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i Definition of Myocarditis

= an INFLAMMATION INFILTRATE and by INJURY
to the adjacent myocardial cell that is not typical of
INFARCTION

= Dallas Criteria (1986)

« Inflammatory infiltrate of the myocardium with
necrosis and/or degeneration of adjacent
myocardium not typical of the ischemic damage
associated with coronary artery disease

. |“ Cardiac & Vascular Center
=/ Samsung Medical Center



Etiologic Agents of Myocarditis

Infectious Agents Toxic Agents
Virus
Coxsackievirus(A,B), HIV Anthracyclines
Echovirus, Influenza(A,B), Catecholamines
Poliovirus, Herpes Simplex, Interleukin-2
Varicella-Zoster, Rubella, Interferon-alpha2
Rubeola,

_ _ Hypersensitivity
Epstein-Barr,Cytomegalovirus,

Mumps, Vaccinia, Hepatitis B,
Bacteria : diphtheria, Neisseria ....

Metazoa : Trichinosis,
Echinococcosis

Protozoa : Trypanozoma,
Toxoplasma

Fungus : Aspergillosis, Cadidiasis ....

f 1];?1 -ICardiac & Vascular Center
=/ Samsung Medical Center



i Diagnosis of Viral Myocarditis

= Serology
= 4-fold Increase of Neutralization Ab titer

= Virus culture in tissue
= Viral genomes In tissue
« by PCR, Hybridization

= Viral proteins in heart

. r \Cardiac & Vascular Center
J=/ Samsung Medical Center



Neutralization Ab Test (MTT Assay)

—— ATCC Ab —— 8A6 Ab
150 —e—Serum (2 days) —® Serum (21 days)

/N
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Detection of enteroviral Genome by
In situ Hybridization in CVB2 myocarditis

Cardiac & Vascular Center Badorff C. Med Microbiol Immunol
Samsung Medical Center (Berl). 2003 Aug 12



Detection of enteroviral capsid protein
VP1 by iImmunohistochemistry

A fatal myocarditis

B : D-CMP

C: Chronic myocarditis
P D : Negative control

© o with IgG2a

. x200:A,B1,CLD
. x600:B2,C2
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Coxsackievirus Type B3 (CVB3)

7.4 Kb ssRNA picornavirus

= like as polio-, echo-, rhinovirus
= highly cardiotropic
= Induces myocarditis

I.-"L[:‘.i“xICardiac & Vascular Center
=/ Samsung Medical Center 8



Diseases Associated with Coxsackievirus

Table 1. Diseases associated with coxsackievirus infections

Mild diseases Severe diseases

Acute diseases Rash Aseptic meningitis
Upper respiratory Encephalitis, paralysis
Myalgia Hepatitis
Pyrexia of unknown origin Pancreatitis

Pleurodynia
Pericarditis

Mvocarditis
keshan discase

Chronic diseases Insulin-dependent diabetes mellitus
Myocardins

Dilated cardiomyopathy
Menimngitis/encephalitis

If’l_ﬁ“wICardiac & Vascular Center
7=/ Samsung Medical Center



Diseases Associated with Coxsackieviru

R TR o)

lr.;'i \Cardiac & Vascular Center

=/ Samsung Medical Center




Time Course of Viral Myocarditis

Acute Myocarditis Subacute Myocarditis Chronic Myocarditis

Viral
infection

Myooyte
necrosis

Macrophage Infiltrating
activation ' mononuclear
+ cells
Cytokine Natural Cylotoxic
BXPrESsion killer cells T lymphocytes
* Interieukin-1 + B lymphocytes Fibrosis
* Interleukin-2 Perfori Cardiac dilatation
« Tumor Necrosis FXEEAL] *‘ Heart failure
factor —- Nitric oxide Meutralizing
« Interfarcn- antibodies
'_ Ly A
0 4 days 14 days 90 days
Viremia Viral clearing Absence of virus

Figure 2. Time Course of Expernmental Viral Myocarditis in Mice.
Adapted from Kawai" with the permission of the publisher. The timeling is not drawn to scale,

I.rif‘.i“xICardiac & Vascular Center

\ =/ Samsung Medical Center N Engl J Med 2000;343:1388



* Clinical Presentation & Evolution

Asymptomatic Chest pain Arrhythmias Heart failure Fulminant

' T X .} - '
Recovery DCM Recovery Sudden DCM Death

(complete or (complete or cardiac

incomplete) incomplete) death

Fisure 3 Chnical presentation and evolution of acute viral myocarditis (dotted lines
mdicate potential evolution). DCM, dilated cardiomyopathy.

I-”f L-I};\ICardiac & Vascular Center
7=/ Samsung Medical Center .



Enteroviral Infection Manifested
!'_ by Dilated Cardiomyopathy

Male / 20

13



ﬁ Chest PA
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i Echocardiography and NT-proBNP

3/22 4/4 5/19 10/06
LV 74/81 76/81 74/82 46/62
EF(%) 18 14 19.6 44.9
LA 57 52 54 36
NT-
2254 2089 1680 5.0
ProBNP

| LE: Cardiac & Vascular Center

Samsung Medical Center
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Asymptomatic Chest pain

Arrhythmias

|
f

' o T
Recovery DCM Recovery
(complete or (complete or
incomplete) incomplete)

Heart failure

i
F L
# I'l "_.

