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Table 1. Diseases that may underlie angina pectoris

Coronary-artery disease
Atherosclerotic luminal narrowing
Nonatherosclerotic coronary-artery disease
Coronary-artery spasm
Congenital coronary anomalies
Coronary thromboembolic events
Coronary-artery vasculitis
Valvular heart disease
Aortic stenosis or insufficiency
Mitral-valve prolapse or stenosis
Pulmonic stenosis
Hypertrophic cardiomyopathy(with or without obstr-
uction)
Other¢hypertension, normal coronary arteries with
no identifiable disease)
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Table 2. Mechanisms of action of nitrates in angina

pectoris.
Decreased myocardlal Enhanced myocardial
Oxygen Demand Oxygen supply

Decreased venous returen  Prevention of closure of

reduces left ventricular
end-diastolic volume and
ventricular wall stress

Decreased arterial compli-
ance and cardiac output
lower systolic pressure
(afterload)

Decreased peripheral resis-
tance lowers afterload

stenotic coronary arteries
during exercise

Dilation of epicardial coro-
nary arteries, eccentric
stenosis and collaterals

Decreased left ventricular
end-diastolic pressure
enhances subendocardial
blood flow

Inhibition of coronary
spasm
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Table 3. Nitrate preparations for stable angina pectoris
. Route of Duration of effects and
Preparation Administration Dose Comments
Nitroglycerin Sublingual 0.3-1.5mg, as needed Very short half-life; peak effect 2-3
(Trinitrin, TNT, min; duration of effect up to 1h
glyceryl trinitrate)
Oral spray 0.4mg per metered dose, Very short half-life; effects apparent
as needed within 5min
Buccal 2.5-6mg tid Duration of action 4-5h
Ointment 2% ointment 15X15cm  Inaddequate data; not generally used
or 12.5-40mg in stable angina

Transdermal patches

7.5-10mg/12h; patches
removed after 12h

Effects apparent within 1-2h; not
effective during continuous ther-
apy. During intermittent therapy,
duration of effect 8-12h

Oral sustained release 2.6-9mg tablets tid

Isosorbide dinitrate Sublingual 5-15mg
(Isordil, Isordil
Tembids)

Oral

Slow release

Ointment
Isosorbide-5- Oral
mononitrate(not
available in US)

Sustained release

Pentaerythritol Oral
tetranitrate

(Peritrate)

40mg qid

20-60mg bid or tid

80mg once daily
100mg/24h

10-40mg bid; eccentric
dosage at 8AM and 3PM

40-100mg once daily

Onset of action in 5-10min; effects
last up to 60min

Exercise time raised for 2-8h after
single doses; qid therapy produces
tolerance; asymmetric bid or tid
therapy with 30mg prevents
tolerance

Effective for 8-12h

Not effective during continuous
therapy

Duration of effect 6-10h

Claimed efficacy up to 9h during
chronic therapy depending on
preparation

Single doses effective but usefulness
of continuous therapy is question-
able
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) Limitation of nitrate therapy
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Short-acting nitrateg(Table 3)

Nitroglycerin’d 83 & X8 A 77} o}F Fo0 o
HEHogx AlEEH exercise tolerance® N4
N # itk 254 gAFe] JehE % 39
o2 YHFol 24 FHIE s} A& 0.4~05mg
A3 Aol 04mg of NTG per Puffel Spray& A}
&3 58NA 28 3~43717) AE7Hg ) o)
9 tolerancer {UTh

Long-acting Nitrate Preparations(Table 3)

Nitrate tolerance2| R

H 10197 long-acting nitrate A1-8A| tolerance”}t
43 Az7ge Bage] gl Toleranced)
A& nitrate®] FTFH AL o] wal opeksid.

(1) Nitroglycerin patche= YA @] AHHo g
F5HY & Jdou 2447 oluol tolerance”t A4A

A% patch® Box FEHI} $H3) LGP,
(2) Nitroglycerin®] ¥ = HU A&FodE 24

AlZtellol tolerance”t €3 A7)l nitroglycerin

AR BoolE cross toleranceZt 7).

