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1957 Brigden 

[16] “ cardiomyopathy ”

 [47 122] Brigden

primary myocardial 

disease idiopathic cardiomyopathy

1961 Goodwin hypertrophic cardiomyopathy: 

HCM restrictive cardiomyopathy: RCM

dilated cardiomyopathy: DCM  [43] 1980

WHO ISFC

unclassified cardiomyopathy: 

UCM “ idiopathic cardiomyopathy ”

 [123] 1980

1990 Seidman  [39] 

HCM β

1995

arrhythmogenic right ventricular 

cardiomyopathy: ARVC  [123] 1960

1970

 [122 133] 1974

 [122]  

 [42 47 82]



 2 

10

HCM 17 DCM 14 RCM 0.2  [97 100]

CT

 [78]  

congenital heart failure: CHF

arterial thromboembolism: ATE

 [4 42 79 96]

 [78 82]

 [41 58 73~75 105 114 118

120 135 150]  

 [27 33]

KK

 [140]

 [31] 4933 1962-1976

1.9

8.5 [85] HCM

106 61 57.5% RCM

22 20.7% [27]  

RCM
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 [54 57

79 134]

 [10 18 95 146 149]

Ca2+

 [53 59 114 118 150]

HCM

 [23 36 59 104 118 120

149 151]  

CHF

 [4 59 80] X

ST-T  [59]

 [59 102]  

RCM

 [4 56 59 80]

Ca

angiotensin-converting-enzyme inhibitor ACE



 4 

angiotensin II receptor blocker ARB

 [56 59]  [145] Ammash  [4] 

94 RCM 5 64 10

37

70

60 mm

 [4 145]  

RCM

 [31

72 93 144] RCM

 [35]  

RCM

 [14 21 28 33] RCM

 [33 90]  

RCM

 [21 33 72 130 144]

 [33 130]



 5 

RCM
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1  
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RCM

[12 13 19 29 31 65 85 87

123 136]

 [19 29 31 67 68 86 136]

 [12 13 21 72 84 144]  

RCM 1970 Liu [84]  CHF

1980 Liu Tilley [86] 

 [33 74 86 130] 2004 Fox

 [33]  

RCM

 [31

71 72] 8 19

 [21 51 85 86 88 144]

 [27 85 86 88 93 144]  

CHF

 [12 29 30 32 51

52 71 85 86 88 93 144]  
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 [21 71 93]

 [13 21 52 71 86 93 144] X

X CHF

 [13 33 93 144]  

 endomyocardial fibrosis

 [13 21

28 33 93 144]

 [13

21 28 33 93 144]

 [13 21 28 33 71

93 144]  

RCM

CHF

ACE

Ca β

 [12 13 21 31 93 144] RCM
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132  [21

27 28 93 144] RCM

 

RCM

RCM

RCM 41
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1.  

2007 2014 8

327

RCM 41 Nos. 1 - 41

100

HCM 34 DCM 12

ARVC 11 RCM2 RCM41  

RCM

1 ; 2A

2B ; 

; 

2B

3 ; 

4A B ; 4C

 

2.  

RCM 41

X

B M
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1 RCM   

A No. 39 , 6 , 
.  = 1 mm. 

B No. 40 , 10 , 
. , , 

.  = 1 mm.  

A B 



 

 12

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 RCM  

A No. 26 , 5 , 
, 

.  = 1 mm. 
B No. 25 , 3 , 

, 
. , , 

, .  = 1 mm.  

A B 
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3 RCM  

No. 38 16

. 
. Bar = 500 µm  
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A B 

C 4 RCM  

A No. 20 7

. Bar = 100 
µm.  

B No. 28 3  

Bar = 200 µm  

C No. 40 10
HE Bar = 100 µm  
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RCM 41 1

 

41 1 No. 10

No. 1~9 11~41 4 19

6 7.4 4.8 25

19 16 13  

2.  

5 41 30

No. 2 - 4 6 - 8 10 12 13 15 - 18 21 - 23 25 - 27 29 - 36 38 39

41 30 6 Nos. 2 6 16 32 35 39

ATE 4 Nos. 18

25 26 36 2 Nos. 30 34 1 No. 21

1 No. 12 11

Nos. 1 5 9

11 14 19 20 24 28 37 40 5   

3.  

