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Disposition

» Vad sager vara europeiska riktlinjer
» Diagnostik

— ST-T-reaktionen - sensitivitet och specificitet
* Prognostik

— Arbetsformaga

— Hjartfrekvensreaktionen

— Arytmi

— LBBB
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Flodesschema ESC 2019

STEP |

STEP 2

STEP 3

STEP 4

STEP 5

STEP 6

Assess symptoms and perform clinical investigations Unstable angina?
Consider comorbidities and quality of life Rmsmrelnﬂm

Resting ECG, biochemistry, chest X-ray in selected

patients, echocardiography at rest LVEF <50%
Assess pre-test probability and clinical likelihood of CAD: ‘2‘;’; m pai

Offer diagnostic testing

Coronary CTA

Choice of the test based on clinical
likelihood, patient characteristics

pa1epuew uns3]
Jnsoudap oN

and preference, availability, ===y, Testing for ischaemia
as well as local expertise® (imaging testing preferred)

Follow ACS guidelines

Medical therapy*

See section 4

Treat as appropriate or
investigate other causes

h WFRIFFR)

Very low Clinical likelihood of obstructive CAD Very high

Choose appropriate therapy based on symptoms and event riské

©ESC 2019



e
Decreases likelihood
* Normal exercise ECG®
* No coronary calcium by CT
(Agatston score = 0)*

[Increases likelihood

* Risk factors for CVD
(dyslipidaemia, diabetes,
hypertension, smoking,
family history of CVD)

* Resting ECG changes
(Q-wave or ST-segment/
T-wave changes)

* LV dysfunction suggestive
of CAD

* Abnormal exercise ECG’

* Coronary calcium by CT*
o

4
 Clria lhaihood of CAD

©ESC 2019




2013 Class®

Exercise ECG is recommendedas the initial test to estab-
lish a diagnosis of stable CAD in patients withsymptoms
of angina and intermediate PTP of CAD (15—65%), free
of anti-ischaemic drugs, unless they cannot exercise or
display ECG changes that make the ECG non-evaluable.

2019

Exercise ECG is recommended for the assessment of exercise tol-
erance, symptoms, arrhythmias, BP response, and event risk in
selected patients.

Exercise ECG may be considered as an alternative test to rule-in
or rule-out CAD when other non-invasive or invasive imaging
methods are not available.

Exercise ECG may be considered in patients on treatment to evalu-
ate control of symptoms and ischaemia.

0
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Diagnostisk tillforlitlighet

- arbetsprovet

1 mm ST-sankning

— Horisontell eller
nedatsluttande

Sensitivitet - 68%
Specificitet - 77%

Work up bias
— Sensitivitet 45-50%
— Specificitet 85-90%

* Sensitivitet
— En-karl 39%
— Tva-karl 72%

— Tre-karl 83%

* Ingen studie gjord mot
FFR

Gianrossi et al Circulation1989
Froelicher et al Ann Intern Med 1998
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The performance of non-invasive tests to rule-in
and rule-out significant coronary artery stenosis
in patients with stable angina: a meta-analysis
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Aims To determine the ranges of pre-test probability (PTP) of coronary artery disease (CAD) in which stress electrocardiogram
(ECG), stress echocardiography, coronary computed tomography angiography (CCTA), single-photon emission computed
tomography (SPECT), positron emission tomography (PET), and cardiac magnetic resonance (CMR) can reclassify patients
into a post-test probability that defines (>85%) or excludes (<15%) anatomically (defined by visual evaluation of
invasive coronary angiography [ICA]) and functionally (defined by a fractional flow reserve [FFR] <0.8) significant CAD.

Methods A broad search in electronic databases until August 2017 was performed. Studies on the aforementioned techniques
and results in >100 patients with stable CAD that utilized either ICA or ICA with FFR measurement as reference, were included.
Study-level data was pooled using a hierarchical bivariate random-effects model and likelihood ratios were obtained
for each technique. The PTP ranges for each technique to rule-in or rule-out significant CAD were defined. A total of
28 664 patients from 132 studies that used ICA as reference and 4131 from 23 studies using FFR, were analysed.
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A Test  Clinical Likelihood of ICA-significant CAD B Test  Clinical Likelihood of FFR-significant CAD
Results 0% 50% 100% Results 0% 50% 100%
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15% 85% - can rule-in CAD (Fost-test probabity wil nse above B5%) g
~
Clinical Likelihood range where test
- can rule-out CAD (Post-test probability wil rse below |5%) é

