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Summary  

Under ether anesthesia electrocardiograms were derived from Syrian ham- 
sters (strain BIO 8262) suffering from cardiomyopathy and muscular  dystrophy. 
In addition, ventr icular  weights and body weight were determined. Young 
hamsters - not yet showing morphological signs of the cardiomyopathy with 
the exception of possible left ventr icular  hypertrophy - demonstrated only a 
longer ventr icular  activation t ime than normal  hamsters. With the onset of 
cardiac necrotization left axis deviation in frontal  plane projection and right 
bundle branch blocks are developing in the cardiomyopathic hamsters followed 
by first degree atr ioventr icular  conduction defects. During the late stage of the 
cardiomyopathy left bundle  branch blocks are additionally arising, while left 
ventricular hypertrophy is disappearing. Since no overt heart  failure is occurring 
in this strain of cardiomyopathic hamsters, gradual development of high degree 
conduction defects is assumed to terminate their lives. 

The electrocardiographic pat tern of the hamster  cardiomyopathy fits part ly 
into that of human  pr imary as well as secondary cardiomyopathy. Nevertheless, 
it seems to form an entity of its own, as arrhythmias,  higher degree atrioven- 
tricular conduction disturbances, typical signs of ventr icular  or septal hyper-  
trophy, abnormal  P and Q waves, ST segment and T wave changes are lacking. 

Human c a r d i o m y o p a t h y  is k n o w n  to exh ib i t  ce r t a in  e lec t rocard io-  
graphic f ea tu re s  (2, 3, 4, 5, 7, 8, 11, 14, 19, 20, 22, 23, 25, 27, 28). I t  is of c l in i -  
cal interest  w h e t h e r  the  spon taneous  c a r d i o m y o p a t h y  in  the  S y r i a n  
hamsters is e l ec t roca rd iograph ica l ly  c o m p a r a b l e  wi th  h u m a n  ca rd iomyo-  
pathy. Moreover ,  i t  seems of i m p o r t a n c e  to descr ibe d i s t inc t  s tages of the  
disease by  a c l inical  r ou t i ne  method,  as morphologic  (21), b iochemica l  
(16, 17, 18) and  h e m o d y n a m i c  (26) s tudies  have  a l r eady  o u t l i n e d  the  course 
of the hams t e r  ca rd iomyopa thy .  S ince  n o t h i n g  is k n o w n  abou t  the  cause 
of death in  the  diseased an imals ,  the  ques t ion  c o n c e r n i n g  e lec t r ica l  p ro-  
blems in the i r  hear t s  should  be clarif ied.  

*) Mit Unterstfitzung der Deutschen Forschungsgemeinschaft  



422 Basic Research in Cardiology, Vol. 72, No. 4 (1977) 

Materia ls  and m e t h o d s  

a.. An ima l s  

The  e x p e r i m e n t s  w e r e  p e r f o r m e d  on h a m s t e r s  of both  sexes  of the cardio- 
m y o p a t h i c  s t r a in  BIO 8262, w h i c h  was  deve loped  t h r o u g h  cross-breeding 
b e t w e e n  f ema les  of the  or iginal  m y o p a t h i c  BIO 14.6 l ine and  hea l thy  males of 
t he  BIO RB l ine (see 16). The an imal s  are  af f l ic ted  w i t h  a recess ive  autosomally 
t r a n s m i t t e d  d i so rde r  of the  s t r i a t ed  m u s c u l a t u r e  and  the  myocardium. It is 
desc r ibed  as m u s c u l a r  d y s t r o p h y  and  c a r d i o m y o p a t h y  (1, 13, 21). According to 
the  c lass i f ica t ion in h u m a n s  (6, 10, 15, 24) the  c a r d i o m y o p a t h y  of the hamsters 
can  be labe l led  as a s econda ry  one. L igh t  microscopic  and  histochemieal 
e x a m i n a t i o n s  of the  hea r t s  r evea l ed  mul t i foca l  coagula t ion  necroses  predom- 
inan t ly  occur ing  in the  lef t  v e n t r i c u l a r  wal l  and  s e p t u m  (21). Heal thy  animals 
f r o m  a commerc i a l ly  ava i l ab le  s t r a in  s e rved  as controls .  All  h a m s t e r s  were kept 
u n d e r  iden t ica l  con t ro l led  hous ing  condi t ions ;  n o r m a l  l abo ra to ry  diet (Ssniff- 
H - h a m s t e r  chow) and  tap  w a t e r  w e r e  o f fe red  ad l ibi tum.  

b. Exper imen t s  

In accordance with histopathological findings in the BIO 8262 hamsters (21), 
three age groups were established: 

I. 29 to 32 days: no myocardial lesions 
II. 64 to 86 days: progressive multifocal coagulation necroses, calcification 

mainly of myocardial giant cells 
III. 231 to 280 days: reduction of the number of new lesions, scar formation with 

calcification. 

