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The	  incomparable	  ‘M1’	  



A	  male	  at	  rest	  with	  poor	  cardiac	  performance	  



Same	  subject	  during	  exercise	  
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A	  male	  at	  rest	  preoperaLvely	  
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Study	  performed	  at	  Western	  Hospital	  2002-‐2004	  

With	  my	  sincere	  thanks	  to	  Dr	  Robert	  Smith	  for	  this	  graph	  





Power	  =	  mass(kg)	  x	  gravity	  x	  displacement(M)/Lme(sec)	  
WaQs	  	  =	  72	  x	  9.8	  x	  7/28	  	  	  =	  	  176	  waQs	  AT	  ??!!	  



The	  era	  of	  ‘it’s	  the	  
risk	  of	  heart	  aQack’	  
that	  really	  maQers.	  



The	  authors	  studied	  the	  incidence	  of	  and	  factors	  related	  to	  recurrent	  
perioperaLve	  myocardial	  infarcLon	  retrospecLvely	  during	  1973-‐1976	  
(Group	  1)	  and	  prospecLvely	  during	  1977-‐1982	  (Group	  2).	  ReinfarcLon	  
occurred	  in	  28	  of	  364	  (7.7%)	  paLents	  in	  Group	  1	  and	  14	  of	  733	  (1.9%)	  
in	  Group	  2	  (P	  less	  than	  0.005).	  When	  the	  previous	  infarcLon	  was	  0-‐3	  
and	  4-‐6	  months	  old,	  perioperaLve	  reinfarcLon	  occurred	  in	  36%	  and	  
26%	  of	  Group	  1	  paLents,	  respecLvely,	  and	  only	  5.7%	  and	  2.3%	  of	  Group	  
2	  paLents,	  respecLvely,	  (P	  less	  than	  0.05).	  In	  both	  groups,	  paLents	  with	  
associated	  congesLve	  heart	  failure	  had	  a	  higher	  reinfarcLon	  rate.	  
PaLents	  who	  had	  intraoperaLve	  hypertension	  and	  tachycardia	  or	  
hypotension	  develop	  had	  a	  higher	  incidence	  of	  reinfarcLon	  in	  both	  
groups.	  The	  results	  suggest	  that	  preoperaLve	  opLmizaLon	  of	  the	  
paLent's	  status,	  aggressive	  invasive	  monitoring	  of	  the	  hemodynamic	  
status,	  and	  prompt	  treatment	  of	  any	  hemodynamic	  aberraLon	  may	  be	  
associated	  with	  decreased	  perioperaLve	  morbidity	  and	  mortality	  in	  
paLents	  with	  previous	  myocardial	  infarcLon	  



Chest.	  1999;116(2):355-‐62	  

Cardiopulmonary	  exercise	  tes3ng	  as	  a	  screening	  test	  for	  
periopera3ve	  management	  of	  major	  surgery	  in	  the	  elderly.	  	  

Older	  P,	  Hall	  A,	  Hader	  R	  

The	  era	  of	  ‘it’s	  the	  
risk	  of	  heart	  aQack’	  
that	  really	  maQers?	  

Perhaps	  not!	  



STUDY	  OBJECTIVE:	  To	  develop	  an	  integrated	  strategy	  for	  the	  idenLficaLon	  and	  
subsequent	  management	  of	  high-‐risk	  paLents	  in	  order	  to	  reduce	  both	  morbidity	  and	  
mortality.	  
	  DESIGN:	  ProspecLve	  consecuLve	  series	  in	  which	  all	  paLents	  underwent	  
cardiopulmonary	  exercise	  (CPX)	  tesLng.	  
	  SETTING:	  CPX	  laboratory	  and	  level	  3	  ICU	  and	  high-‐dependency	  unit	  (HDU)	  of	  a	  
metropolitan	  teaching	  hospital.	  	  
PATIENTS:	  Five	  hundred	  forty-‐eight	  paLents	  >60	  years	  of	  age	  (or	  younger	  with	  known	  
cardiopulmonary	  disease)	  scheduled	  for	  major	  intra-‐abdominal	  surgery.	  	  
INTERVENTIONS:	  The	  paLents	  were	  assigned	  to	  one	  of	  three	  management	  strategies	  
(ICU,	  HDU,	  or	  ward)	  based	  on	  the	  anaerobic	  threshold	  (deltaT)	  and	  ECG	  evidence	  of	  
myocardial	  ischemia	  as	  determined	  by	  CPX	  tesLng	  that	  was	  performed	  as	  part	  of	  the	  
presurgery	  evaluaLon,	  and	  by	  the	  expected	  oxygen	  demand	  stress	  of	  the	  surgical	  
procedure.	  	  
RESULTS:	  Overall	  mortality	  was	  3.9%.	  Forty-‐three	  percent	  of	  deaths	  were	  aQributed	  to	  
poor	  cardiopulmonary	  funcLon,	  as	  detected	  preoperaLvely.	  There	  were	  no	  deaths	  
related	  to	  cardiopulmonary	  complicaLons	  in	  any	  paLent	  deemed	  fit	  for	  major	  abdominal	  
surgery	  and	  ward	  management,	  as	  determined	  by	  CPX	  tesLng.	  	  



