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Functional Tests

e Treadmill test
e Stress echo

e SPECT
* Stress |
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Mechanisms of myocardial ischaemia

Epicardial coronary arteries

Coronary microcirculation

Atherosclerotic disease Vasospastic disease

Microvascular dysfunction

Impairs coronary physiology

Stable plaque  Vulnerable plaque Focal/transient Persistent and myocardial blood flow
@ @ Vas‘Iasm Vas°Iasm in subjects with risk factors
Reduction Plaque rupture Prinzmetal Myocardial
in CFR angina infarction :
Contributes Induces severe
Thrombosis to myocardial acute ischaemia
ischaemia ‘Takotsubo’
‘Demanc.i in CAD and CMP
ischaemia Acute coronary
+ angina syndromes/infarction

These three mechanisms can overlap




Temporal sequence of ischemic events
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Temporal sequence of ischemic events

Q Global LV dysfunction (GLS, Force)

/ O RWMA




Temporal sequence of ischemic events

Ischemic cascade in coronary microvascular disease

O Global LV dysfunction (GLS)
O Diastolic dysfunction (B-lines)

. ST segment changes

O Chest pain
O CFVR reduction

Q (RWMA — usually absent )
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Are Some False-Positive Stress Echocardiograms a Forme Fruste
Variety of Apical Ballooning Syndrome?

Aaron M. From, MD, Abhiram Prasad, MD*, Patricia A. Pellikka, MD, and
Robert B. McCully, MBChB

The mechanisms for abnormal stress echocardiograms (SEs) in patients with normal
coronary arteries have not been clearly elucidated. We hypothesized that in some
patients, this phenomenon may represent a forme fruste of apical ballooning syndrome
(ABS). The aim of the study was to evaluate the characteristics of patients with strongly
false-positive SEs and determine whether there were similarities to ABS. Thirty-one
patients from the Mayo Clinic stress echocardiography database who had normal function
al rest, extensive regional wall motion abnormalities in association with an abnormal
response of left ventricular end-systolic cavity size at peak stress, and angiographically
normal coronary arteries were evaluated. Eighty-four percent were women with a mean age
of 61 = 12 years, 6% had a positive stress electrocardiogram, and only 26% had a
hypertensive response to stress. In 81%, left ventricular ejection fraction decreased with
stress and 97% developed new regional wall motion abnormalities in =4 segments, Peak
wall motion score index was 1.65 = 0.39. Midventricular (100%) and apical (87%) segments
were most often involved with relative sparing of the basal segients (77%; p = 0.01). There
were no deaths during follow.up (2.3 = 0.7 years). In conclusion, the major findings of this
study were that strongly false-positive SEs occurred predominantly in postmenopausal
women, and frequently involved the apical and mid-left ventricular segments, features that
were similar to ABS, Data were consistent with the hypothesis that some false-positive SEs
may represent a forme fruste of ABS. © 2009 Elsevier Inc. (Am J Cardiol 2009;103:
1434-1438)
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Main indications of
Stress Echo for Ischemia

In individuals with suspected CCS and moderate or high (>15%-85%) pre-test
likelihood of obstructive CAD

Stress imaging should be considered before high-risk NCS in asymptomatic
patients with poor functional capacity, and previous PCI or CABG.

Intermediate coronary artery lesions
Follow-up : >2 years after PCl, >5 years after CABG)

Viability ?




Contraindications

absolute
« STEMINSTEMI

« Sustained Ventricular Tachy

 Recent thrombus in LV

« Acute conditions (inflammation, stroke, ech




END POINTS (diagnostic or non-diagnostic)

*  Achievement of target HR (85% or 90% of maximal, age-predicted HR)

*  Completion of protocol (maximal drug dose-maximal workload)

*  Obvious echocardiographic findings of extensive myocardial ischemia Diagnostic
* LV dilatation
* SBP >220 mmHg or DBP > 110 mmHg, symptomatic drop in SBP N
*  New arrythmias (sustain V1, sustain SVI, AF, brady<40bpm)
— Non-diagnostic

*  Limiting symptoms (chest pain, fatigue)

*  Central nervous system symptoms (ataxia, pre-syncope, headache)
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Exercise is the only truly physiological test and by far the safest

Low exercise capacity, poor HR recovery, and
failure to reach target HR are more important
predictors of outcome than ST changes

= Exercise is a well validated independent prognostic factor*

= Poor exercise capacity (< SMETS) identifies a high risk
population

= Achieving =2 10 METS: Medical therapy as good as CABG no
matter how bad the CAD 2

= 13 METS = Excellent prognosuis. regardless of exercise
response

a.q-u.m- umnmumsms”mnmmnwu—-.mn




SE PROTOCOLS e

STRESS ECHO ME A2KH2H iﬁ:ﬁ, ‘::l‘q’ nPWTO
Ftoxos HR = s (AIAAPOMOZ) oo
0,9 * (220-age) _ . S

TP AYOVTWV
avtifeong.