Fig. 1. Ches t  X - r a y  of a 256-day-old  c a r d i o m y o p a t h i c  f ema l e  hamster. Int0 
po in t  1 (s te rna l  l ine  5th in te rcos ta l  space,  about  end  of s te rnum) ,  point 2 (mid- 
c lav icu la r  l ine 4th in te rcos ta l  space), po in t  3 (midax i l l a ry  l ine 4th intercostal 
space) e l ec t rode  need les  w e r e  p laced  subcu t aneou s l y  for  electrocardiograpNc 
t rac ing .  These  po in t s  a r e  d e m o n s t r a t e d  in t h e i r  re la t ion  to t he  hamste r  heart. 
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Prior to t he  e l ec t roca rd iog raph ic  t r ac ing  the  h a m s t e r s  w e r e  anes the t i zed  
with e ther  and  f ixed  on a boa rd  in sup ine  posit ion,  the i r  e x t r e m i t i e s  e x t e n d e d  
by rubber  b a n d s  to the  four  corners .  Needle  e lec t rodes  w e r e  p laced  sub -  
cutaneously into the  4 e x t r e m i t i e s  and  on the  thorax .  The b ipo la r  s t a n d a r d  leads  
I, II, III, a u g m e n t e d  e x t r e m i t y  leads  aVR, aVL, aVF and  the  un ipo la r  p record ia l  
leads der ived  f r o m  the  4th resp.  5th in te rcos ta l  space  in the  s te rna l ,  m idc l av ic -  
ular and m i d a x i l l a r y  l ine (fig. 1) were  reg i s t ra ted .  A n a t o m i c a l  s tudies  s h o w ed  
the lead f r o m  the  s t e rna l  l ine lying over  the  r ight  and  the  leads  f rom the  
midclavicular and  m i d a x i l l a r y  l ine lying over  the  lef t  v e n t r i c u l a r  wall,  the  
position of t he  v e n t r i c u l a r  s e p t u m  be ing  s imi la r  to t ha t  in h u m a n  hear t s .  By 
repeatedly pu t t i ng  the  e lec t rodes  on the  an ima l s  ident ica l  e l e c t ro ca rd i o g rap h i c  
patterns could be seen. 

For d o c u m e n t a t i o n  the  S i emens  Mingograph  81 (6 ch an n e l  je t  ink wr i te r )  
was used. The p a p e r  speed  was  250 mm/sec .  Dur ing  the  p r o c e d u r e  the  Ecg was  
monitored on an oscil loscope.  I t  was  only  reg is t ra ted ,  w h e n  the  h e a r t  ra te  had  
stabilized jus t  before  the  an imal s  r e t u r n e d  into the  exc i t a t iona l  stage. 

After the  e l ec t roca rd iog raph ic  t r ac ing  the  h a m s t e r s  w e r e  sacrif iced,  we ighed ,  
and their hea r t s  excised.  The at r ia  w e r e  care fu l ly  r e m o v e d  f rom the  vent r ic les .  
Thereafter t he  r igh t  v e n t r i c u l a r  wal l  was  exac t ly  cut  off  f rom the  sep tum.  The 
total ven t r i cu l a r  m y o c a r d i u m  was  t h e n  gen t ly  b lo t ted  on a gauze pad and 
weighed on a digi ta l  m i c r o b a l a n c e  (Sar tor ius  2462). A f t e r  r emo v a l  of the  r ight  
ventricular m y o c a r d i u m  f r o m  the  ba l ance  the  r e m a i n i n g  lef t  v e n t r i c u l a r  t i ssue  
with sep tum was  r ewe ighed .  

c. Statistical e v a l u a t i o n  

From each  of the  p a r a m e t e r s  m e a s u r e d  the  m e a n  value,  add i t iona l ly  in 
healthy contro l  h a m s t e r s  w i t h  a 5 % p robab i l i t y  of e r ro r  the  conf idence  l imits  
of the mean  va lues  w e r e  calcula ted.  When  the  m e a n  va lue  of a p a r a m e t e r  of 
the ca rd iomyopa th ic  an imal s  lay beyond  the  conf idence  l imi ts  a n o t h e r  popu la t ion  
was postulated.  The var iab les  w e r e  p r e s u m e d  to be n o rma l l y  d i s t r ibu ted .  