35 Nos. 1 - 8 10

12 13 15 - 19 21 - 23 25 - 36 38 - 41 28 Nos. 1 2 4 8

10 - 12 15 - 17 20 - 26 28 29 31 32 34 - 38 40 41

24 Nos. 1 2 4 6 - 8 12 15 - 17 21 - 23 25 - 27 31 - 

36 40 41 17 Nos. 1 2 5 6 9

11 14 16 19 20 24 28 32 35 37 39 40 12 Nos. 

1 2 4 11 21 23 24 32 34 35 38 40 10 Nos. 3

6 12 18 27 29 31 35 38 40  
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 17

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 RCM   

No. 12 3
 

No. 20 7  
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8 Nos. 3 6 12

15 26 32 38 39 7 Nos. 1 7 10 24 28 32

38  

44.  

41 37 Nos. 1 - 8 10 - 23 25 - 34

36 38 - 41

29 Nos. 2 - 4 6 - 8 11 - 13 15 - 18 20 - 23 25 27 - 34

36 38 39 41 8 Nos. 1 5 10 14 19 20 26 38

25,950 10,343/µl; 

14,900~30,400/µl;  [60] 5,500~19,500/µl

20.6 2.4%; 18.1 21 ; 

 [60] 24 45%  

BUN

60.7 36.5 mg/dl; 28~189 mg/dl;  [106] 7 22 

mg/dl Cre 3.2

2.8 mg/dl; 1.5~10.5 mg/dl;  [106] 0.5~1.0 mg/dl 13 Nos. 

1 4 12 19 21 25 26 27 29 32 33 38 41

AST 289.6 439.6 

mg/dl; 126~>1,000 mg/dl;  [106] 10~48 IU/L

ALT 247.8 336.8 

mg/dl; 96~>1,000 U/L;  [106] 12~130 IU/L 14 Nos. 

2 - 4 9 12 19 21 25 26 29 32 33 38 40

CK > 2000 IU/L;  [106] 0~314 

IU/L 7 Nos. 8 10 14 19 20 32 39

LDH >900 IU/L;  [106] 0 ~ 798 IU/L 1 No. 

21  
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X 41 38 Nos. 1 - 18 20 - 27 29 - 38 40 41

X 38 36 Nos. 1 - 8 10 - 16 18 20 - 27 29 

- 38 40 41 VHS

8.7 0.88 ;  [144] 8.1 0.45

X 27

Nos. 1 - 6 8 10 12 13 16 18 21 - 23 25 - 27 29 31 32 34 - 

36 38 40 41

X 21 Nos. 1 - 8 10 15 17 18 21

22 27 29 - 33 35 6 X

12 Nos. 2 3 6 12

18 21 24 29 31 35 38 40 9 Nos. 2 6 12 18 21

24 29 31 35 7  

41 34 Nos. 1 2 4 - 14 17 - 21

23 - 27 30 32 - 41 19 Nos. 1 2 4 6 8 11

12 17 21 23 24 26 32 34 35 37 38 40 41

PACs

9 Nos. 2 4 11 21 26 32 34 35 36 38 AF 5 Nos.8

12 17 37 41 PVCs 5 Nos. 1 21 23 32 40

RBBB 4 Nos. 4 12 32 38 CAVB

1 No. 26 1AVB 1 No. 6 8 9  

B 41 LA Ao

2.7 0.5;  [17] 1.4 0.1 29 Nos. 1 - 9 11 13 - 17 20 21

23 25 - 27 29 32 - 34 36 38 - 40 10A 12 Nos. 

10 12 18 19 22 24 27 30 31 35 37 41

10B

41 36 Nos. 2 - 8 10 - 18 20 - 23 25 - 35 37 - 41  
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6 RCM X   

No. 7 4
 

No. 18 4
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7 RCM X   

A No. 9 6
  

B No. 24 18
  

A B 
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8 RCM   

No. 17 5 50 mm/sec 1 cm = 1mV.  