ECHO npepiog pe
SobALR :

oLPAYOVIWV avtifeong.
AnoOnkevon ewkovwyv 4C,

- B

HPEMIA

AMNOKATAZTAZH

0 3 6 9 12 15 min

TFuveXNG KALVLIKA eKTipnon Kat kotaypadn aptnplakng nieong, HKI (Xpnon
NPWTOKOAAOU TOU Bruce).
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Exercise echocardiography Protocol:
Parameters that should be assessed at each stage

Fom i sompine

Blood Pressure, ECG, clinical condition monitoring 1
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Pharmacological Stress Echo

Unfortunately

v" not all the patients are capable of maximally
exercise (e.g. those with intermittent claudication)

v someone exercises submaximally

v someone has an uninterpretable ECG




SE PROTOCOLS

ECHO otnv
3 kopUdwon ue
ECHO 4C,2C,3C cuvexwg ; evSohALBLL —
' y oklaypadkn i
ovoia 4C, 2C, 3C
2TOYaG R ; Atportivn e
Tl €wg 1mg
) av HR<otoxou B-blocker
ECHO npepLag pe
Xopnynon
evbopAEBLag
oklaypadLkng ovoiag
vwa 4C, 2C, 3C
HPEMIA | 10 ue/kg/min | 20 pg/kg/min | 30 pg/kg/min ANOKATA:TAZH
0 3 6 min

ZUVEXNG KALVIKA EKTinoN Kat kataypadn aptnplokng nieong, HKT.



AOBOYTAMINH

2vvletiky KatEyoLiouivy

* pI worporn Kot ypovoTpomy opacy

 Evapln opaonc oc 1-2 Jemta

Xpovoc nuicelog (wns 2 Aenta

*  'Hmieg mopevéEPyeLes: aLUmOIES TPLYMTOD KEPOANG,
ecayels, embouia yio ovpnon, oioOnuo roiuwy

2ofapéc mapevipyereg: 20UmLoKy KOIALOKY EKTOTIA,
votia n/koi kepalolyia, vmotaon / ppoovkopolia,
DIEPKOIAIOKES ApPLOUIES, DTTEPTOON




XPHXH ATPOITINHX

Avrryovepyino, avEnaoyn xupotuxns ovyvoTnTHS

Avénon evarolnoiug o Angn B-avaororéwy o vooo 1 ayyeiov

ITpoooyn oe yAavxwuc xocr 60BoEy VITEQTOOPLX TOOTTATY

Tlowuyn yoonynon ustwver o yeovo tng eEetoons sxet T
ovvoiuey 0oay ooBouvteulvys

Cardiovascular Ultrasound 20006, 4:17
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KNOW YOUR PERFUSION DISTRIBUTION

Bl rca [l RcAorcx
[ JLaD LAD or CX
B cx E=3 rcAor LAD

Lang RM, et al. J Am Soc Echocardiol (2015) 28:1-39




Evaluatlon of LV Reglonal Wall Motion

gl Regional WM Assessment
(Subjective)
Normal
Hypokinetic
Akinetic
Dyskinetic
Aneurysmal
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AZOENHZX 60 ETQON ME IZTOPIKO AY2AITIAAIMIAZ KAI
APTHPIAKHZ YTEPTAZHZ NMAPOYZIAZETAI ME OlNIZO02TEPNIKO
AAIOZ ZE MNMEPI®EPEIAKO NOZOKOMEIO




YIIOBAAAETAI AME2A XE XTEOANIOI PA®IA




PClI ZTHN EIMYTEPH BAABH TOY LAD KAI 2E D1, AAANAAAYNAMIA
[MPOQOHZHZ TOY ZYPMATOZXZ MNEPIOEPIKOTEPA XTON LAD




TEAIKO ATTOTEAEZMA: KAAH POH ZTO AIATQNIO AAAA
NMAPAMENEI H BAABH 2TON LAD 2TO AIXA2MO ME TO
AIAT'ONIO




O AZOENHZ NPOZEPXETAI 2TO NO2OKOMEIO MAZ
[ATIEPAITEPQ EKTIMHZH, ONTAZ A2ZYMITTOMATIKOZ =
A3 MHNEX |

EINNIAOI'EY

1) BEATIXTH ®APMAKEYTIKH ATI'QI'H

2) BALLOON XTON LAD

3) 20 STENT XTON LAD (CULOTTE,CRUSH,TAP)

4) FFR XTON LAD +PCI

5) EKTIMHXH LAD ME MH-EITEMBATIKEX
MEG®OAOY X




AMNOPAZIZTHKE H MH-AIMATHPH EKTIMHZH
TOY LAD

* Dobutamine Stress Echo (DSE)