Resul t s  

~. Genera l  f i n d i n g s  

The m o s t  s t r i k i n g  f i n d i n g  w a s  s i n u s  r h y t h m  e x i s t i n g  in  al l  a n i m a l s  
examined. P r e m a t u r e  b e a t s  c o u l d  n o t  be  o b s e r v e d .  A t r i o v e n t r i c u l a r  
conduction d e f e c t s  of  s e c o n d  o r  t h i r d  d e g r e e  u s u a l l y  d id  n o t  o c c u r  e x c e p t  
when e t h e r  n a r c o s i s  w a s  too  s t r o n g .  T h i s  f i n d i n g  w a s  a lso  r e p o r t e d  b y  
Hoenig a n d  M o h r  (12), w h o  w e r e  t h e  f i r s t  to  d e r i v e  e l e c t r o c a r d i o g r a m s  
from h a m s t e r s  in  1953. A t r i o v e n t r i c u l a r  b l o c k s  i n d u c e d  b y  e t h e r  q u i c k l y  
d isappeared w i t h  d e c r e a s e  of  d e p t h  of  n a r c o s i s .  

In f i g u r e  2a a n d  b t y p i c a l  e l e c t r o c a r d i o g r a m s  d e r i v e d  f r o m  a n o r m a l  a n d  
a c a r d i o m y o p a t h i c  h a m s t e r  a r e  d e m o n s t r a t e d .  C o m p a r e d  to n o r m a l  h u m a n  
electrocardiograms in all hamster electrocardiograms a lower voltage 
could be observed. No difference existed between normal and cardio- 
myopathic hamsters in this respect. The presence of deep abnormal Q 
waves as observed in diffuse myocardial diseases and hypertrophic cardio- 
myopathies in humans could not be evidenced in the cardiomyopathic 
hamsters. Abnormalities of the ST segments and T waves were scarce, 
0nly very slight, and without any relation to the cardiomyopathy. The ST 
segments most frequently were isoelectric and the T waves of little height, 
the transition between both being fluent. Sometimes the T waves were 
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Fig. 2. a. Electrocardiogram of a 262-day-old male control hamster. The tracings 
are copied with black ink on t ranslucent  parchment  paper for better contrast. 
Paper speed 250 mm/sec. The voltage is relatively low in comparison to human 
electrocardiograms. P and T waves are flat in the l imb leads and in the mid- 
axillary l ine of the chest. They can be better discerned in sternal and mid- 
clavicular line. However, as it can be seen there the T waves are superimposed 
in their terminal  parts by succeeding P waves. 

s t ra igh tened ,  an  i nve r s ion  could n e v e r  be seen. Changes  of the  ST segment 
- if eve r  occu r r ing  - consis ted of ascension.  In  addi t ion ,  the end of the 
T waves  could h a r d l y  be def ined,  as t hey  mos t ly  were  superimposed in 
the i r  t e r m i n a l  par t s  by  succeeding  P waves  (fig. 2a and  b). Hence, 
e v a l u a t i o n  of the  QT t ime was  impossible .  

b. Spec i i i c  ] indings  

In  tab le  1 the  b e h a v i o u r  of the  d i rec t ion  of the  e lectr ical  heart axis 
w i t h  age in  f ron ta l  p l ane  p ro jec t ion  is demons t r a t ed .  I n  y o u n g  hamsters of 
the  f i r s t  age g roup  the  e lect r ical  hea r t  axis  exh ib i t s  an  intermediate 
pos i t ion  b e t w e e n  4- 30 ~ and  4- 60 ~ in  mos t  of the  an ima l s  without 
d i f fe rence  b e t w e e n  h e a l t h y  and  ca rd iomyopa th ic .  Wi th  increas ing  age it 
shif ts  to the  lef t  side u n t i l  ~ - 3 0  ~ in  m a n y  of the  cardiomyopathic 
hamsters ,  whe reas  there  is an  opposi te  def lec t ion  to ver t ica l  position 
( ~  4-60  ~ ~ + 110 ~ in  most  of the  cont ro l  a n i ma l s  w i th  no further 
dev ia t ion  in  the oldest  cont ro l  an ima l s  examined .  