(3) B39 isosorbide dinitrate FAANE 1Y 4
o dAH 15~200mg AH&A] 15Uefoll tolera-
nce?} A7,

(4) Isosorbide-5-mononitratet 1% 43] A4} to-
lerancet= #4438 A7iv] 19 23] 1247 LF o8
AREA] REAQ tolerance7t A ZITHY,

nitrate tolerance2| Ofjf2Y

(1) Nitroglycerin patch+= 10~12A13+2] patch-free
interval & 5 &7] A% G X BH?, ol patchE
AAYE ™ rebound angina’l A& ¥ YT small
patch(less than 15mg/24hrs)+ A7} ithH?,

(2) Buccal nitroglycering 2.5~6.5mgg 1 33

Table 4. Adverse effects form nitrate therapy

Adverse Effects Reasons
Syncope and Caused by a reduced preload and
hypotension afterload; usually accompanied

by bradycardia, rather than
expected reflex tachycardia.
Treated by recumbency, occa-
sionally volume expansion
needed

Caused by excessive hypotension
Caused by vasodilation. Severe
headaches may limit dose or

Cerebral ischemia

Headaches and

facial flushing
even nitrate therapy in some
patients

Table 5. Mechanisms of action of B-adrenergic receptor
blockers in angina pectoris

Increase in Flow to
ischemic area

Reduction in myoc-
ardial oxygen demand

Reduction in heart rate,
contractility, *and sys-
tolic blood pressure
during exercise

Reduction of free fatty acid Reduction of coronary con-
release during exercise
decreases oxygen wasting

Increased diastolic filling
period increases coro-
nary perfusion time

striction during exercise

*A pronounced reduction in cardiac contractility may lead to
cardiac dilation anb increase in wall stress.
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Table 6. B-Adrenergic receptor antagonists for angina pectoris: properties and usual reconnended doses

Generic Name i Plasma  Lipid+  First- g{\est;k; g:‘?)stgz
(Trade name) sa Hil-f(h)— SOI.Ub— Pass Excr Binding Usual dose
ife Llity Effect .
-etion (%)
Noncardioselective Agents 120-140mg/d; 3-4 divided doses but
Propanolol* - 35 +++ ++  Liver 90 80mg bid usually adequate
Inderat
Inderal LA - 8-11 +++ ++  Liver 9  80-320mg once daily
Oxprenolol ++ 2 ++ ++  Liver 80  120-140mg/d; 34 divided doses but
Trasicor 80mg bid usually adequate
Timolol - 4-5 + + Liver, Kid- 60  15-45mg in 34 divided doses
ney
Blocadren
Nadolol* ~ 20-24 0 0 Kidney 20  80-240mg once daily; mean, 100mg
Corgard
Sotalol - 15-17 0 0  Kidney 5 240-480mg/d; single dose
Sotacor
Cardioselective Agents ++
Acebutolol 34 0 ++ Liver,Kid- 15 200-400mg tid; 900mg optimal
ney
Sectral
Atenolol* - 6-9 0 0 Kidney 10 50-100mg once daily; mean, 100mg
Tenormin
Betoxolol - 15 ++ ++  Liver, kid- 50 10-20mg once daily
ney
Kerlone
Metoprolot* - 37 + ++  Liver 15 50-100mg bid or tid; mean total,
Lopressor 200mg
Betaloc
Nonselective Vasodilatory
B-Blockers
Labetalo} - 55-8 +++ ++  Liver 90  300-600mg/d in 3 doses; mean,
Trandate 600mg/d
Normodyne
Pindolol* +++ 34 + +  Liver, kid- 55 2.5-7.5mg tid
ney
Visken
Selective Vasodilatory Chiefly kid- - 400mg once daily
B-Blockers neys, also
Celiprolol +8 6-8 0/+ 0 liver

*Approved by FDA for angina.