 No. 24 18 50 
mm/sec 1 cm = 1mV. 
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9 RCM   

No. 23 9
50 mm/sec 1 cm = 1mV 

No. 38 16 50 mm/sec 1 
cm = 1mV.  
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10 RCM B A
; B   

A No. 11 12  

B No. 27 12
 Ao ; LA ; LV ; LVFW

; PE ; RA ; RV .  

A B 

LA 

Ao 

LA 

RA 

RV 

LV 

PE 

LVFW 
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11 36 25 Nos. 2 - 4 7 10 14 - 16 18 21 - 25

28 - 31 33 35 - 37 39 - 41

12 8 Nos. 2

5 6 14 21 22 34 38 13  

M 41 10 Nos. 4 8 11 25 27 31 33

39 - 41 FS; 49.5 11.6%;  [17]; 52.1

7.1% 5.4 1.5 mm;  

[17] 4.4 0.4 mm 4.9 1.5 mm;  [17] 4.5 0.3 mm

 

41 38 Nos. 1 - 16 18 19 21 - 31 34 - 41

14

38 3 Nos. 12 25 26  

41 10 Nos. 7 19 22 23 27 29 33

36 40 41

E 0.97 0.42 m/sec;  [64] 0.67 0.14 

m/sec 43 28 msec;  [64] 66 13 msec

A E A 3.0 2.5;  [64] 2.3

1.0 15  

55.  

41

ATE

ATE 1

No. 28 16

CHF  
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11 RCM B
 

No. 27 12
Ao ; LA ; LV .  

LA 

LV Ao 
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12 RCM  

No. 30 5

. LA ; LV ; LVFW ; RA ; RV
 VS .  

LA 

LV RA 

RV 

LVFW 

R
VS 
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13 RCM
 

No. 14 3
Ao ; LA ; RV .  

LA 

Ao 

RV 
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14 RCM
 

No. 27 12
Ao ; LA ; LV . 

LA 

Ao 

LV 
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15 RCM
 

No. 27 12
LA ; LV .  

B 

E 

A 

LA 

LV 
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16 No.28 3 .  

A  
  

B  .   

A B 
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ACE

19 Ca β

ATE

27 Nos. 

1 - 6 8 10 12 13 16 18 21 - 23 25 - 27 29 31 32 34 - 36 38

40 41 2 Nos. 24

38  

66.  

CHF

ATE

1 977 103 183

30  
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RCM

2007 2014 8 327

RCM 41

 

327 100

HCM 34 34% DCM 12 12% ARVC 11 11%

RCM 2 2% RCM 41%

RCM

106 Ferasin  [25] HCM

 61 58% DCM 10 11% RCM 22 21%

RCM HCM DCM

 [21 144] RCM

Ferasin  [25] 21% vs 41%

 vs 

 

B

 [33]

RCM

HCM

2

1986 1992 6 1,472

endomyocarditis; EMC



 

 34

37 left ventricular endocardial fibrosis; EMF 25

 [130] EMC EMF

RCM HCM 34

DCM 33 RCM

 

RCM 41 1

 [21 144] 

22

RCM Ferasin  [27] 22 13

 2  2  1

 1  1 62

RCM EMC 37 EMF 25 Stalis  [130] 

58 3 1

 

41 7.4 4.8 6

Ferasin  

[27] 7.1 3.1 3

16 Liu [84 85] 7.3 4.0

6.8 0.5 1 11 Stalis [130] 

7.4 1 16

4 19 1

 



 

 35

41 25 61 16 39

68 RCM 40

28 59  vs 41 [84] 25 EMF

20 5 80% vs 20% [130] 

22 RCM 6 16 27  vs 

73  [27]

 

RCM CHF

ATE

 [21 144]

37 8

ATE CHF

BUN Cre

AST ALT LDH CK

ATE

 [13 21 31 144]

 



 

 36

X 38 36

95 X

X

 [21 144] X

 

41 B

M

10

10

 

[33]  [21 144 ] 

41 8

 

B

41 36 88%

RCM

RCM  [102 103]



 

 37

Fox [33] 

RCM B

 

RCM 31  [85] 

70  [52]  [13]

34 19 56 PACs AF PVCs RBBB

CAVB 1AVB PACs

9/34 26 % AF 5/34 15 %

34

 [33 76]  

