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er7} two step test@ £7i% ol SEFI HAE HA:

BAEYZP R Ao o]REIRI, 2 treadmillF} bicycle
ergometer & O] & clutAl FEAAIZ FAEYIAYL] Aty FA Y
Atef @@ o] &E I gltl. H3] FFN3 HIBVBRAMLE A 156 %
BAERYEY v HEAHA FPHHLE O §84 % Aol $irt
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* Indication
major: to

to

to

to

to

minor: to
to
to

* Contraindi
absolute:

assess etiology of chest pain

estimate severity of CAD

assess functional capacity & exercise tolerance
appraise effects of therapeutic intervention
predict future cardiac events in patients with
uncomplicated acute MI

design cardiac rehabilitation program

evaluate symptom(fatigue,palpitation, fainting)
evaluate high-risk asymptomatic patients over age 40
or in special occupation {pilot,police,bus driver)
cation

acute MI within 7 days

uncomplicated heart failure

unstable angina

acute myocarditis, pericarditis, SBE

__1’/‘__



relative: aortic stenosis/IHSS
left main coronary disease
severe hypartension
debilitated or elderly patients

A uy
A A2 533} g Py ANz Ao wel A
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1) 34 ¥% (dynamic, isotonic exercise)
treadmill,bicycle ergometer,upper arm bike-ergometer”7} o 7]oj
43131, oluls $&HI/o|YUIo] AR £ TFIXY YFE
F7A75 $H2 2 YUFEo FoHEc EF3 Y viA
it} &E 88 F71A]7]+ “continuous multistage load test” QI
ol ¥l BAdles TXAUEE A0 HyYsE F7HA4ch
Tread mill protocols Bruce, Balke, Ellestad. NauhtonFo]l 3t
Zt ol A el Hejitatngg, AU GU4RFEE £ 2ol7} gl
Bike-ergometers B % 25-30 Wol A A]z}t3la nigtAojct 10-25 wa
&8Url treadmill testy THE EFWHolut A FA] vl §o] wWol
B3 AMNEI St 2¥ad vigixle] ¥ sivle @Al Qi
Biker 3R utg ol &317]o) x| 2% MBI U] Yeldz

- A& 550l tread-mill BT} Wit}

2) ¢4 &F (static, isometeric exercise)
hand-grip, weight-1ifting, water skiingSol 997]of &3l3, oluf
A2Fo] oiuixlo] $HIE 25 RS/ AgEHI 429
AYF Y-S FAUA Bl

o) 9 ot o) FF A

A Arel 2 oM A] 200-300ml/min®] 4tA& M3 3tedl ( 3.5ml/kg/min
= 1 MET), H &A= 25-62 ml/kg/min( 7-17.7 METS)ZHA] 4 ¥ 7t
Z719th. 54 £4718 Y2 7-10mnHg/MET F-71313L o] €7] ¥l
Hussl gict

1) Ho 553134

ChtAl B3P o8 AbALB#(Vozro] HrjE o] §uzta] E5F31E
e ez TEIAWo] glod Vor-maxs HlEF5 3 HIleR
Btds] F= H1RFS AFo|th. HA YoM age-predicted max.
heart rate(MHR)& end-pointE 3l £F& FAAUc) nF 2X 2
213 7} MY AL (.220 - male age, 210 - female age)o|r}.



Hyge@Ho] o Ffole F4E 71E2E2Y Borg scale® AF
3teg g "symptom-limited maximal exercise”@}il ¥tr}. Hcf &
553 dAxe #Hol Ay Borg scale 19-20712], HIHE A4
of vyepdul 712 &FAI7IL, F2AA HAo] MHRE] 85%n|gtA] =
A% F3E VAL H{ YL

2) ot EFHH3IAAL

Voz-max 7tX] £5& A7l Zo] olUi HA A A 43¢ FA A
7129t & AlFv “rate-limited exercise"%-& WUilw, F8AZ
BAZY Ao AA3 = "low-level exercise”7} 1 ot}

L5 23 ( End point of test )

-Absolute Indication:
patient’s request
reduction of BP and/or HR during workload
significant Symtom and sign '@ severe chest pain.ataxia,vertigo.'
visual/gait disturbance, confusion, pallor, cyanosis
serious arrythmia
acute Ml
malfunctional eguipment in the exercise laboratory
Relative Indication
less serious symptom : significant chest pain.,dizziness,marked
fatigue or dyspnea, severe anxiety, leg cramp/claudication
marked S-T segment depression ( > 2mm)
failure of BP to rise during increasing worklead (< 20mmHg
during the first 3 stage)
marked hypertension ( SBP > 220, DBP > 110mmHg)
frequent VPC's or multifocal VPC's
persisting supraventricular tachycardia