Modified from Opie LH, Sonnenblick EH, Kaplan NM, et al: B-Blocking agents. In Opie LH, et al: Drugs for the Heart. Philadelphia,

WB Saunders, 1990.
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Nitrate Cross Tolerane

o]u| isosorbide dinitrate® AHE3lT & ASE
nitroglycerin A3l o2 YAFo] 2HUHE3}
Y Ade 43 o439, AAW high-dose
nitroglycerin X 8& o3 & A S+ Nitroglyce-
rind 813 o] tolerance7} A 71T},

Nitrate X|& 243l

Ud BEF F5E A¥se ¢AY U4FH

BY #aE nitrate®] LHEAQY FF FAY pa-
tch2 FE3h) 4SF8F, FAF 59 NEr) &
ojgotiel otz EEWath 222 long
acting B-blocker9} #2 ThE FHo GAHE HE
Fojsjop $c}.

NitrateX| 22| Y2t SEHE (Table 4)

#2429 o 10% & nitrateo] W3-8t @3 = o
0% € 3& ¢ glv F5& 2939 & %< nit-
ratec]] V33te] JAE Jehdrle ok BE ¥
A% BAEL nitroglycerin 434 oI} sprayE 7}
A0 AN FEGAA ALEo] dgjuldteiof §o)

{B-blocker)

HE201H

24714 & B-antagonists F3E7} B-agonists} F
Al8te g-adrenergic receptorol A4 o 2 2831
AN AHRE JePNE 24 exercise toleranced 74
A7l A2 EHEE ZaA I (Table 5). B-blocker <]
Z5F9 5442 Table 63 2t} & B-blocker:= car-
dioselectivity, intrinsic sympathomimetic activity,
membrane stabilizing propertye] #AIglel Fuwrg
Agol glE ¢ MY YUFAME B FA
oo, 2 o] ofel YHFol dEe 7
4% ultra-long-acting# #1 ¢} nadolol®] atenolol¥.t}
Relste]? dxPBAY, T, 71FA WYl F
BrE YAFAAE cardioselectivity?t 1 ateno-
lol®} metoprololo] ¥t}

B-blockere| XjER{lufe} 2=

HAZS o 20% A& o19 B-blockero & wHg
&2 ged A% Yol AAY A4 §
A7igte]l ¥ GHo g FvtHA Slv F-$EO
tHe, B8 Table 73 2ov ¥z, 4849,
ZEHSTE Fol Utk

Table 7. Common adverse effects from B-blocker the-
rapy

Adverse effect Cause

Bradycardia, hypotension, Secondary to B-blockade
ventricular dysfunction

Cold extremities, muscle
fatigue, bronchospasm,
inhibition of metabolic and
circulatory response to
hypoglycemia

Central nervous system:
lethargy, depression,

acute

Secondary to B-blockade

Unrelated to B-blockade

confusion, hallucination
Gastrointestinal: nausea, Unrelated to B-blockade
constipation

Impotence Unrelated to 8-blockande

B-blockere| X8 2|&E

AytH o 2 f-blocker & FE F4A A5 +7t
B3 55~603) A% fAEeA 24 £9 503
o|3l2tE heart blockel §1i Fie] glow HEY

Table 8. Classification of calcium-entry blockers

Fda-appr- Newer
Classifecation oved
Agents Agents
Papaverine Verapamil Gallopomil
derivatives Anapamil
Tiapamil
Dihydropyridines*  Nifedipine Amlodipine
Nicardipinet  Felodopine
Isradipine
Nimodipine
Nisoldipine
Nitrendipine
Benzodiazapine Diltiazem
derivative
Mixed calcium-and Bepridil §
sodium-channel
blocker
Antihistaminic Flunarizine §

*Some dihydropridines are more selective than others in their
effects on coronary vasculature and peripheral vessels.

t Nimodipine is a potent dilator of cerebral vessels.

% Bepridil prolongs QT interval.