The  b e h a v i o u r  of the  he ight  of the  R waves  in  the  chest  leads cannot be 
used to es t imate  the  d i rec t ion  of the  e lectr ical  hea r t  vec tor  in  horizontal 
p l ane  projec t ion ,  as the  a m p l i t u d e  of the  QRS complexes  varies with 
res i s tance  depend ing  on the  dep th  of the  e lect rode needles  placed sub- 
cu taneous ly .  For  a coarse e s t ima t ion  of the  dorsa l  def lect ion of the 
e lect r ical  hea r t  axis the R/S r e l a t ion  in  the  s t e rna l  lead was  t aken  (table 2). 
Whereas  in  the  f i rs t  two age g roups  the re  exists  no d i f fe rence  in R/S re- 
l a t ion  b e t w e e n  cont ro l  and  ca rd iomyopa th i c  hamsters ,  in  the third age 
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t l l  I 
b. Electrocardiogram of a 257-day-old cardiomyopathic  male hamster .  The 
tracings are in the same manner  copied f rom the original  as those of the control  
hamster. Again low voltage as in the  control  animal.  P and T waves are  f lat  in 
the limb leads; P waves are  a l i t t le  more pronounced in the  chest leads. 
T waves are  again superimposed by succeeding P waves. Hence, QT time cannot 
be exactly determined.  In contras t  to the e lectrocardiogram of the control  
hamster there  are  deep S waves  in leads II, I I I  and aVF, the R/S relat ion in 
sternal line is much lower, the QRS interval  is wider  and a notch can be 
detected in the  ascending l imb of R in the t racing der ived from the midclavicular  
and midaxi l la ry  line. These changes wil l  turn  out as being among the features 
of the hamster  cardiomyopathy.  

group the  n u m b e r  of t he  c a r d i o m y o p a t h i c  a n i m a l s  w i t h  R/S r e l a t i o n  less 
than 0 . 5 - e v e n  less  t h a n  0 . 2 - e x c e e d s  u n d o u b t e d l y  t h a t  of t he  con t ro l  
group. 

In o r d e r  to c l a r i f y  t he  ques t ion  w h e t h e r  the  l e f t  and  do r sa l  de f l ec t i on  
of the e l e c t r i c a l  m a i n  v e c t o r  of t he  o l d e r  c a r d i o m y o p a t h i c  h a m s t e r s  is 
caused b y  l e f t  h e a r t  h y p e r t r o p h y  h e a r t  we igh t ,  l e f t  a n d  r i g h t  v e n t r i c u l a r  
weights, r e l a t i o n  of l e f t / r i g h t  v e n t r i c u l a r  we igh t ,  h e a r t  i n d e x  and  b o d y  
weight w e r e  d e t e r m i n e d  ( tab le  3). I n  t he  f i r s t  age  g r o u p  s i m i l a r  h e a r t  
weight a n d  le f t  v e n t r i c u l a r  w e i g h t  does  exis t ,  h o w e v e r ,  l o w e r  r i g h t  
ventr icular  w e i g h t  and  i n c r e a s e d  r e l a t i o n  of  l e f t / r i g h t  v e n t r i c u l a r  w e i g h t  
is obvious in the  c a r d i o m y o p a t h i c  hams te r s .  T o g e t h e r  w i t h  l o w e r  b o d y  
weight and  i n c r e a s e d  h e a r t  i n d e x  these  f i nd ings  p o i n t  to r e l a t i v e l y  
increased le f t  v e n t r i c u l a r  w e i g h t  in  t he  c a r d i o m y o p a t h i c  h a m s t e r s  in 
comparison to t he  cont ro ls .  In  t h e  second  age g r o u p  h e a r t  we igh t ,  l e f t  
ventricular w e i g h t  a n d  l e f t / r i g h t  v e n t r i c u l a r  w e i g h t  r e l a t i o n  and  h e a r t  
index a re  i n c r e a s e d  in  t he  c a r d i o m y o p a t h i c  an imals ,  r i g h t  v e n t r i c u l a r  
weight and  b o d y  w e i g h t  s h o w i n g  no d i f f e r ence  b e t w e e n  c a r d i o m y o p a t h i c  
and hea l thy .  A s  b o d y  w e i g h t  of bo th  h a m s t e r  s t r a in s  is s i m i l a r  i n c r e a s e d  
left v e n t r i c u l a r  w e i g h t  has  n o w  been  p r o v e n  d i r ec t ly .  I n  t he  o ldes t  age  
group on ly  i n c r e a s e d  h e a r t  i n d e x  is obv ious  in  t he  c a r d i o m y o p a t h i c  
hamsters, c e r t a i n l y  as a c a l c u l a t i v e  consequence  of i n s i g n i f i c a n t l y  de -  
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Table 2. R/S relation in sternal chest lead in normal and eardiomyopathic  hamstcrs 
of different ages. 

