Mﬂéjﬂﬁiﬁ’m ACEI a2 ARB tiessaLagannaau®

; WaE 3) N3
hyperkalemia 9azwulugthefifidn serum potassium geagifin niafinae AKl \Dunaunsndawn
nnsanelugthelsaladlalmiuaniuimainuuassi proteinuria WU1528U serum potassium
[ RinEwfies 0.10 W&z 0.19 mEq/L (iafieurunislden ACEI uas ARB

=] o d o e (37)
LWENAILRYINTNRIBAU
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