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SPECIAL ISSUE: NONINVASIVE ASSESSMENT OF
LEFT VENTRICULAR DIASTOLIC FUNCTION

STATE-OF-THE-ART REVIEW

Left Ventricular Diastolic Function

Understa nding Pathophysio|ogy, Diagnosis, and CENTRAL ILLUSTRATION Hemodynamic Variables That Characterize LV Diastolic Function and
. . . Echocardiographic Surrogates
Prognosis With Echocardiography

Sherif F. Nagueh, MD

HIGHLIGHTS

e LV diastolic function determines symp-
toms and predicts outcome in patients
with cardiovascular disease. Relaxation

Lv
Early
Diastolic
Recoil

e Echocardiography is used to assess LV
diastolic function, and estimate LV filling
pressures.

LV Untwisting
rate

L LV Filling Pressures -~

e Recent American Society of Echocardi-
ography/European Association of Car-
diovascular Imaging guidelines were
validated against invasive gold standard,
with superior accuracy in predicting
outcomes.

e LV and left atrial function novel indices
and artificial intelligence have potential

_ ; ] : :
to advance this field. 0 @ @ @ @

ﬁgltliignz | e Nagueh, S.F. J Am Coll Cardiol Img. 2020;13(1):228-44.
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SPECIAL ISSUE: NONINVASIVE ASSESSMENT OF
LEFT VENTRICULAR DIASTOLIC FUNCTION

@

STATE-OF-THE-ART REVIEW

Diastolic Dysfunction and Heart Failure
With Preserved Ejection Fraction
Understanding Mechanisms by Using Noninvasive Methods

Masaru Obokata, MD, PuD, Yogesh N.V. Reddy, MBBS, MSc, Barry A. Borlaug, MD

HIGHLIGHTS

e HFpEF is a heterogeneous syndrome, and
categorizing patients based upon
pathophysiology may provide
phenotype-specific therapies.

e Echocardiography provides valuable
information for assessing pathophysio-
logical mechanisms, phenotyping, and
diagnosis in cases of HFpEF.

e Further study is needed to establish the
HFpEF phenotype and roles of
noninvasive imaging in it.
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FIGURE 1 Complex Pathophysiology of HFpEF
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@ E S C European Heart Journal - Cardiovascular Imaging (2020) 21, 715-717 How To PAPEF

European Society doi10.1093/ehjciljeaa091
of Cardiology

How to do LA strain s

Jens-Uwe Voigt 1’2*, Georgiana-Gratiela Me‘ilaescu“rf, Kristina Haugaa3, and
Luigi Badano™®

Table | Step-by-step approach to atrial strain

assessment
select an LA focussed view (2CV or 4CV)
c
(=] =
- narrow image sector
a
3- | | check for artefact free visibility of all LA wall
(%] L
[ E
acquire 3 =5 consecutive, regular beats C
oo ! contour LA using automatic features
L
§ adapt contour and ROl width
o |
< check tracking result,
9‘ | modify by adjusting contour if needed
i D
w
g_ [ report LA strain for
| reservoir, conduit and/or contraction
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@ ESC European Heart Journal (2020) 41, 1439-1447 CLINICAL RESEARCH

European Society  4oi:10.1093/eurheartj/ehz905 Heart failurelcardiomyopathy
of Cardiology

Echocardiographic phenotype and prognosis
in transthyretin cardiac amyloidosis

Liza Chacko ® 17, Raffaele Martone ©® 1’21, Francesco Bandera ©® 3’4,
Thirusha Lane'!, Ana Martinez-Naharro ® ', Michele Boldrini', Tamer Rezk!,
Carol Whelan', Cristina Quarta', Dorota Rowczenio', Janet A. Gilbertson',
Tanakal Wongwarawipat ® 1 Helen Lachmann', Ashutosh Wechalekar!,
Sajitha Sachchithanantham’, Shameem Mahmood', Rossella Marcucci © °,
Daniel Knight1, David Hutt ® °, James Moon ©® 67 Aviva Petrie ® &,
Francesco Cappelli ® 2 Marco Guazzi**, Philip N. Hawkins',

Julian D. Gillmore'?, and Marianna Fontana @ **f

Take home figure This study characterizes the structural and functional echocardiographic phenotype of 1240 patients with ATTR cardiomy-
opathy, demonstrating varying degrees of disease severity across different genotypes. Stroke volume index, right atrial area index, longitudinal strain
and severe aortic stenosis were independently associated with patient survival in the overall population. E/e’ became independently associated with
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Independent prognostic parametersin ATTR Cardiomyopathy

TTR Cardiomyopathy
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n=766

@ Collbae patient survival when patients with aortic stenosis were excluded.
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Hereditary
n=474

E

troke
volume index

E/e’