CONCLUSIONS:	  In	  elderly	  paLents	  undergoing	  
major	  intra-‐abdominal	  surgery,	  the	  AT,	  as	  
determined	  by	  CPX	  tesLng,	  is	  an	  excellent	  predictor	  
of	  mortality	  from	  cardiopulmonary	  causes	  in	  the	  
postoperaLve	  period.	  PreoperaLve	  screening	  using	  
CPX	  tesLng	  allowed	  the	  idenLficaLon	  of	  high-‐risk	  
paLents	  and	  the	  appropriate	  selecLon	  of	  peri-‐
operaLve	  management.	  



J	  Am	  Coll	  Cardiol.	  2004;44(7):1446-‐53.	  

The	  era	  of	  ‘it’s	  the	  
risk	  of	  heart	  aQack’	  
that	  really	  maQers.	  
Definitely	  not!!	  



Arena	  R,	  Myers	  J,	  Guazzi	  M.	  The	  future	  of	  aerobic	  exercise	  tesLng	  in	  clinical	  
pracLce:	  is	  it	  the	  ulLmate	  vital	  sign?	  	  

Future	  Cardiol.	  2010;6(3):325-‐42.	  

The	  four	  tradiLonal	  vital	  signs:	  resLng	  heart	  rate,	  blood	  pressure,	  respiratory	  rate	  and	  body	  
temperature,	  serve	  as	  the	  cornerstone	  of	  a	  physical	  examinaLon.	  Other	  assessments	  such	  as	  pain	  have	  
been	  proposed	  as	  addiLonal	  vital	  signs.	  To	  this	  point	  however,	  there	  has	  been	  limited	  consideraLon	  for	  
aerobic	  exercise	  assessment	  as	  a	  vital	  sign.	  A	  wealth	  of	  literature	  demonstraLng	  the	  prognosLc,	  
diagnosLc	  and	  intervenLonal	  value	  of	  the	  aerobic	  exercise	  assessment	  now	  exists,	  supporLng	  its	  use	  in	  
numerous	  clinical	  scenarios.	  Moreover,	  the	  assessment	  of	  the	  aerobic	  exercise	  response	  allows	  for	  the	  
manifestaLon	  of	  physiologic	  abnormaliLes	  that	  are	  not	  readily	  apparent	  during	  the	  collecLon	  of	  resLng	  
data.	  This	  review	  will	  provide	  evidence	  supporLng	  the	  asserLon	  that	  the	  aerobic	  exercise	  assessment	  
may	  be	  afforded	  vital	  sign	  status	  in	  future	  clinical	  pracLce.	  



Belardinelli	  R,	  Lacalaprice	  F,	  Tiano	  L,	  Mucai	  A,	  Perna	  GP.	  
Cardiopulmonary	  exercise	  tesLng	  is	  more	  accurate	  than	  ECG-‐stress	  
tesLng	  in	  diagnosing	  myocardial	  ischemia	  in	  subjects	  with	  chest	  
pain.	  	  
Int	  J	  Cardiol.	  2014;174(2):337-‐42.	  

