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Recommendations for exercise ECG for initial

diagnostic assessment of angma Recammendaftmns. for gxermse . ECG for .ruutme
lass | re-assessment in patients with chronic stable angina
Class Class lIb

. . . . . (1) Routine periodic exercise ECG in the absence of clinical
(1) Patients with symptoms of angina and intermediate change (level of evidence C)

pre-test probability of coronary disease based on age,
gender, and symptoms, unless unable to exercise or dis-
plays ECG changes which make ECG non-evaluable
(level of evidence B)

Class IIb

(1) Patients with >1mm ST-depression on resting ECG or
taking digoxin (level of evidence B)

(2) In patients with low pre-test probability (<10% prob-
ability) of coronary disease based on age, gender, and
symptoms (level of evidence B)
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Recommendations for exercise ECG for initial

diagnostic assessment of angma Recammendaftmns. for gxermse . ECG for .ruutme
lass | re-assessment in patients with chronic stable angina
Class Class lIb

(1) Routine periodic exercise ECG in the absence of clinical

1) Patients with symptoms of angina and intermediate change (level of evidence C)

pre-test probability of coronary disease based on age,
gender, and symptoms, unless unable to exercise or dis-
plays ECG changes which make ECG non-evaluable
level of evidence B)

Class IIb

(1) Patients with >1mm ST-depression on resting ECG or
taking digoxin (level of evidence B)

(2) In patients with low pre-test probability (<10% prob-
ability) of coronary disease based on age, gender, and
symptoms (level of evidence B)




Congresso

vosrromerssemcnaiooss A\ CIAHA 2012

Hoted Vila Galé Ericeira

Practice Guideline

2012 ACCEFAHAACPAATSPCNASCALSTS Guideline
for the Diagnosis and Management of Patients With Stable
Lzchemic Heart Dizease
A Report of the Amencan College of Cardiology Foundatio n'A mencan
Heart A==octation Tack Force on Practice Goiddines, and the A merican
College of Phyzictanz, American Azzoctation for Tho cacic Surgery,
FPreventive Cardovazodar Norses Assoctabon, Sociely for Cardovaszadar
Angiography and Interventions, and Sociely of Thoracic Surgeons

RITING COMMITTEE MEMEERS *
Stepban L. Fibn, M MEPH, Chai f; Tubie: M Gardin, MD, Vies Chai 4 Torathan Alxane, MO
athdenn Bara, MIN, AN, Tames C. Bhrdesrcbip, MIM|; Apostoles B Dallas, MOt
Purndda 2. Doaagles, MO Tofinne 3L Foody, MO Thamas O, Gabe, M, Bl
Akn L. Hirdsrliter, MD: Sperea B King I WD} Paul T, Klizfield MD4:
Hurhn M ¥runbok, MD$; Faymond YX. Kwong, MO Mokl T, Lin, MWD
Tane A. Lindabaan, ME, CHE-BOJ) Michael T, Miack, MI4: Mk A, Marge, Dty
Richxd L. Braga, MO#; Torsph F. Zubily M0*% % Lesles T, Shaow, DD
Toan e I, 2ikkera, MEN, ANRECS; Craig B Smih, Fr, MDY Zidney O, Sxith, &, MD*H;
Tohn A, Spatus, WD, MEH*H: Sandey V. Willans, ML




) congreso ACC/AHA 2012

Novas Fronteiras em Cardiologia
Bal0fevereiro.2013

Hoted Vila Galé Ericeira

SIZE OF TREATMENT EFFECT

CLASS | CLASS lla
Benefit >>> Risk Benefit >> Risk
Procedure/Treatment Additional studies with
SHOULD be performed/ [ocused odjectives nosded
administered IT IS REASONABLE to per-
form procedure/administer
treatment
-
rl  LEVEL A = Recommendation that m Recommendation in favor ~ m Recommendation’s
fre : ; procedure or treatment of treatment or procedure usefulness/efficacy less
u ::::;'::::f"“"“"“‘ is useful/etfective being useful/effective well established
i i . = Sufficient evidence from m Some conflicting evidence  m Greater conflicting
L E L L multiple randomized trials  from multiple randomized “evidence from multiple
= randomized clinical trials or meta-analyses trials or meta-analyses randomized trials or
= or meta-analyses ‘meta-analyses
s —
F LEVELB m Recommendation that = Recommendation in favor = Recommendation’s
° {iiad scainiions procedure or treatment of treatment or procedure usefulness/efficacy less
@ waluamfi‘:n is useful/effective being useful/effective well established
e = Evidence from single = Some conflicting m Greater conflicting
P s (e Iner d randomized trial or evidence from single evidence from single
gl single randomized trial nonrandomized studies randomized Irial or randomized trial or
= or nonrandomized studies nonrandomized studies nonrandomized studies
L4
- = Recommendation that = Recommendation in favor ~ m Recommendation’s
o pracedure or treatment is of treatment or procedure usefulness/efficacy less
s useful/effective being useful/effective well established
w m Only expert opinion, case  m Only diverging expert m Only diverging expert
; studies, or standard of care opinion, case studies, opinion, case studies, or
= or standard of care standard of care
o
Suggested phrases for should is reasonable may/might be considered is not recommended
writing recommendations' is recommended can be useful/effective/beneficial may/might be reasonable is not indicated
is indicated is probably recommended usefulness/effectiveness is should not

is useful/effective/beneficial

or indicated

unknown/unclear/uncertain
or not well established

is not useful/effective/beneficial
may be harmful
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3331 Able to Exercise
Class I

1. Standard exercise ECG testing is recommended for
patients with an intermediate pretest probability of
IHD who have an interpretable ECG and at least
moderate physical functioning or no disabling co-
morbidity.!14.145-147 (] evel of Evidence: A)

2. Exercise stress with nuclear MPI or echocardiogra-
phy is recommended for patients with an intermedi-
ate to high pretest probability of IHD who have an
uninterpretable ECG and at least moderate physical

functioning or no disabling comorbidity.?!.1*2.148-1%
(Level of Evidence: B)

Class Ila

1. For patients with a low pretest probability of ob-
structive IHD who do require testing, standard
exercise ECG testing can be useful, provided the
patient has an interpretable ECG and at least mod-
erate physical functioning or no disabling comorbid-
ity. (Level of Evidence: C)

2. Exercise stress with nuclear MPI or echocardiogra-
phy is reasonable for patients with an intermediate
to high pretest probability of obstructive IHD who
have an interpretable ECG and at least moderate
physical functioning or no disabling comorbid-
ity P1-132148-156 ([ eve] of Evidence: B)

3. Pharmacological stress with CMR can be useful for
patients with an intermediate to high pretest prob-
ability of obstructive IHD who have an uninterpre-
table ECG and at least moderate physical function-
ing or no disabling comorbidity.!5*157158 ([ evel of
Evidence: B)

Class 1Ib

1. CCTA might be reasonable for patients with an
intermediate pretest probability of IHD who have at

ACC/AHA 2012

2.

1.

IHD who require testing and are incapable of at least
moderate physical functioning or have disabling
comorbidity. (Level of Evidence: C)

CCTA is reasonable for patients with a low to
intermediate pretest probability of IHD who are
incapable of at least moderate physical functioning
or have disabling comorbidity.'s*-1%6 (Level of Ewvi-
dence: B)

. Pharmacological stress CMR is reasonable for pa-

tients with an intermediate to high pretest probabil-
ity of IHD who are incapable of at least moderate
physical functioning or have disabling comorbid-
ity 1S5TASNS T2 ([ evel of Evidence: B)

{Class III: No Benefit

Standard exercise ECG testing is not recommended
for patients who have an uminterpretable ECG or
are incapable of at least moderate physical function-
ing or have disabling comorbidity.?1.132.148-156.161
(Level of Evidence: C)

2223 Other
Class lla

1. CCTA is reasonable for patients with an intermedi-
ate pretest probability of IHD who a) have continued
symptoms with prior normal test findings, or b) have
inconclusive results from prior exercise or pharma-
cological stress testing, or ¢) are unable to undergo
stress with nucdear MPI or echocardiography.'™
(Level of Evidence: C)

Class ITb

1. For patients with a low to intermediate pretest
probability of obstructive IHD), noncontrast cardiac
CT to determine the CAC score may be consid-
ered.'™ (Level of Evidence: C)
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3331 Able to Exercise

1. Standard exercise ECG testing is recommended for
patients with an intermediate pretest probability of
IHD who have an interpretable ECG and at least
moderate physical functioning or no disabling co-
morbidity. "“‘5—"7 (Level of Evidence: A)

uninterpretable ECG llld at Ielst moderate physical

functioning or no disabling comorbidity.?!.1*2.148-1%
(Level of Evidence: B)

Class Ila

1. For patients with a low pretest probability of ob-
structive IHD who do require testing, standard
exercise ECG testing can be useful, provided the
patient has an interpretable ECG and at least mod-
erate physical functioning or no disabling comorbid-
ity. (Level of Evidence: C)

2. Exercise stress with nuclear MPI or echocardiogra-
phy is reasonable for patients with an intermediate
to high pretest probability of obstructive IHD who
have an interpretable ECG and at least moderate
physical functioning or no disabling comorbid-
ity P1-132148-156 ([ eve] of Evidence: B)

