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« WHO NEEDS AND ICD?

* DO THEY WORK?



Cardiomyopathies

HCM

DCM

ARVC

RCM

Unclassified

N

Familial/Genetic

_/

Non-familial/Non-genetic

Unidentified
gene defect

Disease sub-type*

|diopathic

Disease sub-type*

European WG on Myocardial and Pericardial Diseases (Elliott P et al. EHJ 2007)




Table 1 Examples of different diseases that cause cardiomyopathies

HCM

OCM

ARVC

RCM

Unclassified

Familial Familial, unknown gene
Sarcomenic protein mutations
B myosin heavy chain
Cardiac myosin binding protein C
Cardiac troponin |
Troponin-T
o= tropomyosin
Essential myosin light chain
Regulatory myeosin light chain
Cardiac actin
o-myosin heavy chain
Titin
Troponin C
Muscle LIM protein
Glycogen storage disease (e.g. Pompe;
PRKAGZ, Forbes®, Danon)
Lysosomal storage diseases (e.g.
Anderson-Fabry, Hurler's)
Disorders of fatty acid metabolism
Carmnitine deficiency
Phosphorylase B kinase deficiency
Mitochondral cytopathies
Syndromic HCM
Noonan's syndrome
LECPARD syndrome
Friedreich’s ataxia
Beckwith-Wiedermann syndrome
Swiyer’s syndrome
Other
Phospholamban promoter
Familial amyloid
Mon-familial Obesity
Infants of diabetic mothers
Athletic training
Armyloid (AL preal bumin)

Familial, unknown gene
Sarcomenc protein mutations
(see HCM)
Z-band
Muscle LIM protein
TCAP
Cytoskeletal genes
Dystrophin
Desmin
Metavincoulin
Sarcoglycan complex
CRYAB
Epicardin
Muclear membrane
Lamim ASC
Emerin
Mildly dilated CM
Intercalated disc protein
mutations (see ARVC)
Mitochondrial cytopathy

Myocarditis (infective/ toxic/
imimune )

Kawasaki disease

Eosinophilic (Churg Strauss
syndrome)

Viral persistence

Drugs

Pregnancy

Endocrine

Mutritional — thiamine,
carnitine, selenium,
hypophosphat aemia,
hypocalcaemia

Alcohol

Tachycardiomyopathy

Familial, unknown gene
Intercalated disc protein
mutations
Plakoglobin
Desmop lakin
Plakophilin 2
Desmoglein 2
Desmocollin 2
Cardiac ryanodine
receptor (RyR2Z)
Transforming growth
factor-83 (TGFB3)

Inflammation?

Familial, unknown gene
Sarcomeric protein mutations
Troponin | (RCM </ — HCM)
Essential light chain of myosin
Familial amyloidosis
Transthyretin
{RCM 4 neuropathy)
Apolipoprotein
(RCM 4 nephropathy)
Desminopathy
Pseuxanthoma elasticum
Haemochromatosis
Anderson-Fabry disease
Glycogen storage disease

Amyloid (AL/prealbumin)

Scleroderma

Endomyocardial fibrosis
Hypereosinophilic syndrome
Idiopathic
Chromosomal cause

Drugs (serctonin, methysergide ,
ergotamine, mercurial agents,

busulfan)
Carcinoid heart disease
Metastatic cancers
Radiation
Drugs (anthracyclines)

Left ventricular
Mon-Com pact ion
Barth syndrome
Lamin A/SC
ZASP
o -dystrobrevin

Tako Tsubo
cardiomyopathy

ARVC, arrhythmegenic right ventricular cardiomyopathy; DCM, dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy; RCM, restrictive cardiommy opathy.

ESC Working Group on Myocardial Pericardial Diseases (Elliott P et al. EHJ 2007)




The Problem of SD

» Sudden death rates comparatively low
» Prevalence of 1:500

» Heterogeneity

» High expectations

» Limited international collaboration



Changing Natural History?