Age Strain R/S < 0.5 R/S < 0.2 
(days) 

]3IO 8262 3 1 
29-32 

Controls 0 0 

64-86 
BIO 8262 2 1 

Controls 2 0 

231-280 
BIO 8262 14 10 

Controls 4 1 

The figures represent the number  of animals of a total  of 26 in each group 
(BIO 8262; Controls). 

creased b o d y  and  i n c r e a s e d  h e a r t  we igh t .  S ince  l e f t  v e n t r i c u l a r  and  b o d y  
weight as we l l  as t he  r e l a t i o n  of l e f t / r i g h t  v e n t r i c u l a r  w e i g h t  do not  d i f f e r  
from the  con t ro l s  e l e v a t e d  le f t  v e n t r i c u l a r  w e i g h t  in old  c a r d i o m y o p a t h i c  
hamsters can  be  exc luded .  

The h e a r t  r a t e  of a l l  t h r e e  age  g r o u p s  ( tab le  4) exh ib i t s  no d i f f e r ence  
between c a r d i o m y o p a t h i c  and  con t ro l  hams te r s ,  h o w e v e r ,  a t e n d e n c y  to 
decrease w i t h  age  in  bo th  s t r a i n s  of a n i m a l s  canno t  be  denied .  The  r a n g e  of 
the h e a r t  r a t e s  is in a c c o r d a n c e  w i t h  t h a t  f o u n d  in go lden  h a m s t e r s  b y  
t{oenig and  Mohr  (12). 

In t ab l e  5 t h e  PQ, QRS i n t e r v a l  a n d  the  v e n t r i c u l a r  a c t i va t i on  t i m e  
(VAT) in s t e r n a l  and  m i d a x i l l a r y  l ine  a r e  d e m o n s t r a t e d .  In  the  f i r s t  age 
group on ly  the  V A T  in t he  m i d a x i l l a r y  l ine  is o b v i o u s l y  d e l a y e d  in h e a r t s  
of the c a r d i o m y o p a t h i c  hams te r s .  In  the  second  age  g r o u p  P Q  i n t e r v a l  is 
longer and  V A T  - bo th  in  s t e r n a l  as  we l l  as m i d a x i l l a r y  l ine  - a r e  also 
longer in  the  c a r d i o m y o p a t h i c  h a m s t e r s  t h a n  in the  contro ls ,  a l t h o u g h  the  
QRS i n t e r v a l  is no t  w i d e n e d .  9 resp.  4 out  of 26 c a r d i o m y o p a t h i c  h a m s t e r s  
show a t yp i ca l  M - s p l i t t e d  ( s t e rna l  l ine) r i g h t  (RBBB), resp.  n o t c h e d  le f t  
(midaxi l lary l ine)  b u n d l e  b r a n c h  b lock  (LBBB) QRS c o m p l e x  (fig. 2b), 
whereas o n l y  5 resp.  2 ou t  of 26 con t ro l  h a m s t e r s  ( tab le  6). In  t he  t h i r d  
again as in the  f i r s t  age  g r o u p  V A T  is on ly  d e l a y e d  in  t he  m i d a x i l l a r y  
line of c a r d i o m y o p a t h i c  hams te r s .  Bu t  now,  in c o n t r a s t  to t he  f i r s t  age  
group the  QRS i n t e r v a l  is u n d o u b t e d l y  w i d e r  in  c a r d i o m y o p a t h i c  h e a r t s  
(table 5). 10 ou t  of  26 c a r d i o m y o p a t h i c  h a m s t e r s  e x h i b i t  t he  t y p i c a l  LBBB 
pattern w h e r e a s  on ly  1 ou t  of 26 con t ro l  h a m s t e r s  ( t ab le  6). The  c h a r a c t e r -  
istic RBBB p a t t e r n  can  be  seen  in 12 resp.  8 out  of 26 c a r d i o m y o p a t h i c ,  
resp. con t ro l  h a m s t e r s .  In  a l l  a n i m a l s  w i t h  RBBB or  LBBB p a t t e r n  V A T  
is equal to or  l o n g e r  t h a n  10 msec.  a n d  the  QRS i n t e r v a l  l ies  b e t w e e n  20 
and 28 msec.  
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Table 4. Heart rate of normal and cardiomyopathic hamsters of different ages. 