Rightatrial
area index

Longitudinal
strain

Severe aortic
stenosis
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@ E S C European Heart Journal (2020) 41, 3813-3823

European Society qoi:10.1093/eurheartj/ehaaé03
of Cardiology

CLINICAL RESEARCH
Heart failure

Imaging predictors of response to cardiac
resynchronization therapy: left ventricular work
asymmetry by echocardiography and septal
viability by cardiac magnetic resonance

John M. Aalen ® %3, Erwan Donal ® %, Camilla K. Larsen ® 3,

Jurgen Duchennes"’, Mathieu Lederlin3, Marta Cvijic ©® 5’6, Arnaud Hubert3,

Gabor Voros*®, Christophe Leclercq®, Jan Bogaert ® "%, Einar Hopp ©°,

Jan Gunnar Fjeld ® %1% Martin Penicka'', Cecilia Linde ® '2, Odd O. Aalen ® '3,
Erik Kongsgard"??, Elena Galli®, Jens-Uwe Voigt ® >*%, and Otto A. Smiseth" >3

Travail myocardique = courbes pression-
volume (PAS brassard et strain longitudinal)

Différence de travail myocardique entre
paroi septale et latérale

ET

absence de viabilité septale prédisent la
réponse a la CRT
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A I Strain Pressure-strain loops Work LGE-CMR: No scar
Before CRT [Dpositive work  WNegative work Work (mmHg-%)
wee LV lateral wall
— Septum
s Ave

Lateral Septum Work
wall difference

posterior

C I Strain Pressure-strain loops Work ROC-curve
6 months with CRT = < Work (mmHg:%)

we LV lateral wall LVP =

— Septum (mmHg) so

AVC

w2 + o
LV lateral wall strain (%)

1175

-385

: Lateral Septum Work

wall difference

AUC = 0.88 (95% CI: 0.81-0.95)
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@ E S C European Heart Journal - Cardiovascular Imaging (2021) 22, 259-261

European Society doi:10.1093/ehjci/jeaa301
of Cardiology

How to measure left ventricular myocardial

work by pressure-strain loops Myocardial work by pressure-strain analysis

A Measure left ventricular strain D Evaluation of candidate for CRT

Otto A. Smiseth ® '*, Erwan Donal ©® 2, Martin Penicka®, and Ole Jakob Sletten'

"Institute for Surgical Research and Department of Cardiology, Oslo University Hospital and University of Oslo, Rikshospitalet, N-0027 Oslo, Norway; 2Department of
Cardiology, CHU Rennes and Inserm, LTSI, University of Rennes, Rennes, France; and *Cardiovascular Center Aalst, OLV Clinic, Moorselbaan 164, 9300 Aalst, Belgium

Global loop

Online publish-ahead-of-print 30 November 2020

Estimate left ventricular pressure E
LV systolic | Timing of mitral and aortic | The LV pressure curve is & "
pressure is | valve events by either 2D | constructed by adjusting a £ VP 20
set equal to | echo or Doppler velocities| standard curve according to =
cuff pressure valve events and cuff pressure Segmental loops
¢ 177 f Mid lateral
wall
MVO MvC /\ MVO
PLV
MvC :
AVO Systolic
pressure
0
20 -1 0 10 0 10
Strain (% Strain (%

Work difference predicts CRT response

Normal Cardiomyopathy
Segmental work

Anteroseptal Anteroseptal

Global work

125

Average septal work: Average lateral work:

Posterior -137 mmHg-% 3412 mmHg-%
Strain (%) Strain (%) \ /
-1000 Work difference:
College Global work: 1786 mmHg-% -9 Globalwork: 1277 mmHg-% 3549 mmHg-%
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> JACC Cardiovasc Imaging. 2020 Feb;13(2 Pt 1):410-421. doi: 10.1016/j.jcmg.2019.04.023.
Epub 2019 Jul 17.

CMR for Identifying the Substrate of ) * 946 patients (mean 41 £ 16 years)

with normal echo

Ventricular Arrhythmia in Patients With

Normal Echocardiography : gsifri:islnéiﬂ(é5-5%) with

Daniele Andreini, MD, PuD,*" Antonio Dello Russo, MD, PuD,? Gianluca Pontone, MD, PuD,* Saima Mushtaq, MD,?
Edoardo Conte, MD,* Marco Perchinunno, MD,® Marco Guglielmo, MD,* Ana Coutinho Santos, MD,°

Marco Magatelli, MD,“ Andrea Baggiano, MD,* Simone Zanchi, MD,* Eleonora Melotti, MD,* Laura Fusini, MD,*
Paola Gripari, MD,* Michela Casella, MD, PuD,* Corrado Carbucicchio, MD,* Stefania Riva, MD,* Gaetano Fassini, MD,”
Letizia Li Piani, MD,? Cesare Fiorentini, MD,*® Antonio L. Bartorelli, MD,*' Claudio Tondo, MD, PuD,**