ﬂ Clinical Presentation & Evolution

Fulminant

._‘

Y
Sudden DCM  Death
cardiac
death

Fisure 3 Chnical presentation and evolution of acute viral myocarditis (dotted lines
mdicate potential evolution). DCM, dilated cardiomyopathy.

I.r”iﬁllx‘xICardiac & Vascular Center
\ =/ Samsung Medical Center




Unadjusted Transplantation-free Survival
According to Clinicopathological Classification

100 Fulminant myocarditis
o0 1 IS
80

70- T

60 \I—I_'—LI—
50 -

40 - Acute myocarditis
30
20+
10

O | | | | | | | | | | | |

|
o 1 2 3 4 5 6 7 8 9 10 11 12

Survival Rate (%)

Years

.L‘}E “Cardiac & Vascular Center
\#=/ Samsung Medical Center N Engl J Med 2000;342:690-5
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!'_ Fulminant Myocarditis with Pancreatitis

Male / 15

19



i Case Summary — initial presentation

B A 15-year-old boy was admitted with anterior chest
discomfort for three days at a university Hospital.

B One week earlier, he had had flu-like symptoms.

B On hospital day 2, ventricular tachycardia and
complete RBBB developed. Shock and urine output
decreased.

B CPR was done for 2 times and started hemodialysis.

B Echocardiography showed low EF (15-20%),
moderate TR, MR and moderate pulmonary HT.

B He was transferred to SMA at hospital day 14.

| LE[ Cardiac & Vascular Center
Samsung Medical Center

20



i | aboratory Findings - pancreatitis

01/30 02/8 2/16 | 03/16

Dayl | Day9 | Dayl17 | OPD

LVID s/d 50/59 30/55 40/55

EF 22 45 55
f[?g;ze 159 /938 | 164 /739 | 131 /454 | 83/131
AST/ALT | 16/102 | 24/12 | 23/25 | 12/17
CK-MB 6.41 4.90
NT-proBNP 35000 5805 1991 287.4

|“ Cardiac & Vascular Center
Samsung Medical Center

21



Endomyocardial biopsy findings done
at hospital day 12 (+ 2 weeks)

=4 |H&E x 400 X},}%

Focal m|Id hypertrophy of muscle cells and enlarged nuclei with focal mlcrocalcmcatlons
Few inflammatory cell infiltration. Minimal interstitial fibrosis. No evidence of viral inclusion

1 L&\ICardlac & Vascular Center
‘u=,,f Samsung Medical Center 29



Neutralization test with serial sera

100%
90%
80%

—&—2
3

P —— =4
& # —0—5
Con serum
40%
30%
20% |
10%

0%

70%
60%

50%

C 2 4 8 virus

o

100% —‘.‘&.\H A ——ATCC H3| |100% — % A —— ATCC B4
90% U , . =1 00% | \ —a—1
80% \ 80% = : 2
70% S 3

70% [
60%
50% 60% [ {
40% [ 50%
30% 40% |
% |\ /B3 CVB4
10% (\"\-/jj
20%
0% :
C 2 4 8 16 32 @+ 128 H3 10% I
0%
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9'_ Fulminant Coxsackieviral B3 Myocarditis

First Case Report; Identified CVB3 VP1 proteins
In the tissue biopsy from human Fulminant myocarditis
Female / 18

24
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Case of fulminant Coxsackieviral myocarditis
A, C) EKG and Echo at ER

B, D) EKG and Echo at day 10
E) Left auricle (H& E stain, x200)

F) Left Auricle (Masson’s Trichrome stain, x200)
G,H) Immunohistochemistry probed

by anti-enteroviral VP1 Ab.(G; x100,H; x400)

Jeon ES. NEJM 345:179, 2001
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Ventricular Assistant Device

(qff&:"\Cardiac & Vascular Center
\ =/ Samsung Medical Center

26



9'_ Fulminant Myocarditis Treated with EBS

Myocarditis with Hepatitis
Male / 14

27



i Case Summary — initial presentation

B A 14-year-old boy was admitted with anterior
chest pain for a day.

B Three days earlier, he had had flu-like symptoms.

B The patient had a positive troponin | (49.97 ng/ml)
result and an elevated level of CK-MB (98.27 ng/ml)

B A coronary angiogram showed no thrombus and
no clinically significant stenosis.

| LE: Cardiac & Vascular Center
=/ Samsung Medical Center
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i Case Summary — Hospital course

B His ejection fraction at ER was over 50%

B Eight hours after admission, complete AV block was
developed and IV isoproterenol was started for heart rate
control.

B After then, various ventricular arrhythmias were
developed and treated with DC version.

B Shock and urine output decreased and treated with
dopamine and dobutamine..

B He was transferred to SMC after temporary pacemaker
Insertion and with amiodarone infusion (day 0).

| LE[ Cardiac & Vascular Center
Samsung Medical Center



ﬂ Case Summary — EKG

B A o

Irf@“xICardiac & Vascular Center
\ =/ Samsung Medical Center
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i Case Summary — Hospital course

B Ventilation support were started due to hypoxia.

B Atday 1, shock and pulmonary edema progressed , and
urine output was decreased and EF was < 20%.