RCM 1 977

103 183

1 30

RCM  [4 145] 

22

RCM Ferasin  [27 28] 

16 12 21

4 1,277 132



 

 38

1

16 12 21

CHF

ATE

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 39

 

2007 2014 8 RCM

41

X

327 100

HCM 34 34% DCM 12 12% ARVC 11 11%

RCM 2 2% RCM 41%

RCM

RCM 41 1

7.4

4.8 6 4 19

41  25  16

RCM

85 35 /41

ATE 41 17 /41

22 8 /37

BUN Cre AST

ALT LDH CK ATE

X

95 36 /38

X

X



 

 40

34 19 56% PACs AF PVCs RBBB CAVB

1AVB PACs 26

9 /34 AF 15 5 /34 B

88 36 /41

RCM 1 977

103 183

1 30

RCM  
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2  
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RCM

 [13 21 32 33 130 144] Fox [33] 

 [33 90 144]

 [33]

 [33]

 [13 31 33 142]  

RCM
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4

 Liu 1970  [84] 1985  [85] 

1995 Stalis  [130] 

1986 1992 1,472 62

endomyocarditis EMC

left ventricular endomyocardial fibrosis EMF

EMC

3.4 EMF

7.4 

EMC EMF

EMC EMF

RCM EMF

EMC  [130]  Fox [33] RCM
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RCM

RCM

Löffler’s myocarditis RCM

 [33]

RCM

 [98 126 129]

 [33 93]

 [33]

Meurs  [101] 

PCR RCM

 [33 88 101 130]

 [21 33 71] HCM

 [21]  
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RCM 41
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1.  

1 RCM 41

12

10% 5

HW g BW kg

HW/BW g/kg

17

18

3 1 5mm

 

5 µm

HE HE

pH 2.5 pH 2.5
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17 RCM No. 38 16
. A B .  = 1 mm.  

A B 
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18 No. 38 16  

.  . : 
; .  = 1 mm.  

. 
3 .  = 1 mm.  
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22.  

6 µm

Vectastain Vector laboratories Burlingame

California USA  [7] vimentin

Vim 3B4 100

α-smooth muscle actin α-SMA

 1A4 100

caldesmon

h-CD 100

platelet derived growth factor 

PDGF BB  (50 Abcam Cambridge UK) 

transforming growth factor-β TGF-β  (50

Abcam Cambridge UK)

 

pH 7.4

90 15  30

1% 30

 pH 7.4 PBS 3

3 10% 1

2 3 37 30  

1 200 µl



 49

4 12  

PBS 3 3

IgG 2 3

PBS 3 3  

2 3 PBS 3

3 DAB+ Liquid

2 3 1  

2  

33.  

RCM

41 2013 2014

2 14 Taqman®

real-time PCR  

1)  

 [101] 

FHV FPLV

FCoV FCV 4

FIV FeLV 6

 β− ACTB

 [70] 2

FHV FPLV FIV FeLV

 [5 25 121

143] FCoV FCV FCoV

7b FCV 5’  
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Bioedit Ibis Biosciences Carlsbad CA USA

PrimeQuest (Integrated DNA 

Technologies Coralville Iowa USA)  [1

66] ACTB Chromosome E3

FCV FCoV

Integrated DNA Technologies Inc. IDT; Coralville Iowa

USA  

22) DNA RNA  

14 5 µm × 

10 DNA

RNA 2 RecoverAllTM 

Total Nucleic Acid Isolation Kit For FFPE Life Technologies Ambion 

division Carlsbad USA  DNA RNA

DNA RNA 19

Qubit 2.0 instrument Life Technologies Invitrogen division Darmstadt

Germany DNA Qubit dsDNA HS Assay

RNA Qubit RNA Assay Kit Life Technologies Invitrogen 

division Darmstadt Germany

real-time PCR

Nuclease-free water (Ambion Foster City CA) 2 ng/µl

−80  

3) real-time PCR 

1 real-time PCR DNA RNA  
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19 DNA RNA .  

A B
RecoverAllTM Total Nucleic Acid Isolation Kit For FFPE C

DNA RNA D .  