Mauro Pepi, MD*

MYO
47%
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ARVC
27%

Sustained Ventricular Tachycardia/Cardiac Arrest

DCM
17%

3%
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CAC-CONSORTIUM

Grandhi, JACC Cardi lar | ing, Vol 13-5, 2020; 1175-1186 .
randhi ardiovascular Imaging, Vo 66 636 patients,

1991-2010,
Total Study Populati Wi . .
ket tinly Pocuiation Suivi médian: 12,5 ans
[
' 1 ' '
O RF (17%) 1RF (36%) 2 RF (32%) 23 RF (15%)
n=11428 n= 23726 n = 21,276 n =10,206
ST Total Study Population
l n=66,636
|
225 * * ’ *
O RF (17%) 1RF (36%) 2 RF (32%) 23 RF (15%)
l n=11,428 n=23,726 n=21276 n=10,206

6% 8%
1.50 n.25

15% 64%
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HARP-MINOCA

Reynolds, Circulation. 2021;143:624-640

e

o

American Heart Association.

Scientific Sessions

40% des IRM normales: lésion en OCT

301 women with clinical diagnosis of Ml enrolled I:> 170 MINOCA l=>

145 OCT interpretable ——)» 116 CMR

(23 OCT contraindications, 2 not interpretable)

OCT N=145

[ Culprit Lesion n=67 (46.2%) J

[ Infarction n=38 (32.8%) ]

n=8 (5.5%)\

Plaque Rupture

[Regional Injury n=24 (20.7%)]

CMR N=116

Non-Ischemic n=24 (20.7%)

Myocarditis n=17 (14.7%)
Takotsubo Syndrome n=4 (3.4%)
Other Cardiomyopathy n=3 (2.6%)

Normal

n=30
(25.9%)

Thrombus without  n=5 (3.1%)
plaque rupture

Intra-Plaque Cavity n=31(21.4%)

Layered Plaque n=19 (13.1%)

Intimal Bump (Spasm) n=3 (2.1%)

v

Integration of OCT and CMR N=116

Cause Identified

n=98 (84.5%) No cause identified

Myocarditis

\SCAD n=1 (0.7%)/
N

Myocardial infarction (Ml)

Takotsubo Syndrome
Non-Ischemic Cardiomyopathy n=3 (2.6%)

n=74 (63.8%)
n=17 (14.7%)
n=4 (3.4%)

n=18 (15.5%)
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@ ESC European Heart Journal - Cardiovascular Imaging (2020) 21, 1184-1207 EACVI CONSENSUS DOCUMENT

European Society doi:10.1093/ehjci/jeaal49 = %
of Cardiology i Apical TTS Midventricular TTS Basal TTS Focal TTS

—

Multimodality imaging in takotsubo syndrome:
a joint consensus document of the European
Association of Cardiovascular Imaging (EACVI)
and the Japanese Society of Echocardiography
(SE)

Rodolfo Citro (Chair)"*, Hiroyuki Okura (Co-Chair)?, Jelena R. Ghadri®,

Chisato Izumi?, Patrick Meimoun®, Masaki Izumo®, Dana Dawson’, Shuichiro Kaiis,
Ingo Eitel”'°, Nobuyuki Kagiyama'', Yukari Kobayashi'?, Christian Templin®,
Victoria Delgado'?, Satoshi Nakatani'?, and Bogdan A. Popescu'*'®

ACUTE PHASE . RECOVERY

thm;’ painand/o InterTAK Diagnostic Score
yspnea

points

Female sex 25

ECG changes Er 1
Seve-e MR at i y = e -motional stress 24
__— e Physical stress 13
resentation on o

p No ST-segment 12

Mild MR at depression (except in lead

-
follow-up [ ] o
Psychiatric disorders 1

Ves
¢10 sl >
: — —>% QTe prolongation 6
Consider ACS or other ECHO
ORI -Apical/mid
_$10— — ~Circumferential pattem
Consider other ype of No | -LAD flow
Mitral valve Apicaljmid Yes
5 ecumierentis patiern
saMat iniial vosaar [T ] G
0SAM a Oedema (CMA — —
presentation ma (oM gu s
follow-up -
College g depenss on cans =
Notional des i rik stratificaton’
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Initial Invasive or Conservative Strategy