§ Flunarizine is used for migraine and transient ischemic atta-
cks.
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Table 9. Mechanisms of action of calcium-channel bloc-

Table 10. Pharmacologic effects of calcium-channel

kers in angina pectoris blockers
Reduction in Increase in Coronary Nifed-
Myocardial - ipine
Oxygen demand Blood flow Verap- Dilti- and
amil azem .
. - nicard-
Arterial dilation reduces  Coronary vasodilation and ipine
afterload prevention of coronary H
. -
Reduced bicod pressure  artery spasm t eart rate ‘ t !
reduces afterload AV nodal delay t1 Tt -
Reduced contractility* Afterloz?d b ! b
‘Reduction in heart rate by Syste'mlc BP ! v b
verapamil and dilitiazem Cardiac - by b= -
but not by nifedipine contractility
Coronary t t Tttt
*Reflex responser to the vasodilation offset this effect in vivo. vasodilation
t Effects on blood flow vary with the status of collateral blood Diastolic 1 1 1
flow; in some patients, these agents may produce coronary steal .
and reduce flow to the ischemic areas. relaxation

F= U9 E SFA A4S £ 1003) o) 3ha
f A Sojof ot A& FaF o G WA 7~
109 Z2A M3 FEe ok YHF o8k 4
ZA8E AHE 5 ok

{Calcium-channel blocker)

=271

Calcium-channel blocker& B-blocker$} @& #x
o 2 t}okdti(Table 8). 3471732 smooth mus-
cle cells % o] g} A2 W £ calcium ©]22] Y&

*In vitro, all three agents reduce contractility.
Abbreviations: —>=no change, | =decrease, T =increase,
AV=atrioventricular, BP=blood pressure.

oro} A 3HEE A AZIT*(Table 9). 9] A
€532 ¢+ calcium-channel blockerv 3ZF¢d
o] &9 oeltty £ X85 & HFE Table 10, 113
Zt}h ¢k JAE FANME 3FF EF p-bloc
keriHE &37) glov E3) B-blockerE AMEE
g BN Fg3ith = IAE AR gde 4
zte) o)A BEAE e stofof shed 48

Table 11. Calcium-channel blockers for stable angina pectoris: pharmacokinetics, doses, and contraindications

Bioavail- Plasma Peak Active Metabo-
Drug ability Half- Effect Metab-  Lism/exc- Usual dose Contraindications
(%) life(h) (h) olite retion
Nifedipine 45-70 2-5 20-30 None Kidney 10-40mg tid Aortic stenosis, pte-
or gid existing tachycardia
Procardia XL 45-70 - - None Kidney  30-120mg qd Aortic stenosis, pre-
existing tachycardia
Nicardipine 35 2-4 0.5-2 None Kidney 20-40mg tid Aortic stenosis, pre-
existing tachycardia
Diltiazem 40-67 4-7 1-2  Deacyl Gl tract, 60-120mg qid Sick sinus syndrome,
diltiazem kidney pre-existing AV
block, digoxin toxic-
ity, moderately se-
vere myocardial
depression
Verapamil 10-20 3-7 2-3  Norvera- Kidney, GI 90-120mg tid Same as for diltiazem;
pamil tract constipation

Abbreviations: GI= gastrointestinal, AV=atrioventricular.
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AHE AAUF F444 o] FulE B AV
nodeo] A7} 91+ verapamile|y} diltiazemel F1
obstructive cardiomyopathy7} §4¥+8 -9+ verapa-
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Table 12. Adverse effects from calcium blocker the-

rapy
Adverse Effects Cause

Palpitations, headache, Vasodilation*

flushing, hypotension
Ankle edema Vasodilation*
Constipation, abdominal

discomfort
Myocardial depression Negative inotropic effect ¥
Heart block Atrioventricular nodal

delay}

Aggravation of angina Coronary steal §

*More common with dihydropyridine group of drugs; edema
is not due to fluid retention.

t Myocardial depression; more of a problem with verapamil,
but may occur with other agents,

3 Heart block is rare but may develop with verapamil and
diltiazem therapy.

§ More common with dihydropyridine group of agents.

