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Sorry…	  Athlete’s	  Heart	  vs.	  ARVC	  to	  be	  
discussed	  later	  on	  

RV	  wall	  stress	  increases	  more	  than	  
LV	  wall	  stress	  during	  exercise	  	  
	  



SCBC	  tentaQve	  rounds	  schedule	  



Athletes	  Heart	  

•  First	  described	  in	  1899	  by	  
Henschen	  that	  athletes	  have	  larger	  
hearts	  than	  sedentary	  adults	  	  
–  He	  used	  the	  physical	  examinaQon	  
skills	  of	  auscultaQon	  and	  percussion	  
to	  demonstrate	  increased	  cardiac	  
dimensions	  in	  elite	  Nordic	  skiers	  

–  Recognized	  lower	  resQng	  HR	  in	  
athletes	  

•  Eugene	  Darling	  of	  Harvard	  
University	  made	  similar	  
observaQons	  during	  the	  same	  year	  
in	  university	  rowers	  	  



The	  ‘Athletes	  Heart’	  

The	  term	  given	  to	  the	  complex	  of	  structural,	  funcQonal,	  and	  electrical	  
remodeling	  that	  accompanies	  regular	  athleQc	  training	  	  

	  



	  The	  Goal	  

Physiology	   Pathology	  

to	  differenQate	  normal	  findings	  in	  an	  athlete	  from	  the	  presence	  of	  
cardiac	  pathology	  	  

	  



A	  real	  case	  from	  SCBC	  

•  17M	  Rugby	  player	  (Provincial	  
and	  Canada-‐West	  team)	  

•  May	  2014	  he	  complained	  of	  
palpitaQons	  with	  no	  syncope	  -‐>	  
sent	  for	  ECG	  -‐>	  eventually	  saw	  a	  
pediatric	  cardiologist	  in	  June	  
2015	  

•  QUESTION:	  Athletes	  heart	  vs.	  
HCM	  



June	  17th	  2015	  



Holter	  –	  Aug	  25th	  2015	  



ECHO	  –	  June	  17th	  2015	  



ECHO	  –	  June	  17th	  2015	  



Basic	  Physiology	  

•  All	  forms	  of	  exercise	  require	  an	  increase	  in	  
skeletal	  muscle	  work	  

•  The	  cardiovascular	  system	  is	  responsible	  for	  
transporQng	  oxygen-‐rich	  blood	  from	  the	  lungs	  to	  
the	  skeletal	  muscles	  	  

•  Exercise-‐induced	  cardiac	  remodeling	  enhances	  
the	  cardiovascular	  system's	  ability	  to	  meet	  the	  
demands	  of	  exercising	  skeletal	  muscle	  

•  CO	  =	  HR	  x	  SV	  can	  increase	  5-‐6x	  during	  max	  
exercise	  



The	  Morganroth	  Hypothesis	  

•  Hypothesized	  that	  morphological	  adaptaQons	  
in	  athletes	  correspond	  with	  the	  type	  of	  
hemodynamic	  overload	  imposed	  on	  the	  heart	  
during	  exercise	  





LVEDD	  





‘Morganroth	  hypothesis’	  	  

•  states	  that:	  
–  Endurance	  sports,	  such	  as	  cycling	  and	  long-‐	  distance	  
running,	  predominately	  place	  a	  volume	  load	  on	  the	  
heart	  and	  lead	  to	  ‘eccentric	  hypertrophy’,	  
characterized	  by	  an	  increase	  in	  LV	  mass,	  LV	  wall	  
thickness,	  and	  LVEDV.	  	  

–  Sports	  involving	  strength	  training,	  such	  as	  wrestling,	  
predominately	  place	  a	  pressure	  load	  on	  the	  heart,	  
resulQng	  in	  ‘concentric	  hypertrophy’,	  characterized	  by	  
an	  increase	  in	  LV	  mass	  and	  wall	  thickness,	  but	  a	  
normal	  LVEDV	  



The	  Morganroth	  Hypothesis	  

•  Hypothesized	  that	  
morphological	  
adaptaQons	  in	  athletes	  
correspond	  with	  the	  
type	  of	  hemodynamic	  
overload	  imposed	  on	  
the	  heart	  during	  
exercise	  