for Stable Coronary Disease A primary CompsitsOucome
D.J. Maron, J.S. Hochman, H.R. Reynolds, S. Bangalore, S.M. O'Brien, W.E. Boden, 90 )
i i , i —_ 204 Conservative strategy
B.R. Chaitman, R. Senior, J. Lopez-Senddn, K.P. Alexander, R.D. Lopes, L.J. Shaw, & 801
J.S. Berger, J.D. Newman, M.S. Sidhu, S.G. Goodman, W. Ruzyllo, G. Gosselin, g 704 15
A.P. Maggioni, H.D. White, B. Bhargava, J.K. Min, G.B.J. Mancini, D.S. Berman, %’ 604 104 Tnvasive strategy
M.H. Picard, R.Y. Kwong, Z.A. Ali, D.B. Mark, J.A. Spertus, M.N. Krishnan, £ 504
A. Elghamaz, N. Moorthy, W.A. Hueb, M. Demkow, K. Mavromatis, O. Bockeria, .g 40 211
J. Peteiro, T.D. Miller, H. Szwed, R. Doerr, M. Keltai, J.B. Selvanayagam, P.G. Steg, 3 301 0 . . - : .
C. Held, S. Kohsaka, S. Mavromichalis, R. Kirby, N.O. Jeffries, F.E. Harrell, Jr., § 204 0 L 2 3 “ 3
F.W. Rockhold, S. Broderick, T.B. Ferguson, Jr., D.O. Williams, R.A. Harrington, 104
G.W. Stone, and Y. Rosenberg, for the ISCHEMIA Research Group* 0 : ; . . .
0 1 2 3 4 5
Years since Randomization
No. at Risk
Conservative strategy 2591 2431 1907 1300 733 293
Invasive strategy 2588 2364 1908 1291 730 271

CONCLUSIONS — Among patients with stable coronary disease and moderate or severe ischemia, we
did not find evidence that an initial invasive strategy, as compared with an initial conservative strategy,
reduced the risk of ischemic cardiovascular events or death from any cause over a median of 3.2 years.
The trial findings were sensitive to the definition of myocardial infarction that was used. (Funded by the

National Heart, Lung, and Blood Institute and others; ISCHEMIA ClinicalTrials.gov number,
NCTO01471522.)
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> J Am Soc Echocardiogr. 2020 Jan;33(1):1-41.e8. doi: 10.1016/j.echo.2019.07.001.
Epub 2019 Nov 15.

GUIDELINES AND STANDARDS

Guidelines for Performance, Interpretation, — [m @
and Application of Stress Echocardiography
in Ischemic Heart Disease: From the , tonszotom [, | Ry

25-50W * LV function i ;WM

Imaging during exercise for
bicycle protocol

American Society of Echocardiography

Patricia A. Pellikka, MD, FASE, Chair, Adelaide Arruda-Olson, MD, PhD, FASE,
Farooq A. Chaudhry, MD, FASE,* Ming Hui Chen, MD, MMSc, FASE, Jane E. Marshall, RDCS, FASE,
Thomas R. Porter, MD, FASE, and Stephen G. Sawada, MD, Rochester, Minnesota; New York, New York; Boston,
Massachusetts; Omaha, Nebraska; Indianapolis, Indiana

« MR
« SPAP
« RV function

Workload
Increasing at 2 or 3 min intervals

Polar Map Disple
Inferior

speckle Tracking

Time (min)

Rest Peak Dobutamine Stress

Pk Byt Sren 5 : X Pk Sysiobe Strow

Dobutamine Stress Echocardiography
Protocol

Afropine 0.5 mg,
repeat 0.25 q minute

40

|

Class of Level of
Recommendations for risk stratification using ischemia testing recommendation evidence
Astress imaging test such as stress echocardiography for risk stratification is recommended in | B
patients with an inconclusive exercise ECG
Astressimaging test, such as stress echocardiography, is recommended for risk stratification in | B
patients with known stable CAD and a deterioration in symptoms if the site and extent of
ischemia would influence clinical decision making
In asymptomatic adults with diabetes, peripheral vascular disease, or a strong family history of b B
CAD, or when previous risk assessment testing suggests high risk of CAD, such as a coronary
artery calcium score of =400, a stressimaging test, such as stress echocardiography, may be
considered for advanced cardiovascular risk assessment.””
Class of Level of
Recommendation for re-assessment in patients with stable CAD recommendation evidence
An exercise ECG or stressimaging test such as stress echocardiography is recommended in the | C
presence of recurrent or new symptoms once instability has been ruled out.
In symptomatic patients with revascularized stable CAD, a stress imaging test, such as stress | C
echocardiography, is indicated rather than stress ECG.
Reassessment of prognosis using a stress test, such as stress echocardiography, may be b B
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test was felt to be valid

considered in asymptomatic patients after the expiration of the period for which the previous



@ ESC European Heart Journal (2020) 41, 3504-3520 SPECIAL ARTICLE

European Society doi10.1093/eurheartj/ehaa503 Ischaemic heart disease
of Cardiology

