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2019 Appropriate Use Criteria

for Multimodality Imaging in the
Assessment of Cardiac Structure and
Function in Nonvalvular Heart Disease

6.2. Evaluation of Cardiac Structure and Function in Patients
Who Had Prior Testing
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45. Excluding CAD in patients with HF and
LV systolic dysfunction without angina

46. New or increasing HF symptoms 4 ) &) saon 6o (8w (s mf
despite adherence to medical therapy

47. Comprehensive further evaluation of 5 s [ s | s | em ™
undefined cardiomyopathy

48. Evaluation of suspected cardiac
sarcoidosis

49. Evaluation of suspected cardiac &)
amyloidosis

50. Evaluation of suspected hypertrophic 4
cardiomyopathy
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What are the tools that CMR can offer in
assessment of Heart Failure ?
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Simpson’s Rule
Technique

etry validated:
— Animals
~Invitro
~Invivo
- Exvivo
Superior to ECHO
— Highly accurate
~ Highly reproducible
— Low intra-observer variability
— Low inter-observer variability

ardiol 2012, 27:485-491

Pattynama PM. Radiology 1993;187:261-8.
Semelka RC. Am Heart J 1990;119:1367-73. . oy
Stratemeier EJ.Radiology 1986;158:775-7. LVEF: 2-7%

~ Low inter-study variability
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What are the tools that CMR can offer ?

Severity of Valvular Regurgitation

Secondary MR
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« Late Gadolinium Enhancement
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A. Subendocardial Infarct

B. Transmural Infarct
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Extent of LGE and Likelihood of Functional Improvement

Improved Contractility (%)

0 0
125 26-50 51-75 76-100 0 125 26-50 51-75 76-100 0

Transmural Extent of Hyperenhancement (%)
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Chronic CAD | Acute CAD Chronic CHF

125 26-50 51-75 76-100
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Hyperenhancement patterns that do not fit with the wavefront
phenomenon of ischemic injury are likely to be nonischemic.

MIDWALL EPICARDIAL NON-CAD PERFUSION

|dentification of Etiology:

Nonischemic
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* HCM

* ARVC

* LVNC

* Muscular
Dystrophy

* Sarcoid

* SLE

 Other Connective
Tissue Disorders

* |diopathic
* Viral Myocarditis
* Takotsubo
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A 4
Genetic Dilated Inflammatory Igglst::xse/

* Amyloid

* Siderosis

* Anderson-Fabry

* Endomyocardial
fibrosis

* Radiation

Hypertrophic Cardiomyopathy [Raaiiat:
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Cine Delayed Enhancement
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Hypertrophic Cardiomyopathy:

\‘L —

LGE < 10%

LGE< 15%

0.90 p=0.008
LGE >20%

Freedom from SCD events

3
Follow up (years)

Chan et al, Circulation 2014.

Association with Sudden Death

LGE G
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By MRI:
((® Regional RV akinesia or dyskinesia or RV ion")
® and 1 of the Tollowing:

— Ratio of RV end-diastolic volume to BSA =110 mL/m? (male) or
=100 mL/m? (female)
— or RV ejection fraction =40%

By MRI:
@ Regional RV akinesia or dyskinesia or RV ion )
® and 1 of the following:
— Ratio of RV end-diastolic volume to BSA =100 to <110 mU/m?
(male) or =90 to <100 mL/m? (female)
— or RV ejection fraction >40% to <45%

RVEF: 39%

W @dpanihat RVEDVI: 136mi/m2

Left Dominant Arrhythmogenic
Cardiomyopathy
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Choudbhry et al, JACC 2008

Noncompaction g

¢ LV End Diastolic Volume: 190 ml ¢ Noncompacted Myocardium (NC): 17 mm
* LV Ejection Fraction: 29% ¢ Compacted Myocardium (C): 6 mm
¢ Ratio NC/C: 2.8
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Noncompaction s

Healthy volunteers (n=45) }‘*I

i

Athlete’s heart (n=25)
HCM (n=39) %"*
DCM (n=14) }—e—{
Hypertension (n=17) }—9—{
Jortic stenosis (n=30) Fe-l

