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Sensitivity in relation to the number of diseased vessels
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Correlation of usual exersise testing and
new technique with myocardiol ischemia
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Right-sided chest leads in the detection of multivessel
coronary artery disease in patients with extended Q-
wave anterior myocardial infarction

4 TL-201 scintigraphy
[1 Standard 12-lead ET
J Combination of standard 12 leads and

right-sided chest leads
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Right-sided chest leads in the detection of
multivessel

coronary artery disease in patients with extended Q-
wave anterior myocardial infarction
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Right-sided chest leads in the detection of multivessel

coronary artery disease in patients with extended Q-
wave anterior myocardial infarction
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Exercise-induced QRS prolongation
and Myocardial Ischemia

Reversible perfusion defects
Segmental contraction abnormalities

Michaelides A et al. Am Heart J. 126:1320-5,1993
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W Specificity

Q-wave prolongation ST elevation ST elevation and ST
depression

Michaelides A et al. Int J Cardiol 94:261-7, 2004
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S-wave Prolongation in Vs and Myocardial Ischemia - LAH

Hﬂ..w .
--

.
- =
LAD RCA LCX

Exercise-induced S-wave prolongation in V5
TL-201 scintigraphy(+)
¥ Exercise-induced S-wave prolongation and myocardial ischemia (T L.-201 scintigraphy)




S-Wave Prolongation in V5 and Myocardial Ischemia - RBBB
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Exercise-induced S-wave prolongation in V5
TL-201 scintigraphy(+)

¥ Exercise-induced S-wave prolongation and myocardial ischemia (TL-201 scintigraphy)
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Athens QRS score and Myeocardial Ischemia

Reversible perfusion defects
Segmental contraction abnormalities
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QRS score vs ST-segment changes: which is the mos
eliable ischaemic marker after myocardial
*evascularisation?
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PATIENTS WITH EXERCISE-INDUCED ABNORMALITIES OF THE SV,, RaVF
and/or RV and SEGMENTAL MYOCARDIAL ISCHEMIA

(TL-201 SCINTIGRAPHY)
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@KoAmikn emovamoAwon
(™Y Bog turjuatog ST

® Kupota avTiBeTa TG @opdc Tou P, TTou
EVOEXETAI VO EKTEIVOVTAI OTO ST-T,
TTPOKOAWVTAGC KOTACTTOON TUNMATOC ST

XWPEIC TNV UTTAPEN I0XAIMIOG
Kharabsheh S et al.: Ann Saudi Med 26(1) Jan-Feb 2010
Circulation. 1995;91:580




@KoAmikr emavamorwon
(& BO CT uﬁ LATOGC ST

® ) UVUTTOPXEI UE KaTIioUuoo popa Tou PR
OI0OTINMOTOG KOl AUCOVEI TIC YEUOWG

BETIKEG OOKIPOACIEC KOTTWOEWG

Sapin PM et al: J Electrocardiol. 1995 Oct;28(4):313-21,
| Am Coll Cardiol. 1991 Jul;18(1):127-35.
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Michaelides et al (2009) Correlation of ST-segment "hump sign" during exercise
testing with impaired diastolic function of the left ventricle. J Electrocardiol. 2009
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® Karaotraon ST o€ KATWTEPES OTNV OWIUN
OTIOKOTAOTOON XWEIC Va gival TTapouoa
otn V,, V: CUGXETICETAI JE ATTOUCIA
OTEQPOVIAIOG VOO OU.

Michaelides et al (2009) Electrocardiographic criteria for detecting coronary artery disease
in hypertensive patients with ST-segment changes during exercise testing. J Electrocardiol







® AcupmtwpaTikol ye BeTikn AK:

® 9mAAoloC Kivbuvoc KapOLaYYELOLKWV
OULBAUATWY O CUYKPLON KE AUTOUC UE
apvntikn AK
® 2 UUTITWUATIKOI
= Alapkela > 9 min, E€apetikn mpoyvwon
® Etola Ovnowpotnta < 1%
= Alapkela < 3 min, MNtwyn mpoyvwaon

® Etnola Ovnowpotnta > 5%




® 41mAAd0oI0G KiVOUVOG BavaTou/cUdBauaTwy
oTav BETIKOTTOIEITAI N OOKIUACIA TTPO TOU
3°Y AeTTTOU

