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Introduc5on	  

It	  is	  well	  known	  that	  stretching	  cardiac	  muscle	  increases	  the	  force	  of	  contrac?on	  (Frank,	  
1895).	  Less	  well	  known	   is	   that	  sustained	  stretch	   increases	  Ca2+	   influx	  (Allen	  &	  Kurihara	  
1982),	  alters	  the	  ac?on	  poten?al	  waveform	  (Sung,	  Mills	  et	  al.	  2003),	  and	  causes	  stretch-‐
induced	   arrhythmias	   (SIA)	   under	   some	   condi?ons	   (Franz,	   Cima	   et	   al.	   1992).	  
Cardiovascular	  disease	  is	  the	  leading	  cause	  of	  death	  in	  New	  Zealand	  (30%	  annually),	  with	  
heart	   failure	   pa?ents	   at	   increased	   risk	   of	   sudden	   cardiac	   death	   from	   ventricular	  
arrhythmias	   (Ministry	   of	   health,	   2015).	   Understanding	   the	   cellular	   mechanisms	  
underlying	  SIAs	  will	  poten?ally	  lead	  to	  new	  therapeu?c	  targets	  that	  will	  improve	  clinical	  
management	  of	  pa?ents	  in	  the	  future.	  	  

Methods	  
To	  carry	  our	  our	  Aim,	  hearts	  were	  excised	  from	  male	  Wistar	  rats	   (N=7,	  250-‐280g)	  and	  
Langendorff-‐perfused	   with	   oxygenated	   Krebs-‐Henseleit	   buffer	   under	   constant	   flow	  
(37oC,	  pH	  7.4,	  [Ca2+]o	  1.5	  mM),	  and	  in	  sinus	  rhythm.	  (AEC	  #1232)	  
	  
A	   saline-‐filled	   balloon	   (connected	   to	   a	   pressure	   transducer)	   was	   placed	   in	   the	   led	  
ventricle	   (LV),	   and	   the	   volume	   adjusted	   to	   stretch	   the	   LV.	   Electrical	   ac?vity	   was	  
recorded	  via	  electrodes	  on	  the	  ventricular	  surfaces.	  
	  
Data	  were	  acquired	  using	  LabChart	  (v	  8.0.10)	  sodware,	  and	  the	  pressure-‐?me	  integral	  
(PTI)	  recorded	  over	  5	  s	  was	  used	  as	  a	  measure	  of	  contrac?le	  performance.	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
The	  incidence	  of	  SIA	  was	  determined	  by	  calcula?ng	  the	  standard	  devia?on	  of	  the	  beat-‐
to-‐beat	  (R-‐R)	  interval	  for	  5s	  before,	  and	  immediately,	  ader	  stretch.	  	  
	  
O2	   consump?on	  was	   calculated	   from	   the	   difference	   in	  O2	   content	   between	   the	   aorta	  
(“upstream”)	  and	  the	  coronary	  effluent	  collected	  from	  the	  RV	  (“downstream”)	  using	  the	  
following	  equa?on:	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  VO2=σVc	  (Pa-‐Pv)	  
	  

Where	  σ	  is	  the	  solubility	  of	  oxygen	  in	  Krebs-‐Henseleit	  solu?on	  at	  37o	  C	  (22.7	  mL	  O2	  atm-‐1	  
L-‐1);	  Vc	  is	  the	  coronary	  flow	  rate;	  Pa	  and	  Pv	  are	  the	  par?al	  pressure	  of	  oxygen	  measured	  
by	  OceanOp?c	  oxygen	  sensors	  from	  the	  aorta	  and	  right	  ventricle	  respec?vely.	  
	  
Isoproterenol	  (β-‐adrenergic	  ac?va?on)	  was	  administered	  via	  the	  perfusate,	  and	  Lugol’s	  
solu?on	  was	  injected	  directly	  into	  the	  LV	  to	  destroy	  the	  surface	  Purkinje	  fibres.	  

Results	  
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•  β-‐adrenergic	  ac?va?on	  by	  isoproterenol	  did	  not	  increase	  SIAs.	  
•  O2	  consump?on	  was	  increased	  by	  stretch,	  and	  was	  maximal	  during	  periods	  of	  	  

arrhythmia.	  
•  Lugol	  exposure	  decreased	  SIAs.	  Further	  experiments	  are	  planned	  on	  isolated	  Purkinje	  

fibres,	  to	  see	  whether	  stretch	  induces	  spontaneous	  Ca2+	  release.	  	  	  	  