B Mechanical circulatory support was started with EBS
(Terumo, CAPIOX SP101, Tokyo, Japan). Urine output and
BP were maintained with EBS and inotropics.

B After 56 hours of mechanical support with EBS, left-
ventricular-wall motion was restored and her ejection fraction
was 45 % on echocardiography.

B The EBS was removed and he was discharged at hospital
day 17 without any symptoms of heart failure.

| Lr.;a Cardiac & Vascular Center

Samsung Medical Center
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EBS continuous flow

I.r”iﬁllx‘xICardiac & Vascular Center
\ =/ Samsung Medical Center
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Echocardiography

Date sy | LVIDEf EF(%) Other findings
day (mm)
Fe: 06 Lipr e Size were 60 Mild MR on color Doppler
Feb. 07 6 pm 1 normal 30 Global hypokinesia
Feb. 07 10 pm 1 range 20 (especially anterior & IVS)
Hypokinesia
Feb. 13 7 29/42 53 (IVS & aneriorior wall)
- pericardial effusion
Feb. 23 16 32/48 55.5 Normal Wall motion

| LE[ Cardiac & Vascular Center
Samsung Medical Center
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i Laboratory Findings - hepatitis

02/07 | 02/14 | 02/23 | 03/08
Dayl | Day7 | Day16 | OPD
LVID s/d - 2042 | 32/48 -
EF 60->20 53 5.5 -
ASTIALT | 21507 1 207 | 20186 | 16714
CK-MB 22.43 3.56 0.36
NT-proBNP - 2093 1109 272.6

|“ Cardiac & Vascular Center
Samsung Medical Center
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Neutralization test with serial sera

100%

90% [
80%
70%

—h—2

——4
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Endomyocardial biopsy findings done
at hospital day 10 (H&E, MT staining)

Mg 7 BN 2, 1 DM AN TN (SR 8
g LA P I WU\ N L
PEBN RN e W AU T

- ", -l I.1_.‘_.-1 :E

lr..'.i Cardiac & Vascular Center
=/ Samsung Medical Center
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Fulminant Coxsackieviral B4 Infection
!'- Dystrophin cleaved in infected myocytes in human tissue

VAD applied Female / 57

37



i Case Summary — initial presentation

B A 57-year-old woman was admitted with anterior
chest pain for a day.

B Three days earlier, she had had flu-like symptoms.

B The patient had a positive troponin | (49.97 ng/ml)
result and an elevated level of creatinine
phosphokinase-MB (98.27 ng/ml)

B A coronary angiogram showed no thrombus and no
clinically significant stenosis.

| LE: Cardiac & Vascular Center
=/ Samsung Medical Center
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Case Summary — Hospital course

W Eight hours after admission, shock and pulmonary
edema developed.

B Her ejection fraction became less than 15 percent
from over 60% at admission.

B Despite the use of an intra-aortic balloon pump for
four hours, her shock and pulmonary edema
progressed, and recurrent ventricular tachycardia
occurred.

B Mechanical circulatory support was started with a
left ventricular assist device. (550 BIO-Console,
Medtronics, Bio-Medicus, ECMO).

| LE: Cardiac & Vascular Center
=/ Samsung Medical Center
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i Case Summary — Hospital course

B After 96 hours of support with the left ventricular
assist device (ECMO), left-ventricular-wall motion was
restored and her ejection fraction was 56 percent on
echocardiography.

B ECMO was removed after 5 days. She was
discharged after 35 days without any symptoms of
heart failure.

|“ Cardiac & Vascular Center
Samsung Medical Center
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Neutralization Test
for all CVB Serotypes with day 15 serum

4 —-o—-CVvBl —s—-CVB2
—4—CVB3 —=m-CVB4
—o—CVB5 ——CVB6

Absorbance
N

S v—ﬂg\ _ N
o o o —6- I S
0
Control 2 4 8 16 32 64 128 No
serum

Dilution Factor

I.-’L[:‘.i“-.Cardiac & Vascular Center
\ =/ Samsung Medical Center



Neutralization Test for CVB4

2.5 —HB—ATCC Ab for CVB3 —&—Day5
—i—Day 16 —@— Day 40
— -/ — Normal Control —&6— Control Horse Serum

_—— e ——

1.25

control 2 4 8 16 32 64 128 CvB4
virus

."#L‘:".‘.l..\"-Cardiac & Vascular Center
\ =/ Samsung Medical Center
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PFU assay from tissue on HelLa

Viable virus was isolated from frozen left atrial tissue at day 1.
The final concentration of virus was 1.5 x 104 PFU/m|

lr_.;"t Cardiac & Vascular Center
— / Samsung Medical Center
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|_Capsid Proteins_| Non-structural proteins i
CVR3

polyprotcin | VP4| V2| VP3| VPI [Pra2A| 2B | 2C|3A| VPg| Pro3C| 3DPOL

viral protein cleavage }
I el

ProlA

Normal Contractility

. . ‘myocyte dysfuncti
Coxsackieviral protease  decresed force ransmission

sincreased cell permeability

2A cleaves dystrophin :
Cardiomyopathy

1&1 \Cardiac & Vascular Center
=/ Samsung Medical Center Badorff, Nat Med 5:320, 1999