{Combination therapy for angina pectoris)

Akl R 17409 FAE optimal dosesZ.
A8 B3 ©E X 2 (monotherapy) 7t A# St o}
€ T/ SAE FrlsteA wigasi,

Nitrate Plus B-blocker Therapy

Nitrate & A}-8-¥ %= tolerance® A & 93k A}&-
ol AP BAHEY o2 PAEE A&
HoZ ¥ 4 glgwrt Ak olme GE antia-
nginal agents} W@ AMg-sioF Fch P AL 8-A) 8-
blocker+= long half-lifev} long-acting p-blocker”} £
©}. Nitrate:= p-blockerell 2} & cardiac dilation & o'
& 72NY + U3 B-blocker® nitrate-induced
reflex tachycardiag Iy < Uk

Nitrate plus calcium-channe! blockes therapy

olo] tl§t datar =E&th Nitrate plus verapamil
or diltiazem©) nifedipine or nicardipine ¥ ¥ 88
e nhg 3.

B-blocker Plus calcium-channel blocker therapy

p-blocker$} caicium-channe] blockere] ¥ &3] &8+
de] A-Hn vk B8 EnEAA 2 gAlse)
BEAMERT HEAES B BAdE Aew &
#HA Ji-2, Jur" o 2 g-hlockers} dihydropyri-

Table 13. Risk assessment scheme in unstable angina
pectoris

Symptoms and Circumstances(Braunwald classification)*
Symptom severity
I. New or accelerated exertional angina
1. Rest angina, subacute
IH. Rest angina, acute
Circumstances
A. Extracardiac exacerbating condition(i. e, fever,
thyrotoxicosis, tachycardia, anemia, hypoxia)
B. No extracardiac condition, no recent MI
C. Recent MI
Electrocardiographic Changes During Angina or Ischemia
No ischemic ECG changes
T-wave inversion or pseudonormalization
ST-segment depression
ST-segment elevation
Symptomatic Response to Medical Treatment
No prior medical therapy
Complete symptomatic response to medical therapy
treatment
Pre-existing medical therapy
Complete symptomatic response to additional
medical therapy
Recurrent symptoms after additional medical tre-
atment
Physiologic Considerations
Unprovoked ischemia{Holter monitoring)
No transient ST-segment changes of ischemia
Holter-detected ischemia>60min/24hr
Holter-detected ischemia lasting>60min/24hr
Provoked ischemia(exercise testing)
No ischemia on exercise
Ischemia at peak exercise(high level of work)
Ischemia of early onset(low level of work)
Anatomic Considerations
Coronary arteriographic quantitative severity of disease
No significant obstructive CAD
Single-vessel CAD{non-LAD)
Singie-vessel CAD(LAD)
Double-vessel CAD(non-LAD)
Double-vessel CAD(L.AD)
Triple-vessel CAD
Left main disease
Coronary arteriographic qualitative complexity of di-
sease
No complex or eccentric lesions
Complex or eccentric lesions
Intracoronary thrombus
Left ventricular function
Global LVEF240%
Global LVEF <40 %

Abbreviation: MI=myocardial infarction, CAD= coronary ar-
tery disease, LAD=left anterior descending artery, LVEF=left
ventricular ejection fraction.
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dineAlQl nifedipine©li} nicardipine®] WA B}
verapamil?he] WHAR Hoie tAsith gupata
verapamil®} BEXE AlE 2§ A9, heart block,
ARAE LG § A7) gEol

B-blocker<} diltiazeme] WA B & BE AMEstY
olof & heart blockol] #-2]slloF g}, B-blockers} cal-
cium blockere] WA EE UL e 23 Al
A NEEAAE YEA £ 7 lenz &
o} sjjof Fhct.