Age Heart  rate (min -1) 
(days) BIO 8262 Controls 

29-32 445 440 ~ 60 
64-86 441 429 i 48 
231-280 422 411 =t= 22 

The figures represent mean values; additionally in the control groups the con- 
fidence limits of the mean values (5% probability). 26 hamsters in each group. 

The PQ in te rva l  of ca rd iomyopath ic  animals  of the th i rd  age group is 
again wider  than tha t  of the controls  (table 5). While  in the second age 
group only 3 card iomyopath ic  hamsters  d isp lay  a PQ in te rva l  equal  to or 
longer than  52 msec. (1 ~ AV block), there  are  14 in the th i rd  age group 
which do so. Only 1 control  hamste r  of the second and 2 of the th i rd  age 
group do fulf i l l  these cr i te r ia  (table 6). Combinat ion of RBBB with  1 ~ 
AV block can be seen in 7 card iomyopath ic  hamsters  of the th i rd  age 
group, while  combinat ion of LBBB wi th  1 ~ AV block does occur only in 
2 cardiomyopathic  an imals  (table 6). These possibly b i l a t e r a l  bundle  
branch blocks cannot  be detected in the control  hamsters.  Combined RBBB 
and LBBB became obvious in 3 ca rd iomyopath ic  animals  of the second as 
well as of the th i rd  age group, and the combinat ion of 1 ~ AV block (PQ 
interval 60 resp. 56 msec.) wi th  RBBB and LBBB in 1 card iomyopath ic  
hamster of the same age groups (table 6). None of the control  hamsters  
does reveal  these high degree conduct ion defects. 

Discussion 

Until the s ixth week of life the hear ts  of the card iomyopath ic  hamsters  
appear l ight  microscopical ly  normal ,  while  muscular  dys t rophy  is a l ready  
present since b i r th  (21). In 29 to 32 day  old card iomyopath ic  hamsters  
relatively increased left  ven t r i cu la r  weight  of the prenecrot ic  hear ts  can 
be seen. However ,  e lec t rocard iograph ica l ly  left  ven t r i cu la r  h y p e r t r o p h y  
cannot be detected unequivocal ly .  Only VAT in midax i l l a ry  l ine is longer  
indicating a s l ight  lef t  ven t r i cu la r  conduction delay. Hence, left  hear t  
hypertrophy of minor  degree  might  exist, as the weight  s tudies and the 
delay of conduct ion point  to this possibil i ty.  

During the necrot iz ing stage of the ca rd iomyopa thy  (64 to 86 day  old 
hamsters) hea r t  axis devia t ion  to the left  side in f rontal  p lane project ion 
becomes e lec t rocard iograph ica l ly  apparent ,  whereas  in normal  hamsters  
the heart  axis shifts to ver t ica l  position. Different  deviat ion of e lectr ical  
heart axis in hor izonta l  p lane  project ion cannot be evidenced be tween  
cardiomyopathic and control  animals,  when looking at  the R/S relat ion.  
VAT in m i d a x i l l a r y  as well  as s ternal  l ine is delayed,  however ,  the QRS 
interval again not being widened.  As in this s tage of the disease no signif-  
icant difference of LBBB pa t te rns  does exist  be tween ca rd iomyopa th ic  
and control hamsters  (table 6), de layed  VAT in m i d a x i l l a r y  l ine might  be 
in accordance with  left  ven t r i cu la r  hyper t rophy .  Weight  analyses  do now 
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clearly demonstrate increase of left ventr icular  weight in the cardiomy0- 
pathic hamsters. The delay of VAT in sternal line, however, cannot be 
attributed to right heart  hypertrophy,  as none of the measured weight 
parameters  does agree with this possibility. Hence, 9 cardiomyopathic 
hamsters with RBBB pat tern in comparison with 5 control hamsters 
showing this abnormali ty  seem to demonstrate predominant ly  right ven- 
tricular conduction defect provoked by the cardiomyopathy.  Additionally, 
slightly prolonged PQ intervals also display the onset of atrioventricular 
conduction defects during the course of the heart  disease. 