The	  Morganroth	  Hypothesis	  



Isotonic/high	  dynamic/	  
Endurance	  Exercise	  

•  Sustained	  elevaQons	  in	  
cardiac	  output	  with	  
normal	  or	  reduced	  
peripheral	  vascular	  
resistance	  	  

•  Results	  in	  a	  “volume”	  
challenge	  for	  the	  heart	  
that	  affects	  all	  4	  
chambers	  	  



Isometric	  exercise/High	  StaQc/
Strength	  training	  	  

•  Is	  characterized	  by	  short	  
but	  intense	  bouts	  of	  
increased	  peripheral	  
vascular	  resistance	  and	  
normal	  or	  only	  slightly	  
elevated	  cardiac	  output	  	  

•  Increase	  in	  peripheral	  
vascular	  resistance	  causes	  
transient	  but	  potenQally	  
marked	  systolic	  
hypertension	  and	  LV	  
“pressure”	  challenge.	  	  



The	  Morganroth	  Hypothesis	  



Isometric/Strength	  training	  



Isotonic/Endurance	  training	  



Pluim,	  Circ,	  1999	  



The	  Morganroth	  Hypothesis	  revisited	  

•  The	  development	  of	  an	  endurance-‐trained	  
heart	  (eccentric	  hypertrophy)	  and	  a	  strength-‐
trained	  heart	  (concentric	  hypertrophy)	  should	  
NOT	  be	  considered	  an	  absolute	  and	  
dichotomous	  concept	  	  

•  Endurance-‐trained	  athletes	  have	  éLV	  RWT	  
instead	  of	  a	  proporQonal	  increase	  in	  LVT	  and	  
internal	  diameter	  with	  a	  normal	  relaQve	  wall	  
thickness	  	  



Who	  has	  a	  thicker	  heart?	  



Power	   Controls	  

LVT	  (mm)	   9.6	   9.0	  

LVMI(g/m2)	   96	   82	  

LVEDD(mm)	   55	   54	  

1993	  



Power	   Controls	  

LVT	  (mm)	   9.6	   9.0	  

LVMI(g/m2)	   96	   82	  

LVEDD(mm)	   55	   54	  

1993	  

BOLD	  =	  staQsQcally	  significant	  



Who	  has	  a	  larger	  LVEDD?	  



•  a	  

1.7%	  of	  athletes	  had	  LVT>12mm	  

38%	  of	  athletes	  had	  LVEDD	  >54mm	  





Effect	  of	  sport	  on	  LVEDD	  and	  LVT	  

Pelliccia,	  Prog	  in	  Cardiovascular	  diseases,	  2012	  



Factors	  influencing	  the	  athlete’s	  heart	  



Impact	  of	  different	  variables	  on	  LV	  
end-‐diastolic	  cavity	  dimensions	  	  

	  



Athletes	  have	  bigger	  hearts	  



Athletes	  have	  bigger	  hearts	  



Athletes	  have	  bigger	  hearts	  

Makan,	  Heart.	  2005	  



Athletes	  have	  bigger	  hearts	  

Sharma,	  JACC.	  2002.	  



Athletes	  have	  bigger	  hearts	  



How	  big	  is	  too	  big?	  Wall	  thickness	  

•  25%	  of	  Caucasian	  non-‐athletes	  demonstrated	  
values	  for	  LVWT	  exceeding	  reference	  

•  >12mm	  was	  extremely	  uncommon	  (2%)	  and	  
confined	  to	  male	  athletes	  	  

•  None	  exhibited	  a	  LVWT	  >16mm	  

Pelliccia	  NEJM	  1991	  



LV	  end	  diastolic	  dimension	  

Makan,	  Heart.	  2005.	  



LV	  wall	  thickness	  

Sharma,	  JACC.	  2002.	  



Black	  and	  White	  



Who	  has	  the	  bigger	  heart?	  