Figure 5 Ranges of clinical likelihood of coronary artery disease in which a given test can rule-in (red) or rule-out (green) obstructive coronary
artery disease. (A) Reference standard is anatomical assessment using invasive coronary angiography. (B) Reference standard is functional assess-
ment using fractional flow reserve. Note in (B) that the data with stress echocardiography and single-photon emission computed tomography are
more limited than with the other technlques.73 The crosshairs mark the mean values and their 95% confidence intervals, Figure adapted from
Knuuti et al.”* CAD = coronary artery disease; CMR = cardiac magnetic resonance; CTA = computed tomography angiography; ECG = electrocar-
diogram; FFR = fractional flow reserve; ICA = invasive coronary angiography; PET = positron emission tomography; SPECT = single-photon emis-
sion computed tomography.

Knuuti et al, EHJ 2018



SCOT HEART

Coronary CT Angiography and 5-Year Risk of MI

OPEN-LABEL, PARALLEL-GROUP, MULTICENTER, RANDOMIZED, CONTROLLED TRIAL

Standard Care
Only

Standard Care +
Coronary CTA

(N=2073) 4146 Patients with stable chest pain (N =2073)

: Death from cél;oﬁafy héart disease .
48 patients m— 1y 81 patients

(2.3%) (Median follow-up, 4.8 years) (3.9%)
[ HR 0.59, 95% Cl: 0.41-0.84, P=0.004 ]

Te NEW ENGLAND JOURNAL of MEDICINE Newby et al. 2018




Men ar arbetsprovet en
dalig undersokning?

Arbets-EKG kan utga, men lange leve arbetsprovet!
Billig undersokning

Hog tillganglighet

Relativt enkel, ingen dyr utrustning

Ger massor av prognostisk information om patienten
Ingen stralning

Se till att ha en bra undersokning



X X X X

Optimalt a-prov

Normalt vilo-EKG

>85% av beraknad maxpuls

8-10 minuters duration
Anstraningsgrad >16 pa Borg-skalan

HOg dubbelprodukt (syst bltr x HF),
hjartarbete



ST-T-reaktionen



Sekundara ST-T-forandringar

= Retledningshinder
LBBB
LAH — kan maskera LAD-ischemi
RBBB (obs! V4-V6) — titta pa QRS/ST i vila

» ST-T-forandringar pa vilo-ekg
= Preexcitation - WPW
=  Digoxin

= Pacemaker med kammarpacing - kardiellt
minne



Diagnostisk tillforlitlighet

- arbetsprovet

1 mm ST-sankning

— Horisontell eller
nedatsluttande

Sensitivitet - 68%
Specificitet - 77%

Work up bias
— Sensitivitet 45-50%
— Specificitet 85-90%

* Sensitivitet
— En-karl 39%
— Tva-karl 72%

— Tre-karl 83%

* Ingen studie gjord mot
FFR

Gianrossi et al Circulation1989
Froelicher et al Ann Intern Med 1998



ST-T reaktion efter arbete |

Comparison of High Risk Stress Myocardial Perfusion Imaging
Findings in Men With Rapid Versus Prolonged Recovery of
ST-Segment Depression After Exercise Stress Testing

Jonathan D. Rich, MD*®, Stuart Chen, MD*", and R. Parker Ward, MD*"*

ST-Normal ST-Rapid ST-Prolonged

ECG Response

Rich et al Am J Cardiol 2010



ST-T-reaktion efter arbete |l

Journal of the Amencan College of Cardiology Vol. 63, No. 13, 2014
© 2014 by the American College of Cardiology Foundation ISSN 0735-1097/836.00
Published by Elsevier Inc. http://dx.doi.org/10.1016/j.jacc 2013.11.052

Yield of Downstream Tests After (!)cmss_\mk

Exercise Treadmill Testing

A Prospective Cohort Study

Mitalee P. Christman,” Marcio Sommer Bittencourt, MD, MPH,{ Edward Hulten, MD, MPH, {
Ekta Saksena, BA,T Jon Hainer, BSc,t Hicham Skali, MD, 7 Raymond Y. Kwong, MD,5

Daniel E. Forman, MD,% Sharmila Dorbala, MD, Patrick T. O'Gara, MD, % Marcelo F. Di Carli, MD,{
Ron Blankstein, MD+

Boston, Massachusetts



Frequency of test results

C Yield of both noninvasive and invasive downstream testing

100% -
80% -
60% -
40% -
20% -
0

0%
o n=19 n=74
+ETT b‘“ ETT +ETT, but Submaximal OTypccal +ETT
rapid baseline ECG exercise angina, -ETT
recovery changes