3. Pharmacological stress with CMR can be useful for
patients with an intermediate to high pretest prob-
ability of obstructive IHD who have an uninterpre-
table ECG and at least moderate physical function-
ing or no disabling comorbidity.!5*157158 ([ evel of
Evidence: B)

Class 1Ib

1. CCTA might be reasonable for patients with an
intermediate pretest probability of IHD who have at

ACC/AHA 2012

ITHD who require testing and are incapable of at least
moderate physical functioning or have disabling
comorbidity. (Level of Evidence: C)

2. CCTA is reasonable for patients with a low to
intermediate pretest probability of IHD who are
incapable of at least moderate physical functioning
or have disabling comorbidity.!**-1%6 (Level of Ewi-
dence: B)

3. Pharmacological stress CMR is reasonable for pa-
tients with an intermediate to high pretest probabil-
ity of IHD who are incapable of at least moderate
physical functioning or have disabling comorbid-
ity ) SNSTASS T2 ([ evel of Evidence: B)

|Class III: No Benefit

1. Standard exercise ECG testing is not recommended
for patients who have an uminterpretable ECG or
are incapable of at least moderate physical function-
ing or have disabling comorbidity.?1.132.148-156.161
(Level of Evidence: C)

2223 Other
Class lla

1. CCTA is reasonable for patients with an intermedi-
ate pretest probability of IHD who a) have continued
symptoms with prior normal test findings, or b) have
inconclusive results from prior exercise or pharma-
cological stress testing, or ¢) are unable to undergo
stress with nucdear MPI or echocardiography.'™
(Level of Evidence: C)

Class ITb

1. For patients with a low to intermediate pretest
probability of obstructive IHD), noncontrast cardiac
CT to determine the CAC score may be consid-
ered.'™ (Level of Evidence: C)
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ate pretest probability of IHD who a) have continued
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Angor tipico: 3 critérios — desconforto retrosternal
Precipitado pelo exercicio
Alivio em <10 min pelo repouso ou TNG

Angor atipico ou provavel: pelo menos 2 dos 3 critérios

“Walk-through angina”: Angina tipica ocorrendo durante o exercicio e que desaparece apesar
da manutencao ou incremento do exercicio

Dor lnespeC|flca: 1 dOS C”tenos Appendix Table 1. Clinical Classification of Chest Pain

Typlcal angina (definite)
1. Substernal chest discomfort with a characteristic quality and duration
that is
2. Provoked by exertion or emotional stress and
3. Relieved by rest or nitroglycerin

Atypical angina (probable)
Meets 2 of the abowve characteristics

Moncardlac chest paln
Meets 1 or nene of the typical anginal characteristics

ﬁdaptcd ﬁOITI Braunwald (=3 a] [:9} Wid‘l pcrmisslon.
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HOMEM ANGOR ANG.ATIPICO/ | INESPECIFICA ASSINTOMATICO
(3 CRITERIOS) PROVAVEL
(2 crRITERIOS)
30-39
40-49
50-59
60-69

ALTO RISCO | >90%
INTERMEDIO | 10-90%
c_ < 10%
BAIXO | < 5%

ACC/AHA 2002 Guideline Update for Exercise Testing
A =
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MULHER ANGOR ANG.ATIPICO/ INESPECIFICA ASSINTOMATICO
(3 CRITERIOS) PROVAVEL
(2 crRITERIOS)
30-39
40-49
50-59

60-69

ALTO RISCO | >90%
TERMEDIO | 10-90%

o <10%
< 5%

ACC/AHA 2002 Guideline Update for Exercise Testing

-
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Age,y  Nonanglnal Chest  Atyplcal Anglna,  Typlcal Angina, Age, y ”“"ﬂ:agl'"i;;:hﬁﬂ “WP'C'I%ME'“*'- Typlcal g:nglﬂiv
Pain, % % % .
Men Women Men Women Men Women
Men Women Men  Women Men  Women

35 335 119 859 2-39 3088 1078
30-39 4 b 34 12 76 % 45 947  2-22 21-70 5-43 51-92  20-79
049 13 3 5 2 g7 55 55 23-59 421 4579 1047 8095 38-82
5059 20 7 & 31 9 7 65 4969  9-29 71-86 2051 93-97  56-84
6069 27 14 72 A1 o4 86

* From the Duke Database. Each value represents the percentage with significant
coronary artery discase. The first is the percentage for a low-risk, mid-decade

* Combi.ﬂﬂd dﬂtﬂ ﬁ'ﬂm Di.ﬂ.[ﬂﬂnd ﬂnd Fo”_cs.tcrssrudy “3 ﬂ.ﬂd CDI‘IJI‘IEI.I}' AITCI}" Pﬂ.tltﬂt Wld'lﬂl.lt dlEletCS, smulr_'lng, ar h}r]:lcr]lpldcmla TI'I.C SECDDI:I. 15 d.'lﬂ.[ OF tI.'IC
Sl.lI'gCI}' Sl'l.ld}’ “4) EH.CI'I. \'G]llt [‘CP[‘C-EC[[IS tI'IC PCI'CCI.'ltHgC Wld'l. Slg]'llﬁm.ﬂt coronary same-age pal:lcnt with l:I.I.‘:'LbC‘l‘CS smulr_lng, and ]'l}"PCI‘llPIdeI:-L Both hlgl‘l— and

low-risk patients have normal results on resting electrocardiography. If ST-T wave

artcry disease on catheterization. !’tc]apt:d from Diamond and Forrester (13) with changes or Q waves had been present, the likelihood of coronary artery discase
pcrmlss]un would be higher in cach entry of the table. Reprinted from Pryor et al (lé’,‘l with

PCl'lTl.iSS.iDl'l.
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FIGURE 2. The post-test probability of CAD is dependent upon pretest likelihood of CAD and
test results. Reprinted from the Journal of the American College of Cardiology, Vol 13/ edition
7, Patterson RE, Horowitz SF, Importance of epidemiology and biostatistics in deciding clini-
cal strategies for using diagnostic tests: A simplified approach using examples from coronary
artery disease, 1653-1665, 1989, with permission from Elsevier.
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*+  Am J Cardiol 1980, 46, 491-9

_~Post-test likelihood of CAD (%)
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Table 5. Definitions and Calculation of the Terms Used to Quantify the Diagnostic Accuracy of a Test

Sensitivity = [TP/(TP + FN)] x 100 Specificity = [TN/(FP + TN)] x 100

Sensitivity x P(CAD)
[Sensitivity x P(CAD)] + [(1 — Specificity)[1 — P(CAD)]]

Predictive accuracy = [Sensitivity x P(CAD)] + [Specificity x [1 — P(CAD)]]

Predictive value of an abnormal test (PV+) =

TP indicates those with an abnormal test result and disease (true-positives); TN, those with a normal test result and no disease (true-
negatives); FP, those with an abnormal test result but no disease (false-positives); FN, those with a normal test result but disease
(false-negatives); PV1, the percentage of those with an abnormal (1) test result who have disease; predictive accuracy, the percentage
of correct classifications, both 1 and 2; and P(CAD), pretest probability.

GEFERC & %t weatinogac cainca

Sociedade Portuguesa de CARDIOLOGIA
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Table 6. Effect of Disease Prevalence on Predictive Value of a Positive Test

Number With Number With
Prevalence of Test Abnormal Normal Test Predictive Value of
CAD (%) Subjects Characteristics Test Result Result a Positive Result

5 500 with CAD 50% sensitive 250 (TP) 250 (FN) 250/(250 + 950)
9500 without CAD 90% specific 950 (FP) 8550 (TN) =21%

50 5000 with CAD 50% sensitive 2500 (TP) 2500 (FN) 2500/(2500 + 500)
5000 without CAD 90% specific 500 (FP) 4500 (TN) =83%

Calculation of the predictive value of an abnormal test (positive predictive value) using a test with a sensitivity of 50% and a specificity of 90% in two populations of 10,000 patients,

one with a CAD prevalence of 5% and the other with a prevalence of 50%. In a test with characteristics like the exercise ECG, the predictive value of 1 mm of ST depression increas-
es from 21% when there is a 5% prevalence of disease to 83% when there is 2 50% prevalence of disease. Thus, four times as many of those with an abnormal test result will be
found to have coronary disease when the patient population increases from a 5% prevalence of CAD to a 50% prevalence. These calculations demonstrate the important influence
that prevalence has on the positive predictive value. PV+ is the test performance characteristic most apparent to the clinician using the test. This explains the greater percentage of
false-positive results found when the test is used as a screening procedure in an asymptomatic group (with a low prevalence of CAD) as opposed to when it is used as a diagnostic
procedure in patients with symptoms most likely due to CAD (higher prevalence of CAD). For 5% prevalence: PV+ = 250/(250 + 950) = 21%. For 50% prevalence: PV+ =
2500/(2500 + 500) = 83%. CAD indicates coronary artery disease; TP, true-positive; FN, false-negative; FP, false-positive; and TN, true-negative.
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Table 25.9 Causes of false-positive and false-negative exercise test

False-positive

Left ventricular hypertrophy —

Resting repolarization abnormalities (left bundle branch block, WPW
pre-excitation, etc.)

Non-ischaemic cardiomyopathy

Digoxin

Systemic hypertension

Mitral valve prolapse

Pericardial disease

Hypokalaemia

Anaemia

Female sex

In terprerative €rror

False-negative

Lack of ischaemic threshold attainment

Lack of appreciation of symptoms or non-ECG signs possibly associated
with CAD

Significant obstructive CAD well compensated by collateral circulation

| Interpretation error
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Table 25.9 Causes of false-positive and false-negative exercise test

False-positive

Lefcventicular hypertrophy
Resting repolarization abnormalities (iebuadlobanchb blocl AM/DIA/
pre-excitation, etc.)