RecoverAllTM Total Nucleic Acid Isolation Kit For FFPE 

 (Life Technologies, Ambion division, Carlsbad, USA)  

DNA  RNA  

DNA  RNA  

A 

DNA RNA 

B 

DNA RNA 

C 
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One-Step Reverse Transverse real-time 

PCR OS-RT-qPCR PCR LightCycler® Nano Roche 

diagnostics Mannheim Deutschland LightCycler® Nano 

Software (Roche diagnostics Mannheim Deutschland) One-Step 

PrimeScript  RT-PCR kit TAKARA Biotech

OS-RT-qPCR 20 µl

 14µl 2X One-Step RT-PCR Buffer  10 

µl TaKaRa Ex Taq® Hot Start Version 0.4 µl PrimeScript  RT Enzyme Mix 

 0.4 µl Nuclease-free water 3.2 µl DNA RNA  5 µl

 1 µl 50 µM

OS-RT-qPCR 8 LightCycler® 8-Tube Strips

diagnostics Mannheim Deutschland FHV FPLV

ACTB DNA FCV FCoV FIV

FeLV ACTB RNA 20 µl

20

8  14 µl Nuclease Free 

Water 5 µl ACTB  1 µl 

OS-RT-qPCR OS-RT-qPCR Tsuchiaka  [136] 

 - 45 5

95 30 40 - 95 10

55 20 72 20

2
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1.  

3 HW 22.5 5.5 g

 10.4-34.7 g HW/BW 5.9 1.2 g/kg  2.6-8.7 g/kg

HW 17.4 g  11-23 g HW/BW 4.5 0.2 g/kg

 [13 63 86] 41

12

Nos. 8 14 17 20 21 27 28 34 36 - 40

21

41 12 29.3% Nos. 2, 5, 6, 14, 

20, 21, 24, 25, 27, 34, 38, 41

22  

2

 1

23

41 34 Nos. 2 - 4 6 - 11 13 - 16 18 - 25 28 - 37

39 - 41

APM PPM   
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 57

 

 

21 RCM . 
A No. 28 3 B No. 41 8

.  

C No. 34 15 D No. 37 3
. 

 = 1 mm.  

A B 

C D 
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22 RCM .  

A No. 5 10
.  = 1 mm.  

B No. 24 18
.  = 1 mm.  

A B 
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23 RCM .  

No. 25 3

. 

.  = 1 mm.  
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24 25

3  APM PPM 29

Nos. 2 - 4, 6, 7, 9, 10, 13 - 16, 18, 21 - 23, 25, 28 - 37, 39 - 41  PPM

3 Nos. 11, 20, 24  APM 2 Nos. 

8, 19

7 Nos. 11 14 19 29 31 35 40 26  

27

41 7 Nos. 1 5 12 17 26 27

38

28A

28B  

22.  

41

 



 61

 

 

 

 

 

 

 

 

 

24 RCM .  

A No. 8 4
. 

.  = 1 mm.  

B No. 34 15

. 
.  = 1 mm.  

A B 
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25 RCM .  

A No. 15 8
. 

 = 1 mm.  

B No. 16 8

.  = 1 mm.  

A B 
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26 RCM .  

A No. 35 2
.  = 1 mm.   

B No. 40 10
.  

= 1 mm.  

A B 
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27 RCM .  

No. 12 3
. 

.  = 1 mm.  
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28 RCM .  

A No. 17 5

.  = 1 mm.  

B No. 27 12
. 

 = 1 mm.  

A B 
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29

3

30  

31 41

3 Nos. 3 12 22

1 2

 

2 32A

32B

33

34  
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29 No. 1 5 .  

A
. HE . Bar = 100 µm.  

B
. . Bar = 100 µm.  

A B 
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A B C

30 .  

A No. 12 3 1

 

B No. 26 5 2

 

C No. 27 12 3

. Bar = 100 µm.  
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31 1 No. 12 3 .  

A
. . Bar = 100 µm.  

B pH 2.5
. . Bar = 100 µm.  

A B
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A B

C 

32 2 No. 26 5 . 
A 2 . 

. Bar = 100 µm. 
B 1

. 
. Bar = 50 µm.  