CONCLUSIONS:	  In	  paLents	  with	  chest	  pain,	  CPET	  showed	  a	  beQer	  diagnosLc	  and	  
predicLve	  accuracy	  than	  tradiLonal	  ET	  to	  detect/exclude	  myocardial	  ischemia.	  Its	  use	  
should	  be	  encouraged	  among	  physicians	  as	  a	  first	  line	  diagnosLc	  tool	  in	  clinical	  
pracLce.	  



Hennis	  PJ,	  Meale	  PM,	  Hurst	  RA,	  O'Doherty	  AF,	  
OQo	  J,	  Kuper	  M,	  et	  al.	  Cardiopulmonary	  
exercise	  tesLng	  predicts	  postoperaLve	  
outcome	  in	  paLents	  undergoing	  gastric	  bypass	  
surgery.	  	  
Br	  J	  Anaesth.	  2012;109(4):566-‐71	  

RESULTS:	  The	  AT	  was	  lower	  in	  paLents	  with	  postoperaLve	  complicaLons	  than	  in	  
those	  without	  [9.9	  (1.5)	  vs	  11.1	  (1.7)	  ml	  kg(-‐1)	  min(-‐1),	  P=0.049]	  and	  in	  paLents	  
with	  a	  LOS>3	  days	  compared	  with	  LOS	  </=	  3	  days	  [10.4	  (1.4)	  vs	  11.3	  (1.8)	  ml	  kg
(-‐1)	  min(-‐1),	  P=0.023].	  ROC	  curve	  analysis	  idenLfied	  AT	  as	  a	  significant	  predictor	  
of	  LOS>3	  days	  (AUC	  0.640,	  P=0.030).	  The	  VO2	  peak	  and	  VE/VCO2	  were	  not	  
associated	  with	  postoperaLve	  outcome.	  CONCLUSIONS:	  AT,	  determined	  using	  
CPET,	  predicts	  LOS	  auer	  gastric	  bypass	  surgery.	  



Snowden	  CP,	  PrenLs	  JM,	  Anderson	  HL,	  Roberts	  
DR,	  Randles	  D,	  Renton	  M,	  et	  al.	  Submaximal	  
cardiopulmonary	  exercise	  tesLng	  predicts	  
complicaLons	  and	  hospital	  length	  of	  stay	  in	  
paLents	  undergoing	  major	  elecLve	  surgery.	  
Ann	  Surg.	  2010;251(3):535-‐41.	  

CONCLUSION:	  An	  objecLve	  measure	  of	  cardiorespiratory	  
reserve	  was	  an	  independent	  predictor	  of	  a	  major	  
surgical	  group	  with	  increased	  postoperaLve	  
complicaLons	  and	  hospital	  LOS.	  AT	  measurement	  
significantly	  improved	  outcome	  predicLon	  compared	  
with	  an	  algorithm-‐based	  acLvity	  assessment.	  



Grant	  SW,	  Hickey	  GL,	  Wisely	  NA,	  Carlson	  ED,	  
Hartley	  RA,	  Pichel	  AC,	  et	  al.	  Cardiopulmonary	  
exercise	  tesLng	  and	  survival	  auer	  elecLve	  
abdominal	  aorLc	  aneurysm	  repair.	  	  
Br	  J	  Anaesth.	  2015;114(3):430-‐6.	  

CONCLUSIONS:	  CPET	  variables	  are	  independent	  
predictors	  of	  reduced	  survival	  auer	  elecLve	  AAA	  repair	  
and	  can	  idenLfy	  a	  cohort	  of	  paLents	  with	  reduced	  
survival	  at	  3	  years	  post-‐procedure.	  CPET	  is	  a	  potenLally	  
useful	  adjunct	  for	  clinical	  decision-‐making	  in	  paLents	  
with	  AAA.	  



Carlisle	  J,	  Swart	  M.	  Mid-‐term	  survival	  auer	  
abdominal	  aorLc	  aneurysm	  surgery	  predicted	  
by	  cardiopulmonary	  exercise	  tesLng.	  	  
Br	  J	  Surg.	  2007;94(8):966-‐9.	  

CONCLUSION:	  PreoperaLve	  CPX	  tesLng,	  combined	  with	  
simple	  co-‐morbidity	  scoring,	  idenLfied	  paLents	  unlikely	  
to	  survive	  in	  the	  mid-‐term,	  even	  auer	  successful	  AAA	  
repair.	  
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