Non-ischaemic cardiomyopathy

Digoxin

Systemic hypertension

Mitral valve prolapse

Pericardial disease

Hypokalaemia

Anaemia

Female sex

In terprerative €rror

False-negative

Lack of ischaemic threshold attainment

Lack of appreciation of symptoms or non-ECG signs possibly associated
with CAD

Significant obstructive CAD well compensated by collateral circulation

| Interpretation error
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Table 25.9 Causes of false-positive and false-negative exercise test

False-positive

Lefcventicular hypertrophy
Resting repolarization abnormalities (iebuadlobanchb blocl AM/DIA/
pre-excitation, etc.)

Non-ischaemic cardiomyopathy

Digoxin (o

Systemic hypertension

Mitral valve prolapse

Pericardial disease

Hypokalaemia

Anaemia

Female sex

In terprerative €rror

False-negative

Lack of ischaemic threshold attainment

Lack of appreciation of symptoms or non-ECG signs possibly associated
with CAD

Significant obstructive CAD well compensated by collateral circulation

| Interpretation error
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Table 7. Meta-Analyses of Exercise Testing23.26 X\K
Number of  Total Number . Sens Spf}b Predictive
Grouping Studies of Patients (%) (%)  Accuracy (%)

L] d=cille 1 U darg Cxer -

Meta-analysis without MI 58 11,691 67 72 69
Meta-analysis without workup bias 3 >1000 50 90 69
Meta-analysis with ST depression 22 0153 69 70 69
Meta-analysis without ST depression 3 840 67 84 75
Meta-analysis with digoxin 15 6338 68 74 71
Meta-analysis without digoxin 9 3548 72 69 70
Meta-analysis with LVH 15 8016 68 69 68
Meta-analysis without LVH 10 1977 72 77 74
Sens indicates sensitivity; Spec, specificity; MI, myocardial infarction; and LVH, left ventricular hypertrophy. 7 3 (0) A)
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Table 7. Meta-Analyses of Exercise Testing23.26

Number of  Total Number  Sens Spec  Predictive
Grouping Studies of Patients (%) (%) Accuracy (%)

Meta-analysis of standard exercise test 147 24,047 68 77 73
Meta-analysis without MI 58 69
1\ - { r1itho 'O1K 1

Meta-analysis with ST depression

Meta-analysis without ST depression

Vieta-analysis with digoxin

Meta-analysis without digoxin 72
Meta-analysis with LVH 15 8016 68
Meta-analysis without LVH 10 1977 72

Sens indicates sensitivity; Spec, specificity; MI, myocardial infarction; and LVH, left ventricular hypertrophy.
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Table 7. Meta-Analyses of Exercise Testing23.26

Number of  Total Number  Sens Spec  Predictive
Grouping Studies of Patients (%) (%) Accuracy (%)

Meta-analysis of standard exercise test 147 24,047 68 77 73
Meta-analysis without MI 58 11,691 67 72 69
Meta-analysis without workup bias 3 >1000 50 90 69
Meta-analysis with ST depression 22 69 70 69

1\/] 4 D al=bik

Meta-analysis with digoxin

Meta-analysis without digoxin
Meta-analysis with LVH 15 68
Meta-analysis without LVH 10 72

Sens indicates sensitivity; Spec, specificity; MI, myocardial infarction; and LVH, left ventricular hypertrophy.
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Table 7. Meta-Analyses of Exercise Testing23.26

Number of  Total Number  Sens Spec  Predictive
Grouping Studies of Patients (%) (%) Accuracy (%)

Meta-analysis of standard exercise test 147 24,047 68 77 73
Meta-analysis without MI 58 11,691 67 72 69
Meta-analysis without workup bias 3 >1000 50 90 69
Meta-analysis with ST depression 22 0153 69 70 69
Meta-analysis without ST depression 3 840 67 84 75
Meta-analysis with digoxin 15 6338 68 74 71

Meta-analysis without digoxin 3548 72 69 70
Meta-analysis with LVH 8016 69
Meta-analysis without LVH 1977 77

Sens indicates sensitivity; Spec, specificity; MI, myocardial infarction; and LVH, left ventricular hypertrophy.
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Table 25.9 Causes of false-positive and false-negative exercise test

False-positive

Left ventricular hypertrophy

Resting repolarization abnormalities (left bundle branch block, WPW
pre-excitation, etc.)

Non-ischaemic cardiomyopathy

Digoxin

Systemic hypertension

Mitral valve prolapse

Pericardial disease

Hypokalaemia

Anaemia

Female sex

Interprecative error

False-negative

Lack of ischaemic threshold attainment

Lack of appreciation of symptoms or non-ECG signs possibly associated
with CAD

Significant obstructive CAD well compensated by collateral circulation

Interpretation error
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Karvonen ct al., 1957
Jones ct al., 1975

FCmix =206— 0597*1dadc Mulheres Hossack ct al., 1981
FC méx. =205—-0,41 * idade Homens Sedentérios  Sheffield et al., 1965
FCméx. = 198—0,41 * idade Homens Ativos Sheffield ¢t al., 1965
FC méx. =201 — 0,6 * idade Homens Calvert et al., 1977
FC méx. =192—-0,7 *idade = Mulheres Calvert et al., 1977
FC mdx. =209 - 0,7 * idade Homens Univer. de Ball State
FC mdx. =214 - 0.8 * idade Mulheres Univer. de Ball State




Congresso Frequéncia cardiaca maxima

Novas Fronteiras em Cardiologia

Bal0fevereiro.2013 VO 2 m
Hoted Vila Galé Ericeira e a X

Relacao entre % FC max e VO2 max
% V02 max % FC max
28 50
42 60

56 70
80% 0 SO 85%

o10
100 100

Tabela 2 — Relacdo do percentual da freqiiencia cardiaca e

percentual do consumo maximo de oxigeénio. proposta por
Marion et al. (1994).




Congresso Frequéncia cardiaca maxima

Novas Fronteiras em Cardiologia

8310 fevereiro2013 e VO2 max

Classificacdo de atividades aerobias baseadas em
atividades de 60 min

%% V02 max % FC max

Muito Leve <20 <35
Leve 20-30 35-54

40090 22-69
IIntensa 80%  60-84 70-89 85%
uito Intensa > ou igual a 85 > ou igual a 90
Maximo 100 100

Fonte:
McArdle, Katch, Katch, 1986
ACMS, 1998
Pini, M.C. Fisiologia Esportiva - 1983
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Tahle 16. Prognostic Studies of Exercise Testing

Years of Lengih of
sStady Enrollment N  Follow-up {¥) Independent Prognostic Factors

. CHF
. T stage
. Ezprcise-induced 3T depression

CARSIE 19741979 4083 5

DCnicelts 19691981 2842 5 . Exercise-induced 3T deviation
. Ezercise-induced angina

. Ezxercise dutation

. CHF/Mdigozin use

METs

Wlax SBP

. Ezercise-induced 3T depression

Long Beach VAW 19541990 2544 5

[talian CHE105 1976-1570 1083 5.5 [ wawe
Prior I
. Effort ischetria

FExercise capacity

B elgianlos 197E-1985 470 5 Age
. meore of masimum HE, 3T depression,

angina, watts, 5T sope

boo— Lo kg ds Ld ko — L B o L b —

Fenmanii? 1975-1978 1238 4.5

—_

. Exprcise toletance (watts)
2 Mamnmum HE.

weattle Heart 1971-1974 33 33
P tchleE

CHF
- Wammum double product
. Maxz BF

4. Angina

5 Resting 5T depression
CASS indicates Commary &xery Surzery S tady, CHEF, congestive heart fathie; Th, teadnull, Vi, Veterars A dnons taton; BMIETs, metabol-
e equivalents; Max, maaram, SEE, systolic blood pressuw, CHE, Comiglio Namonale Ficewhe , ML noocardial irfareticer, and HE, heart

-

L b
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Figure 5 Prognostic stratification according to combined clinical and exercise variables.