Aim	  
The	   aim	   of	   this	   study	   was	   to	   inves?gate	   the	   cellular	   mechansims	   associated	   with	   the	  
onset	  of	  stretch-‐induced	  arrhythmias.	  	  	  
	  
Based	  on	  our	  groups	  previous	  studies,	  2	  hypotheses	  will	  be	  inves?gated:	  
1.  Sympathe?c	  ac?va?on	  of	  the	  heart	  increases	  SIA.	  	  
2.  Stretching	  LV	  Purkinje	  fibres	  increases	  SIA.	  	  	  
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Figure	  1.	  An	  example	  of	  
a	   representa?ve	   LV	  
pressure	   trace	  with	   the	  
pressure-‐?me	   integral	  
shown	   as	   the	   shaded	  
a r e a	   b enea t h	   t h e	  
pressure	  trace.	  	  	  

Figure2.	  A	  
representa?ve	  trace	  
of	  the	  cardiac	  
electrogram	  with	  the	  
R-‐R	  interval	  labeled.	  
	  

1.	  Effect	  of	  β-‐adrenergic	  ac?va?on	  on	  stretch-‐induced	  arrhythmias	  
reduced	  by	  isoproterenol	  	  
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Figure	   3.	  A,	   shows	   LV	   developed	   pressure	   (red	   trace)	   and	   cardiac	   electrogram	   (blue	  
trace)	   for	   a	   heart	   subjected	   to	   stretch	   (green	   arrow)	   by	   infla?ng	   a	   balloon	   in	   the	   LV	  
before	   (Control)	   and	   during	   isoproterenol	   treatment.	   B,	   shows	   mean	   ±	   SEM	   of	   the	  
normalized	  pressure	  ?me	  integral	  (PTI)	  before	  and	  during	  isoproterenol.	  C,	  shows	  mean	  
±	  SEM	  SDRR	  before	  and	  during	  stretch	  for	  Control	  and	  Isoproterenol.	  	  

Summary	   1.	   β-‐adrenergic	   ac?va?on	   reduced	   the	   incidence	   of	   stretch-‐
induced	  arrhythmias.	  (***P<0.001,	  N=4	  hearts,	  paired	  t-‐test).	  	  
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3.	  Effect	  of	  endocardial	  Lugol	  wash	  on	  stretch-‐induced	  arrhythmias	  	  	  

Figure	   5.	   A,	   shows	   LV	   developed	   pressure	   (red	   trace)	   and	   cardiac	   electrogram	   (blue	  
trace)	   for	   a	   heart	   subjected	   to	   stretch	   (green	   arrow)	   by	   infla?ng	   a	   balloon	   in	   the	   LV	  
before	   (Control)	   and	   ader	   endocardial	   Lugol	   wash.	   B,	   shows	   mean	   ±	   SEM	   of	   the	  
normalized	  pressure	  ?me	   integral	   (PTI)	  before	  and	  ader	   Lugol.	  C,	   shows	  mean	  ±	  SEM	  
SDRR	  before	  and	  ader	  Lugol.	  	  
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Summary	   3.	   The	   endocardial	   lugol	   wash	   reduced	   the	   stretch-‐induced	  
arrhythmias.	  (***P<0.001,	  N=5	  hearts,	  paired	  t-‐test)	  
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2.	  Oxygen	  consump?on	  of	  the	  heart	  during	  stretch-‐induced	  arrhythmias	  

Figure	  4.	  Shows	  the	  O2	  consump?on	  of	  the	  heart	  before,	  during	  and	  ader	  stretch.	  The	  
red	  arrow	  indicates	  the	  onset	  of	  stretch,	  and	  the	  green	  arrow	  shows	  where	  stretch	  was	  
released.	  A	   shows	  a	  heart	  with	   SIAs,	   and	  B	   shows	   the	   same	  heart	  without	   SIA	  during	  
isoproterenol	  	  perfusion.	  	  	  	  	  	  	  	  	  	  	  
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Summary	  2.	  Strech	  increased	  O2	  consump?on,	  and	  reached	  a	  peak	  during	  
periods	  of	  stretch-‐induced	  arrhythmias.	  	  

Conclusion	  	  
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