* Perfusion

°* CFR otov LAD
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AMNOPAZIZTHKE H MH-AIMATHPH EKTIMHZH
TOY LAD

* Dobutamine Stress Echo (DSE)

. *  Meiéty apdtwaonc uvokapdiov (perfusion) (real
time - low MI) (pvBpég AAfpoNg TV TPLLOEIS DV TOV

HVOKOPOioV)

* CFR otov LAD




End Systolic Images Side by Side

Demonstration of myocardial
contrast replenishment following
a high MI impulse during a
continuous infusion of UEA
during VLMI imaging. Images
are acquired near end-systole.
When we perform vasodilator
stress, we prefer intermittent
high mechanical index imaging




STRESS ECHO
AITEIOAIAZTAATIKELY OY2IEXY
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SE PROTOCOLS

STRESS ECHO ME AINYPIAAMOAH

ECHO npENio:  pE ECHO watd T S1ipreas TS Jopiymens
evbooiEfn  yopiT o BurupBauding uE eviogiEfio yopimon

Extipnon CFR orov St
moprybvTEY  ovTiBEG TS mp-n.'rn'-.'n-:l-'-. ovTiBeons. Amofiioean LAD pera )

Amobpcenor ELKOVEY frRbvay 40, 20, AC 0PIy .
AC, 2C, 3C. AvvaTom) TE BUTUPLETHOLT]S
ekmunons  CFERE orov Xopiman .
LAD CUTVOQUIEIVIES £03s
240mg o 2 LerTn
HPEM A ZuvEms TopTTon suropmaauoins pE pobpe 0,84 meKe AMNOKATAITAIH
L)) 1 2 3 4 5 & min

—

TuvENNC KMWVLER EXTLANCN Ko Koroypodr] aprnpuoeknc mieonc, HK.




SE PROTOCOLS

STRESS ECHO ME AAENOZINH

ECHO pe
swiodAsfin
oLy podeun
ouolo 4C, 2C, 3C

ECHO npepicg pe

Xophynon

:E‘I.I‘viSD-[IﬂI.‘éE-LEu‘; )

CELOY P @K ouTiog

yue 4C, 2C, 3C

HPEMIA | EYMEXHE XOPHTHEIH AAENOEINHE ME PYSMO 140 U/Kg/min e
o 1 2 3 4 5 min

—

FUVEXAC KMWVLER EXTLNGN Kol Kooy pord ] aprnpuaekc iesnc, HK.




STRESS ECHO ME REGADENOSOMN

ECHO  npepicg  p=
EwSodhEfie  Nop Yo
nu.pu.'lrﬁ-vmm n.vn'ﬂufnni;. ECHO |.|.El:i:'l:_ r} m:rp-lﬁ‘]rrrn'n mga-da:lu—snn
AToorBrKEU-OT) ELHOWENY pE swdaodbAs i o pr o) TOOLPE WO Tk w
ac, 2C, 3C, avrBeong AmolnrEuoon sweovoery 40,
ﬂ 20C, 3C
HFEM 1A / / /
(0] 2 g B min
—-
FuwEC KMWLKR EKTLANON Kol KOrTory pode ) onpTn oo ) © Toleo . HE.
Regadenoson Contra-indications Headoches 27
Dyspnea 25%
Flushing 7%
* Severe asthma, COPD (active wheezing) Chest dscomfon 1%
X . Chest pain 8%
Hypotension (<90 SBP) -~ o
* Severe bradycardia (<40 bpm) Dizziness %
1 v Nouseo &%
* Xanthines, caffeine (12 hrs) s -
* Recent use of dipyridamole (e.g., aspirin) within 48 hrs
* Aminophylline within 24 hours
* High degree AV block/sick sinus syndrome Reversal agent: Aminophylline




Pertusion imaging in DSE

‘Real-time’ Low-MI Dobutamine MCE ] ]
Detecting Multivessel CAD

# Perfusion ® Wall motion 95 pts with MVD ® Perfusion ® Wall motion
D N=170

& 95 pts with MVD
84%
: * p<0.05

76%

%8%

Sensttivity Peak  Sensitivity Specificity Accuracy J

Intermediate
.'0

Sensitivity Specificity Accuracy d
L)

121712018 32 127712018 33



HHAOOAOI'IKO “PERFUSION” KOPY®HX
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Contrast Low M|
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AMNOPAZIZTHKE H MH-AIMATHPH EKTIMHZH
TOY LAD

* Dobutamine Stress Echo (DSE)

. *  Meiéty apdtwaonc uvokapdiov (perfusion) (real
time - low MI) (pvBpég AAfpoNg TV TPLLOEIS DV TOV

HVOKOPOioV)