52,270-273,681-483
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Survival, %

Prognosis

100

90—

80 —

70—

Clinical risk
Age
Gender

Atherosclerotic risk factors

Rest ECG

Modifiers
Coronary disease extent
Left ventricular function

Adverse indicators
Poor exercise capacity
(<4 METs)

Early onset and late offset
of ischemic STD

STE in noninfarct leads
Exertional hypotension
Profound STD
Downsloping STD

>5 Leads ischemic
Angina during exercise
Complex ventricular
arrhythmias at low heart
rates

1 |
1 2 3

Duration of follow-up, y

4 5

-
.
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Table 2. High-risk features of noninvasive modalities
MPI

Large reversible perfusion defect
Multiple perfusion defects
SDS=13

Poststress TID

Poststress RV uptake
Poststress lung uptake
Abnormal poststress LVEF

Stress ECHO

Poststress global LV impairment
Diastolic dysfunction

Poststress LV cavity dilatation
Mitral regurgitation

Cardiac CT

Left main stenosis = 50%
3 vessel disease
2 vessel disease including proximal LAD

Cardiac MR

SDS =7
Presence of late gadolinium enhancement and reversible perfusion
defects

[Exercise Treadmmesﬁng (FI')

Duke score <-11
(ST-segment depression, exercise time and symptoms)

Time fo onset of ST-segment depression
ST-segment elevation

Time to resolution of ST-segment depression
Exercise induced ventricular arrhythmias

CAD= coronary artery disease, MPl= myocardial perfusion imaging, SDS= sum difference score
(sum stress score-sum rest score), TID=transient ischemic dilatation, RV=right ventricle, LVEF=left

ventricular ejection fraction, ECHO= echocardiography, LAD= left anterior descending artery
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« DTS= exercise time-(5 x ST deviation)-(4 x exercise angina),

O=none
— imiti ST-segment lschemia- Angina during Prognosis Duration of
° = :
1=n onlimitin g deviation during reading exercise o R
_ . . iy exercise line 5year annual _
« 2=exercise-limiting. anial mordty NT Mo
0mm —— None —- 0.99—0.2% 20——18
D98 —0.4% 17 15
0.95— 1% 1312
Nonlimiting —— 0.93—f-1.5%
. 1mm —— 0.90—f 2% L =
. 0,85 3% y 28 = 3
 Low risk: 5+15
Exarcisa-limiting —— 070 6% 2 3
0

* Moderate Risk: -10+4 | = oo
gl Risk: -11-25

K
=
-
“

3 M —t—

4 mm ——
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Duke treadmill score

Exercise time in minutes  #
mm ST-depression x 5 —H
Angina, not limiting x4 —n
Angina, limiting x 8 .

Risk 1-year mortality
Low risk >3 (0.25%
Intermediate 4 to -10 1.25%
High <-11 5.25%

Figure 4 Duke treadmill score.”?
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POINTS e e e e e e
Age, ¥ T T T T T 1 — T T T T T 1
30 35 40 45 &0 55 60 &5 FO VS BD 85 90 95
1
Male zax 1:1:_'
1
Typlcal angina —
O
Mon=insulin-treated '_-Ir
diabetes o
1
Insulin-traated —
diabetes o
1
Current or recent —
cigaretle smoking 9
4]
Hypertension 4'
Fropaortion of
predicted METs T T T T T T T ™
achi i 24 2 1.6 121 08 06 04 02
ST-segment I
depression, mm o

0
Testelnduced angina —
1

1
Abnormal heart mte —
rEcovery o

Frequent ventricular |—?

ectopy during

rECOVEry o

TOTAL POINTS —r— T T T T T —T— "
a 20 20 103 120 140 160 180

F-year survival

probability

S-year survival
probability

Figqure &. Marpogram to predict rek of
deah ba=ed on clinical data and resulis
of exerc e testing. To detaminariek,
draw a wertical line from eachriek
rmarker o the top line, Bbeled
"POINTS,” to cakubte poink for each
rizk rarker. The =um of all these points
& then rarked on the line labeled
‘TOTAL FOINTS. Drop vertical lines
from there to vield the 2- and S-year ar-
wiwal probabilities. For birmery varables, 1
mears wes and 0 meare no. MET indi
cates metlabolic equivalent. Reproduced
from Laver et gl
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Risk Faclor Score Contribution individual's Score

Comorbldity

Mo [} E [{i]
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pi 114 patient with stabke angra. M| ndicates myocardial imfarction.
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Mo 0

Yes a4

Total =
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exertion, am putation for artera | va=zcubr edfliciency, wascubr surgery recoretruction or by pass) or angiop =ty 1o the exiremities,
docurnerted aortc ansury=m, o nonimas ve avidaice of impaired arter@| lowe; chronic remal faiure delined a= chronic dalse o remal
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Least fiL

Relative risk of deach

Cacegories of exercise capacity

Figure 25.6 In a prospective follow-up study for 6.2 & 3.7 years consecutive
men referred for treadmill exercise testing age-adjusted mortality rates in
healthy men were categorized by level of fitness. The range of values for
exercise capacity (METs) for each category are represented within each

bar. A clear relation between fitness level and all-cause morcality is obvious.
Reproduced with permission from Myers J. Cardiology patient pages.
Exercise and cardiovascular health. Circulation 2003; 107: e2—e5.
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QUINTILES OF EXERCISE CAPACITY

FIGURE 13-11 Age-adjusted relative risks of all-cause mortality by quintile of exercise capacity in 2534 subjects with a
normal exercise test result and no history of cardiovascular disease and in 3679 subjects with an abnormal exercise test result
or history of cardiovascular disease. The mean duration of follow-up was 6.2 + 3.7 years. Quintile 5 was used as the reference
category. For each 1-MET increase in exercise capacity, survival improved by 12 percent. (From Myers J, Prakash M, Froelicher
V. et al- Exercise capacity and mortality among men referred for exercise testing. N Engl J Med 346:793, 2002.)
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congesss. TESTES DIAGNOSTICOS NAO
W o INVASIVOS

Functional Tests

Anatomical Tests

CT angiography SPECT

MR angiography PET

Stress Echo
Stress MR
Exercise ECG

FIGURE 1. Anatomical and functional noninvasive modalities available for evaluating
coronary artery disease.
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Optimal Medical Therapy with or without PCI

for Stable Coronary Disease

William E. Boden, M_D, Robert A ¥ Rourke, M.D, Koon K. Teo, M.B_, B.Ch_, Ph.D., Pamela M. Hartigan, Ph.D.,
David ). Maren, M.D., William ). Kostuk, M.D., Mearril Knudtson, M.D., Marcin Dada, M.D._, Paul Casperson, Ph.D.,
Crystal L Harris, Pharm.D, Bernard R. Chaitman, M.D., Leslee Shaw, Ph.D., Gilbert Gosselin, M.D._,

Shah Mawaz, M.D., Lawrence M. Title, M.D, Gerald Gau, M_Dv, Alvin 5. Blaustein, M.D_, David C. Booth, M.D.,
Eric R. Bates, M_D., John A. Spertus, M.D., M_P.H., Daniel 5. Berman, M.D., G.B. John Mancini, M.D.,
and William 5. Weintraub, M.D., for the COURAGE Trial Research Group*

ABSTRACT

BAaCeGROUMD

In parients wirh smable coronary arrery disease, it remains unclear whether an nirial
msgm[mcfpﬂmm coronary inrervencion (PCI) wirh nrensive
pharmacologic cherapy and Lfestyle intervention (opcimal therapy] is

Affiliations for all authors aro listed in the
& ppendi_Address reprint roguests o D
Eoden at the Division of Casdiology, Buf-
ral Hospital, 100 st, Buffaly,

o oprimal medical cherapy alone in reducing the risk of cardiovasoelar evenrs.

WMETHRODS

We condwcred a randomized rrisl mwolving 2287 parients wiho had objecove evidence
of myocardial kschemia and significant coronary arvery disease ar 50 U.S. and Cana-
dian cenpers. Berwea 1999 and 2004, we assignad 1149 padents roundergo PCI with
opomal medical therapy (PCI group) and 1138 w receive oprimal medical therapy alone
(medical-therapy growp). The primary outcome was death from any cawse and non-
faral myocardeal nfarcrion during a follow-up period of 2.5 o 7.0 years (median, 4.6).

RESULTS
There were P11 primary events in the PCI group and N2 events n the medical-
terapy group. The 4.5-year cumularive primary-event rares were 19.0% in the PCI
group and 18.5% in rthe medical-rherapy group (hazard rario for the PCI group,
1.05; 95% confidence interval [C1], 0.E7 w 1.77; P=0.62). There were no significan
differences berween the PCI group and the medical-therapy group in the composice
of death, myocardizl infarcrion, and stroke (20.0° vs. 19.5%; harard ratha, 1.05;
95% CL, 0LE7 o 1.57; P=0.63); hospialkzarion for acure coronary syndrome (1245 vs.
11.8%; hazard marin, 1.07; 95% CI, 0.84 w 137; P=0.56); or myocardial infarcrion
(13 % v5. 12.3%; harard rario, 1.13; 95% CI, OED o 1.43; P=033).

COMCLuEIONS
As an inidal management scrategy in parients with scable coronary arery disease,
POl did mor reduce the risk of dearh, myocardial infarcrion, or other major cardio-
vascular events whan added o opimal medical dverapy. (Oinfeal Trials.gov number,
NCTODNTEST.)

NY 14303, or at whodengblakidahealth.
ofg-

“Mamibars of the Clinical Cwtcomes URi-
lizing and

of this article at wwsnajm.org.
Thizarticie {11055 NEJkoalT0429] was
peibilichad atwww.najm.ong on karch 28,
207,

M Engl) Mad 2007;356:1503-15.
Copyright {5 007 Memechunait baslcal Saafy.