Black	  vs.	  White	  (male)	  LV	  wall	  thickness	  
3%	  of	  black	  
athletes	  exhibit	  
wall	  thickness	  
>15mm	  25%	  of	  black	  
athletes	  had	  LVT	  
>12	  mm	  
compared	  with	  
only	  4%	  of	  white	  
athletes	  



Pelliccia,	  JAMA	  1996	  

LVEDD	  was	  6%	  larger	  in	  
athletes	  vs.	  controls	  



Pelliccia,	  JAMA	  1996	  

0	  women	  athletes	  >13mm	  

LVT	  was	  14%	  larger	  in	  
athletes	  vs.	  controls	  



Pelliccia,	  JAMA	  1996	  

Compared	  with	  male	  
athletes,	  female	  athletes:	  
	  
-‐LVEDD	  11%	  smaller	  
	  
-‐LVT	  23%	  thinner	  



Black	  vs.	  White	  (female)	  LV	  wall	  thickness	  



LVWT	  (white	  athletes)	  

GREY	  ZONE	  



LVEDD	  

Pelliccia.	  Ann	  Intern	  Med.	  1999	  



LWT	  for	  athletes	  (adults)	  

White 	  	  
•  Male:	  

–  Mean	  10.1mm	  
–  Upper	  limit	  of	  normal	  –	  
12mm	  

•  Female:	  
–  Mean	  8.2mm	  
–  Upper	  limit	  of	  normal	  –	  
10mm	  

Black	  
•  Male:	  

–  Mean	  11.3mm	  
–  Upper	  limit	  of	  normal	  –	  
15mm	  

•  Female:	  
–  Mean	  10.2mm	  
–  Upper	  limit	  of	  normal	  –	  
12mm	  

Upper	  limit	  (mean+2	  SD)	  (mm)	  

Only	  2%	  of	  	  MALE	  Caucasian	  athletes	  show	  an	  LV	  wall	  thickness	  >12mm	  

13%	  of	  black	  males	  and	  3%	  of	  black	  female	  athletes	  show	  an	  LV	  wall	  thickness	  >12	  mm	  



LWT	  for	  athletes	  (adolescents)	  

White 	  	  
•  Male:	  

–  Mean	  9.8	  ±	  1.2mm	  
–  Upper	  limit	  of	  normal	  –	  
12mm	  

•  Female:	  
–  Mean	  8.4	  ±	  1.1mm	  
–  Upper	  limit	  of	  normal	  –	  
11mm	  

Black	  
•  Male:	  

–  Mean	  10.3	  ±	  1.6mm	  
–  Upper	  limit	  of	  normal	  –	  
14mm	  

•  Female:	  
–  Mean	  9.2	  ±	  1.1mm	  
–  Upper	  limit	  of	  normal	  –	  
11mm	  

Sharma,	  JACC.	  2002.	  

HCM	  should	  be	  considered	  strongly	  in	  any	  trained	  adolescent	  male	  athlete	  with	  
LVWT	  12	  mm	  (females	  11	  mm)	  and	  non-‐dilated	  lev	  ventricle.	  	  



LVEDD	  for	  athletes	  (adults)	  

White 	  	  
•  Male:	  

–  Mean	  55.0	  ±	  4.3mm	  
–  Upper	  limit	  of	  normal	  –	  
64mm	  

•  Female:	  
–  Mean	  48.9	  ±	  3.8mm	  
–  Upper	  limit	  of	  normal	  –	  
57mm	  

Black	  
•  Male:	  

–  Mean	  53.0	  ±	  4.4mm	  
–  Upper	  limit	  of	  normal	  –	  
62mm	  

•  Female:	  
–  Mean	  48.6	  ±	  3.9mm	  
–  Upper	  limit	  of	  normal	  –	  
56mm	  

Upper	  limit	  (mean+2	  SD)	  (mm)	  

LVEDD	  >60	  mm	  was	  exhibited	  by	  14%	  of	  male	  athletes	  but	  by	  less	  than	  1%	  
of	  female	  athletes	  
	  



LVEDD	  for	  athletes	  (adolescents)	  

White 	  	  
•  Male:	  

–  Mean	  51.6	  ±	  3.3mm	  
–  Upper	  limit	  of	  normal	  –	  
58mm	  

•  Female:	  
–  Mean	  47.7	  ±	  3.3	  
–  Upper	  limit	  of	  normal	  –	  
54mm	  

Black	  
•  Male:	  

