Update on Hypertropic
Cardiomyopathy



Introduction

Myocardial hypertrophy without
hemodynamic stress(e.g. HT)

Myocyte disarray(pathology)

Mutations in sarcometric genes: 0.2%,
most common genetic heart disease

Various phenotype(apHCM,DCMP) and
genetic transmission (¥4 of family, even old

ages)



Normal parallel arrangement of myocyte
with myocyte disarray and increased CT

Other characteristics:
Hypertrophy
Small vessel disease




Echocardiographic characteristics
1. Left ventricular Hypertrophy: > 15mm
Asymmetric septal Hypertrophy

(spared posterior wall)

2. Subaortic dynamic obstruction: ¥4

“IHSS” or “HOCM"

3. Systolic anterior motion of mitral valve

4. Diastolic dysfunction (usu, nl sys)



Diagram of HOCM
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ASH AoV Notching.

CW spectral Doppler
High Late peak velocity
“dagger-shaped”




Parasternal long axis view




Parasternal short axis view
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Apical 4C view with CW
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Diagnostic Dilemma based on echo

1. LVH: “Sigmoid” septum(tourtuous aorta)

Hypertensive heart
Athletic heart
2. Subaortic Dynamic Obstruction

Hypertensive heart with hypovolemia




CASE 1:69/ F

C.C: chest pain on exertion (3 Month ago)
duration: 5 min
no sweating
P/E: BP 130/70, systolic murmur at apex
Lab: cholesterol 184mg/dl, Hb 10g/dl
lIron/TIBC 43/368, ferritin:20
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Parasternal short axis view
(poor PLAX image(sigmoid septum?)
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Cardiac Cath after Transfusion

LV168/28 mmHg. - A0135/87mmHg

LVEDP 37mmHg
CAG: normal
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Management Algorithm for HCM

Hypartrophic _ | Exclude secondary causes:
cardiomyopathy Fl Aamyloidosis
Metabolic disease
Phaeochramocytoma
: ' '
Counselling Symptoms —  SynCope Complications
LA 4 l vy \d i
| Genotyping LVOTO Non-obstructive Assess risk of Progressive heart AF
sudden cardiac failure
l death: l
\ History of VF/VT l
r Farmily history
p| Family screening B blackers > P blockers Syncope ACE inhibitars Direct current
disopyramide Calcium Exercise blood Diuretics cardioversion
(verapamil) antagonists pressure B blockers Amiodarone
Mor-sustained VT Rate contral
Wall thickness Anticoagulation
Fatient information Myoton-myectomy ICD (amiodarane) Heart transplant
Insurance Septal alcohol
| Exercize ablation
Employrment Dual chamber
Fregnancy pacing
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CASE 1: 69/ F
OPD F/U: CCB and BB with Iron supplement

Recently, Postprandial discomfort (2 weeks ago)
Admission due to melena with hematochezia
Lab: Hb 8.4 g/dI

EGD: Duodenal ulcer with gastric ulcer
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ECG at 2"d Admission
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Apical 4C view with CW Doppler
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Provocation of LVOT obstruction

e Valsalva maneuver:

reduction of preload

* Post-PVC: increase of contractility

 Amyl nitrate inhalation:

reduction of prelaod and afterload
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CASE2: F/78

C.C: Palpitation and dyspnea
BHX:

PSVT adenosine
PSVT
echo: normal
CAG: normal
Mx: RFCM for AVNRT at EPS
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ECG after RFCM
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Apical 4C
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Transmitral flow by PW

1 MV E Vel 0.45 m/s
MV DecT 325.24 ms
MY Dec Slope 1.39 m/s2
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Apical HCM

1/4 of Japan, < 10% in western

Longterm outcome:

Benign prognosis
Not associated with SCD
1/3: MI, arrhythmia
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56 year/M

Routine exam for pilot license
In 1984

Circulation 2001 by BarryJ.Maron et al.

Extensive W/U due to ECG change:
Stress test and CAG: normal

Echo:normal
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10 years later
De novo
development of
Apical HCM at a
advanced age

Apical 4C

G

-

-]

view

28



CASE 3: 67/F

CC: dypnea
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Chest PA at Admission
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Diagnostic Dilemma
for nonobstructive HCM
(esp, no ASH, WT <15mm)

Hypertensive LVH: concentric, WT<15mm

Athletic heart: enlarged, <15mm

New methodology: TDI(tissue Doppler image),
SRI(strain rate image)
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Tissue Doppler Image
(long axis from apical window)
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HCM Athlete with LVH control
(normal EF)
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Strain
“stretching”. In scientific usage,
“deformation” . linear strain can be defined by

the Lagrangian formula:

Lo AL
=
|

8= L = L{; =AL
L, L, s

Where ¢ is strain, L, = baseline length and L is the instantaneous
length at the time of measurement




Data on timing of global events is implanted into
normal regional velocity, strain (¢) rate, and strain rate
(SR)curves to subdivide cardiac cycle into mechanical
components.