Step 1: Patient evaluation |

T
1
1

An EAPCI Expert Consensus Document on

7 patien T ichaemicymotoms
Ischaemia with Non-Obstructive Coronary 0 patent -
Arteries in Collaboration with European “od "w

|

History taking including risk factors
Physical examination

|

Coronary Pathophysiology & Microcirculation
Endorsed by Coronary Vasomotor Disorders
International Study Group

Convincing ongoing history of cardiac ischaemia

l ECG — non-diagnostic/normal [ Ischaemia with non obstructive coronary arteries (INOCA) }

Society of Cardiology Working Group on ﬁ
A

=
GP
W
¥
/ B"J Cardiologist Cardiology referral v l
\

1y

. . - bl A
[ Ischaemia with non obstructive coronary arteries (INOCA) ] ISE:::::VV;:;:;";::::::E E_Step 2: Non-invasive evaluation E

[ I Preferentially considered if:

i
i
i .
| Step 2: Non-invasive evaluation !

: . i
E Functional Imaging |
1 |

Non-invasive
evaluation

|
]
! e — M e di ! |+ Highalinical likelihoad
| Coronary Microvascular dysfunction (CMD) | | Vasos, Pl Atherosclerotic disease 1 1 Igh <l .
i v y emo) P N kgl J !+ Revascularisation likely [— . + Coronary CT Angiography
Coronary Epicardial ‘/'\ I+ Local expertise and availability |
microcirculation coronary artery > I+ Wiability assessment also required | e -- e e ]
\l/ / \ ! L o E LStep 1: Invasive Coronary angiography !
Functional imaging 2R oo - |
Impai o N and lalblood Transient . Stable plaque Vulnerable plaque g '_:; ! Step 2: FCA guidewire and Adenosine test |
-_— T I
H Step 3: FCA Vasoreactivity (ACH test) H

Exercise Tolerance Test

Transthoracic Doppler Echocardiography

flow in subjects with risk factors vasospasm %

D R . . e . i
Myocardial Contrast Echocardiography \  Epicardial |, | Microvascular |
Prinzmetal angina Myocardial infarction Reduction in FFR Plaque rupture ! S ! ‘ : 1
jrans g Myocardial Perfusion Imaging | Va::f?““‘ {1 fAngina_ | i And Epicardial |
u e Lo Ane Bna___ | {Vasospastic Angina,
3 Positron Emission Tomography : .
l &7 4 Cardiac Magnetic Resonance Imaging INOCA ENDOTYPES
Causes microvascular angina ‘L D t b f INOC
and contributes to Demand Thrombosis oo T T TTTTTTTTS enotes can be Management of INOCA
myocardial ischaemia in ischaemia + Preferentially (UHSI.dtrtd " H 1. Lifestyle factors 2. Risk factor 3
+ Low clinical likelihaod performed in any 5 . g

= Patient characteristics suggest high image
quality V sequence based on

i

[

[

[

[

I

! . e
* Local expertise and availability : local a\'allablllt\f
+ Information on atherosclerosis desired I'":' &

[

I

* Mo history of CAD

cAD nslvf %
& e i

Acute coronary
| N coronary Is present. | syndromes/infarction

These mechanisms can overlap

+ Coronary Computed Tomographic angiography
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Valvulopathies/Endocardite
infectieuse



@

Endocardite infectieuse : diagnostic

Clinical suspicion of IE

College

National des
Cardiologues des
Hopitaux

Modifled Duke criteria (Li)

v v v v
e RS SEEE

Native Prosthetic
valve valve
| - Repeat echo | - Repeat echo (TTE + TOE)/microbiology
(TTE + TOE)/microbiology 2- "®F.FDG PETICT or Leucocytes labeled SPECT/CT
2.- Imaging for embolic events* 3- Cardiac CT
3 - Cardiac CT 4 - Imaging for embolic events*
ESC 2015 modified diagnostic criteria®
Definite IE Possible IE Rejected IE
cT= d tomography; FDG = fluorodeoxyglucose; IE = infective endocarditis;

PET = positron emission tomography; SPECT = single photon emission computerized tomography;
TOE = transoesophageal echocardiography; TTE = transthoracic echocardiography.

*May include cerebral MRI, whole body CT,and/or PET/CT.

tSee Table 14.

Figure 3 European Society of Cardiology 2015 algorithm for
diagnosis of infective endocarditis.

Bernard Anne

Best of CNCH Imagerie Cardiovasculaire 2020

In the setting of the suspicion of endocarditis on a prosthetic
valve, abnormal activity around the site of implantation de-
tected by "®F-FDG PET/CT (only if the prosthesis was im-
planted for >3 months) or radiolabelled leucocyte SPECT/
CT should be considered a major criterion.