–  Mean	  52.3	  ±	  5.0mm	  
–  Upper	  limit	  of	  normal	  –	  
62mm	  

•  Female:	  
–  Mean	  48.7	  ±	  4.2	  
–  Upper	  limit	  of	  normal	  –	  
57mm	  

Upper	  limit	  (mean+2	  SD)	  (mm)	  



•  	  n	  

LVEDD	  strongest	  
predictor	  of	  LA	  size	  
foll0wed	  by	  sport	  



•  	  n	  

LA	  size	  failed	  to	  
predict	  development	  
of	  SVT/AF	  



Aorta	  

•  Athletes	  can	  have	  a	  
slightly	  larger	  aorQc	  
root	  compared	  to	  their	  
age	  and	  sex	  matched	  
sedentary	  controls	  but	  
an	  aorQc	  root	  >40mm	  is	  
ABNORMAL	  



What	  is	  ‘normal’	  for	  an	  athlete?	  

An	  adult	  heart	  should	  be	  bigger.	  If	  an	  adolescent	  heart	  looks	  big	  it	  probably	  is	  big.	  
	  
NO	  adolescent	  athletes	  exhibited	  a	  LVEDD	  >60mm	  (Makan,	  Heart	  2005)	  
	  
LVWT	  >11mm	  only	  occurred	  in	  0.4%	  of	  adolescents	  (Sharma,	  JACC	  2002)	  

Gieco	  Baby	  adverQsement	  



What	  is	  ‘normal’	  for	  an	  athlete?	  



Upper	  ranges	  for	  athletes	  	  

The	  magnitude	  of	  these	  adaptaQons	  is	  lower	  in	  adolescent	  athletes	  who	  are	  generally	  
physically	  less	  mature	  and	  have	  trained	  for	  shorter	  periods.	  
	  
	  

Sharma	  Eur	  Heart	  J.2015	  



	  The	  Goal	  

Physiology	   Pathology	  

to	  differenQate	  normal	  findings	  in	  an	  athlete	  from	  the	  presence	  of	  
cardiac	  pathology	  	  

	  



What	  %	  of	  athletes	  fall	  into	  the	  ‘Grey	  Zone’	  

~2%	  



What	  %	  of	  HCM	  fall	  into	  the	  ‘Grey	  Zone’	  

~5%	   ~2%	  



Maron,	  Pelliccia,	  Circ.	  1995	  







•  1,191	  consecuQve	  highly	  trained	  athletes	  were	  
evaluated	  at	  the	  InsQtute	  of	  Sport	  Medicine	  
and	  Science	  in	  Rome	  	  

•  28	  athletes	  (2.3%)	  had	  LVT	  13	  to	  15mm	  in	  the	  
‘grey	  zone’	  not	  thought	  to	  be	  due	  to	  HCM	  

•  25	  non-‐obs	  HCM	  from	  Tuffs	  University	  
•  Followed	  for	  4	  years	  











ROC	  analysis	  



e’	  <11.5cm/s	  

•  <11.5	  cm/s	  TDI	  may	  be	  useful	  to	  raise	  suspicion	  
for	  nonphysiologic	  LVH	  

•  Athletes	  should	  have	  normal	  or	  supranormal	  LV	  
relaxaQon	  
– A’	  waves	  were	  lower	  in	  athletes	  (modest	  contribuQon	  
of	  atria	  to	  ventricular	  filling)	  

•  Diastolic	  dysfuncQon	  may	  be	  the	  first	  expression	  
of	  HCM	  (in	  addiQon	  to	  ECG)	  and	  may	  precede	  the	  
development	  of	  LV	  hypertrophy	  

Gandjbakhch,	  Eur	  Heart	  J,	  2010	  
	  



E/A	  raQo	  

Athlete	  –	  E/A	  >	  2	  	   Path	  LVH	  –	  E/A	  ~	  1	  +	  prolonged	  DT	  	  



The	  pazern	  of	  LVH	  



The	  pazern	  of	  LVH	  



The	  pazern	  of	  LVH	  

•  In	  physiologic	  hypertrophy	  of	  the	  athlete,	  
although	  the	  anterior	  ventricular	  septum	  is	  
usually	  the	  segment	  of	  the	  LV	  wall	  that	  is	  
maximally	  thickened,	  the	  overall	  pazern	  is	  
symmetric	  and	  homogeneous,	  usually	  with	  a	  
difference	  of	  <2	  mm	  or	  less	  between	  all	  
porQons	  of	  the	  LV	  	  

•  Its	  is	  ‘not	  natural’	  to	  train	  just	  one	  part	  of	  your	  
ventricle	  to	  get	  hypertrophied	  

Pelliccia,	  NEJM,	  1999	  



Does	  being	  an	  elite	  athlete	  make	  HCM	  
less	  likely?	  