CVB3 protease 2A cleaves
dystrophin-Sarcoglycan Complexes

CVB3, Dystrophin Add Evans blue Evans blue

CVBS3, B-sarcoglycan

I.-’L[:‘.i“-.ICardiac & Vascular Center
\ =/ Samsung Medical Center Badorff, Nat Med 5:320, 1999 47



Anti-dystrophin-DAB at dayl

N TS ‘ﬁ; S

Anti-enteroviral

Y

VP1-alkaline P’ at day 1
. ! f.;_;.:..*-'* "'5'
NS ~"?"f'_£ﬁ*.
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Therapeutic Guideline of
Fulminant Myocarditis

National Survey of Fulminant Myocarditis in Japan

—— Therapeutic Guidelines and Long-Term Prognosis
of Using Percutaneous Cardiopulmonary
Support for Fulminant Myocarditis
(Special Report From a Scientific Committee) —

- Age (vears) 47.9%16.0
52 patients for 3 years W/E 2626
Etiology
(Apr. 1997 — Mar. 2000) [diopathic J4(65.4%)
Viral 14 (26.9%)
Eosinophilic 2( 3.8%)
Criant cell 2 3.8%)
Definitive diagnosis
Endomvocardial biopsy 43
L‘E‘i \Cardiac & Vascular Center Autopsy 19

'.— Samsung Medical Center Circ J 2002;66:133 49



Initial and Cardiac Symptoms

Initial svmptons (n=52)  Cardinal symptoms (n=31)
Increased fever 32(61.5% Dyspnea , 20(39.2%)
{..EE”HL"H'HJllf'[f.!'ft!,‘u'ﬁ” /2 I'Ei'f:{ Sr‘:flf?{'# /5 [ 00 40 )

nigh 21.2% » oL
i";!j:‘;i‘-rm'uHi'r'H'HJ.{ E;‘: :Ii-ﬁ: Nm”'l"'u*fm"'}"f” g 11(21.6%)
Arthral gia/mvalgia 6(11.5% Increased fever 11(21.6%)
Headache 0(11.5% Svncope/cramp 10(19.6%)
Chest pain SRR Chest pain 9(17.6%)
Symcope/cramp 3 2.8%, General fatigue 6(11.8%)
Diarrhea SN Ahdominal pain 3( 3.9%)

Appetite loss 3 5.8% o 9 o
Pharvagaleia 2( 3.8% Diarrhea 2( 3.9%)
Palpitation 2( 3.8 Falpitation 2( 3.9%)
Abdominal pain 1{ 1.9% Coughing 1 2.0%)
Epigasiralgia I{1.9% Cyanosis I( 2.00)
Back pain i f.‘.:":-'?, H[J”',I;m.m; 1{ 2.0%)
g;:j_:f:;:'f_a[-un.gﬁu's H J{;: C nfi:.’:'n;;-m’rnfmmjr arrest [( 2.0%)
Common cold I 19% EJ” igastralgia I 2.0%)
Back pain I 2.0%)

I.rﬁ“wICardiac & Vascular Center
=/ Samsung Medical Center Circ J 2002:66:133 50



Guidelines of PCPS

Indication |: cardiac arrest or life-threatening

for acute fulminate myocarditis (1)

Indication 2: low output syndrome.

arrhythmia.

cardiopulmonary resuscitation

Y

unsuccessiul

-

successiul

*sheaths insertion in lemoral artery and vein,

Y

= Ccardiac stimulant

Y

peripheral circulatory failure (+)

Y

IABP

Y

peripheral circulatory failure (+)

Y

PCP5

*Combination with IABP in case of indication 1.

I.rﬁx‘xICardiac & Vascular Center
\ =/ Samsung Medical Center

Circ J 2002:66:133
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i Ventricular Assistant Device

For 1) Bridge to Recovery

2) Bridge to Transplantation

REMATCH, NEJM 2001;345:1435

1l ", Cardiac & Vascular Center
] Samsung Medical Center
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N Engl J Med 2001,345:1435
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Mechanical pumps for Cardiac Support

Puear Tyre® Ay ANTAGES

Exrracorporeal nonpulsatilet  Simple cannulation, inexpensive,
univentricular or bivenrricular,
readily available, extensive clini-
cal experience

Extracorporeal pulsiciled Univentricular or Mventricular

Implantable pulsagiled Poteneial for curpatient and long-
rerm support, excellent poten-
rial for rehabilitarion

Total arrificial hearty Biventricular support, orthotopic
placement

DisaDvANTAGES

Short-rerm suppOrt, requires conrinuois
availability of rrained bedside personnel,
systemic anticoagulant therapy needed,
bleeding and thromboembaolism possible,
patient necessarily bedndden, no potencial
foer rehabalicacion

Short-term support, systemic anticoagilant
therapy needed, patient usually bedridden,
Bleeding and thromboembolism possible,
limited potential for rehalvilitation

Expensive, univentricalar suppore, abdomi-
nal placement reguired, infecrion possible,
mechanical failure possible, bleeding and
thromboembolism possible

Mot FDA-approved, bleeding and thrombo-
crmbolism possible, bulky external console,
systemic anticoagulant therapy needed,
infection possille, mechanical falure
pomsible, expensive