C
. . Bar = 50 µm.  
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A B AA
 

33 2 No. 19 9 .  

A . Bar = 100 µm.  

B A
. 

pH. 2.5 . Bar = 100 µm.  
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34 2 No. 1 5

. . Bar = 100 µm.  
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32C 41 19 Nos. 

1 7 9 13 - 17 19 21 25 26 29 30 32 35 37 39 40

 

3 3

34

2

2

19 Nos. 2 4 - 6 8 10 11 18

20 23 24 27 28 31 33 34 36 38 41  

1.8 1.4  0.3 - 3.0 5.5 2.6  2 - 11

10.2 5.2 3 - 19 StutPlus® AnalystSoft 

Inc. WALNUT CA US one-way analysis of variance

P < 0.001  

41

7
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35 3 .  

A No. 27 12
. 

. Bar = 100 µm.  

B No. 38 16
. . Bar = 100 

µm.  

C No. 38 16 B
. HE . Bar = 100 µm  

 

A B

C 
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41 34  

 “ left ventricular false tendon LVFT ”

36

LVTF

LVFT

LVFT

LVFT

1 37 LVFT

38

39

 

33.  

vimentin 40A

α-smooth muscle actin SMA 40B

caldesmon 40C  
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36 
. 

A No. 3 2
: 1.  

B No. 9 6
: 2.  

C No. 23 9
: 3   

. 
Bar = 100 µm.  

C 

B A 
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37 1  

No. 3 2

. 
Bar = 100 µm.  

A 
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38 2  

No. 9 6
1 1

. Bar = 100 µm.  

B 
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C 

39 3  

No. 23 9

. Bar = 100 µm.  
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40 . 
 A vimentin B

a-smooth muscle actin
C caldesmon . Bar 

= 20 µm.  

C B A 
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PDGF TGF-β 41

3 1 2  

44.  

OS-RT-qPCR

7 ACTB  

DNA IDT 10 1×100

1×106 copy/µl

42 43

 

RCM DNA

RNA OS-RT-qPCR

6

44~48 ACTB
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A B 

41 platelet derived growth factor PCGF
transforming growth factor−β TGF−β

.  

A PDGF B TGF−β

. Bar = 20 µm.  
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42 DNA 10
FHV, FPLV, FCV FCoV . Ct , ; E, ; r2, .  
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43 DNA 10

FIV, FeLV ACTB . Ct , ; E, ; r2, .  
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44 OS-RT-qPCR  Sample No. 1, 2, 3 . DNA/ 
RNA ACTB , 

.  
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45 OS-RT-qPCR  Sample No. 4, 5, 6 . DNA/ 
RNA ACTB , 

.  
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46 OS-RT-qPCR  Sample No. 7, 8, 9 . DNA/ 
RNA ACTB , 

.  
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47 OS-RT-qPCR  Sample No. 10, 11, 12 . 
DNA/ RNA ACTB , 

.  
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48 OS-RT-qPCR Sample No. 13, 14 . DNA/ 
RNA ACTB , 

.  
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2004 Fox [33] 

RCM

 

41 34

41 7

RCM

Fox [33] 

 

1
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1.8 1.4

5.5 2.6 10.2 5.2

P < 0.001

3 19 19 

1 2 2 3

RCM

 

LVFT LVFT

LVFT

LVFT

 

41

vimentin
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α-SMA

caldesmon

 [62]

PDGF TGF−β

 [34

37 44 46 107 125 131 147] PDGF TGF-β

 [34 44 46 61 107]

RCM
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“ ” RCM

 [35 102 103] E

 [6 8 22 26 55 82 110 111 127]

RCM

 [18 55 111~113 128]

RCM

 [3 9 19 57 81 92 102 103 115]

RCM

 [98 126

129]  [33 71 93]

 [33 93] 1985 Liu  [88] 

1995 Stalis  [130] RCM

Meurs  [101] 2000 RCM 6 4

6 2 4

FPLV

RCM
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real-time PCR OS-RT-qPCR

41

real-time PCR

14 DNA RNA

6

PCR vs real-time PCR

OS-RT-qPCR
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2004 Fox [33] 

RCM
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