® AcOeveic Ue oTEPAVIOIO VOOO KOl BETIKN

OOKIUAOIO KOTTWOEWG META TO 9° AETTTO,
EXOUV TNV I0Ia SETH ETIBIWON PJE TOV UYIN
(XWwpic oTepaviaia vooo) TTAnNBuauo.
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Lev uparnpouvTol ouoiwdelg petafolec
TuRpaTos ST

Apputpiec; Lev karaypapnray ougiwbeig appubice
LUPTITWpaT: Lev avopepBnray cUPTTTWHATH opolalovTa pe
aTneayxn

oTu-s Agv aparnpeiren | [Noparaon O Lev maparnpeiral
MNapdaraan 5 "y maparnpeiral  |[apdraon QRS: Aev TapaTnpeiTal
Ypoc ST mpfparc / F mapatnpeiten  |Athens QRS 8
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/Heart Rate Recovery
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/#Second Minute of Heart Rate Recovery
“““as Predictor of Mortality

‘?{Fﬂ’fﬂmiﬁu’i% post >=22 bpm drop
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Two minutes post < 22 bpm drop

T T T T

3.5 7.0 10.5
Years Follow- up

Shetler K et al, J Am Coll Cardiol 2001;38:1980-7




Heart Rate Recovery as a Predictor of Mortality,
Independent of the Angiographic Severity of CAD
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No at Risk

Both Normal 1817
Severe CAD 280
Abnl HR Rec 697
Both Abnornal 141

Both Normal

Severe CAD

s T

- - =1
'1.,“...

L L -
Abnormal HR Recovery

Both Abnormal

3 4 5

Years After Stress Test
1666 1415 1170
251 210 161

614 508 395
117 B4 51

Vivekananthan DP et al, J Am Coll Cardiol 2003:42:831-8




DUKE PROGNOSTIC EXERCISE
SCORE

Duke score = \

duration - (5 x {STmax) - (4 x angina)

0=no angina;
1 = angina not leading to ¢xercise cesation;
2 = angina leading to exercise cesation

Lowrisk 2 15
Intermediate risk <S but = -10
Iligh risk < -10

Bark DB, & <l Exervise tieadmillscore for predictirg progaosis incoronary artery diseess, Ann ntemMed 10€:793-200, 1987




“@huke treadmill score
‘Effii_ifgliagnosis and prognosis)

® Symptomatic patients
low risk (score > +5)
60% no critical (=70%) stenosis
16% one vessel significant (>70%) stenosis
5 year mortality — 3%

high risk (score < -11)
- 74% three vessel or LMA disease
5 year mortality — 35%

Shaw LJ et al. Circulation 1998;98(16):1622-30




Prognostic Value of the Duke Treadmill
#E% Score in Asymptomatic Women
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Probabliity of Survival
B3 086 087 08 088 100

Gulati M et al,
Am J Cardiol 2005;96:369-375




\' ;_,_'__,;uke Treadmill Score in the Elderly
& Survival free of cardiac death or nonfatal MI)

Kwok JMF et al, J Am Coll Cardiol 2002;39:1475-81
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YmoAoyiopog Athens QRS score

Athens QRS score = QRS score in aVF + QRS score in V;
QRS score in aVF= (R-g-s) resting — (R-q-s) peak

QRS score in V= (R-g-s) resting- (R-gq-s) peak




.| QRs score = —4
Seraiivity = 70.0%
Specificity = 80.3%

Discrimination ability
Area under tha curve
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20 40 60 20
False positive ratc (1-apecificity) (%)

Michaelides A. et al, Clin. Cardiol. 28, 375-380 (2005)




"RBBB: o pO}\,O ¢ TOVL QT
550
500 - Group 2

.—?L'" (Eznup 1

Healthy
group

50 60 70 8O 90 100 110 120
Heart rate (beats/min)

500
wly Group 2
300 ™ wﬂup .]
350 +

Healthy
300 - group

250

50 60 70 80 90 100 110 120
(B) Heart rate (beats/min)
Watanabe et al (2000): Exercise-induced QTc-interval changes for predicting improvement in regional

blood flow in ischemic myocardium and cardiac output after coronary angioplasty in patients with
right bundle-branch block




Exercise Athens QRS
duration score

M-Score




Euvoikn mpoyvwon >12
AUOEVNG TTIPOYVWON <5
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M ErFL
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«»ss Quartile 1 (lowest)
—— Quartiles 2—4 (highest)