INDICATIONS

Posrcardiovomy venrricular dystunerion,
neonaral respiratory failure {exrracor-
poreal membrane oxvgenation )

Possteardioromy ventricular dyshingeion,
right-sided heare falure after left ven-
treicular assist device implantation,
bridge to transplaneation

Rridge vo rransplantanon, bridge o
recovery, potential long-rerm use

Biventnicular failure, bridge vo rrans-
planrarion

Thé}rﬁa-Cardiosystems device

Cardiac & Vascular Center
Samsung Medical Center

A
o
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YEAR

EvEnT

1954
1964

Development
of VAD e

Development of the_cardiopulmonary-bypass machine

Chartering of the Artificial Heart Program by the National
Heart, Lung, and Blood Institute

First use of a PI'IL'LI!I]'I;ITiL‘ device as a hridgt tO recovery

First human heart transplantation

969 First successtul use of a pneumatic total araficial heart as a
bridge to transplantation
Syt - 1970s Development of a variety of extracorporeal and implantable
e “ﬁ:l'““"ﬂ pneumatic ventricular assist devices
1974 Redirection of the efforts of the Artificial Heart Program
"nﬁ toward the development of implantable devices
\ ~Laft 1984 First implantation of a rotal artificial heart as a permanent

o~ 5
- vanlricle

device

\
g Diaph | 985 Multicenter evaluation of left ventricular assist devices as a
— bridge to transplantation
} 199] Moratorium on the use of the total artificial heart
\ 1993 FDA approval ot a New Investigational Device exemption for
Extarnal . ) a total artificial heart
WWInEs ".'. . . . . . .
W 1994 FDA approval of a left ventricular assist device as a bridge to
Hearl a — P
PR Dirtve (ine bt nii transplantarion
nemeen dawies 1994 First use of a wearable left ventricular assist device
1996 Recruitment of patients for a randomized trial comparing
present wearable left ventricular assist device with medical therapy

I.rﬁ“wICardiac & Vascular Center

\=/ Samsung Medical Center N Engl J Med 2001;345:1435 55



i Indications for Device support

1. Cardiogenic Shock

2. Heart failure dependent on intravenous
Inotropic support

3. Outpatients with symptomatic heart failure
functional class IV

4. Uncontrolled ventricular arrhythmia

5. Cardiac allograft dysfunction and/or
cardiac allograft vasculapathy

6. Fulminant myocarditis

(qff&:"\Cardiac & Vascular Center Consensus Conference Report,

=/ Samsung Medical Center JACC 2001:;37:340
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k

Benefits of mechanical support

Decrease cardiac strain and work load
2. Increase subendocardial blood flow

3. Normalize histologic changes

B fiber orientation
B Cardiac hypertrophy

B Decrease myocyte wavy fibers and contraction-band
necrosis

4. Decrease chamber size
ncrease mitochondria energy metabolism

6. Inactivation of neurohumoral factors
(RAAS, Sympathetic nervous system)

o

i LE: Cardiac & Vascular Center Consensus Conference Report,

Samsung Medical Center JACC 2001;37:340
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Current Status of Mechanical Cardiac
Support Devices in USA

T of
I}Ft!::'t's ECMO Centrifugal Ahismed Thorate: Movacor Heart Mlate Canliowest
FDA approved | NA MiA Post-carcdiotomy . Post-cardiotomy Bridge Bridge Bridge®
incicanions ECOVETY recovery and
bridge
Posirion Exreral Extermal Extemal Exrernal Trernal [rvternal Tnrermal
Ventricular Cardiopulmonary Left, nght or Ledt, nght or Lett, right or Left only Left only Left and
STt bty bwath buath righs
Fatient size Snadl-Large Srmall-large Srmiall-larpe Medium-large Large Large Large
Avernge Short Short Intermediate Intermediate to Long Long Lomg
duranion by
FPower source Electric Electric Preamarse Freumatic Electric Electric or ppneamatic . Pneumeatic
Cammulation Artenal and venous Arteral, wmal or Arterial, arrial or Artenal, armal or Vienrricular Venrmcular MNYA
si0e veniricukar ventnoukar wentriculs
Muative Femains JRemains Remains Remains Femains Femains Removed
venimcle
Ann- Yes Yes Yes Yes Yes MNo Yes
L'll:lglll:l.rin”
Patient Mo Mo Yes, restricted Yes Yes Yes Yes
ambulaton
Wearahle M Mo Mo Mo Yes Yes Mo
Fatient s Mo Mo Mo Yes Yes-electric, Mo
chacharpe _'.'I:'h-'l'll'll:'l.lrllilf"iL'.
Dievice cost £ § 55 £% to 5555 5555 LA MrA

“Lwvestagarioml deviee exempion (LIMER ECMO = evrmearporcal membrane ooygenation; FIVA = Feod and Dosg Adaministearion

I.f’ L&\ICardlac & Vascular Center

= Samsung Medical Center

Consensus Conference Report,
JACC 2001;37:340
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| LE: Cardiac & Vascular Center

k

Anticipated Survival According to Severity
of Advanced Heart Failure

Disease Severity of Heart Failure Expected more than
entity y 50% Mortality
Chronic HF with exacerbation into critical low output state
carlegele Acute myocardial infarction In-hospital
shock
Post-cardiotomy shock
dependent on intravenous inotropic therapy 3-6 months
class IV symptoms on oral therapy 12-24 months
Chronic Refractory symptoms at rest or minimal exertion less than 12 months

heart failure

Risk factors such as decreasing sodium, increasing creatinine
and/or BUN

less than 12 months

Stabilization as class Il

more than 24 months

Heart failure

refractory ventricular arrhythmias

Variable, not estimated

Chronic severe post-transplant graft dysfunction with allograft vasculopathy

less than 12 months

Samsung Medical Center JACC 2001;37:340

Consensus Conference Report,
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Guidelines of PCPS

for acute fulminate myocarditis (2)

(1 adjustment of initial flow rate: 3.0-3.5 L/min.