Optimal Medical Therapy With or Without Percutaneous
Coronary Intervention to Reduce Ischemic Burden

Results From the Clinical Outcomes Utilizing Revascularization and
Aggressive Drug Evaluation (COURAGE) Trial Nuclear Substudy

Lesles J. Shaw, PhD), Daniel 5. Berman, MDY, David J. Maron, MDD, G.B. John Mancini, MI);
Sean W. Hayes, MD; Pamela M. Hartigan, Phl); William 5. Weintraub, MD;

Robert A. O'Rourke, MD; Marcin Dada, MI); John A. Spertus, MD), MPH; Bernard R. Chaitman, MIY;
John Fricdman, MD; Piotr Slomka, PhD); Gary V. Heller, MDD, PhL};, Guido Germano, PhID;
Gilbert Gosselin, MI); Peter Berger, MD; William J. Kostuk, MD; Ronald G. Schwartz, MD;
Menll Knudtson, MD; Emir Veledar, PhD); Enc R. Bates, MDY, Bemjamin McCallister, MD:;

Koon K. Teo, MD; William E. Boden, ML), for the COURAGE Investigators
Background—Extent and severity of myocardial ischemdia are determinants of risk for patients with coronary artery
disease, and ischemia reduction is an important therapewtic goal. The Clinical Owtcomes Liilizing Revascolarization and
Appressive Drog Evaluation (COURAGE) noclear substudy companed the effectiveness of percutaneous comonary
intervention (PCI) for ischemia redection added to optimal medical therapy (OMT) with the use of myocardial perfusion

single photon emission computed tnmography (MPS).

Methods and Resulis—Of the 2287 COURAGE patients, 314 were enrolled in this substudy of serial rest/stress MPS
performed before treatment and 6 to 18 months (mean= 374+ 50 days) after randomization using paired exercise (n=—284)
or vasodilator stress (n=2300. A blinded core labomtory analyzed gquantitative MPS measures of percent ischemic
myocardivm. Moderate to severe ischemia encumbered = 109 myocardium. The primary end point was =5% reduction
in ischemic myocardium at follow-wp. Treatment groups had similar baseline characteristics. At follow-uap, the reduction
in ischemic myocardiem was greater with PCI+O0MT (—2.7%; 95% confidence interval, —1.7%, —3.8%) than with
OMT (—0.5%:; 95% confidence interval, —1.6%. 0L6%; P<20.0001). More PCI+OMT patients exhibited significant
ischemia reduction (33% versus 190%; P=0.0004), especially patients with moderate o severe preireatment
ischemia (7T8% versus 52%:; P=0.007). Patients with ischemia reduction had lower unadjusted risk for death or
myocardial infarction (P=0.037 [risk-adjusted P=0.26]). particolarly if baseline ischemia was moderate to severe
(P=0.001 [risk-adjusted P=0.08]). Death or myocardial infarction rates ranged from 0% to 39% for patients with
no residual ischemia to =10% residual ischemia on follow-up MPS (P=0.002 [risk-adjusted P=0.097).

Conclusions—In COURAGE patients who underwent serial MPS, adding PCI to OMT resulied in greater reduction in
ischemia compared with OMT alome. Our findings suggest a treatment of =5% ischemia reduction with OMT

tarpet
with or withowt coronary revascularization. (Circulofion. 2008:117:1283-1291.)
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Figure 3. Kaplan—Meier Survival Curves According to Study Group.
FFR denotes fractional flow reserve, and PCI percutaneous coronary intervention.
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NAO INVASIVOS FUNCIONAIS

* Prova de esforco

— Acessibilidade
— Inocuidade
— Barata, custo/beneficio, facilmente repetivel

Diagndstico: Risco pré-teste intermédio, ECG interpretavel
e consegue fazer esforgo

aiXo--..risco >>>> Alta probabilidade de Falso+ (VPN
ado)

>»>>>Maior probabilidade d

te para ver prognost
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ovsrmersencusness  TESTES DIAGNOSTICOS
NAO INVASIVOS FUNCIONAIS

« Cintigrafia de perfusao miocardica (SPECT)

— Menor Acessibilidade

— Raniagéo (especialmente quando teste duplo, depende do radiois6topo) 11
mSev

— Mais cara. Limitacoes nos obesos
PET melhor resolugao com aumento da sensibilidade
« Eco de sobrecarga e de esforgo
— Melhor acessibilidade
— Sem radiagcao
— Depende da janela transtoracica e do tipo morfologico (obeso, DPOC)
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2 NAO INVASIVOS ANATOMICOS

« CCTA

— Radiacao
— Uso de contraste
— Coronarias calcificadas

* RMN (angio)

enor acessibilidade. Custos do aparelho e do-exame
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Units of Absorbed Dose

G 0.01

Units not - —

normalized rad=cGy | 0.001
25 Gy | 000001

Units of Effective Dose, Equivalent Dose, and Weighted E quivalent Dose

TUhnits aiud i I I

normalized rem=csSv 0.-DDII I

by Vg sv | 0.00001]
# of Chest x-rays (PA) 0.5

LD50: 5 Sw
Average dose, atomic bomb
survivors (RERF): 200 mSv

Annual limit to radiation workers
(10 CFR 20.1201): 50 mS¥

Dual isotope stress test: 28 mSv
Sestamibi stress test or CTA with
tube current modulation: 11 mSv
Average US annual background radiation: 3 mSv

Annual limit to general public from a licensed
radiation operation (10 CFR 20.1301): 1 mSv

Chest z-ray (lateral) or Dental %-rays (4 bitewing films): 0.04 mSv

Roundtrip flight, New York-Los Angeles: 0.03 mSv
Chest z-ray (single view, posteroanterior): 0.02 mSv

Einstein AJ irculation 2007;116:1290-1305
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Age at Exposure (years)

0 5 10 15 20 30 40 50 60 70 80

591 489 343 174
740 586 409 214

Males

Females

Figure 6. Lifetime attributable risk estimates of all-cancer incidence per 100 000 persons exposed to a single
100-mGyv dose to all organs. Cancer risk estimates in this table are for the general US population

Einstein A J et al. Circulation 2007;116:1290-1305




Radiation Dose Chart

This is a chart of the ionizing rodiotion dose o person can sbsorb from warious sources. The unit for obsorbed dose is “sievert™ (3v), ond meosures the effect @ dose of radiotion
will have on the cells of the body. One sievert {oll ot once} will make wou sick, ond too many more will kill you, but we safely absorb small amounts of natural rodiation daily.
Note: The same number of sieverts absorbed in a shorter time will generally cause more damage, but your cumulotive lomg-term dose plays o big role in things like concer risk.

m Sleeping next to someone {B.05 pSv)

m Living within 58 miles of a nuclear
® power plont for @ veor (8.89 uSv)

8 Eoting one banona (8.1 pSw)

Living within 58 miles of a coal
power plant for @ year (8.3 pSv)

AEm E-ray

Using a CRT monitor
{1 pSw)

for o year (1 p3v)

Extra dose from spending one doy in
an orea with higher-than-overoge
natural bockground radiation, such
as the Colorado ploteau (1.2 pSv)

Dental x-ray (5 pSv)

Bockground dose received
by an average person over
one normal doy (18 WSy

Airplone flight from New York to LA (48 p3v)

= Using o cell phone (@ pSv)-a cell phone’s transmitter does
not produce ionizing rodiotion* ond does not couse concer.

* Unless i's a bananaphens.

m = (A.85 pSv)

AlL the doses in the blue
chart combined (~68 pSv)

m Extro dose to Tokyo in weeks following
B Fukushing cccident (48 mSv)

Living in a stohe, brick, or concrete
building for a vear (78 pSv)

Averoge total dose from the Three
Mile Islond gccident to someone
living within 1A miles (30 pSw)

Approximate totaol dose received at
Fukushina Town Hall over two weeks
following accident (188 WSv)

EPA yearly release
limit for a nuclear
power plont {258 pdv) m ]

Wearly dose from
notural potassium in
B the body (398 psv)

Mammogr am
(488 v

Ph yearly limit on
adiotion exposure
o a single member
f the public

1 mSv=1,000 piv)

wpical dose over
wo weeks in Fuku-

one {1 mSv, but
reas northuwest saw
ar higher doses)

H Normal yearly background
dose. About 85X is from
natural sources. Mearly
all of the rest is from
medical scans (~4 m3v)

B Chest %- PR S EPA yearly release torget for
est x-ray (28 V) B0 o nuclear power plant (38 WSv)

Dose from spending an
hour on the grounds at
the Chernobyl plant in
2818 (6 mSv in one spot,
but waries wildly)

Moximum yearly dose permitted for US rodiation workers (58 mSv)

S\

-
Radiation worker H
one-yeor dose m
linit {58 mSv) B
= m(28 psv) Approximate total dose at ALl doses in  Lowest one-year dose
- one station at the north- green chart clearly linked to
= = (18 n3¥) west edge of the Fukushing m combined incrensed cancer
exclusion zone (40 m3v) ® {~75 mav) risk (108 nSv)
Dose received by two Fukushima Bosecatstnalisnpon s Rof)
plont workers (~188 mSv) BEEUEEIE ERISLiE) U
received in a short time
EP& guidelines for emergency (408 mSv, but vories)
situations, provided to
_ ensure quick decision-making: severs rodiahion
= o5y Dosze limit for emergency poisoning, in
workers protecting waluabl some coses fatal
property (188 m3v (2008 m3v, 2 Sv)
Ten minutes next to the Dooooooooo -
Chernobyl reactor core after EEEEEEEEEE Beso Uinill G EIeREaiEs
explosion ond meltdown (58 5v) SHEOOHO2A0 TGRS i Bi7ese il Usually fatal radiation
operations (250 nSv) poisoning. Survival occo-
5 . sionally possible with
ources: Fatal dose, even with treatment (8 Sv} prompt. treatnent (4 Sv)
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Chart by Randal |

"

Munroe, with help from Ellen, Senior Reactor Operator ot the Reed Research Reactor, who suggested the idea and provided o

lot of the sources.

lots of mistokes; it's for general educotion only. If you're boesing rodiction safety procedures on on internet PNG image ond things go wrong, you hove no one to blome but yourself.