H :I . Velocity

Strain
Rate

Strain

i Diastasis
'\

Early Late

ICT Systole IVRT filling filling

/CT, Isovolumic contraction time; /VRT, isovolumic relaxation time.
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Discrimination of Nonobstructive Hypertrophic

Cardiomyopathy From Hypertensive Left
Ventricular Hypertrophy on the Basis of Strain
Rate Imaging by Tissue Doppler
Ultrasonography

Tomoko S. Kato, et al.

(Circulation. 2004;110:3808-3814.)

Diagnosis based on echo and endocardial Bx
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IVST/PWT ratio and Systolic Strain(gg)

15- :
1.6 - ® .0 L -
= 14 o Poo :
= - s |
= 1.2-@I DD L e S -
1.0 1 OO@DZD O -’ :

0.8 - T[T -u — T
-8 16 -14 <42 40 -8 -6 -4 -2

£ 4 (%)

Figure 3. Relation between IVST/PWT ratic and ey in patients
with HCM (@) and those with H-LVH (). Optimal cutoff values
for discrimination between the 2 groups of patients are
indicated.



Case 4 : 67/M

e 23

cold sweating
30

« Smoking/alcohol (-/-)
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ECG at ER -> Cath room for prim. PCI

F
QRS 2nl
T =10 - ABNORMAL ECG - Unconlirmed diagnosis,
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Left Coronary Artery

LCA (near orifice)

Shock during CAG
Intubation and |IABP
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Parasternal short—-axis view




ECG at CCU
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ECG at CCU: later, repeated VT and VF
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Possible mechanisms for myocardial
Ischemia in HCM

Increased myocardial oxygen demand
Myocardial Hypertrophy

Diastolic dysfunction

Myocyte disarray

LV outflow obstruction

Arrhythmia

Reduced myocardial perfusion

Small vessel disease

Abnormal vascular response
Myocardial bridges

Increased coronary vascular resistance



Etiology of Myocardial Necrosis and Evolution of Congestive
Heart Failure in Patients with HCM

Atherosclerotic coronary artery disease

Intramural coronary arteries (*small vessel disease”)
Impaired vasodilator reserve of coronary artery
Elevated left ventricular filling pressure
Compression of septal perforator

Myocardial bridging

Spasm of coronary artery

Mismatching of supply/demand in oxygen consumption
Anomalous coronary arteries

Septal myectomy

Embolism to a major coronary artery branch
Intraventricular pressure gradient

Myocarditis

a7



Case b: 32
e DM

1999 local clinic OHA

2002 3 , Type | DM

Insulin

e Sensory neural hearing loss

2002
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Electrocardiography at admission
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normal BP
CAG: normal

Lab: no azotemia

First impression?
Medication: ACEI and diuretics
for CHF
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After medication
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Pedigree

@

. DM + Hearing loss

DM
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A3243G mitochondrial tRNA mutation

« MELAS : Mitochondrial encephalopathy,
lactic acidosis, stroke-like episodes

e 1981 Human mitochondrial DNA
« MIDD : Maternally Inherited Diabetes

and Deafness
= Mitochondrial diabetes, 1992

95



Genetic analysis : PCR-RFLP &

Seguencing
RE cut
MI13 Pt PC NC
G --\-\"\-\.
G T~
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Cardiac involvement
IN mitochondrial disease

Circulation. 1995;91:955-961
Kagoshima Univ. Japan, Rhuichiro Anan et al.
Mitochondrial DNA defect 17

Kearns-Sayre syndrome (Deletion of mtDNA)
Ocular myopathy (Deletion of mtDNA)

MERRF ; myoclonus epilepsy with ragged red
fibers (Point mutation of mtDNA, 8344 A to G)

MELAS (Point mutation of mtDNA, 3243 A to G)
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Table 1. Results of Cardiac and Genetic Analvsas in Fatierts With Mitochondrial Diseases