TEF3 A =HA Y]

23] AMEEE MRS 1mmo)4re] horizontal or downsloping ST
3174 ( 0.08sec from J point)o]u}, 1amo]4}2] horizontal or upsloping
ST A4 ¢gdes shygict. STE 317o] 2mmo] ol AU &F27]
2] STA A4, 5% 7Zlolaad AgYel Uelud 559 BHFNI
Holup A A JsFAE uigict. oledo)] HITHE S &A%
£ 232 o3 gl

1. 445 ¥3 : 1omo)3}8] horizotal or downsloping ST 317



2mmo] 442] upslopinf ST 3}7%
uzte] &3, rul ¥olg F7}
frequent,multifecal, grouped PVC’'s: H3] ¢ 70%2]
&M VIAC
2.949%2 M3 : paradoxical hypertension
slowing of heart rate
3.4 W FF : £5F gAE u3
A 34 AEF F2 AEE ALY &%
4. TFFAF YHE 7| el horizontal STEIZ
* $1978 ¢ digitalis, ¥-9-&M A4, WPW,MVP, IHSS, A2 4
YIS AAE. I8 ol A &3
A4 - 482 Alg(inderal, nitroglycerin®),old MI,
FAAY 3z Fh), & #H9
W AUEE 70xPE, BF Fo|EL 9052 RF g on
CEE YRUYSE ouixrt It
HESH QAR ¢ 179hE ZabolA A 0.01%, FEF 0.02%, 22
0.0035%2. 431 0.0257} YHF LT JUARE Uiz By,

2.£FF3 AIBH 20

TEF3 AA=AAE a. 919483 #1340l W3 b.nondiagnostic
result7} 30 - 40%& A=, c. FF& 317] ol & Fede] HalolA
Altgo] Egh3ta, d.cADY FE& FIIY 4 g Tl deul uty
EFFE AI2VL el Bolv 7l ¥, nondiagnostic test7}
g2 o CADOllA ischemia®} scard] BE& B/NY 4 AUch= o] gl
t}.
*%* nondiagnostic ECG (equivocal ECG)
a. presence of conduction abnormaity ( LVH, BBB, WP¥ syndrome)
b. presence of ST segment depression (>0.5) at least or during
hyperventilation with failure to develop additional ST change
¢. failure to reach at least 85% of maximal predicted HR for age
sex in the absence of ischemic ST segment manifestation
d. usage of digitalis, beta-blocker

55 a0 S
a. CADZ} 2] 4=t} nondiagnostic ECG test@iu]
b. 5%3 MAEZ A2 A7} pretest probability} YA



c. angiography’d Uehd e ARAE Pxo YAl ooF
Yoz guy

d. %44 ( false positive®} nondiagnostic result7} 9&)

e. CABGY AMEE Fafol UeluAY Aol oA &u, WP Ha}e)
HIh AITANF A

K

TEFE AA=P AL TAIBIAL maximal exerciseolA TI,sests-MIBI
teboroximed& EXFABL 187 o £5& A7UCHE imaging.

83

planar Tl scan®] ¢ ol 77 -93%, Jolx 75 - 97x, qYx 79 -
91%8 R JIE Ql3, SPECT Tl-scane ofuls 84 - 96%, Bolx 79
-93%, AU 78 -9752 Ly R

** Causes of false negative exercise scan

1.

0 e ~ & U & W N

inadequate exercise

distal CAD, mild CAD

poor quality image

improper interpretation of image

delay between the injection of Tl and imaging
collateral vessels

diffuse ischemia

overestimation of CAD by angiography

one vessel CAD or branch disease

#*% Causes of false positive scan

[y

misinterpretation of the image

. underestimation of the severity of CAD

exercise induced spasm
other form of heart disease

unknown

B. COLD PRESSOR TEST (SCAN)

f. cold exposureX]ol alpha-adrenergic reflex vasoconstrictioniﬂﬁﬁ
reflex bradycardiagl®] ventricular overloading®|3 48] AtiAg P
o] 5715 double productof ujfste] WF /EFY YH ol F71
A gk 28U cAD B E £AYY BEY $&0] dojut



BEY A o] Fr FHYL Frex EF3a BEWEFI)
st HIHUE ob7Urh

2. Y BEE E57AA AAT] dEFE ol 2-3F Fo AR ¥
& A4 st TI-2012 HR, BPY] #HHrt HlE dolye 30-
60X Apololl FaAlst Hdg Yl

C. ATRIAL PACING

1. intracardiac, transesophageal pacingA] AAIQlofMd = LV filling pr
LVEDV, ESV, stroke volumeo] ZrAEI3I, HR, M it2o 73 #A
FYERe F7HEU 87 gdolvt AdEFE & HHst gt cap
Bl = A28 A2 F T T EF¥ LS A3 LVED Pr. 9
Z7h FAHAY BYEUERY F71 F2 AHEEY ol FE,
diastolic dysfunction, STE 3}7}, 244l A2 HAEol dof
uA ®ch