@ E S C European Heart Journal - Cardiovascular Imaging (2020) 21, 24-33

European Society doi:10.1093/ehjciljez222
of Cardiology

Morpho-metabolic post-surgical patterns of
non-infected prosthetic heart valves by
['®F]FDG PET/CTA: “normality” is a possible
diagnosis

az

Albert Roque ® ""»*** Maria N. Pizzi****, Nuria Fernandez-Hidalg ~
Eduard Permanyer’, Hug Cuellar-Calabria'?**4, Guillermo Romer. =
Remedios Rios*2, Benito Almirante®®, Joan Castell-Conesa®*?, M: Diffuse + Homogeneous Diffuse + Heterogeneous Focal / Multifocal Focal / Heterogeneous

Ignacio Ferreira-Gonzalez*>*1°, Pilar Tornos>'!, and Santiago Agu: {uni uptake distribution) (non-uniform uptake distribution) I intense

79% patients ont une
fixation visuellement détectable

98% des cas : diffuse et homogene

Mean max SUV =4.46 + 1.50
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Cardiopathie emboligene
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JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY VOL. 75, NO. 18, 2020
© 2020 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION
PUBLISHED BY ELSEVIER

Atrial Septal Aneurysm, Shunt Size, and )
Recurrent Stroke Risk in Patients With i
Patent Foramen Ovale

Guillaume Turc, MD, PuD,* Jong-Young Lee, MD,” Eric Brochet, MD," Jong S. Kim, MD, PuD,"
Jae-Kwan Song, MD, PuD,“* Jean-Louis Mas, MD,** on behalf of the CLOSE and DEFENSE-PFO Trial Investigators

CENTRAL ILLUSTRATION Repr Tr Echocardiographic Images of 4 Different Anatomical
Features of Patent Foramen Ovale in Terms of Hypermobility of the Atrial Septum or Atrial Septal Aneurysm and
Patent Foramen Ovale Size

Atrial septal aneurysm (ASA) with a large
patent foramen ovale (PFO)

ASA with a nonlarge PFO

of

Large PFO without ASA. Nonlarge PFO without ASA

Turc, G. et al. J Am Coll Cardiol. 2020;75(18):2312-20.

Collége
@ National des Bernard Anne
araiologues aes o . B
Hopitaux Best of CNCH Imagerie Cardiovasculaire 2020

TABLE 3 Association Between ASA and Time to Recurrent Ischemic Stroke,
Adjusted for Shunt Size and Other Potential Confounders (Multivariable
Analysis, Mixed Effects Cox Regression Model*)

Adjusted HR (95% CI) p Value
ASA 3.27 (1.82-5.86) <0.0001
Large PFO (>30 microbubbles) 1.43 (0.50-4.03)t 0.50
Age, per 10-yr increase 1.29 (0.99-1.69) 0.06
High blood pressure 2.27 (1.16-4.46) 0.02
Anticoagulation (vs. antiplatelets) 0.17 (0.06-0.48) 0.0008

PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Based on
pooled patient-level data from randomized trials and
observational studies of patients with PFO-related stroke,
the presence of atrial septal aneurysm was a more
important correlate of stroke recurrence than shunt size.

TRANSLATIONAL OUTLOOK: Further studies are
needed to clarify the pathophysiological mechanisms
underlying stroke recurrence in patients with PFO and
atrial septal aneurysm and better identify those who
benefit most from PFO closure.
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FIGURE 16 Echocardiographic Measurement of Sinuses of Valsalva

Transthoracic echocardiogram in the parasternal long-axis view illustrating measurement
of the aortic root diameter at sinus of Valsalva level at end-diastole using the leading
edge-to-leading edge method. asc Ao = ascending aorta; LVOT = left ventricular outflow
tract. Reproduced with permission from Goldstein et al. (13).

FIGURE 20 “Left-Shift" in Surgical Criteria?

Time for a Leftward Shift in
Ascending Aortic Guidelines?

Current
Intervention
Criterion

4.5cm 5.0cm 5.5cm 6.0cm
Aortic Size

Is it time for a leftward shift in ascending aortic intervention guidelines? Underestimation
of aortic diameter, compared with traditional hand measurements, on which guidelines
are based, can be offset by a "left shift" of our criteria, to smaller dimensions than pre-
viously recommended. Reproduced with permission from Ziganshin et al. (16).
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Thick LV Walls
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Normal Systemic Blood Pressure

Dilated LV Chamber
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Unremarkable Family History
Normal 12-lead ECG
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Normal 12-lead ECG
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Differential Diagnosis
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Differential Diagnosis
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> J Am Soc Echocardiogr. 2020 May;33(5):523-549.