(23 adjustment of flow rate: the lowest Mlow rate withoul peripheral circulatory failure by referring (o the indicators of circulatory Lailure,
(3} reconstruction of leg circulation: bypassing the dorsalis pedis or posterior tibial artery and arterial inflow catheter.
(4) activated clotting time (ACT): adjustment to 200-3005 {heparin binding PCPS: 150-2005).

r,r"
Indicators of circulatory failure
(1) pH, BE
(2) SVO2
(3) LA
(4) TB (or AKBR)
(51 Blood hiochemistry
(6) Urinary amount
k‘_ J

Markers ol managemen

Indicators of cardiac function
(1) Wall motion

(2) EF, %FS

(3) Ejection time

(4) ETCO?

(5)Cl

N

Course of management
(1) adjustment of flow rate: the lowest low rate without peripheral circulatory Ealure by referring 1o the indicators of circulatory Tailure,
(2) reduction of tlow rate: trial reducing the fow rate according to improvement of the indicators of cardiac function.

If’l_ﬁ“wICardiac & Vascular Center
7=/ Samsung Medical Center
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The end Primary end point: All-cause mortality

Secondary end points:

p0|ntS fOI’ A, Quality of life

B. Functional capacity, for example:

C rl tl C aI Exercise capacity (it applicable)

Hemodynamics

. Abilitv to leave hospital
pOPUIatlonS C. r:m”r"' 0. S0 fspieL

Device cost—system and replacement parts

In-hospital costs
Out-of-hospiral costs (to include medical, caregiver-relared and,
possibly, travel-related costs)
Costr-effectiveness®
D. Components of morbidity (75), including:
Thromboembolism
Neurologic events

Infection
Bleeding
End-organ dystunction
Right hearr failure
l-:"s}'chi-.utric episode
Rehospiralization (if discharged)
Cardiac causes:
Worsening heart failure
[\
Arrhythmia
Non-cardiac reasons
E. Device maltunction (to be specified in detal)
F. Device failure (to be specified in detail)

I.r”iﬁllx‘xICardiac & Vascular Center
\ =/ Samsung Medical Center




Guidelines of PCPS
for acute fulminate myocarditis (3)

Prevention of complications
{1} MOF or advancement of peripheral circulatory failure: increase of flow rate, CHF. nafamostat, ulinastatin.

and plt 3.0 100 14,
{4} hemolysis: haptoglobin, transfusion against failure of venous outflow catheter.
{5) infection: antibiotics, detection and removal of the focus.
{6} hyperkalagmia: detection and removal of the origin, CHF, Gl therapy.
\ {7} failure of venous oulllow catheter: check tip-position, translusion.

{2} circulatory disturbances of the legs: previous sheath insertion, preventive bypassing. relaxation, incision and amputation.
{(3) bleeding: adjustment o ACT 150-2005 by prescribing nalamostal mesilate, hemostasis, blood translusion (maintain above Hb 10 g/dl

"\\I

v

The standard for stopping PCPS
The tollowing conditions are satisfied at flow rate of 1.0 L/min.
Markers of circulatory failure Markers of cardiac function
{ 1y Arterial blood gas analysis: no metabolic acidosis {1y Wall motion: improvement
(2) SV =607 (2) EF. %FS: improvement
{31 LA: normal (3} Ejection time =200 ms
i4) TB {without hemolysis) <3.0mg/dl {or AKBR: normal) (4) ETCO2=PaCO:
i3) Blood biochemistry: recovery from organic failure (5)Cl =2.0L-min-!-m-2

I.rﬁ“wICardiac & Vascular Center
=/ Samsung Medical Center Circ J 2002:66:133
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Factors Influencing Prognosis

 Important factors concerning the prognosis were
1) the severity and grade of cardiac and renal dysfunction

2) the adjusted support flow rate to enable recovery from circulatory
failure

3) prevention of circulatory disturbances of the legs and multiple
organ failure directly associated with PCPS.

e Long-term prognosis of patients treated with PCPS
1. the readmission rate was 10%
2. the exacerbation rate was 3.3%
3. mortality was 10% during the average follow-up period of 962 days.