Elliott P et al Heart. 2006 Jun;92(6):785-91
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Hypertrophic Cardiomyopathy

Davies M. SGHMS



Myocardial Fibrosis in HCM

Varnava A et al. Heart 2000;84:476-82



Mechanism of arrhythmia

cOnAUcCton

Re-entry




Sarcomeric protein gene mutation

impuise
generation

propagation

Modulators:

Fixed:
Genetic
(Histology)

Variable:
Haemodynamics
Ischaemia
Catecholamines
Drugs

Random

Ventricular
Arrhythmia
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Probability of VA

Risk of Ventricular arrhythmia

Substrate severity:

-Age

-Genes

-Histology
-Enviironment al é

High

Medium

Low

\
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Survival Following VT/VF

6.1+ 4.0 (0.5-14.5)yrs

O O O

59% (95% CI 33-84)
at 5 years
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Elliott P et al JACC 1999:; J Am Coll Cardiol 1999:;33:1596-601

16 patients (19+ 8 yrs):

6 ICD
8 Amiodarone
2 No therapy

Two sudden deaths
3 1CD Dx
1 non CVS death



HCM: Genetics

Troponin T a-Tropomyosin Troponinl Myosin-binding—— ‘




Survival iIn HCM: Genotype

Survival
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Watkins H et al.1995:
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Hypertrophic Cardiomyopathy:
Myosin Binding Protein C

O Cardiac 8-myosin heavy chain
O CardiactroponinT 100 ooy ey
B Cardiac myosin-binding protein C ) Truncation mutaticns
90
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Niimura H et al. NEJM 1998:338:1248



Study N° of N of N of N° of Mutation
Patients Cardiac Sudden Families
Deaths Deaths

Watkins H, et al. 1995 112 50 39 11 1179Asn
Arg92Gin
Phell(lie
Glul6n
Glul63lys
Glu2ddAsp
Intron 15 G>A
Arg278Cys

Nakajima-TaniguchiC,et 4 2 2 1 Alal04Val

al 1997

Moolman JC, et al 1997 22 7| 7 2 Arg¥2Tip

Anan R, et al 1998 18 2l | 2 6 Phel101le

Torricelli F, et al 2003 10 0 0 5 Phel 10Leu
Arg 1 30Cys
Glul60del
Arg2Gln
Arg278Cys

Total 166 61 50 25

Pasquale F et al. Submitted Circ CV Genetics 2011



Cumulative survival
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Genotype and Risk

« Small numbers of families studied
* Many novel mutations
* Variable clinical expression



Non-Sustained Ventricular Tachycardia in

Hypertrophic Cardiomyopathy

SUDDEN DEATH

-+ -
VT + 9 32
VT - 4 124

Pooled data from: McKenna et al and Maron et al

Sensitivity 717%
Specificity 69%
Pos Pred Accuracy 19%
Neg Pred Accuracy 97%

Relative risk: 6.3 (95% CI 2.7 -14.7)



AGE >30
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0 2 4 6 8 10 12
Follow up (years)
Number of patients at risk
Without NSVT 279 235 184 119 66 23 7
With NSVT 78 68 57 38 28 9 6

NSVT

4
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100m
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leewm
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s
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Number of patients at risk
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Monserrat L et al. JACC 2003:42:873-9




Exercise Blood Pressure in Patients with
Hypertrophic Cardiomyopathy

Normal Flat

\} < 20 mmHg

Exercise  Recovery Exercise  Recovery



Exercise Blood Pressure in Patients with
Hypertrophic Cardiomyopathy

Hypotensive

Exercise Recovery Exercise Recovery




Exercise BP Response and Prognosis

Cumulative survival

1.0 _%ﬁ
L
I -l_
0<0.02
0.9 |_ _
1

0.8 = 7

e .
0.7 = — = Abnormal BP

- NOrmal BP

0.6

0 10 20 30 40 50 60 70
Months of Follow Up

Sadoul et al Circulation 1997



Caveats

No use in children (< 13 yrs)
Confounding effects of medication

Type of exercise (Bike versus Treadmill)
Exercise duration



Hypertrophic Cardiomyopathy




SD/ICD Discharge Risk and Wall Thickness

1.0 N=630
0.9 | 0
L _

0.8
Tg —_— <15 mm
2 0.7 4 Log Rank for Trend p=0.027
U:) —_— 15-19
g
E 0.6 | - 20-24
>
E 25 - 29
@)

0.5 ] + 2 30

0.4

0 25 50 75 100 125 150 175

Follow-up (months)

Elliott PM et al. Lancet 2001:357:420-24



Severe LVH (O 30 mm

Deaths

E Prevalence <18 yrs (%)
OPrevalence 018 yrs (%)

Olivotto Spirito Elliott Overa ll

Olivotto | et al. JACC 2003:41:315-21



Risk Factors for Sudden Death

Risk factor Sensitivity Specificity ¥ PPA NPA p
Blood pressure 75 66 15 97 0.01
NSVT 69 80 22 97 0.0001
Syncope: overall 29 83 25 86 0.08
<45 yrs 42 82 29 89 0.01
FHSD 42 79 28 88 0.01