I’'m sure 1’ve added in
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Units of Measurement (Radiation)
1 rad = 0.01 gray (Gy)

1 rem = 0.01 sievert (Sv)

1 gray (Gy) = 100 rad

1 sievert (Sv) = 100 rem

radiation doses normally encountered
are expressed in milliSievert (mSv)

Radiation dose for increase
cancer risk o
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CINTIGRAFIA PERFUSAO MIOCARDICA E RADIACAO

TABLE 2. Estimaies of Effective Doses of Standard Myocandial Perfusion Imaging Protocols
Effiective Doses, mSv

njocted Actiity (mC3) i N .o i o o o Dot LW, - ot M
Protocol Rest Stress E = E, E e
=T soatumibi reat-sbroes 100 775 13 114 146 ™ Md;ﬂ&ﬁgmgﬁ ii%%ﬁ@iﬁﬁmmm
s seetamibi simas iy 00 75 79 a0 100 W '
=T sastamibi 2-day 250 250 157 156 206 W
Ty T ra———— 100 75 93 a9 a7 129
meT \gtrofosmin strees oy 00 75 &6 71 &7 88
B tgtrofosmin 2-day 250 250 128 135 137 183
7] siroas- reciskibulion 00 as 220 220 287 A 1) 466 P 1)

/4R 3 46.6 (A1 5
15 10 4 35 4310 P 1) B89 {1 1)
140 A 2 NR (F1 2)
426MF 3 629 (M1 3

15 25.0 202 203 378 P 1) NR 1 1)
225 0.0
500 50.0
150 150
207 297
100 0.0
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TABLE 7. Siudies Reporting Effective Dose in CTGA

Mean Effective Dose Estimates, mSy Andrew T Emsligf:“&?mn\gfeﬁgyﬁ:géég ﬂ:ﬁ;lgglcigﬂfgc[)l%:x% and Milena
CTCA Cokium Seoring -
Witheoark With Witheout With Prospective ocutonom st ST L 0&’&%%@5}3&%&%@@%@? D T 5251
Hunold et & 4 Siamens TLD-ARF fow) ETa B1% = = 03 36% 153 1B%
4 Siemens  TLD-ARF (high) 1083 12.0% — = b33 B2% —
McCabough™ 4 s Mutipls a0 _ _ 25 08
4 _pod Mutipls 120 _ _ 45 11
Poll at aP* 4 Siomens OLP B3z 110% — 407 54% 183 25% 123 16% -
4 Siemens TLD-ARP 1033 1279 — 463 b6y 244 28% 158 1B% —
Hacker ot al™ 12 Siamens — — — 43 — —
Coles et P 12 Siemens  CTDosimetry xds 142 — — 41 26 —
16 Siemens  CTDosimetry xds 153 — — — -
Rahr ot al™ 16 Siemens WinDosa T1a 105% — 432 64% 223 31% 0453 DERY
Garcia et af® 16 Philips DLP — ] — — —
Gerber et af™ 16 Siemens Modified DLP 13 - BA - -
Hoffmann et al™ 16 Philips - 49 — B1 — —
Mawiel and Yoshimmi® 16 GE MOSFET-CIRS 206 — — — —
16 Siamens MOSFET-CIRS 188 — — — —
Sato at al? 4 Siamens - 4-5 — — — —
16 Toshiba . T-B — — — -
Trabold st af® 16 Siemens TLD-ARP Bis 108% = 433 b6y 2894 36% 168 20% —
Gaspar ot a* a0 Phiips  Modifiad OLP 0 _ _ _ _
Caussin et al® B4 Siamens — — B4 — — —
Hausleiter ot al™ 16 Siamens DLP 106 — 64 — - —
B4 Siemens DLP 148 — o4 — —
Ghostine et al® B4 Siamens DLP — — T — - -
Labar &t al® B4 Siamens — — — 10-14 — -
Mollet et al® B4 Siemens WinDosa 1623 H.4% — — — 133 1.7¢ —
Muhlanbruch et 2P B4 Siamens — 1363 1729 — — — —
Milookzou et aF B4 Siamens WinDosa B-10 — — — —
Pugices ot sF* B4  Siomens _ 153 209 _ - - _
Raff ot aF* 64 Siemens - 133 182 — — - -

Blipses |- - .} indicate not specifisd; TLO-AAP, thermoluminescent dosimeters in an Aldersan-Rando phantom; DUP, derived from dose-length product on scan-
ner conscle; 3, mals; 2, female; and MOSFET-CIRS, metal axide semiconducior fiakd effect transistors in a CIRS Phantom.
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JAMA: Potential CCTA radiation risks should serve as wake-up call Pagina 1 de 3
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JAMA: Potential CCTA radiation risks should serve as
wake-up call

Use of cardiac CT angiography (CCTA) has the
potential to expose patients to high doses of radiation,
and methods available to reduce radiation dose are not
frequently used, according to a study in today’s issue of
the Journal of the American Medical Association .

“With the constantly increasing number of CCTA-
capable scanners worldwide, the volume of CCTA
scans performed is likely to show substantial further
increase,” the authors wrote. They added that the
clinical usefulness of CCTA for the assessment of
coronary artery disease has to be weighed against the
Study cautions cardiac CT  radiation exposure of CCTA and the small but potential
labs to be cautious. Image  risk of cancer. Many clinicians may still be unfamiliar
Source: NYU Internal with the magnitude of radiation exposure that is
Medical Blog received during CCTA in daily practice and with the
factors that contribute to radiation dose, according to

the researchers.

Jorg Hausleiter, MD, of the Klinik an der Technischen Universitat Minchen in Munich,
Germany, and colleagues investigated the magnitude of radiation dose of CCTA in
daily practice, factors contributing to radiation dose and the use of currently available
strategies to reduce radiation dose.

The PROTECTION | trial (Prospective Multicenter Study On Radiation Dose Estimates
Of Cardiac CT Angiography In Daily Practice |), an international, multi-center study (21
university hospitals and 29 community hospitals) includes 1,965 patients undergoing
CCTA between February and December 2007. They identified independent predictors
associated with radiation dose, which was measured as dose-length product (DLP),
which best mirrors the radiation a patient is exposed to by the entire CT scan,
according to the authors.

Hausleiter and colleagues found that the median DLP of the patients in the study was
885 mGy cm, which corresponds to an estimated radiation dose of 600 chest x-rays.
They observed a high variability in DLP between study sites (range of median DLPs
per site, 331-2,146 mGy cm).

Cardiovascular
Business

Published on Cardiovascular Business (http://www.cardiovascularbusiness.com)

Home > AJR: Rad dose may be underestimated in CCTA studies

AJR: Rad dose may be underestimated in CCTA
studies

Published effective radiation dose values may be
underestimated and current methods of dose
assessment may not be suitable for cardiac CT
angiography (CCTA) acquisitions, according to a
multicenter trial published in the May issue of the
American Journal of Roentgenol ogy. The researchers
also found that the use of protocols and newer
technologies can help reduce dose.

“Dose assessment is particularly relevant for cardiac CT
because it is increasingly used in patient groups with
various risk profiles,” wrote Jacob Geleijns, MD, of the
Source: U. Joseph Leiden University Medical Center in Leiden,

Schoepf, MD Netherlands, and colleagues.

During the CORE 64 study (Coronary Artery Evaluation Using 64-Row Multidetector
Computed Tomography Angiography Study), researchers assessed the diagnostic
accuracy of a 64-slice CT to identify coronary artery stenosis (CAS). Different
acquisition protocols were used to take into account CT scanner (Aquilion 64, Toshiba
Medical Systems) characteristics and patient size and sex. The researchers also
reported patient dose exposure.

The cardiac CT protocol and organ and effective radiation doses were reported for six
patient models. The average dose for CCTA was calculated by Report 103 of the
International Commission on Radiological Protection (ICRP) and was 19 mSv with a
range from 16-26 mSyv, Geleijns and colleagues reported.

The average effective dose for whole cardiac CT protocol—CT scanograms, bolus
tracking and calcium scoring—was reported to be 22 mSv with a range of 18 to 30
mSv. Sex-averaged effective dose was 16 mSv and size-averaged dose was 18 mSv
using ICRP definitions.

Average normalized weighted CTDI 10p for CCTA was 0.086 mGy/mAs with a range of
0.080-0.094 mGy/mAs across the nine participating centers. “The good agreement
between sites confirms that variation in radiation output was only minimal between the
nine different CT scanners that were installed at the centers participating in the CORE
64 study.”

For women, the average volume CTDI 495 Was reported to be 41 mGy and for small,
normal-sized and obese men these numbers were 52, 59 and 62 mGy, respectively.




Congresso

Novas Fronteiras em Cardiologia

Bal0fevereiro.2013
Hoted Vila Galé Ericeira

TESTES DIAGNOSTICOS NAO INVASIVOS

The highest proportion of the collective dose of non-therapeutic medical radiation
(49 percent) in 2006 was related to CT

Use increased by 10 - 11 percent per year from 1993 (18.3 million studies) to 2006
(62 million).

Nuclear medicine studies represented 26 percent of the collective dose in 2006. The
use of nuclear medicine studies increased over fourfold from 7.6 million in 1982 to
an estimated 18.1 million in 2006. The highest increase in utilization was related to
cardiac imaging.