Optimal management of the mechanical cardiopulmonary support and
curative treatment for the myocarditis further improve the outcome of
this disease.

|“ Cardiac & Vascular Center
=/ Samsung Medical Center Circ J 2002;66:133 63



Predictors of Clinical Manifestations and Courses

In Patients with Acute Fulminant Coxsackievirus Myocarditis

ARSI Manli?(let;?;tion nornlwzallzlized Ing/tlrctz)ii/cs VB BE
F/25 Dyspnea > 2 year No CVB3
M/31 Fever 9 days No CVB3
NFM .
(n=5) M/46 Chest pain 8 days No CVB3
M/22 Dyspnea 12 months | Nol/yes CVB3
M/31 Dyspnea 0 No CVvB3/4
F/57 Dizziness 6 days VAD CvB4
M/15 Chest pain 48 days No/yes CVvB3/4
(:l\f;) M/14 Dyspnea 8 days EBS CVB3
F/59 Chest pain 0 IABP Adeno
F/9 Chest pain 5 days No/IABP Adeno

| LE[ Cardiac & Vascular Center

Samsung Medical Center
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Laboratory Markers between FM and NFM

NFM FM P value
Age 29.2+10.1 30.8+22.3 ns
Initial NT pro-BNP 75003305 18420412320 ns
Peak Tnl 24.8+33.5 889.2+610.8 P<0.05
Peak CK-MB 14.7x+21.7 60.1+67.7 P<0.05
WBC 66951639 859545600 P<0.05
Initial ESR 1440 31.5+17.6 ns
Initial CRP 3.29+3.67 6.21+3.05 ns

| LE: Cardiac & Vascular Center
=/ Samsung Medical Center
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Cytokines between FM and NFM

NFM FM P value
RVSP by Doppler 44.443.2 31.5+2.1 P<0.05
IL-1f3 below detectable range ns
IL-6 below detectable range ns
hiL-6 (pg/ml) 28.6+9.3 239.7+124.1 P<0.05
TNFRII( pg/ml) 4.2+1.7 26.85+11.9 P<0.05
TNF-o below detectable range ns

| LE: Cardiac & Vascular Center
=/ Samsung Medical Center
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Predictors of Clinical Manifestations and Courses
In Patients with Acute Fulminant Coxsackievirus Myocarditis

= The clinical courses of acute FM and NFM CVB
myocarditis are too different .

= Among the initial laboratory findings, leukocytosis, initial
cardiac enzymes, CK-MB, Tnl, and cytokines, hIL-6 and
TNFRII, may be helpful to predict the course of acute CVB
myocarditis

= Since the patients with FM recover without residual LV
dysfunction within one month and had more excellent

long-term prognosis, the aggressive hemodynamic support

IS warranted.

| LE: Cardiac & Vascular Center
=/ Samsung Medical Center
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Transformation of Myocarditis/Inflammatory
cadiomyopathy to idiopathic D-CMP

'l-

Evidence Recovery
CVB, Adenovirus —yes
(+)Parvo-19, HCV, CMV - no
3]
2]
Autoimmune -
Myocarditis
Virus(-)

@ICardiac & Vascular Center Med Microbiol Immunol
\ =/ Samsung Medical Center 2004;163:61 69



echanisms of Virus-induced autoimmune heart disease

v v v v v

Molecular Breakdown in Bre?l‘dhroug’gh Tissue I_nsle rtlc_)tn of
mimicry suppressor of rogue Necrosis _viral epriopes
. Autoreactive into myocardial

mechnisms
T cell clones cell membrane
Cross-reaction Presentation | :

o i ; , nduction of

By e — Disturbance in the host’s Of ‘sequestered’ myocardial

And Heart antigens WIS ESgarse Myocardial neoantigen

autoantigen

v

Breakdown of T cell tolerance to myocardial self antigens
resulting in autoimmune heart disease

Hypothetical mechanism of virus-induced or precipitated autoimmune Heart disease.
None of these has been proven in patients with other autoimmune conditions.

| LE: ICardiaC & Vascular Center Med Microbiol Immunol
=/ Samsung Medical Center 2004;163:61



Neutralization Test for all CVB Serotypes

—-o—-CVBl —sw-CVB2
—4—CVB3 —=m-CVB4
——CVB5 ——CVB6

Absorbance
N

. 3
0
Control 2 4 8 16 32 64 128 No
serum

Dilution Factor

I.-’L[:‘.i“-.Cardiac & Vascular Center
\ =/ Samsung Medical Center



Neutralization Test for CVB4

2.5 —HB—ATCC Ab for CVB3 —&—Day5
—i—Day 16 —@— Day 40
— -/ — Normal Control —&6— Control Horse Serum

_—— e ——

1.25

control 2 4 8 16 32 64 128 CvB4
virus

."#L‘:".‘.l..\"-Cardiac & Vascular Center
\ =/ Samsung Medical Center
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Incidence of Viral Genomes in Myocardium

MYOCARDITS
Bowles/1986 Enterovirus northern 50(%)
Kandolf/1991 Enterovirus In situ 20-25
Maisch/1989 CMV In situ 20
Schonian/1991 CMV PCR/In situ 10
Martin/1994 Enterovirus PCR 23
Adenovirus 44
DILATED CARDIOMYOPATHY
Kandolf/1991 Enterovirus In situ 20
Schonian/1991 CMV In situ 15
Schonian/1993 CMV PCR <5
Matsumori/1995 HCV PCR 17(%)

f 1];?1 \Cardiac & Vascular Center
=/ Samsung Medical Center Maisch, Curr Opi Cardiol, 1996



Prevalence of Myocarditis by Biopsy

REFERENCE

Dec et al.1oa

Parrillcy er al toe

Mason er ale
MeCarthy er alne
McNamara et al.m
Drucker et al.n2

Midei er al.n3

Bozkurr er al .14

Yeans

1975-1983

1982~ ]988

19861959

1984 1997

1996 1998

19851991

1983~ 1988

19901991

Posmive Biopsy

ResuLts

% (noJtotal no.)