2. WY : pacingAlZHF TI& FAISlR, 580)4 pacing® Aldsie] By
of E¥ ¥ imaging®. ALAMFoIU YAASFet 2o A &Y
4 93, $EYH T e AT, peak HR/BPFY 23 & d& 4 ¢god
HA&HQ AAY <b@eol gt

3. A& : WeissH-& rapid atrial pacing with Tl scintigraphy® 3
X 94%, Bo|E 80%E NI

D. MENTAL STRESS TEST

1. mental! stress= Aol BP, HR, circulating epinephrine® = -
§ 2773 Y dedld FEAS) BEYERE SHAG
CADR A}l M= FAHQ A2 AT dolyd I HYeldd
50| deojutA Hch.

2. ¥PH : mental arithmatic stress testi 101304} 174 wjo] 7} A
e B3 100]HW ool tiA] 1087 A%, stEn IYY He
Bolosta Eeld thi] Bol §& UYeA ¥rh TIE2 B¥ 8o ¥
o3l HolE 2587+ arithmatic test& AHAZ Fof imaging.



E. PHARMACOLOGIC STRESS TEST (%1528 A)

Strauss$} Pitt7} 719 Q2 T[AEY A uli-92] adenosineo] £]§t
R HAE TI-20128 H9% o|¥, GouldF S dipyridamoleo] 2|
BAFAEYPE G U208 o] Hd 20 (1974), A doA:
adenosine2} dobutamine stressof &J§ Rl AMo] BAFAIRY
Atz B2l A2F F{HPo] de o/ &= rt. YA BYF
AR A2 B2 TPLS FAYFEY] 857X FolA AolE AY
B4R FAHY GEFFY Ao BAFUYR} [YSUER
o] 5 (coronary flow reserve) BTAFHL vf7}o] 30 - 45x2] H A
= axolqlo] GEF3 HITANMY o|EY A ol

¥% Advantage of pharmacologic stress test

standard, consistant

independent of patient endurance

not affected by antiangimal drug

great increase in coronary blood flow

[ 5 T - S T+ I

side effects are easily reversible
1. Dipyridamole(DP) Cardiac Imaging

2] dipyridamole 73l Bl FAEYW HAAME adenosined]
thAl H A o]l BA S adenosine deaminase§ M B} adenosineo] A
o] HAso dAEHE RS Wilste GPAejoM Bl 3 - 53¢
BAEFY €RHF7HE obrItict. FUF A dipyridamoled FE S
o] 2 FHos ALl YHE HASL L EHLTE HR, stroke
volume, cardiac output, double product@ F7IAZich. HAto] Q=
BAEYNE RS FRsR ot BAF A2} contrast7 A7)
o, dEFF70l vy Aol 437 He Y4 Aoy
Blof A Foisld R AL FHY FdAgo] Ngsict. =24 Y
Aol sl F4 A¥ ¥F ™Y Aol fFéo] WelU4+ K Folst
22 ¥F2o FUlol ule} ¢t Aolrt o AR Hugte s s @
o AR ed dE gAY FH o] de BxlogyE
“true steal phenomenon”of 2|¥! AT¥HHol WAY 4 =8lt}. 1V DPY
peak effecty= F Al JJAF 6.58 7o UER}IEE TIFAE o]A]7]of
st Zol $3, DPY 282 aminophyllineof &J#f A&3tA At}
"l



Indication :

1. diagnosis of suspected CAD in patients who unable to exercise
2. risk stratification in patients undergoing elective major vas-
cular surgery or patients recovering from uncomplicated MI

3. evaluation of CAD patients before and after CABG/PTCA

Contraindication :
1. COPD, bronchospastic disease
2. acute MI within 7 days
3. unstable angina
4. hypotension (SBP < 80mmHg)

Wy
1.1V DP test : usual dose 0.142mg/kg/min for 4 min
#% high doseA|oll= 0.84mg/kg/4 min
2. PO DP test : 300-400mg of crushed DP p.o.

LV.
Thalllum Images
DP TH-201 initial Deiayed
' ' t v |
| i )
. YT T T T T T T T 7/ !
{min) o +2 3 4 5 6 78 9 ;0 240
Thalllum Images
DpP TI-201 Inttial Delayed
| \ ' v
I“—7//[ 7 T T T 7 f——
0 45 46 47 48 240

Scheme of intravenous (/.V.) and oral dipyridamole (DP) thallium imaging (T!-201)

A : IV dipyridamole T1 --- sensitivity : 76-95% (SPECT 89-96%)

specificity : 47-100%
PO dipyridamole Tl --- sensitivity @ 48-91%
specificity : 80-100%

#% DP-echocardiographic test -- sensitivity @ 47-64%

specificity @ 100%
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a.

b.