LVNC (n=7) i

1 2 3

NC/C ratio

predictions of 86%, 99%, 75%, and 99%, respectively.
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non-

A NC/C ratio of >2.3 in diastole Jlistinguished pathological
compaction, with values for sensitivity, specificity, positive, and negative

Peterson et al, J Am Coll Cardiol. 2005
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Noncompaction

Jacquier et al. European Heart Journal 2010,

mass (% of LV)
N
S

Trabeculated myocardial

Y 4 sensitive and specific for the diagnosis of LVNC
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Noncompaction

CENTRAL ILLUSTRATION: Spectrum of LVNC

V Thrombus

Non-compacted

trabecular « Individual variability
muscle (NC)
‘@&' ic LUNC associated wit
Compacted + Chromosomal anomalies
muscle (C)

+ Monogenic syndromes
+ Congenital heart diseases
 Cardiomyopathies

The definition of LVNC is based
on the ratio NC/C (usually 22.3).
The ratio increases with either
increased thickness of trabecular
or decreased thickness of the X |
compacted layer.

« Athletes

« Sickle cell anemia

« Pregnancy

« Hematologic diseases
« Chronic renal failure
+ Polycystic kidney

LVNC can be:

« Dynamic, changing
with disease progression

« Emerging during the course
of the disease

« Potentially reversible

Arbustini, E. et al. J Am Coll Cardiol. 2016;68(9):949-66.
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ORIGINAL ARTICLE 00

Prognostic Significance of Left Ventricular
Noncompaction
Systematic Review and Meta-Analysis of Observational Studies
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Identification of Etiology:

Nonischemic

See Editorial by Sharain and Anavekar Nay Aung, MD
Sara Doimo, MD
Fabrizio Ricci, MD, PhD
Mihir M. Sanghvi, MD
Cesar Pedrosa, MD
Simon P. Woodbridge,

BACKGROUND: Although left ventricular noncompaction (LVNC) has
been associated with an increased risk of adverse cardiovascular events,
the accurate incidence of cardiovascular morbidity and mortality is

unknown. We, therefore, aimed to assess the incidence rate of LVNC- BMedSci

related cardiovascular events. Amer Al Balah, BSc

METHODS: We systematically searched observational studies reporting Filip Zemrak, MD, PhD v v
the adverse outcomes related to LVNC. The primary end point was Mohammed . Khanji

Infiltrative /
Restrictive

cardiovascular mortality Pt b Munroe, PhD

Huseyin Naci, PhD
Steffen E. Petersen, MD,
DPhil, MPH

Genetic Dilated Inflammatory

RESULTS: We identified 28 eligible studies enrolling 2501 LVNC patients
(mean age, 46 years; male/female ratio, 1.7). After a median follow-up
of 2.9 years, the pooled event rate for cardiovascular mortality was 1.92
(95% Cl. 1.54-2.30) per 100 person-vears. LVNC patients had a similar

| poprouoq

 Sarcoid * Amyloid

o SLE « Siderosis

* Anderson-Fabry

* Endomyocardial
fibrosis
Radiation

HCM
ARVC
LVNC
Muscular
Dystrophy

CONCLUSIONS: Patients with LVNC carry a similar cardiovascular risk
when compared with dilated cardiomyopathy patients. Left ventricular
ejection fraction—a conventional indicator of heart failure severity, not
the extent of trabeculation—appears to be an important determinant of
adverse outcomes in LVNC patients.
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e Takotsubo
* Viral Myocarditis
* |diopathic

* Other Connective
Tissue Disorders
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Cire Cardiovasc Imaging. 2020

Clinical Characteristics and Cardiovascular
Magnetic Resonance Findings
in Stress (Takotsubo) Cardiomyopathy

Florian vor
Knnhﬁlﬁdnrﬂ -Brenkenhoff, MD
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Patterns of Ballooning

Multicenter
n=239 patients

Context Stress SC) is a transient form of acute heart failure trig-
gered by sressful events and assocated with a disinctve let ventricular () con-