Risk Factors in HCM

Youth

Genotype

Family History

NYHA I/IV

Exercise capacity

Syncope . .
Severe LVH Family History
Large gradient Syncqpe
Diastolic dysfunction Exercise BP
Abn Exercise BP NSVT
Ischaemia L\VH

Atrial fibrillation

Non-sustained VT
Inducible VT/VF
Fractionation




1.0

0
0.9
1
S
S 08 2
>
N
o
=
g 07
>
£
0
0.6
Log Rank for Trend p=0.0001 N=630
05 |
Log Rank p<0.002
04 o 25 50 75 100 125 150 175

Follow-up (months)

Elliott PM et al. Lancet 2001:357:420-24



Hazard ratio
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Sudden death in hypertrophic cardiomyopathy:
old risk factors re-assessed in a new model
of maximalized follow-up
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1306 (705males, mean age of 47 years,

15 referral centres in Poland were
enrolled in the study.

five risk factors
(FHSD: P =0.0007;
nsVT: P =0.0001
aBPRE: P =0.0081
syncope: P= 0.0001
MWTh P =0.0001)

FHSD in a single episode starts to
influence the prognosis with a delay to
the fifth decade of life (P =0.0007).

Multiple FHSD a powerful risk factor (P ,
0.0001), predicting frequent SDs in
childhood and adolescence.

Probability of survival
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RISK

Multiple Risk Factors

Asymptomatic

Normal exercise capacity

ormal exercise BP
FH SCD




Amiodarone in Hypertrophic Cardiomyopathy

® Amiodarone

O NoVT

A Conventional

18
Months




|CD Trials

AMADIT |+ 1l

AAVID

Acips
AMUSTT

AcAsH
AcaT

ACABG-Patch

Secondary
prophylaxis

Prirmary
oroonylaxis
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Syska etal 2010 0—’.—0
|
|
|
|
|

Studies

Heart Hosp#tal 2010 -
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Effect sizes and Cls
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RISK

Multiple Risk Factors

Asymptomatic

Normal exercise capacity

ormal exercise BP
FH SCD
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1286 patient-years

B
28 (8%) received a1
. o Maormal FS
appropriate shocks 2 0o - &
(2.3%lyear) 5
o 0.6
E Reduced F3
Predicted by baseline Fa
fractional shortening g 02
5 Log rank test p=0.001
(HR=0.96, 95% CI 0.92 Foof
to 099, p:004) Mo. at risk Years s ince IC_Dimplant
Mormal F5 301 52 5 3
Reduced F5 33 3 0 0

Odahony C et al. Heart 2011
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Coronary Blood Flow

Patients with Patients with
Contral a Favorabla an Unfavorable
Subjects Outcome Outcome
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B Tissue

Pacing Sequence
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Gadolinium
Enhanced
CMR In HCM

A: Diffuse hyperenhancement B: Confluent hyperenhancement
v v v v v
I Trans-septal “ RV septal I I Ventricular junction l Multi-focal ][ Subendocardial I

Moon J et al. JACC 2003:41:1561-7



A 1.00-

0.90+
0.80
0.70+
0.60+
0.50+

Event free survival

0.30+

0.20- p=0.006
0.104 —===- LGE -
0.00-

o
-
L]
(&)
[

Number at risk
LGE- 81 75 58 39 23 13
LGE + 136 115 24 56 36 15

(=R}

I— 1year === 2ypar === 3year]

O'Hanlon R et al J Am Coll Cardiol. 2010 Jun 16.



CLINICAL vs.
STATISTICAL |
PREDICTION

A theoretical analysis and

a review of the evidence

PAUL E. MEEHL




* “We aren’t dealing with groups, we are
dealing with this individual case.”

It Is doubtful that one can profitably debate
this cliché in a case conference, since
anyone who puts it quite this way Is not
educable in ten minutes.



 Method #1: Relying on past experience and
training to make an intuitive prediction.

 Method #2: Relying wholly on a statistical
prediction model developed to be used In that
situation.

 Method #3: Taking account of the output of the
statistical prediction model but possibly modifying it
on the basis of professional experience and
Intuition.
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Summary

* |t's not magic!
« “Conventional” risk factors reflect the nature
and severity of the underlying substrate
— Electrophysiology (conduction, reentry etc)
— Myocyte function and loss
— Modulators (ischaemia, autonomic tone etc.)



Summary

* Most patients with HCM are at low risk of
SCD

» High risk cohort(s) can be identified using
non-invasive markers

» Advice and treatment in patients with single
risk factors requires integrated clinical
assessment