In old cardiomyopathic hamsters distinctly increased right or left 
ventricular  weights could be excluded. However, an increased number of 
animals exhibited heart  axis deviation to the left side in frontal  and now 
additionally in horizontal plane projection. QRS interval and VAT in mid- 
axillary line are prolonged. Since 10 out of 26 cardiomyopathic hamsters 
display a typical LBBB pat tern in their electrocardiograms (see fig. 2b and 
table 6) occurrence of left ventricular  conduction defects during this ]ate 
stage of the cardiomyopathy must be assumed, while left ventricular 
hyper t rophy  is disappearing. However, extensive dilation of the left heart 
chamber does not seem to take place, since hemodynamic studies did not 
reveal elevated left ventr icular  enddiastolic pressure (26). Interestingly, 
VAT in sternal line now does not more differ from control hamsters. 
A possible explanation might be the increased incidence of unspecific 
RBBB in the control animals (table 6). Therefore, it becomes apparent 
that  during the course of the cardiomyopathy RBBB are occurring prior 
to LBBB. Although, already during the second stage of the cardiomy0- 
pathy the PQ interval is prolonged (table 5), distinct first degree atri0- 
ventricular  conduction defects mostly emerge in old cardiomyopathic 
animals (table 6). 

From all these findings it can be concluded that during the prenecr0tic 
stage of the cardiomyopathy there exists possibly slight left ventricular 
hypertrophy,  which is regressive with increasing age, whereas right and 
left ventricular  as well as atrioventricular conduction disturbances are 
successively arising. Hence, not only ventr icular  working myocardium, but 
also the conduction system gets affected by the inherited degenerative 
heart  disease. However, the atrioventricular conduction system as well as 
the sinus node do not seem to get largely involved in the disease process, 
as heart  rate is similar in cardiomyopathic and control hamsters (table 4} 
and atr ioventricular  conduction disorders of second or third degree as 
well as arrhythmias  cannot be observed. 

Since overt  heart  failure does not develop in the cardiomyopathic 
hamsters of strain BIO 8262 (26), electrical conduction defects of their 
hearts might  keep them from longevity. The gradual occurrence of 
possibly bilateral blocks (table 6) might cease the life of the cardiomyo- 
pathic hamsters. Nevertheless, one has to be cautious with this reasoning, 
since nothing is known about the diagnostic as well as prognostic signif- 
icance of the pathological electrocardiographic changes in hamsters. 
Histochemical fluorescence microscopical investigations on the conduction 
system of various mammals (golden hamsters, mice and rats) revealed 
differences in metabolism and innervation (9). The lifespan of the cardi0- 
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myopathic hams te r s  is about  200 to 400 days;  n o r m a l  hams te r s  are  repor ted  
to live for  two to three  years.  This fact, however ,  could suppor t  the  above  
made assumption.  

Now, the  ques t ion  should  be discussed, w h e t h e r  the  spon taneous  
hamster c a r d i o m y o p a t h y  resembles  e l ec t roca rd iograph ica l ly  h u m a n  car -  
diomyopathy. As the  ha m s t e r  c a r d i o m y o p a t h y  is combined  wi th  
muscular d y s t r o p h y  e lec t rocard iographica l  f indings  occur r ing  in h u m a n s  
suffering f r o m  m u s c u l a r  d y s t r o p h y  and  of the  hams te r s  shal l  be 
compared. A r r h y t h m i a s ,  2 : 1  a t r ioven t r i cu l a r  block or  changes  of the  
heart ra te  could no t  be observed  in the hamsters ,  as it is r epor ted  
in progressive m u s c u l a r  d y s t r o p h y  in m a n  (4, 14, 22, 27, 28). Also 
tall r ight  precord ia l  R waves  and  deep Q waves  in the  l imb leads and  
over the left  p record ium,  t aken  as dis t inct ive e lec t rocard iograph ic  pa t t e rn  
in Duchenne 's  p rogress ive  m u s c u l a r  d y s t r o p h y  (22) were  neve r  seen. 
However, i n t r aven t r i cu l a r  conduc t ion  defects as repor ted  by  B e c k m a n n  
and Schmi t  (4) in Duchenne ' s  as wel l  as l imb girdle  muscu la r  dys t rophy ,  
could be also d iscovered  in the  dys t roph ic  ca rd iomyopa th i c  hamsters .  The  
predominant e lec t rocard iograph ic  f indings  in the  ca rd iomyopa th i c  h a m -  
sters, as the re  are  left  and  dorsal  electr ical  hea r t  axis deviat ions,  PQ 
prolongation and i n t r a ve n t r i c u l a r  conduc t ion  defects  are  also fea tures  in 
patients wi th  p r i m a r y  c a r d i o m y o p a t h y  wi th  and  w i thou t  h y p e r t r o p h y  
{2, 7, 11, 19, 20, 25) and in pat ients  wi th  alcoholic c a r d i o m y o p a t h y  (3). 
Arrhythmias, as t achycard ia ,  a tr ial  f ibr i l la t ion and ven t r i cu l a r  p r e m a t u r e  
beats, changes  of P waves,  p reexc i ta t ion  syndrome ,  deep Q waves,  signs of 
left heart  h y p e r t r o p h y ,  ST segment  and T w a v e  abnormal i t ies ,  of ten seen 
in patients wi th  p r i m a r y  and alcoholic c a r d i o m y o p a t h y  (2, 7, 11, 19, 20, 
23, 27 and 3), as wel l  as the last  th ree  signs also not iced in Fr iedre ich ' s  
disease (8), could neve r  be ev idenced  in the  ca rd iomyopa th i c  hamsters .  
Nevertheless, it can be conc luded  tha t  the e lec t rocard iograph ic  pa t t e rn  of 
the hamster  c a r d i o m y o p a t h y  fits p a r t l y  into tha t  of  h u m a n  p r i m a r y  as 
well as s econda ry  c a rd i om yopa t hy .  However ,  it mus t  be also s ta ted tha t  
there do not  exist  h igh ly  specific and hence  diagnost ic  e lec t rocard iographic  
patterns in any  f o r m  of h u m a n  ca rd iomyopa thy .  The h a m s t e r  c a rd iomyo-  
pathy itself seems to be m o r e  or  less exceptional ,  since a r rhy thmias ,  
higher degree  a t r ioven t r i cu la r  conduct ion  dis turbances ,  typica l  signs of 
ventricular of septal  h y p e r t r o p h y ,  a b n o r m a l  Q waves,  P w a v e  as well  as 
ST segment and T w a v e  changes  are  miss ing in the i r  e lec t rocard iograms.  