I I I |
0 20 40 60

Time (months)

Michaelides et al (2009) Duration of treadmill exercise testing combined with QRS score predicts
adverse cardiac outcome at long-term follow-up. Coron Artery Dis.
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& Kowtakeg AppuOuieg
TIPOKOAOVMEVEC UE TNV KOILLON
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% Ta 8eSopéva yia TIg HETABOAEG TwPES
& ST kot T kata TNV KOTTWoT
TP OULE VTLPATIKX
Xaluui

ATOoIXWHATI -
Apopa TTiEGNE HTTOONTIKC
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i AvTLIQaTIKA SeSopEva oyeTiKd
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ue TNV avaotmoon ST Kol tnv
Pevdo@uoloAoylKkoToinon tov T
O€ ATOYWYEG UE EMAPLA g

® - ) xeTICOVTAl UE BIWOIPNOTNTA
® Margonato A et al: JACC. 1992 Apr;19(5):948-52.
® Margonato A et al: JACC1995;25:1032-8
® Pizzeti G et al: Eur Heart | (1998) 19, 420-428

® > Aev oxeTiCovial UE PiwoiyoTnTa
® Manrique et al: Eur | Heart Fail 3 2001.709716
® - ) XETICOVTAI UE VEKPWON
® Bodi Vetal :Int] Cardioll03 (2005) 8591
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Pizzeti G et al: Eur Heart J (1998) 19, 420-
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i;g‘? Avdomaon ST > T BuwopndtnTa

W EvaiwcOnoio ™ Eldikotnta ™ MpoyvwoTikn akpifeLla

7

100% 86% /

Bliwopotnta os acBeveic pe npoocdio Epdpaypa

Margonato A et al: JACC1995;25:1032-8




Blushd  MCE:0.75  CMR>075  Necrosis <50%
BST elevation O Ng T elevation

Bodi V et al. : Int J Cardiol 103 (2005) 85-91




Avaomaon ST kata tnv
KOTIWOT] KL (PUOCLOAOYLKO-
moinon kopotog T

® 2 ¢ 00DEVEIC UE TIPOCPATO EUPPAYUA OAAD
XWPIGC oofapn Ioxaiyia, ol METOBOAEG
ST/T exouv eEAAXIOTN Ogio OTNV AViXVEUON
UUOKAPOIAKNG BIWCINOTNTAG.

Hahalis G et al: JACC Vol. 40, 2002:62—-70




Avaoniaon ST +
kataonaon ST oTiC
KATOTITPLKEG XTIAYWYEC

R Ex R Ex

| A b W1 ’_“_""f“:ri"'f""

Nakano et al: JACC 1999 Mar;33(3):620-6.




Avaotraon ST +
Kataotraon ST oTIg
KOTOTTTPIKEG ATTAYWYEG

W EvaiwocOnoia ™ Eldikotnta ™ MpoyvwoTtikn AKpiBela

Z

¢ 100% 90% /

BiwoLpotnta petd to pdpaypo (npdacbio,
KOTWTEPO)

Nakano et al: JACC 1999 Mar;33(3):620-6.




Avaoniaon ST o€ anaywyeg UE q

ELPPAYNATOG:
O TTaPAyovTaC XPOVOC

® H avaotraon tou ST oTn MHEYIOTN QOPTION
OEV UTTOPEI VO XpNnoInoTToIndEi yia va
AVIXVEUOOUUE BIWOIYOTATA N IoXAIKIa

® H avacmaon 1ou ST oTa mpwTta oTadia

TNG GOKNONG—~> MEYAAN €10IKOTNTA VIO TNV
UTTapPCn PIWCIPOTATOG

Orsini E. et al:ltal Heart J. 2001 Jul;2(7):529-38




i.g_}» The appearance of a ‘hump at the ST segment

g{/f during exercise testmg is a risk factor for
sudden cardiac death in patients with
hypertrophic cardiomyopathy.

f’; ;
g ,'5' o
{ N i
£13 "‘-—~5

® Endpoint was SCD or aborted SCD, i.e.
delivery of shock by an implantable
cardioverter-defibrillator.

 SCD or aborted SCD occurred in ten of the
patients with ‘nump’ (10/49, 209%) and in none
of the patients without ‘hump’ (0/39, 0%), I.€. It
had a higher incidence in the patients with
‘hump’ (p<0.01).