Dilated RV Chamber

\V)
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Normal 13 lead ECG
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Hypertrabeculation
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Unremarkable Family History
Normal 12-lead ECG

Differential Diagnosis
Non-compaction CMP
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Mild symmetric LVH (walls <16 mm)
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Normal aortic & mitral valves
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Concomitant RV dilation
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Normal longitudinal strain values
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Concomitant LV dilation
Normal RV mor
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Normal RV systolic pressure
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MEDICAL HISTORY FINDINGS

Pathology Definitively
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Exertional Symptoms

Prior Unexplained Syncope

Family History of Genetic Heart
Disease or Unexplained SCD
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PHYSICAL EXAMINATION FINDINGS
Pathologic Murmur
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PATHOLOGIC ECG FINDINGS
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Confirmation &
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Multimodality

Exercise +/-
Imaging
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(with QRS Axis > 120°)
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Imaging
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Normal LV ejection fraction
Normal longitudinal strain values
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Normal LV diastolic indices.
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CENTRAL ILLUSTRATION Pathogenesis, Imaging, and Clinical Progression of Coronavirus Disease 2019

Viral replication Immune response 11 1+10J:\%

Stage |
Early infection

Risk of Adverse Outcome

Stage ll
Pulmonary phase

M LUS/ CXR/CT

Stage lll
Systemic inflammation

Time

Agricola, E. et al. J Am Coll Cardiol Img. 2020;13(8):1792-808.
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Damaging the heart

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection has the potential todirectly ¥ %
and indirectly indh rdiac d:

! opeve

SARS-CoV-2 candirectly  SARS-CoV-2infection can

| infect cardiomyocytes, indirectly damage
attachi 1sin- cardiomyocytes through

(ACE2) systemicinflammatory
through its spike proteinand  responses and
entering the cells by fusing  blood supply (e.g., from
. viral and cellular membranes. blood clots and endothelitis,

e

Biventricular failure
Mikd Mild or moderate

B DN
Moderate Severe
Bernard Anne

Global evaluation of echocardiography in
patients with COVID-19
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1216 patients: 667 (55%) had an abnormal echo

LV and RV abnormalities were reported in 479 (39%) and 397
(33%) patients

Evidence of new myocardial infarction in 3%, myocarditis in 3%,
and takotsubo cardiomyopathy in 2%

Severe cardiac disease (severe ventricular dysfunction or
tamponade) was observed in 15% patients

Echocardiography changed management in 33% of patients

Severe . . .
Best of CNCH Imagerie Cardiovasculaire 2020



JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY VaL. 76, NO. 17, 2020
PUBLISHED BY ELSEVIER ON BEHALF OF THE AMERICAN
COLLEGE OF CARDIOLOGY FOUNDATION

Prognostic Utility of Right Ventricular ¥ )Y
Remodeling Over Conventional Risk |
Stratification in Patients With COVID-19
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Multicenter Registry of Hospitalized Patients With COVID-19 (N = 510)

Clinical Transthoracic Serologic
Characterization Echocardiography Biomarkers

CORE LAB ANALYSES
« RV structure and function

« LV structure and function
« Pulmonary arterial pressure

Clinical Follow-Up

Number at Risk

» Hospital discharge — RV Remodeling+ 52 48 41

{ Troponin+

« Mortality

{ Tropenin-

= RV Remodeling-
| Trapanin+

— RV Remodeling+ 117 109 85

23 19 16

= RV Remodeling- 108 90 79

J Tropenin-
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Outcomes of Cardiovascular Magnetic Resonance Imaging in Patients Recently Recovered From Coronavirus Disease 2019 (COVID-19)

.M JAMA Cardiology

JAMA Network View Article»

JAMA Cardiol. 2020 Jul 27 : €203557. PMCID: PMC7385689
doi: 10.1001/jamacardio.2020.3557: 10.1001/jamacardio.2020.3557 [Epub ahead of print] PMID: 32730619

Outcomes of Cardiovascular Magnetic Resonance Imaging in
Patients Recently Recovered From Coronavirus Disease 2019
(COVID-19)

100 asymptomatic patients recovered from COVID : 78% had abnormal CMR findings
Raised native T1, T2 and presence of myocardial LGE

Key Points

Question

What are the cardiovascular effects in unselected patients with recent coronavirus disease 2019 (COVID-
19)?

Findings

In this cohort study including 100 patients recently recovered from COVID-19 identified from a COVID-
19 test center, cardiac magnetic resonance imaging revealed cardiac involvement in 78 patients (78%) and
ongoing myocardial inflammation in 60 patients (60%), which was independent of preexisting conditions,
severity and overall course of the acute illness, and the time from the original diagnosis.