In 2005, 57% nuclear medicine visits (increased from 1 percent in 1973) and 85 % of
the collective dose received from nuclear medicine studies

70 Health Phys. 2008;95(5):502

Annual No. of CT Scans (millions)

LI L S B B B
1980 1985 1990 1995 2000 2005

Year

Figure 2. Estimated Number of CT Scans Performed
Annually in the United States.

The most recent estimate of 62 million CT scans in

2006 is from an IMV CT Market Summary Report.? I
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CURRENT CONCEPTS

Computed Tomography — An Increasing

Source of Radiation Exposure Cancer Risks from CT Scans:
David J. Brenner, Ph.D., D.Sc., and EricJ. Hall, D.Phil., D.Sc.
Now We Have Data, What Next?'

Radiolegy: \lolume 265: Number 2—MNovember 2012

N Engl ] Med 2007;357:2277-84.

Table 1. Typical Organ Radiation Doses from Various Radiologic Studies.
Rel Rel Orean Dose® results. The new risk estimates clearly
Study Type ag::t ee-\{r;rgy ;f':?sv} € enable us to confirm that for every clini-
‘ . cally justified CT scan, the benefit by far
Dental radiography Brain 0.005 outweighs the risk. That being said, far
Posterior—anterior chest radiography Lung 0.01 too many chinically unnecessary CT scans
Lateral chest radiography Lung 0.15 are still being pet.'f(.}rmcd—thcse m'lmber
Screening mammograh Breast 3 in the tens of millions each year in the
& erapiy United States (18,19)—and here the ben-
Adult abdominal CT Stomach 10
Barium enema Colon 15 From an individual standpoint, when a CT scan \
Neonatal abdominal CT Stomach 20 is justified by medical need, the associated risk \\
is small relative to the diagnostic information

obtained. However, if it is true that about one
third of all CT scans are not justified by medical
need, and it appears to be likely,*® perhaps 20
million adults and, crucially, more than 1 million
children per year in the United States are being
irradiated unnecessarily.
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Quadro [ - Dose de radiacio efectiva

Coronary computed tomography

angiography in a single cardiac cyele DLP médio Dose
X .. ) (mGy*cm) Radigdo
with a mean radiation dose of approxi- (mSv)
mately 1 mSv: initial experience Pacientes = 80 kg 61<7 0.86 = 0.10
100 KV
Pacientes> 80 kg 124+3 1,74+ 0,05
120 KV
Total (1+25 0,99 + 0,34

DLP, doze-lenght product

Ricarpo DuarTE™, Nuno BETTENCOURT?, JoAo C. CosTA”, GABRIEL FERNANDEZ!

Bervico de Imagiologia, Centro Hospitalar de Gaia/ Espinho, Vila Nova de Gaia, Portugal
Servigo de Cardiologia, Centro Hospitalar de Gaia/ Espinho, Vila Nova de Gaia, Portugal
*Jodo Carlos Costa — Diagnéstico por Imagem;

*Servigo de Radiologia, Hospital POVISA, Vigo, Espanha

Rev Port Cardiol 2010; 29 (11): 1667-1676
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Tahle 1. Cardinc stress test cost, performance, sdvantages and disadvantages'=-55

Eloctrocandiography | 148 54 =TT + Agopoommant of cxarciso » Lownat sansativity af =il
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stress Sensibil. (%) Especi.(%)

PE 68 77
Eco esforco 70-85 77-89
farmacoldgico | 85-90 79-90
SPECT esforco 82-88 70-88
farmacoldgico | 88-91 75-90
PET >sens
RMN dobutamina 83 86
vasodilatador | 91 81
CCT 93-97 80-95 VPN+++
CAC scoring 85 75
RMN angio 87-88 56-70 VPN: 81
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Table 7. Meta-Analyses of Exercise Testing23.26 Xxx
Number of  Total Number X‘x Sens Spff’ft‘ Predictive
Grouping Studies of Patients (%) (™) Accuracy (%)

L] (1 ¥ U L Ll CAL -

Meta-analysis without MI 58 11,691 67 72 69
Meta-analysis without workup bias 3 >1000 50 90 69
Meta-analysis with ST depression 22 0153 69 70 69
Meta-analysis without ST depression 3 840 67 84 75
Meta-analysis with digoxin 15 6338 68 74 71
Meta-analysis without digoxin 9 3548 72 69 70
Meta-analysis with LVH 15 8016 68 69 68
Meta-analysis without LVH 10 1977 72 77 74
Sens indicates sensitivity; Spec, specificity; MI, myocardial infarction; and LVH, left ventricular hypertrophy. 7 3 (0) A)
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Table 3. Diagnostic accuracy of noninvasive
modalities for detection of CAD

Imaging modality Sensitivity (%) Specificity (%)
CT angiography 91 93
Stress echocardiography 79 87
MPI-SPECT 86 74
MPI-PET 89 90
Stress MR perfusion 91 81

Stress MR wall motion 83 86 .
MR coronary angiography 73 86 \
Exercise electrocardiogram 68 77

A N
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Table 6 Summary of test characteristics for investigations used
in the diagnosis of stable angina

Diagnosis of CAD

Sensitivity Specificity

(%) (%)
Exercise ECG 68 77
Exercise echo 80-85 84-86
Exercise myocardial perfusion 85-90 70-75
Dobutamine stress echo 40-100 62-100
Vasodilator stress echo 56-92 87-100

Vasodilator stress myocardial perfusion 83-94 64-90
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High Risk Intermediate Risk Low Risk
At least one of the following features must No high-risk features but must have any of the following:  No high- or intermediate-risk feature but may have
be present: Prolonged (=20 min) rest angina, now resolved, with any of the following:
Prolonged, ongoing (=20 min) pain at rest moderate or high likelihood of CAD Increased angina frequency, severity, or duration
Pulmonary edema, most likely related to Rest angina (=20 min or relieved with sublingual Angina provoked at a lower threshold
ischemia nitroglycerin) New-onset angina with onset 2 wk-2 mo before
Angina at rest with dynamic ST-segment Nocturnal angina presentation
changes =1 mm Angina with dynamic T-wave changes Normal or unchanged ECG
Angina with new or worsening mitral New-onset CCSC Il or IV angina in the past 2 wk with
regurgitation murmur moderate or high likellhood of CADT
Angina with S5 or new/worsening rales Pathologic Q waves or resting ST-segment depression
Angina with hypotension =1 mm in multiple lead groups (anterior, inferior,
lateral)
Age =65y

CAD = coronary artery discase; CCSC = Canadian Cardiovascular Society Classification; ECG = electrocardiogram.
* Estimation of the short-term risks for death and nonfatal myocardial infarction in unstable angina is a complex multivariable problem that cannot be fully specified in a
table such as this. Therefore, it is meant to offer general guidance and illustration rather than rigid algorithms. Modified from Braunwald et al (9) with permission.

1 CCSC I angina is defined by marked limitation of ordinary physical activity. CCSC IV angina is defined by the inability to carry out any physical activity without

discomfort (10).
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" Guidelines on the management of stable
angina pectoris: full text?

The Task Force on the Management of 5fable Angina Pectoris of
the Eurcpean Society of Cardiolomy
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Table T Sammary of moommendations for mautie non -invasive mvestigations i evaluation of stable angina

Test For Diagnosts Fzr Prognosis
Class of Lewel of Class of Lewel of
recommendation evidence rEcommendation evidenoe
Laboratary tests
Full bloed caaat, creatinine | [ | B
Fasting ghircse | B | B
Fasting lipid p mfile | B | B
Hs-C-reactive pmtem, homooysteme, [plah, apod, 11k B Ik B
and apoh
ECG
Initial evalatizn | s | B
[uring episcde of angina | B
Rowtine pericdic EDG o succesive visits 11} [ 11} [
Ambalatery BESG manitering
Auspected arhyt himia | B
Auspected vasopastic angia Ila [
In a5 pected angia with normal exerse test Ila [
LHR
Auspected heart failure arabmenmal | B | B
cardiac auscultation
Auspested significant pulmonary dissase | B
Ec hoca riicgram
Auspected heart failure, abnennal auscuttation, | B | B
abnermal ECG, Oeaves, BBB, and
marked 3T changes
Previogs M | B
Hypertension or diabetes mellitus | [ | B
lntermediate or low-rsk patient not e to lla [
hawe alternative assessment of [V function
Ererise BCO
First lfne for initial evaluation, | B | B
uiless unable toederke/EoG 10t svaliable
Fatients with kacvn CAD and | B
significant detencmticn i syn phems
Routine pericdic testing once angina control led 11k [ b [
Eiemhe inaging techmigue (eche or mdicanuclectide)
Initial evaluetion i patients with uminterpretable BCG | B | B
Patients with non conchusive ewercise test | B | B
(bt agequate exercise talerance)
Angina post- mvasoalanzation Ila B lla B
T jgentify lacation of Bchasmia Ila B
i planning mwvascularization
Assessment of functional severity of Ila [
mtermediate lesions an artenzg = phy
Fharmacclgical stress imaging ter hnigue
Fatients unable 1o =xentse | B | B
Fatients with nom -conchusive sxentse test due to | B | B
pooT eerise ielemnoe
T evaluate myacardial viability Ila B
Stherindications as for siemcie Iz B 1E B
tnaging where local facilities favear
pharmaczlogical mther than exemie 5tess
Han-ivasive CTartericg @ phy
Fatients with low praba bility of 11} [

odisease and non -oonc hasive or pogitive stress test
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FIGURE 13-11 Age-adjusted relative risks of all-cause mortality by quintile of exercise capacity in 2534 subjects with a
normal exercise test result and no history of cardiovascular disease and in 3679 subjects with an abnormal exercise test result
or history of cardiovascular disease. The mean duration of follow-up was 6.2 + 3.7 years. Quintile 5 was used as the reference
category. For each 1-MET increase in exercise capadity, survival improved by 12 percent. (From Myers J, Prakash M, Froelicher
V. et al- Exercise capacity and mortality among men referred for exercise testing. N Engl J Med 346:793, 2002.)
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i w= Both normal == Abnormal HR recovery
== Severe CAD == Both abnormal