2.

cardiac : angina (17-42%), ST depression (3-20%), arrythmia
(0-19%)

non-cardiac : headache (5-20%), flushing (2-15%), dizziness or
1ight-headedness {3-21%), nausea/vomit/eigastric pain (4-20%)

Adenosine Cardiac Imaging

22 : adenosineS potent vasodilator®A renal afferent arteriole,

hepatic veing ML ¢} systemic vascular resistanced ZZ&A]Zich
IV adenosineZ SZoluo] FHg& etz vl¢ @2 $A7|(<10R)
& 7122 glol ¥zaHgo] Hnd2 T dipyridamoleof M 2} o] A T2
ol W&o o]RF 1 glrl. IV adenosine] UMojAM2] L2 &
o M= vagal inhibitiono 2 HRE F7IAIF|3, thPollME SA AV
node® A dte] UYAIHA MU AV nodeAEF AP LT} o] Yol =
antiadrenergic effect®} A%2 AWUEHe] 71 clgolA = BPY
A2, reflex increase of HREo| A 4 Qi AIANFY ARH
AN WA e Y E Yl adencsined plasmao]A RBC, vascular
endothelial cellof W= QYT HELY cjrlr} o] foABER
BEY B single pass® ALl M AE o] adenosine 5’ -mono
phosphatel} inosine2 & cjAbE|o] At}

Indicatione Dipyridamoled} ¢
Contraindication :

1. asthma, bronchospastic disease

sick sinus syndrome

2°, 3° degree AV block

severe hypotension ( SBP < 80mmHg)
acute MI, unstable angina --- relative

D e N

aminophylline, coffee, dipyridamole medication

wbh : adenosine 140ug/kg/min® continuous IV infusion3}il 3%-of

imaging agent& FTAI{t ¥ imaging



Thallium~201

'

IV Adenosine PECT
140 mecg/kg/min SPe SPECT
(min} N, ‘ ‘
T T T TT T 1} r
~-10 0123456 10 240

23:{-: L 2DE _I

Figure 1. Schematic representation of the adenosine single photon
emission cpmputed tomographic (SPECT) thallium imaging proto-
col. IV = intravenous; 2DE = two-dimensional echocardiography.

A : TI-SPECT --- sensitivity 76 - 94%
specificity 78 - 100%
2-D echo --- sensitivity 10 - 60%

PET --- sensitivity 94%, specificity 91%

R

Cardiovascular : arrythmia (4%), high grade AV block (5%), chest
pain (38%), flushing (39%), headache (16%), hypotension (2%)

ST depression (5%)

Other : dry mouth (2%), dyspnea (34%), GIT discomfort (17%),
light-headedness/dizziness (9%)., paresthesia (2%), jaw/throat

/neck pain (14%), upper extremity discomfort (3%)

3. DOBUTAMINE STRESS TEST

#l2] : dobutamine(DBT)& positive inotropic, mild chronotropic, hyper
-tensive, arrythmogenic, vasodilatory effect”7} 9ltt. 1V DBTE A
2¢] beta-1 adrenergic receptorol 2] M 2g-3tod HR, LV pr., wall
stress, Aol atapTarg F7HAFA HuU cad BAMNE F&
Aol Abae] ZEI 478 EFol WA sl & o Lia= )
DBT= DPETH 243 AZ7%F ol4te FrEof LA ol biood
flow heterogeneity® of713le HH-2 sy, 2@y} imagingol
Pag P AAue] YHusb-2:10]4E H2E DPY adenosine

stress7} B715 @ #¥ate ATaxAol A= 9t



Y

beta-blocker 48hr, long-acting nitrate 6hro|X} &3 A%}

21}l A DBT 5,10, 20, 30, 40 ug/kg/min for 3min¥E M A o] F-akA]F|
3l, maximal tolerable dose?] I1¥-Fof TIFA}Sl3 imaging. o|uf
HR, SBP, double products #7131 DBPE 4 Ncta g3 Aqlct.
*% termination of DBT infusion

HETS

1. angina of a severity
2. significant arrythmia
3. severe hypertension { SBP >230, DBP >130)
4,
5
6

fall in SBP > 20mmHg

. ST depression > 2mm
. HR >110

DP2} - A}¥}L} bronchospastic disease2} o] =X 2] A ¥ gtef

- ME AYRY + Qe

233 : Tl SPECT --- sensitivity 93%, specificity 82% (Mason et al)