Triple therapy for angina pectoris

da] ARgshs wWyoly triple therapyd] dge
Q&2 @xle] wabM= double therapyX.th
a7t X A9z Ik

(Treatment of stable angina pectoris in the pre-
sence of concomitant disease)

Hypertension

XY FAFT BAF T oM nEYo] ¥
wrsjo] gl=d B-blockert} calcium-channel blocker
7} first-line therapyE 4 AM&E ojo} e}, ¥ g shH
nitrateE ¥ &E Fd). Muitifocal atrial tachycar-
dia7} = A%+ nifedipinet} verapamilo] £t}

Peripheral Vascular Disease

Propranolol® # & noncardioselective B-blocker+
unopposed a-effect W& S4L of3Ad 4 9t}
gy A3 deiide] e atenolol® metoprolol®}
2L e BB Fdsiy dY #xe AduEgy
ZAE F4o] 43t & 5 vk 18E2E calcium-
channel blocker7} ¥33}t},

Diabetes Mellitus

ded o=y I nitrateZ X EE A|F3}
= v} 287 calcium channel blocker=. QFA 3t
a3 o}, qhek B-blockerE F7hsjo} Sepdd, 4%
Aol sl AMAE AHEshA Foh

Renal Disease

Nitrate, B-blocker, calcium channel blocker& =5
&4 9l o1} Kidney 2 2 v 4 5= B-blockert} ca-
Icium channel blockere 88 zd-g 3o gl

Abnormal Lipids

Calcium-channel blocker7} # 2 jAto] J&-< o)
2 x| 7] W Eof Ft}. & nifedipine® verapamil-&
#ER AR X plaque progressiond retard i
Hugo] Jo.

New Antianginal Agents

Nicorandil

Nicotinamide nitrate©]™ potassium-channel acti-
vator 2 nitrate-like actions& 7} ). Z7] ] EA] to-
lerance & ol7|@thes BiE Q. F2 B A
g 2o 10~20mgS 12413t HF o & AL g-§ic)
gell felre F84 ug Frivt Ay
ol FWME ddellA AREE 9ok

Melsidomine

Vasodilatory metabolite SIN-1& &2 A1#A Vasodi-
lationA] 7] B nitratecl tolerance’} & W% A7}
AP, A =UolA 2mgs 19 33 Apg3tz

Table 14. Indications for angioplasty

I. Patients with no or mild symptoms
A. Clinical criteria
1. Severe ischemia on functional testing while on
medical therapy(e. g, exercise testing) or
2. Having been resucitated from cardiac arrest or
from sustained ventricular tachycardia in the
absence of acute Ml or
3. Having to undergo high-risk noncardiac surgery
(e. g, acute aneurysm surgery) or
4. Having a history of M1, hypertension, and rest-
ing ST-segment depression on ECG
B. Angiographic criteria
1. One-vessel or multivessel disease
2. One or more type A lesions
3. Large area of viable myocardium at jeopardy
4. Low-risk procedure
I1. Patients with symptoms
A. Clinical criteria
1. Documented ischemia and
2. Symptoms unreponsive to medical therapy
B. Angiographic criteria
1. One-vessel or multivessel disease
2. One or more type A or B lesions whose
successful dilation would provide relief
of al major regions of ischemia
3. Low-risk procedure
IIL Uncertain indications
A. Clinical criteria
1. No symptoms and no severe ischemia
2. Acute Ml
B. Angiographic criteria
1. Incomplete revascularization
2. Moderate-or high-risk procedure

Abbreviations: MI=myocardial infarction, ECG= electrocar-
diogram.
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Table 15. ACC/AHA Lesion-specific characteristics

Type A lesionsChigh success [ >85% J; low risk)
Discrete( < 10mm long)
Concentric
Readily accessible
Nonangulated segment, <45 degrees
Smooth contour
Little or no calcification
Less than totally occlusive
Not ostial in location
No major branch involvement
Absence of thrombus
Thpe B lesions (moderate success [60 to 85% ]; mode-
rate risk®)
Tubular(10-20mm long)
Eccentric
Moderate tortuosity of proximal segment
Moderately angulated segment, 45-90 degrees
Irregular contour
Moderate to heavy calcification
Total occlusion<3mo old
Ostial in location
Bifurcation lesions requiring double guidewires
Some thrombus present
Type C lesions(low success [ <60% J; high risk)
Diffuse(>2¢m long)
Excessive tortuosity of proximal segment
Extremely angulated segments >90 degrees
Totat occlusion >3mo old
Inability to protect major side branches
Degenerated vein grafts with friable lesions
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