X T ! T T T z T T T T T L T T 1
0 1 2 3 4 5 (-] 7 8
YEARS AFTER STRESS TEST

N‘g. al risk
Both normal 1817 1802 1784 1666 1415 1170 B68 706 475
Saovere CAD 280 273 264 251 210 161 127 90 79
Abnl HA rec 697 678 665 614 508 385 299 243 143
Both abnormal 141 129 125 "7 B4 51 49 40 29

FIGURE 13-12 Six-year follow-up in 2935 patients who underwent an exercise test and coronary angiography. After
adjustment for age, gender, standard risk factors, medications, exercise capacity, coronary disease extent, and left ventricular
function, abnormal heart rate recovery (Abnl HR rec) was an independent predictor of mortality. The survival plot illustrates a
martality gradient, with the worst prognosis in pati with ab | heart rate recovery and severe coronary artery disease
(CAD). (From Vivekananthan DB Blackstone EH, Poithier CE, et al: Heart rate recovery after exercise is a predictor of mortality,
independent of the angiographic severity of coronary disease. J Am Coll Cardiol 42:831, 2003.)
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300

ST/HR slope = 5.65
200 (r=.945, p<0.01)

ST/HR slope=7.2
(r=.967, p<0.05)

ST
Depression 100
(uv)

=== ST/HR slope =10.0
{r=1.000, p<0.05)

O_

—100 . T .

Heart Rate (bpm)

" FIGURE 48.3. Calculation of the ST/HE. dope. Progressive STeegment depression in lead CIs (shown as a positive
| rnagnitude on the vertical axis) is plotted against exercise heart rate in a patient with three-vessel coronary artery disease.
This cases illustrates the linear relation of 3T-segment depression to heart rate as peak exercise is approached. Asa result,
the slope of the line relating the final three data points by linear regression iz higher than the slope of lines incorporating
garlier data points. When more than one linesar correlation iz statistically significant, the greatest walue (in this case, 10,00 is
talen as the test result for that patient. The walue obtained by dmply dividing the total change in 3T-segment depression
by the total change in heart rate (the ST/HE index) markedly underestitmates the true ST/HE. dope. (From Oldn P,
Kligfield P. Heart rate adjustrnent of 3T depression and performance of the exerdse eectrocardiograrm: a critical
evaluation. J Am Coll Cardiol 1995,25:1726, with permission of Elsewier Science, Inc)

Copyright @ 2007 by Lippincott Williams & Wilkins, a Waolters Kluwear business,
Tewthook of Camliovasewlar Medicire, Third Edition by EricJ. Topal.
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b . FIGURE 48.5. Kaplan-Meier plots of survival free of angina, nonfatal myocardial infarction, or coronary heart disease

" death according to exercise test criteria in the Framingham Offspring Study. Both the ST/HR index and the rate-recovery
loop were predictive of outcome, with sigrificantly lower event-free survival rates arnong subjects with positive than thoze
with negative test outcomes. [n contrast, there was no significant difference in event-free survival between subjects with
positive and negative standard exercize tests defined according to traditional electrocardiographic criteria. (From Oldan PIJ,
Anderson KIVI, Lewy D, Kligfield P. Heart rate adjustment of exercise-induced 3T segment depression: Improved risk
stratification in the Framingharn Offspring Study, Circulation 1991,83:866, with the perrndssion of the American Heart
Agsociation )

Copyright @ 2007 by Lippincott Williams & Wilkins, a W lters Kluwer business.
Texthook of Camiovascw! ar Medicime, Third Edition by EricJ. Topol.
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FIGURE 48.7. Bar graphs showing sex differences in the improvement in sensitivity obtained using the ST/HE. index and
ST/HR. slope compared with standard test criteria for the identification of coronary artery disease (Jg/f) and for the
identification of three-wessel coronary disease (right). Solid bars represent men; white bars, wotnen. (Reprinted from Obdn
P, Kligfield F. Gender-specific criteria and performance of the exercise electrocardiogram. Circulation 1995,92:1209,
with the permission of the American Heart Association).

Copyright @ 2007 by Lippincott Williams & Wfilkins, a Wolters Kluwer business.
Texthook of Camiovgsou!ar MWedicine, Third Edition by EricJ. Topol.




Table 4 Frobability of commary disease m symptomatic patients based on (&) age, gender, and sym ptemn classfication and (b) modified by
Eaeroise test msults

[2) Fretest likelibood of S0 W symptomatic patisnts acoording to age ang sea

Age yearsh  Typical angina Atypical angina Hixn-anginal chest pain Congresso
Novas Fronteiras em Cardiologia
Male Femnale Hale Feinale Male Femnale i
J6-34 J9.7 4+ 3.2 MA+ha8 ME+24 42413 .24+ 4 G+ 03
45-44 I+ 18 Bh2+ 40 444418 1334249 41 +13 28407
hi-504 Y204+ G4 HM44+24 EA4+H1EF 324430 HEHAT Bd412
A-44 U4 3 4+ G4 Wl +1e 474 413 G444+ 24 ZRIHA1A RS+ 1A

(b} SAD past-test likelihood (&) based on age, sex, symptom £ lassification and exerdse-indaced elect eardicg mphic
ATsegment depression

bge [yearsh  al-oepression (mvy Typical angina Aty pical angina Hen-anginal chest pain Agymptomatic
Male Feimale Male Female Male Female  Malke Feimale
30-34 G G- GO Ih T 4 1 1 <1 < <1
G.0h-G0 L1 4 2 4 § i i 4
G- 14 L] 42 KT 4 16 i 4 <1
GGG 14 i 54 55 15 14 3 7 1
G G- 24 W T T4 a3 i 5 14 3
=025 H 43 42 K] L1 24 43 11
Ai-44 G G- O ai 22 14 3 4 i i <1
G G- G0 &4 53 44 12 13 3 5 1
G- 14 M 2 44 25 24 4 11 z
GGG 14 i &4 T L 4H 1 i 4
G- 24 H 43 Eh K] 45 24 1 10
=025 =" KL ar K4 L) 53 44 14
0i-54 G- O L] 47 25 1 4 2 2 1
G G- 0 1| TH 57 | i £ 4 3
G- 14 W &4 Bk o ir 14 14 7
GGG I 44 A4 ar 03 24 i 12
G-k 24 H KL 14 54 7 S 54 7
=025 =H KL gL 45 N T L 54
Al-44 G G- O H 44 a2 21 5 5 3 i
G G- 0 “ £ H 45 L: 24 17 11 7
G G-k 14 i 45 £ e 45 i3 3 15
GGG H EL A4 LE] 42 44 ir 20
GGG 24 H a4 44 EE] L 72 a1 47
=025 =H 44 49 EL 14 11 &5 T4
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CAD
(Y
Low pretest Imtermediate High pretest
probability pretest probability probalbiliy

v K -

Mo test or < &0% | =500 | - L
Interpretable ECG ECG Uninterruptable N
Ahle 1o exercise Unable to exercise *| CA score

CTA

| N

PET Unable 1o Ahle 1o
Exercise treadmill Mo significant Significant Equivocal eXercise exerise
test CAL CAD
Optimal medical Cardiac Pharmacologic Stress SPECT or
therapy cathelerization SPECT or ECHO ECHO
CA score Equivocal stress ECHO),

CTA

SPECT, or PET
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TABLE 8. Studies Reporting Effective Dose of Conventional Coronary Angiography in Nonpediatric Populations

Mean Effective Dose Estimate, mSv
Shudy Yemr Group CA CA=FTCA PTCA CA+PTCA (3 CA+ICS
Karppinen gt 3¢ 1985 105
Lenmg and Martin™ 19896 a1 —on =
Broadhead ot 3 1947 Foom A B4 o 14.2
[Rioom B A5 —on 10.2 o e e

Batsou et a™ 1938 56 o [} 893 b 13
Harrison at d™ 1958 14 —on = o
Keofobstou at 3™ 1938 46158 . e 54410 e
Kalritsis at 2™ 2000 & I (1] 136 102 167
Lobobessi at alf* 200 132 . e -
Delfichas et 2 2008 Hoapital A 27 0.5

Hospital B 179 147
Efstathopoules et al™ 2003 5 - — 148
Hunold et af™ 2013 23 e
Sandbory et & 2004 [Farmral B8 86

Radial a2 135

Stisova™ 2004 ‘Warkplaca Al BB o e e

Workplace A2 16 a7

Workplace B 8 153

Workplace C 7 57
Coles gt P 2006 - -1 o
Viayalakshami gt 3™ 2007 - 44
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