> ~ but larger, Furthermore,
: cler F’:ﬂm:‘“m" ‘\\(11? it remaime diffiul to quickly establish diagnosis on admission.
2c0po Larbone, Objective: define the clinical spectrum and evolution of SC in |
MD a Ia'ge populahun, including tissue characterization data from cardiovascular mag-
netic resonance (CMR) imaging; and to establish a set of CMR criteria suitable for di- v v
‘agnostic decision making in patients acutely presenting with suspected SC. ical " 5 W " Bi a
iventricular

Design, Setting, and Patients Prospective study conducted at 7 tertiary care cen- Ap . Midventricular Basal |nV§rted .
ters in Europe and North America between January 2005 and October 2010 among Ballooning Ballooning Ballooning Ballooning
256 patients with SC assessed at the time of presentation as well as 1 to 6 months

Oliver Strohm, MD after the acute event. (82%) (17%) (1%) 34%

+hard Schuler, MD Main Outcome Measures Complete recovery of LV dysfunction.
Jeanette Schulz-Menger, MD l'(esults Elghty one percent of p.mentsm 207) were postmenopausal women, 8%

Holger Thiele, MD
Matthias G. Friedrich, MD

TRESS CARDIOMYOPATHY (SC),
first reported in Japan as tako-
tsubo, is characterized by acute,
profound, but reversible left
ventricular (LV) di in the ab-

0years), and 11% (n=29) were men. A stress-
6u| trigger could be identified in 182 ¢ pauems (71%). Cardiovascular magnetic reso-
nance imaging data (available for 239 patients [93%)) revealed 4 distinct patters of
regional ventricular ballooning: apical (n=197 [82%1), biventricular (n=81 [34%)),
midventricular (n=40 [17%1), and basal (n=2 [1%]). Left ventricular ejection frac-
tion was reduced (48% [SD, 11%]; 95% confidence interval [Cl], 47 %-50%) in all

patients. Stress cardiomyopathy was accurately identified by CMR using specific cri-
teria: a typical pattem of LV dysfunction, myocardial edema, absence of significant
necrosis/fibrosis, and markers for myocardial mﬂammalmn Follow-up CMR imaging

sence of significant coronary artery dis-
ease, triggered by acute emotional or
physical stress.! This phenomenon is
identified by a distinctive pattern of
“apical ballooning” and primarily af-
fects postmenopausal women.* The
maiority of patients have a clinical pre-

W edipapishah

(66% [SD, 7%); 95% Cl, 64%-

B metony markers i th sbeenes of Semhcant rost i l paente
Conclusions The clinical profile of SC is considerably broader than reported previ-
ouly, Cadiovascular magnetic resonance imaging t the time of il cinical pre-
and i that might aid in the

establishment of the diagnosis of SC.
JAMA. 2011;306(3)277-286

Multicenter

n=239 patients

01




LGE in Takotsubo
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No LGE using 5
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SD Threshold

Takotsubo Follow Up  RiEhaGits
LVEF LVEDV
- p<.001 110 p<.001
118.2
5255 108
35 70
17.5 35
0
: 4 @d.parﬁéﬁh'”E FoLLOW UP  BASELINE  FOLLOW UP
Eitel et al JAMA. 2011

Clinical Presentation

Rise and/or fall of ¢Tn with one
level >99 percentile plus
ischemic signs/symptoms.

+

Nonobstructive CAD
(<50% lesion on angiography)

“Working Diagnosis”
Exclude:
+ Missed Obstruction
(Ischemic Mechanisms)

« Myocardial Injury
(Nonischemic Mechanisms)

MINOCA
Myocardial Infarction with
ive C

Additional
Investigation

Consider Clinical Context
(cinically overt diagnoses)
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Diagnosis

«Sepsis.

+ Pulmonary Embolism

+ Cardiac Contusion

+ Other Noncardiac cTn

Review Angiography Findings*
(clinically overlooked diagnoses)

~Obstructive CAD
)| . Coronary embolilthrombus.
«SCAD (Dissection)

LV Functional Assessment mp[ . Takotsubo Syndrome
(Echo, LV Angiogram) gy |+ Other Cardiomyopathies.