Michaelides et al (2009): ST segment "hump" during exercise testing and the risk of
sudden cardiac death in patients with hypertrophic cardiomyopathy




,;@ TPOYVWOTIKOG POAOG TOL “Vfov” Gm@
T[Ep"[p()(pl,KT] p.UOK(XpSlOT[O(GElO(

® t oTnVv t UTTEPTPOYIA

® * oTnv * KAIon TECNG TOU XWPEOU £COO0U

® t o€ aropa pe t mMOBavoTNTA AIPVIOIOU
OavaTtou

Michaelides et al (2009): ST segment "hump" during exercise testing and the risk of
sudden cardiac death in patients with hypertrophic cardiomyopathy







(& Ioxaiuwkn mpoetolpacio puokapdiov

® ETreico0la IoXaIMIaG JUE TTPOCTATEUTIKN

OPACN VIO TO HUOKOPOIO ATTO CORaPOTEPA

IOXAIPIKO ETTEICOOIA

= Bpayelag SLAPKELAC LOXOALULKAL
emelcoOLlaP MPoPuAACCOUV yLa 3 WPEC

= Mn Bpaxelac OLAPKELOC LOXOLULKA
emelcodla P mpoduAaocoouv yia 24—48
WPEG
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‘é‘ impairment of Improvement of
fia Endothelial Function Endothelial Function
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Exercise Induced

Late Preconditioning

8 0%

(1()”0

40%

20%

()“ ()

Improve Same Worse

Am J Cardiol. 2010 (under review)



Time to ST Depression of 1m

2nd ET




1st ET B2nd ET

= (LO51

P 0101 39

/

Number of patients with  Number of patients with
HER < or =12 bpm HRR < or=18 bpm

Michaelides et al (2008) Correlation of modification of heart rate recovery with adaptation to
myocardial ischemia in a model of sequential exercise testings.







f’t

--I .-----—---------------—--“h-- QL__
= Slow walker -- 3.3kph/2.1mph r': .;la
s ,
8 "design speed” walker -- 4 8kph/3.0mph @’Eﬂ
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fast walker -- 6.4kph/4.0mph

kilometers
I I I I I
0 25 5 75 1 1.25 1.5 1.75 2

Source: Speeds compiled by PedNet participants, Spring 1996.

Walking Speed
Walking speed varies from about 3 kilometers per hour to 6 kilometers per hour
(2 to 4 miles per hour). The 1990 NPTS estimated that the average walk

speed in the U.S. is 5.2 kilometers per hour (3.27 miles per hour), but planners
typically use 5 kilometers per hour (3 miles per hour) as a design speed for
pedestrian facilities.




Ranges of distance
walked imiles/day)
0.0-0.9
=== 1.0-2.0
thienee 2.1-8.0
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Year of Follow-up

Hakim A et al
EFFECTS OF WALKING ON MORTALITY AMONG NONSMOKING RETIRED MEN

N Engl J Med. 1998 Jan 8:338(2):94-9.




TABLE 1. ExErcCISE PRESCRIFTION ACCORDING TO THE CHARACTERISTICS OF THE PPATIENT.

FREQUENCY DuraTION OF
CHARACTERISTIC TraminG REGIMEN INTENSITY Trre oF ExERCISE OF SESSIONS EscH SEssion
ook rin
Ape =265 VI, Dot OVer- High-intensity aerobic  75-85% of maximal Walking, jogging, cycling, rowing dor4 30-45 [ continuous or
weight heart rate interval )
Ape =65 vr Low-intensity aerobic 65— 75% ot maximal  Walking, cycling, rowing dor4 30 may be intermittent;
and resistance heart rate
Owverweight Aerobic — high caloric 65— 80% ot maximal ~ Walking Sora  45-60
expenditure heart rate
Age =65 yrand disabled, Resistance 50-75% of single-  Weight machine and dumbbells, 2or3d  10-20 (10 repetitions
engaged in physical repenton maxi- with the focus on upper legs, ot each of 5 w 7 exer-
work, or overweight mal litt shoulders, and arms cises)

Ades PA :N Engl J Med. 2001 Sep 20;345(12):892-902
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“AlocooTto ava nAKla eEAoppa

~ QOKOVUEVWYV 6TOV EAEVOEPO TOVG
XPOVO

H Men
0 Women

45-64
Age (vears)

National Center for Health Statistics,2002.
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