67 (18,/27)

10 i{214/7223:
14 (252/17
16 (10,/62)
51 (20/39)

78 (14/18)

9(1/11)

Patient GroOuP

fatients with recent-onset cardiomyopathy (<6 mo of
SYIMPEOms

PPatients referred ro the National Institures of Healeh for

randomized trial of prednisone i idiopathic dilared car-

divmyopathy

¥
Large single-center series from Johns Hopkins University
All patients with recent-onser dilated cardiomvopathy en-

rolled i the Intervention m Myocarditis and Acure Car-
diomyopathy trial

Children referred with the climical syndrome of suspecred
mvocarditis
Women with peripartum cardiomvopathy from a single cen-

ter { Johns Hopkins )
Women wirh peripartum cardiomvopathy from a single cen-

ter { University of Picesburgh |

1 L[:.i\\ICardlac & Vascular Center

‘u=,,f Samsung Medical Center

N Engl J Med 2000;343:1388 74



Detection of enteroviral capsid protein
VP1

Al

G,H) Immunohistochemistry probed by anti-enteroviral VP1 Ab.(G; x100,H; x400)

Cardiac & Vascular Center
Samsung Medical Center
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iHost Responses after Viral Infection

Day E 3 daysl

3-14 daysHl

Virus titer *‘—_mne——

Main Cells || No cells | Macrophage, NK | Cytotoxic T

Cytokines IFN-y IL-2, IL-1B,TNF-a  |IL-13, TNF-a

Mechanism | | Apoptosis ? Necrosis(perforin) Apoptosis ?

I.f’L[:‘.i“xICardiac & Vascular Center
=/ Samsung Medical Center



i Myocyte Injury in Acute Phase

Cardiomyocyte

lf'.i Cardiac & Vascular Center
=/ Samsung Medical Center
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k

Replication-defective CVB3 infection

| Capsid proteins | Mon-structural prodeins

5'—?1‘1[\'?1 vea |veL | 2a | 2 | 2o aaf 3B | ac A0

[ vhi | VP2 |

Asn Ser
¥

.
CAAC TCC..  wildtype

wAAG GCC.L. mutant AVPD
Lys Aln

infectious CVEI cDNA CVBIAVPD

Replication defective Vaccinia-CVB3-dVPO
virus infection can induce myofibril disruption

| LE: Cardiac & Vascular Center
Samsung Medical Center Wessely, Circulation 98, 1998
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CVB3-dVPO Transgenic Animal

Non-transgenic
Littermates

.:’II R i ;
AN R j
..'.- I.I: i ' 4 II
¥ 3al v i
Y X i
. gt ' III v !
i 2 i 1 f
= I 1
5 g B e B
ok = & g
anE — o & . 8
" '..\_1-.1 N, s k- e, y At . 1
| ".'-, k- 'y bl 1 i N o,
L4 AT LY w7 A 1
E B Tl 1 L Y i _
i A :I',a x " K x J
185 RNA — - : Qb D it o
¥ M W, 3o L

CVB3-dVPO0 transgenic animal shows d-CMP
phenotype, increased ANF expression and
myocardial fibrosis

Line 49 Transgenics

If'E‘.i“xICardiac & Vascular Center
\ =/ Samsung Medical Center Wessely, J Clin Invest 102, 1998
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i Case Summary — HIS and Nt test

B Serial histological and immunohistochemical analysis of
the right atrial appendage, that underwent biopsy at the
time of insertion and removal of LVAD, showed the
enteroviral capsid protein VP1 (primary antibody,
Novocastra Laboratories) over the entire right atrial wall
with scanty inflammation infiltrates.

B Her serum neutralized coxsackievirus B4 (CVB4) in a
neutralization test performed with CVB4 (American Type

Culture Collection, J.V.B. Benschoten) as a control virus.

B The titer of neutralizing antibody in her serum at 16 days
was more than four times the titer at 5 days and 40 days.

| Lr.;a Cardiac & Vascular Center

Samsung Medical Center
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Devices for circulatory support
currently used In

1. acute circulatory support <1 month

» cardiac failure after cardiac operations, myocardial infarction shock or acute
cardiomyopathy due to myocarditis or other causes, with a potential likelihood
of recovery.

2. more prolonged support from 30 days to <1 year in

» Waiting for transplantation but deteriorate before a heart becomes available
and require mechanical support prior to transplantation.

» chronic HF regain ventricular function and are able to have the devices
removed without requiring transplantation.

3. permanent support as an alternative to transplantation

> irreversible cardiac failure that might require circulatory support, but they are
not good candidates for cardiac transplantation.

Therefore, if devices are inserted, they must be considered
permanent or “destination therapy” and are currently
Investigational.

| |“ Cardiac & Vascular Center Consensus Conference Report,

Samsung Medical Center JACC 2001;37:340
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