Contrast Cardiac MR Imaging
(clinically subtle diagnoses)

Coronary Vascular Imaging
(IVUS, OCT)

- Myocarditis
+CMRI confirmed Infarct

+ Plaque Disruption
+ Coronary emboli/thrombus.
+ SCAD (Dissection

oronary

Arteries
(Ischemic Mechanisms)

Coronary Functional Assessment

« Coronary Artery Spasm
«Microvascular Disease

*+Unclassified MINOCA

Tamis-Holland, et al. Circulation 2019
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Idiopathic Dilated CMP

Gulati et al. JAMA 2013

I-cause mortality 8 | Gardiovascular mortality or transplantation

100 resg-

Fibrosis

Survival, %

Event-Free Survival, %
B 8

Log-rank P <001 Log-rank P <001

10

No. at risk
No fibrosis
Fibrosis

Idiopathic Dilated CMP

Methalist

DEBAKEY HEART &
VASCULAR CENTER

E Sudden cardiac death or aborted sudden cardiac death
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The Relationship of LVEF and Myocardial Scar to Long-Term Mortality Risk and Mode of
Death in Patients with Non-Ischemic Cardiomyopathy

Igor Klem =7, Michael Klein, Mohammad Khan, Eric Y. Yang, Faisal Nabi, Alexander Ivanov, Lubna Bhatti, Brenda Hayes,
Edward A. Graviss, Duc T. Nguyen, Robert M. Judd, Raymond J. Kim, John F. Heitner, and Dipan J. Shah

Originally published 22 Jan 2021 | https3/doi.org/10.1161/CIRCULATIONAHA.120.048477 | Circulation. ;0

A. All cause death B. Cardiac death

100

100
No fibrosis
754
@
D 504
o Fibrosis
&+
=
S 251
i
Log-rank P <.001
0 T T T T ]
0 2 4 6 8 10
Time, y
0. at risk
No fibrosis 330 314 180 92 25
14, 111 67 24 7

Gulati et al. JAMA 2013

Patient survival (%)

HR (95% CI) P Valuo
LVEF>35%, scar (-) Reference
LVEFS35%, scar (-) 1,56 (107, 2275002
LVEF=35%, scar (+) 2,06 (139, 3.05}; <0.001
LVEFS35%, scar (+) 2.74 (194, 3.88); <0001

HR (95% CI) P Value
—— — LVEF>35%, scar () Reference
LVEFS35%, scar (=) 152 (0.93,249), 0.10
LVEF>35%, scar (+) 2.32 (141, 383), 0001
o LVEF=35%, scar (+) 3.43 222, 531); <0001

Patient survival (%)

o 1 4 5 8 7 8 9 10 01 2 3 4 5 6 7 8 9 10
Follow-up years Follow-up years
Number at risk Number at risk
LVEF>35%, scar (-) 279 267 255 240 217 188 132 70 48 24 5 LVEF>35%, scar (-) 279 267 255 240 217 188 132 70 48 24 5
LVEF<35%, scar () 280 262 244 232 213 170 89 49 27 20 B LVEFs35%, scar () 280 262 244 232 213 170 89 43 27 20 8
LVEF>35%, scar (+) 170 155 145 138 127 112 73 40 22 11 2 LVEF>35%. scar (+) 170 155 145 138 127 112 73 40 22 11 2
LVEFs35%, scar (+) 281 262 243 220 133 147 81 34 15 5 1 LVEFS35%, scar (+) 201 262 243 220 183 147 81 34 15 5 1

Klem et al, Circulation 2021
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s P
- i . B. Sudden cardiac death C. Arrhythmic composite events
The Relationship of LVEF and Myocardial Scar to Long-Term Mortality Risk and Mode of
Death in Patients with Non-Ischemic Cardiomyopathy " 3
10
Igor Klem [, Michael Klein, Mohammad Khan, Eric Y. Yang, Faisal Nabi, Alexander lvanov, Lubna Bhatti, Brenda Hayes, 9 30
Edward A. Graviss, Duc T. Nguyen, Robert M. Judd, Raymond J. Kim, John F. Heitner, and Dipan J. Shah g 25
Originally published 22 Jan 2021 \hnps://do\.orgli0.1I6|IC\HCULATIONAHA.|20.D48477 \ Circulation. ;0 7 ? 2
3 6 -
C. Sudden cardiac death D. Arthythmic composite events % ; g
2o g
100 St = 2{ — == Allpatients « — —— All patients
A 1 T LVER -35% ° - LVEF >35%
o 0
S 5 0 s 2 2 3 = 5 5 o 15 2 25 0 % 4
Total scar size (%) Total s sce (%)