® Positwe cath or imaging study ® Inconclusive imaging study ® Negative cath and imaging study

Christman et al JACC 2014



ST-T-reaktion efter arbete |l

C Survival free from MI, revascularization or cardiovascular death

1009~

Q5% ~

AW0% -

85% ~

80% -

75% -

Log rank P<0.001

Days after 70% | : v . ' v
ETT 0 200 400 600 800 1000
Submax. 177 164 160 152 127 102
Typ. ang. 99 72 68 61 51 30
Rapid rec. 125 111 109 104 85 54

w— Negative ETT (n=2478)
= Baseline changes/Other

w  IncOnclusive ETT (n=1043) s Positive ETT (n=135)
Submaximal exercise

+Typical angina, -ECG

= Rapid recovery of ECG changes




Arbetsformaga



Clin Physiol Funct Imaging (2014) 34, pp297-307 doi: 10.1111/cpf.12097

Comparison of two commonly used reference materials for
exercise bicycle tests with a Swedish clinical database of

patients with normal outcome
L. Brudin™*, L. Jorfeldt®>* and O. Pahim?

‘ Department of Clinical Physiology, Kalmar County Hospital, Kalmar, Sweden, *Department of Medicine and Heath Sciences, University Hospital Linkoping,
Linkiping, Sweden, *Department of Molecular Medicine and Surgery, Section of Clinical Physiology, Karolinska Institutet, Stockholm, Sweden, “Department of
Clinical Physiology, Karolinska University Hospital, Sona, Sweden and *Department of Clinical Physiology, Skane University Hospital, Lund, Sweden

Summary

"Kalmarmaterialet” sedan hosten 2014

Retrospektivt 1790 unika arbetsprov

Bedomda som normala
1043 man
747 kvinnor

Korrigerar mot langd (tidigare vikt)

Kritik - inkl mycket valtranade personer



Gradering av arbetsformaga

Gradering enligt Equalis rekommendation fran 2019:

God >120%

Normal 75-120%

Latt sankt 70-74%
Mattligt sankt 69-50%
Uttalat sankt <50%

Men den har
uppdelningen - vad
betyder den
egentligen Kliniskt?




Clin Physiel Funct Imaging (2019) doi: 10.1111/cpf. 1260¢

Long-term follow-up of patients undergoing standardized
bicycle exercise stress testing: new recommendations for
grading of exercise capacity are clinically relevant

Thomas Lindow™*3 (%), Lars Brudin4, Viktor Elmberg® and Magnus Ekstrom®

Department of Clinical Physiology, Vaxjo Central Hospital, Vaxjo, “Clinical Sciences, Clinical Physiology, Lund University, Lund,, *Department of Research and

Development, Region Kronoberg, Vaxjo, 'Ik’]mll:u'n! of Clinical Physiology, Kalmar County Hospital, Kalmar, "Department of Clinical Physiology, Blekinge

Hospital, Karlskrona, and “Faculty of Medicine, Department of Clinical Sciences Lund, Respiratory Medicine and Allergology, Lund University, Lund, Sweden

Summary

« Ca 14 000 patienter

* Arbetsprov 2005 till 2016

» Uppfdljning median 7,7 ar (1Q 5,0-10,8 ar)
. Nationellt patientregister

. Dodsorsaksregister

« Totalt 1809 dodsfall, varav 546 kardiovaskulart relaterade



1 - survival

(=]
i

Gradering arbetsformaga och mortalitet
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Exercise capacity and all-cause mortality

”~
00 20 40 60 80 100 120
Follow-up (years)
Number of patients at risk at 2-year follow-up intervals
Follow-up intervals
Group (time from exercise test, years)
0 2 4 6 8 10 12
All patients 13887 12748 10571 8059 5591 3350 1142
<S0% 373 317 239 158 97 55 21
S0 - <70% 2012 1871 1506 1139 787 511 243
70 - <75% 987 947 790 600 443 273 133
7I5-<120% 9656 9546 8314 6707 4863 3226 1703
2120% 859 859 758 615 422 238 126

Exercise capacity and cardiovascular mortality

030

025
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1 - survival

015

010

005

00

00 20 40 60 80 100 120
Follow-up (years)

Exercise capacity
% of predicted

<50
1 50-<70
170 -<75
1 75 -<120
2120

Lindow et al Clin Physiol Func Imaging 2019



Arbetsformaga li

Likvardig med perfusionsdefekt pa scint avseende mortalitet
Snader JACC 1997

Starkare prediktor for mortalitet an koronarangio och ST-sankning
Myers et al NEJM 2002

>10 METs och intermediar risk eller kand CAD — lag risk for >10%

ischemi vid scint
Bourque et al J Nucl Cardiol 2010

Patologiskt a-prov och >10 METs — god prognos, 7% tecken pa

ischemi vid stress-EKO
Bath et al Am J Cardiol 2008



C

100% -

9% -

0% -

85%
o -
TS% -
Days after 70%*

ETT
Submax.