Fatient Age. Sex Diagnosis ECG Chest Echocardiogram Deletion of Foit Mutation
by Radicaraph mibiMa, kop of miDiA
A4 3243
LU H—ls
1 15 b KRS Complete AV Block mormnal rAR Orvalcdd, TE Crnikd ) + B = -
resulting from HY Block

z 2 M ESS CREEE., imwerted T Mormal ritral valve prolapse + B - -

3 43 F KSS Lal (—&0rF), prolonged  Mormal Miormal + B - -
[probable)  HY (BD mesec)

4 17 M Ocutar Moarma Mozl M0 + b = =
mryopathne

L) 18 kM Ocular RaD (+1207) klormmal Miormal + 95 - -
mneopathny

G 21 F  Qcutar Hoarrmal Mormeal ] +. 5 - -
nyopathny

F 35 F Ocular Hormal Mormal D + 55 - -
mrpopathe

a | W Dcular Mormal Mormal D + 3.8 - -
meopathy

] B2 M Ocutar 5T dep, imeertad T, WPC Monmal Diffuze hypokinesis of LY+, 2.8 = =
mropathne

10 M M WEREF ST dep. inverted T, VYPC Cardomeagaly  LWH (ASH) Diffuss - + -

Fyvpokinesis of LY
1 i F WERRF ST dep. imeertad T, Cardomegaly  LvH (a5H) - * -
Lal (-50r), OS5 pattern Congeation Ditfuze hypokinesis of LY

12 45 WM WERERF Marmal klormal Mormal - * -

13 12 Mo WELAS Marmal Mormal MHormal - -

14 15 M MELAS VRC Mol Marrmal - -

16 15 M MELAS WHP'W syndrome Cardiomenaly  LvH (swmmetrical) - - +

16 48 F  MELAS ST dep, invertad T Mol Formal = = +

17 B F  MELAS APC Mol LvwH (=ymmetical) Diffuse - = +

Fypokinesis of LWV




Cause of Death
1. Sudden cardiac death
2. CHF:
LVOT obstruction
DCMP

Conversion into DCMP:
burned phase of HCM:10%
LV remodeling
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Pathogenesis of the end-stage phase of HCM

Small vessel disease Functional alterations™

Myocardial ischemia

Replacement fibrasis

-

Progressive)
refracsory
CHF
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Potential Risk Factors for SCD in HCM

History of SCD
Family history of Premature death
“Malignant” causal mutations

“Malignant” modifier genes

History of syncope

Magnitude of LVH: 30 mm

Extent of myocyte disarray

Extent of interstitial fibrosis

Early onset of the disease

Myocardial ischemia on perfusion tomography
Abnormal BP response to exercise

Presence of nonsustained VT on Halter
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Progressive Left Ventricular Remodeling in Patients
With Hypertrophic Cardiomyopathy and Severe Left
Ventricular Hypertrophy

Rajesh Thaman et al. J Am Coll Cardiol 2004;

Left ventricular remodeling is common in
patients with severe LVH and contributes to
the low prevalence of severe LVH seen in

middle age and beyond.
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Number of patients

@ Sudden Dreath

Heart Failure Death/Transplantation

O Aliwe

Him

Table 2. Changes in Echocardiographic Measurements Duning

<21

21-30

31-40 41-30

Ape intervals (vears)

51-60

=60

Follow-Up
D50 CI
Mean £ 500 Lower  Upper  p Value*

LYEDD |:n'| I'|'|:I S5+ 64 7.1 44 = (0.00001
LVESD (mm) S0+ 68 b6 A4 =0.0000m
ES (%) -39+119 -1.1 - 0008
LAT} imm} 43+65 5.8 27 =0.0000
MLVWT {mm) -52+ 44 -4.1 —&62  =0.00001
Mitral valve

Anterior ssptum = —38x 45 -7 —4.8  <0.00001

Posterior ssptum -26* 44 —-15 -7 d.00002

Posterior wall -5+ 28 02 =12 1.1

Lateral wall -12+ 18 —0.5 =20 0.002
Papillary muscle

Anterior ssptum —44 £ 45 -33 =55 <0.00001

Posterior septum =~ —2.9 = 4.3 -1.8 —40  =0.00001

Posterior wall -2+ 27 0.5 —0.8 0.6

Lateral wall -11+32 -3 =20 i
Apex

Anterior wall -15+ 38 —0.5 =26 0.005

Posterior wall -04x 21 0.2 =10 0.2

Two-tailed.

Cl = confidence interval; other abbreviatiors as in Table 1.