Does	  being	  an	  elite	  athlete	  make	  HCM	  
less	  likely?	  



A	  pVO2	  >50	  ml/kg/
min	  or	  >20%	  above	  
the	  predicted	  
maximum	  VO2	  
differenQated	  
athlete’s	  heart	  from	  
HCM	  
	  

The cardiovascular 
response to exercise 
is a powerful 
discriminator between 
physiology and 
disease.
	  



Only	  4%	  of	  paQents	  with	  HCM	  had	  a	  normal	  ECG	  
	  

Only	  2%	  of	  HCM	  paQents	  had	  isolated	  ECG	  voltages	  
	  

52%	  with	  ECHO	  criteria	  for	  LVH	  had	  normal	  ECG	  
	  

40%	  of	  athletes	  with	  LVH	  had	  isolated	  ECG	  voltages	  
	  
	  
	  



Montgomery,	  Am	  J	  Cardio,	  2005	  





•  In	  HCM	  paQents	  with	  normal	  ECG	  compared	  
to	  HCM	  with	  Abnormal	  ECG:	  
– Younger	  
– More	  likely	  to	  be	  female	  
– Less	  myomectomy	  
– Less	  ICD	  
– Lower	  NYHA	  
– Lower	  ResQng	  gradient	  
– Lower	  septal	  wall	  thickness	  

	  

HCM	  with	  normal	  ECG	  
=	  6%	  
	  
Less	  severe	  
phenotype	  
	  
Bezer	  CV	  outcomes	  



Role	  of	  CMR	  

•  Permits	  excellent	  visualizaQon	  of	  the	  cardiac	  
apex	  and	  lateral	  LV	  wall	  

•  LGE	  helps	  differenQate	  LVH	  from	  HCM	  and	  
adds	  prognosQcaQon	  value	  
– The	  absence	  of	  LGE	  does	  not	  rule	  out	  HCM	  	  



Role	  of	  CMR	  

Petersen	  S,	  J	  Cardiovasc	  Magn	  Reson,	  2005.	  



DecondiQoning	  

•  Forced	  detraining	  may	  be	  a	  useful	  manoeuvre	  
to	  resolve	  differenQal	  diagnosis	  between	  
athlete’s	  heart	  and	  HCM	  

•  ReducQon	  of	  LVT	  of	  2-‐5	  mm	  over	  3	  months	  
•  DecondiQoning	  requires:	  	  
–  (1)	  substanQal	  compliance	  to	  interrupt	  the	  
training	  of	  highly	  moQvated	  athletes	  

–  (2)	  serial	  ECHO	  or	  CMR	  of	  technical	  quality	  
suitable	  for	  comparison	  





LV	  thickness	  
decreased	  by	  
15	  to	  33%	  with	  
decondiQoning	  
	  

~20%	  of	  athletes	  will	  not	  show	  significant	  regression	  at	  5	  years	  
	  

LVH	  second	  to	  anabolic	  steriods	  shows	  limited	  regression	  at	  1	  year	  *	  



Refined	  ‘grey	  zone’	  

Maron,	  Circ.	  1995	   Caselli,	  Am	  J	  Cardiol	  2014	  	  



Consensus	  Paper	  



Proposed	  algorithm	  



Case	  Revisited	  
•  ETT	  –	  no	  arrhythmia,	  blunted	  BP	  response,	  
18.7METS	  

•  Handheld	  ECHO	  –	  walls	  and	  pap	  muscles	  look	  
thick	  despite	  decondiQoning	  since	  June	  2015	  

•  PLAN:	  
–  Repeat	  ECHO	  
–  CMR	  
–  ECHO	  for	  mother	  
–  ConQnue	  acQvity	  restricQon	  and	  decondiQoning	  