Zusammenfassung 

In .~thernarkose wurden bei syrischen Goldhamstern (Stamm BIO 8262), die 
an einer Kardiomyopathie und Skelettmuskeldystrophie leiden, Elektrokardio- 
gramme abgeleitet. Zustitzlich wurden die links- und rechtsventrikultiren Ge- 
wichte der Herzen und das KSrpergewicht dieser Tiere bestimmt. Junge Tiere, 
die mit Ausnahme einer fraglichen Linksherzhypertrophie noch keine morpho- 
10gischen Zeichen der Kardiomyopathie aufweisen, zeigen lediglich eine l~ingere 
Dauer bis zum Beginn der gr0f~ten Negativit~tsbewegung. Mit dem Auftreten 
v0n Herznekrosen setzen eine Abweichung der elektrischen Herzachse in der 
Fmntalebene nach links ein sowie das Auftreten yon RechtsschenkelblScken, 
denen AV-Bl~cke 1. Grades folgen. Im Endstadium der Kardiomyopathie treten 
n0ch zus~tzlich Linksschenkelbl5cke auf, w~hrend die Linkshypertrophie ver- 
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s c h w i n d e t .  Da s ich  bei  d i e sen  T i e r e n  k e i n e  m a n i f e s t e  Herz insuf f iz ienz  ent- 
wickel t ,  w i r d  a n g e n o m m e n ,  dal~ die  g r a d u e l l e  E n t w i c k l u n g  yon  bilateralen 
B16cken i h r  L e b e n  t e r m i n i e r t .  

Die  e l e k t r o k a r d i o g r a p h i s c h e n  Z e i c h e n  d iese r  H a m s t e r k a r d i o m y o p a t h i e  pas- 
sen  t e i lwe i se  sowoh l  z u r  p r i m ~ r e n  wie  a u c h  zu r  sekund~i ren  Kardiomyopathie 
des  M e n s c h e n .  D e n n o c h  s c h e i n t  d iese  im T i e r r e i c h e  v o r k o m m e n d e  Kardiomy0- 
p a t h i e  in  g e w i s s e m  G r a d e  eigenst~indig zu sein,  da  A r r h y t h m i e n ,  hShergradige 
AV-B15cke,  Z e i c h e n  e i n e r  V e n t r i k e l -  ode r  S e p t u m h y p e r t r o p h i e ,  abnormale 
P - W e l l e n  u n d  Q - Z a c k e n  sowie  E n d s t r e c k e n v e r ~ n d e r u n g e n  n i c h t  beobachtet 
w e r d e n  k o n n t e n .  
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