Typ. ang.
Rapid rec.
e Negative ETT (n=2478)

= Baseline changes/Other

Angina

Angina under a-prov ar ett observandum
och oavsett EKG-reaktion ar vidare utredning vardefull

Survival free from M|, revascularization or cardiovascular death

Submaximal exercise

s [nCONCIUSIVE ETT (N=1043) wes Positive ETT (n=135)

%
Log rank P<0.001
0 200 400 600 800 1000
177 164 160 152 127 102
99 72 68 61 51 30
125 m 109 104 85 54

+Typical angina, -ECG
ws Rapid recovery of ECG changes

Christman et al JACC 2014



Hjartfrekvensen

 HF ivila - forhojd - samre prognos

 Heart rate recovery (HRR) - HF vila

— sankning av hjartfrekvensen under den forsta minuten
efter arbete

— Parasympatikus reaktivering
— Patologiskt:
staende >12/min
liggande >/=18/min

— Om patologisk rel till mortalitet



Kronotrop inkompetens

Definition: <85% av predikterad

HRmax . . . .1
Figure 2. Survival According to Ability to

: . . Reach 85% of the Age-Predicted Maximum
Minskad kanslighet hos Heart Rate
sinusknutan for
sympatikusstimulering 1.00 T

0.95 - 11""‘-_‘7 77777 ' Reached
Farmakologiskt (betablockad), | —
koronarinsufficiens, del av sjuk s e
sinusknuta 509 Falled
. T . 0.85

Predikterar for okad risk av i e oo
hjartkarlhandelser och total - o=
mortalitet 00 05 10 15 20 25
<85% HR ad USted RR 1 8 No. of Years After Test

95%Cl 1.1-3.0, $=0.0"
° ) Lauer et al JAMA 1999



Kronotropt index = HR reserve

* Normalt 1.0 (95%CI 0.8-1.3)
» Sankt <0.8 (inte betablockad)

HI:max o HI:vila
» Betablockad <0.62
> Tar hansyn till alder, hjartats Beraknad HF g, — HF i
vilofrekvens
 Kronotrop index justerad RR 2.2 S R
gure 3. Survival According to
(95%CI 1.4-3.4, p>0.001) Chrorotopic Inder
100
« Lagt kronotropt index medfor risk e
for mortalitet likvardig med defekt 0 e |
pé SCInt. :%j 0.90 Low Chronotropic Indé&(ﬁ
Laurer et al JAMA 1999, 0.857
Azarbal et al JACC 2004 Log-Rank 32 = 36, P<.001
o o8 1.0 15 20 25

No. of Years After Test



Vent

rikulara aryt

mier

Survival

No. at Risk

No VE

VE only during exercise
VE only during recovery
VE during both

1.0+

VE only

during exercise

VE only
during
recovery

0.8
VE during both
0.7_ LO I'( 2_
g-rank y?=133, P<0.001
0.0 T T T ]
0 2 4 6 8
Years after Stress Test
27,219 26,295 22,900 19,576 16,708 13,971 11,283 9292 6480
945 900 840 687 598 504 418 352 255
589 564 474 425 331 276 226 162 121
491 459 403 329 265 231 190 148 122

Figure 1. Kaplan—Meier Analysis of the Association of Frequent Ventricular Ectopy (VE) Only during Exercise, Only dur-
ing Recovery from Exercise, or during Both Exercise and Recovery, with Survival.




LBBB

» Arbetsinducerat vanstersidigt skankelblock

 Okad mortalitet/morbiditet oberoende av tidigare kand CAD
— RR 2.8 (1.2-6.7, p=0.02)

Grady et al Clin Cardiol 1998




Sammanfattning

* Arbetsprov ej forstahandsundersokning for
diagnostik vid misstankt kronisk koronart
syndrom med intermediar sannolikhet

— Men om annan undersokning ej finns att tillga. ..
 Men ger mycket viktig prognostisk information!
"Hur mar min patient?” "Event risk”

— Arbetsformaga, ST-T-reaktion, brostsmarta, arytmier,
hjartfrekvens, blodtrycksreaktion