* CFR otov LAD




o Egeopeio pornc (Coronary Flow Reserve): H dvvoatdétnta tov ote@aviaiov
ayyelov va avénoet ™ pon Tov o€ avEnuéves UETOPOMKES OVAYKES TOV
Hvokopoiov

Modified 2-3CH view
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Interpretation - Significance

detecting significant (> 75%) LLAD stenosis with a sensitivity of 86% and a specificity of 70%

REST STRESS

Normal
finding

CFR: 2.13

LAD stenosis

Microvascular
disease

FuroEcho iy
CFR: 1.91




Adult Echo
S8-3
25Hz
10cm

HPEMIA

AP
¥

CER 1,85

TIS0.5 MI0.5

+ Vel 38.4 cm/s

PG

| [N
100mm/s '

1 mmHg

" 58bpm

Adult Echo
$8-3
25Hz
10cm

0

STRESS

TIS0.5 MI0.5

+ Vel 62.6 cm/s
PG 2mmHg

" 100

l‘ . 1
mm/s

=40

*133bpm




AITEIOT'PA®IKA “MAAAON”
XHMANTIKH NOXOX XTON LAD

DPYXIOAOI'IKO INAOOAOI'IKO

“*WALL MOTION < PEREUSION
“* AOKIMAZXIA KOIIQXEQY <+ CFR




TEAIKH AITO®AXH

%* CFR xat PERFUSION &ev amotehovv “stand alone” ometkovioTikég
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Risks: stress and contrast

The stress risk is in the order of magnitude of 1 major life-threatening
event every 1000 studies,

The frequency of side effects with UCAs is extremely low (1 1n 10 000) for life-threatening

anaphylaxis reactions

Other symptoms such as headache, chest pain, and back pain are more frequent but less
severe




Approach

Preferred based on ESC 2019
Downstream revascularizations
Pre-obstructive atherosclerosis
Warranty period expiration
Cost EU (€)

Cost USA ($)

Radiation (mSv)

Radiation (CXRs)

CO; emission (kg per scan)

CO; equivalent (modern car)

Functional testing
Intermediate-high probability
Lower rate

Carotid ultrasound needed

1 year

97 (50-165)

2600 (200-5000)

0

0

Anatomic testing
Low probability
Higher rate
Detects higher-risk patient:
2 years

274 (98-509)
4200 (625-12700)
4 (0.5-10)

200 (25-500)

Ikg

74 km




Two chamber

Four chamber

Long axis

Long axis

Two chamber

Four chamber




Rest no contrast, no visible LAD flow Contrast bolus facilitates detection of Rest LAD flow







2022 ESC Guidelines on cardiovascular
assessment and management of patients ’
undergoing non-cardiac surgery |

1 ] 5]

Stress imaging

Stress imaging should be considered before high-risk NCS in
asymptomatic patients with poor functional capacity, and lla
previous PCl or CABG,

Table 5 Surgical risk estimate according to type of surgery or intervention

Low surgical risk (<1%) Intermediate surgical risk (1-5%) High surgical risk (=5%)

* Breast * Carotid asymptomatic (CEA or CAS) + Adrenal resection

+ Dental = Carotid symptomatic (CEA) + Aortic and major vascular surgery

* Endocrine: thyroid * Endovascular aortic aneurysm repair » Carotid symptomatic (CAS)

* Eye * Head or neck surgery * Duodenal-pancreatic surgery

+ Gynaecological minor * Intraperitoneal: splenactomy, hiatal hernia * Liver resection, bile duct surgery

+ Orthopaedic minor (meniscectomy) repair, cholecystectomy * Oesophagectomy

= Reconstructive = Intrathoracic: non-major + Open lower limb revascularization for acute limb
* Superficial surgery * Meurological or orthopaedic: major (hip and ischaemia or amputation

* Urological minor: (transurethral resection spine surgery) * Pneumonectomy (VATS or open surgery)

*

of the prostate)
* WATS minor lung resection

*

Peripheral arterial angioplasty Pulmonary or liver transplant
Bepair of perforated bowel

Urological or gynaecological: major * Total cystectomy

Renal transplants

*

& ESC 2022




@ E SC European Heart Journal (2024) 45, 3415-3537 ESC GUIDELINES |

European Society https:/doi.org/10.1093/eurheartj/ehae177
of Cardiology

2024 ESC Guidelines for the management
of chronic coronary syndromes

- a b
Recommendations Class® Level Stress Echo L VEF and volumes

In individuals with suspected CCS and moderate or ([t e o] e

high (>15%-85%) pre-test likelihood of obstructive

CAD, stress echocardiography is recommended to

Myocardial perfusion

diagnose myocardial ischaemia and to estimate the Coronary velocity flow reserve

risk of MACE,##41-246
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