HR (95% CI) P Valuo
— —— LVEF>35%, scar (-) Referenco
LVEFS35%, scar () 1,62 (0,57, 455),036

HR (95% CI) P Value.
LVEF>35%, scar (-) Reference
LVEFS35%, scar (-) 1.59 0,83, 3.07), 0.17
LVEF>35%, scar (+) 4.22 (2.30, 7.75) <0001

Event-free survival (%)
2

o] T e sen ) smai o s smon o Overs s ) 480357 o * Progressive increasing risk for SCD and arrhythmic composite
R T AP . R P events for both LVEF < 35% and also for LVEF > 35%.

* LVEF is associated with All-cause and Cardiac Mortality
 Scar is associated with SCD and arrhythmic events

¢ Risk plateaued ~ 20-25% scar burden.

Klem et al, Circulation 2021 Klem et al, Circulation 2021
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ANATOMIC PATHOLOGY DIAGNOSIS:
A. Heart, left ventricle outflow tract, biopsy:
- Non-necrotizing granulomatous inflammation present, focal
- No organisms identified on special stains for fungi and mycobacteria
- No polarizable foreign material identified
- Consistent with sarcoidosis in the appropriate clinical setting (see Comment)

Methtist o
LGE and Annual Event DegakeyHean What is the Role of Imaging Sarcoid?  PUlgiiitys
Rates in Sarcoid & Vascular Center
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p < 0.0001 ® 760 patients
! ]
1. Unexplained Moritz Il or 3rd Biopsy proven
degree AV Block (age < 60) n
2. VT of unknown etiology eXtra'(?ard |-aC
3. Heart Failure sarcoidosis

1. Identify Cardiac Involvement
2. Establish Initial Diagnosis of

Identify Cardiac

Annualized Event Rate

nvolvemen

Sarcoidosis

1. Between 16% and 35% of patients presenting with complete atrioventricular block
—‘ —| (age <60 years) or ventricular tachycardia of unknown etiology have previously
undiagnosed CS as the underlying etiology.
2. CS as the underlying cause of heart failure:
 core LV biopsies at the time of LVAD —> undiagnosed CS (3.4%)
* Explanted hearts —> 3% undiagnosed CS. - Birnie et al, JACC 2014
Coleman et al. JACC Imaging 2009. @dipanjshah

Composite Outcome All Cause Mortality
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What is the most likely diagnosis ?

* Pericardial Effusion

* LV Wall Thickness: 1.6 cm
* RV Wall Thickness: 0.8 cm
* Biatrial enlargement

* LVEF: 47%

* RVEF: 38%

e LV Mass: 297 g

* LV Mass Index: 149 s-o1)

Methalist

+ Diffuse HE of LV and RV
« Diffuse HE of atria
* Papillary muscle HE

.._l:"_ ‘) S ‘% :
AMYLOID HEART DISEASE,
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A. Mid-wall HE

A. Subendocardial Infarct (

B. Transmural Infarct (

r « Sarcoidosis, Myocarditis, Anderson-Fabry, Chagas Discase

C. Global Endocardial HE

O

ic Sclerosis, Post cardiac transplantation

Shah et al. In: Edelman RR, et al., eds. Clinical Magnetic

Role of CMR in Cardiomyopathy/HF JASINGIE:
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* Myocardial Fibrosis via
CMR LGE aids in:
— Diagnosis
— Prognosis

y @dipanjshah

Houston Methodist CV Imaging Team Meth(dlSt
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THANK YOU FOR YOUR ATTENTION !!

W @uipaigsiian

What is the diagnosis ?