Meaning

These findings indicate the need for ongoing investigation of the long-term cardiovascular consequences
of COVID-19.
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Cardiac Involvement in ()
Patients Recovered From o
COVID-2019 Identified Using
Magnetic Resonance Imaging

Lu Huang, MD, PsD,>* Peijun Zhao, MD,** Dazhong Tang, MS,’ Tong Zhu, MD,* Rui Han, MD,”

CENTRAL ILLUSTRATION Dominant Location and Distribution of Myocardial Edema Segments
and Myocardial LGE Segments in Patients Recovered From COVID-19

A B

Chenao Zhan, MD, PuD,* Weiyong Liu, MD, PuD, Hesong Zeng, MD, PsD,? Qian Tao, PuD,* Liming Xia, MD, PiD* . 1
|_persPECTIVES |
COMPETENCY IN MEDICAL KNOWLEDGE: CMR
is a sensitive and quantitative imaging tool to study 0 3-6 7-910-12
early cardiac involvement. Our results showed that Huang, L. et al. J Am Coll Cardiol Img. 2020;13(11):2330-9.
CMR was able to identify fibrosis and edema on the 7 R R D SN NS
myocardium in a proportion of the patients recovered :: — —— s
from COVID-19. Impaired RV function was also enl B : oy
observed this patient subgroup. — ‘
TRANSLATIONAL OUTLOOK: Attention needs to . X :
be paid to the potential cardiac involvement and 58% abnormal cardiac findingszsaee PSIR sequence ' s Ecvmap

negative consequences in patients recovered from
COVID-19. This is a relatively short-term small-cohort
study; longitudinal follow-ups in a larger cohort are
needed to confirm the prognosis value of cardiac CMR
for patients recovered from COVID-19.
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A 60-year-old male patient (first row) underwent cardiac CMR 2 months after the onset of palpitations. Short-axis STIR sequence (A) showed no evidence of myocardial
edema. However, PSIR image (B) of the same slice showed focal LGE in the LV septal and inferior segments (black arrows). Increased native T1 (1,434 + 43 ms), ECV
(30 + 2%), and normal T2 values (38 + 2 ms) were shown in the corresponding location of focal LGE on the T1 (C), T2 (D), and ECV maps (E) (black arrows). A 29-year-
old female patient (second row) underwent cardiac CMR 1and a half months after the onset of palpitations. Short-axis STIR (F) and PSIR sequence (G) showed global
myocardial signal hyperintensity but no apparent LGE, global T1, and ECV values were significantly increased on the T1 (H) and ECV maps (J). T2-mapping sequence
(1) showed increased T2 values at inferior septal (41 + 8 ms), anterior (41 + 6 ms), and inferior lateral segments (43 + 5 ms), which matched the location with
significantly increased signal intensity on short-axis STIR sequence (F) (white arrows). ECV = extracellular volume; LV = left ventricle; STIR = short tau inversion
recovery; other abbreviations as in Figure 1.
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Screening of Potential Cardiac \ﬂ
Involvement in Competitive Athletes © Ly

EBAC®

Recovering From COVID-19
An Expert Consensus Statement
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CENTRAL ILLUSTRATION Imaging Evaluation of the Athlete After COVID-19

12-Lead ECG
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Consider Exercise-induced Cardiac deli

l

Permit graded

NT“'S’V'D;? = Clinical Concerns > [
related pathology « Normal TTE return to play
LV dysfunction: : xorma: :C.GT
+ Myocarditis RV dysfunction: Pericardial disease et
o bitiees . ; ) i ¢ « Post-isolati
Ischemic injury RV strain from acute hypoxia Pericardial Effusion ith resolved

= Stress cardiomyopath . ic ilati ericarditis)
yopathy Pathologic RV dilation (p ) symptoms

0Ongoing clinical concern

Cardiac Magnetic Resonance

« Gold standard assessment of LV/RV structure and function and myocarditis/pericarditis

« Diagnosis of myocarditis predicated on demonstrating injury (increase in T1, ECV,
or presence of LGE) and inflammation (elevated T2)

« Diagnosis of pericarditis predicated on pericardial enhancement +/- presence
of pericardial effusion

«+ Should be done at experienced centers

‘ Secondary imaging directed by clinical suspicion

/ i

Stress Echocardiography / CPET

Computed Tomography Angiography

« Considered for assessment of ongoing + Active myocarditis is a contraindication  Can be secondary modality for assessment
of myocardial inflammation, myocardial

chest pain or hypoxia « Avoid during active infection due to C C
« Optimal assessment of the coronary arteries. potential risk of aerosolization El‘hedmllla‘ and absolute myocardial
« Optimal assessment for pulmonary embolus  Stress Echo: Assessment of borderline ven- N o:ﬁmo:v idered if first-line
» tricular function when EICR is considered likely g NS, COlNSH ol
Assessment of lung parenchyma e e U and other imaging modalities sub-optimal
i aend or contraindicated

Phelan, D. et al. J Am Coll Cardiol Img. 2020;13(12):2635-52.