Microvascular function by MCE: small vessel disease

Intravenous MCE and Horizontal perfusion images

using thallium-201 scintigraphy: Inoue K, AJC 2004

control subject nonobstructive HCM HCM-HF
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Coronary flow:
CFR, CVR

TABLE 2 Coronary Flow Veloci

Recordings in Patients With

Symptomatic Hypertrophic Cardiomyopathy and in Controls

Coronary Hemodynamics in Patients
With Symptomatic Hypertrophic
Cardiomyopathy

Eric H. Yang et al

Am J Cardiol 2004:94:685-687

Using Doppler guidewire
CFR: IC adenosine and Ach

Patients Controls p Value

Age [yrs) 5317 53+ 14 NS

Heart rate (beats/ 6311 740 NS
min)

Mean aortic pressure Q6 + 16 95+ 12 NS
[mm Hg)

Average peak 6+ 4 135 0.03
systolic velocity
[em /s)

Average peak 34 + 12 24+ 5 NS
diastolic velocity
[em /s)

Diastolic to systolic 57 3 1.8x5 0.03
velocity rafio

Systolic velocity time  —2.2 = 5.3 4.0 x 1.1 0.01
integral (cm)

Diastolic velocity 263+ 148 122+39 0.003
time integral (cm)

Total velocity time 24.1 =147 16240 NS
integral (cm)

Coronary diameter 3.1 =04 2603 0.02
[mm]

Coronary blood flow 52+ 19 3311 0.03
(ml/min)

Coronary resistance 212091 3.13x093 0.05
(mm Hg/ml/min)

Coronary flow 21 0.7 34=+1.0 0.02
reserve

Diastolic deceleration 407 + 13.2  27.5+ 8.5 0.03

rate [em/s?)



Transthoracic Doppler
of distal LAD

Coronary Flow Reserve
Using Dipyridamole

N

M

o[t
1N : 24 i
1 CFREYmax  0.36m/fs 2 & ’} FR3MinVYmax 049 m/s .-
CFRBVmean  0.26 m/s/4 & 3 FR 3Min Ymean  0.32m/s{ - J
CFRBPmax 052 mmHy ?\ FR 3Min Pmax 0.96 mmHg e
CFREBPmean 0.27 mmHy “Q. ! FR 3Min Pmean 0.41 mmHg[%
CFRBEnv.Ti 380.78 ms R i FR 3Min Env.Ti  354.90 ms
CFREBVTI 9.81 am| 1! - 0694 FR3Min VTI 11.36 em

FR 3Min HR 170.84 BPM|




Management for HCM

Hypertrophic .| Exclude secondary causes:
cardiomyopathy Tl Amwloidosis
Metabolic diseass
Phaeochromaocytoma
: ' !
Counselling Symptoms —»  Syncope Complications
‘5 : iy : ‘
| Genotyping VaTo Mor-obstructive Assess risk of Progressive heart AF
sudden cardiac failure
death:
History of WVF/AT
h Farnily history
p| Family screening B blockers B blockers Syncope ACE inhibitors Direct current
disopyramide C—almuml Exercise blood Diuretics cardioversion
(verapamil) antagonists pressune B blockers Amiodarone
Mon-sustained VT Rate control
Wall thickness Anticoagulation
‘r\ i’
Fatient information Myotony-rmyectonmy ICD {amiodarone) Heart transplant
Insurance Septal alcohal
— Exercise ablation
Employrment Dual chamber
Fregnancy pacing
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Echo-guided percutaneous septal ablation

Tx strategies
1. Medical therapy
2. Reduction of myocardial septum
. Systolic PG at Rest = 50mmHg
after provocation= 100mmHg

3. Implantation of ICD
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Test injection of echocontrast agents

Before ethanol injection in septal branch

Septal perforator prox Septal perforator subdiv
Contrast injection Contrast injection 69



Optimal morphologic and hemodynamic
results of PTSMA

‘Baseline c
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Classification of SAM
By Nagata S et al. Br Heart J 1983

Type I Type II:

Normal . _ _
anterior  Anterior and superior

E=] High Pressure
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Characteristics of HOCM refractory to Medical

treatment and Selection of Surgical Methods
By Hirasawa Y, J Card Surg 2005

Types of SAM in Groups Operation Methods and Types of SAM

| MVE + I
Medical 4 Myectomy L | !
Group | ‘ !

R
-E |
w E i .
g B Type | MR — | o l_l?fpu :1
4] UType II) £ | - | | ype
Surgical . E | | ,
Group } Q Myectamy t | ‘
01234567 889101112131415 0 1 2 3 .4 5 6
Number of Patiants Mumber of Patients
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RT-3D with Contrast echo(perflurocarbon)
Parasternal Apical




LAD and septal perforator
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3D-RT: parasternal view
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15:23:11 .
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3D-RT: parasternal short axis view
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