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Ischemia


•  A	
  vascular	
  disease	
  due	
  to	
  restric0on	
  in	
  blood	
  
supply	
  

•  Shortage	
  of	
  oxygen	
  and	
  vital	
  nutrients	
  
•  Hampering	
  normal	
  cellular	
  metabolism	
  

•  Reperfusion	
  injury	
  results	
  in	
  release	
  of	
  oxygen	
  
free	
  radicals,	
  cytokines	
  and	
  increase	
  
expression	
  of	
  adhesion	
  molecules	
  




What	
  is	
  precondi0oning?


•  Induce	
  a	
  s0mulus	
  near	
  to	
  but	
  below	
  the	
  
threshold	
  of	
  damage	
  to	
  the	
  organism	
  	
  

•  Tissues	
  and	
  organs	
  develop	
  resistance	
  or	
  
tolerance	
  to	
  the	
  same	
  or	
  similar	
  noxious	
  s0muli	
  

•  Preven0ng	
  or	
  reducing	
  the	
  damage	
  it	
  may	
  induce	
  

•  Include	
  many	
  s0muli:	
  
–  ischemia,	
  hypoxia,	
  hypothermia,	
  drugs…..




As	
  early	
  as	
  in	
  1960	
  
	
  
Reported	
  lower	
  
incidence	
  of	
  myocardial	
  
infarc8on	
  in	
  people	
  
living	
  at	
  high	
  al8tude




2	
  subsequent	
  animal	
  studies




2	
  subsequent	
  animal	
  studies

•  44	
  dogs	
  
•  Anaesthe0zed	
  and	
  intubated	
  
•  Thoracotomy	
  and	
  suspend	
  the	
  heart	
  
•  Snare	
  the	
  LCx	
  
•  Measure	
  blood	
  flow	
  by	
  radiolabeled	
  microspheres	
  
•  Cardioversion	
  if	
  VF	
  

•  Dogs	
  were	
  allowed	
  to	
  survive	
  for	
  4	
  days	
  to	
  delineate	
  the	
  necro0c	
  muscle	
  
•  Hearts	
  were	
  excised	
  for	
  postmortem


4	
  cycles	
  5-­‐min	
  
ischemia




2	
  subsequent	
  animal	
  studies


•  Results:	
  

Some	
  mechanism	
  is	
  protec/ng	
  the	
  
heart	
  from	
  ischemia	
  ?




2	
  subsequent	
  studies


Hypoxic	
  precondi-oning	
  of	
  ischaemic	
  canine	
  
myocardium	
  
	
  Yukitaka	
  Shizukuda,	
  Robert	
  T	
  Mallet,	
  Shang-­‐Chuin	
  Lee,	
  H	
  Fred	
  Downey	
  	
  
Cardiovascular	
  Research	
  1	
  May	
  1992	
  	
  

•  Demonstrated	
  similar	
  results	
  in	
  dogs	
  	
  
•  Introduced	
  the	
  term	
  “hypoxic	
  
precondi0oning”




Evolu0on


•  From	
  intra-­‐cardiac	
  to	
  inter-­‐organ	
  (Remote)	
  
•  From	
  ischemic	
  to	
  non-­‐ischemic	
  trigger	
  
•  From	
  pre-­‐	
  to	
  per-­‐/	
  post-­‐condi0oning	
  

•  Started	
  to	
  have	
  human	
  studies	
  
•  Ini0ally	
  mainly	
  cardiac,	
  some	
  brain/	
  vascular	
  
•  Later	
  on	
  some	
  focused	
  on	
  kidney




Myocardial	
  protec-on	
  by	
  brief	
  ischemia	
  in	
  noncardiac	
  
-ssue
by Ben C.G. Gho, Regien G. Schoemaker, Mirella A. van den 
Doel, Dirk J. Duncker, and Pieter D. Verdouw 
 
Circulation Volume 94(9):2193-2200 
November 1, 1996 

 



From	
  intra-­‐oragn	
  to	
  inter-­‐organ




What	
  is	
  REMOTE	
  ischemic	
  
precondi0oning?


•  Brief	
  episodes	
  of	
  ischemia-­‐reperfusion	
  in	
  one	
  
vascular	
  bed	
  	
  

•  Protect	
  a	
  distant	
  organ	
  against	
  a	
  subsequent	
  
longer	
  ischemic	
  insult








Use	
  of	
  RIPC	
  in	
  cardiovascular	
  
surgery


Occupied	
  most	
  of	
  the	
  studies	
  about	
  RIPC




•  23	
  trials	
  of	
  RIPC	
  in	
  2200	
  pa0ents	
  
•  undergoing	
  major	
  cardiovascular	
  surgery	
  

•  RIPC	
  did	
  not	
  have	
  significant	
  effect	
  on	
  clinical	
  
end	
  points	
  

•  But	
  sample	
  size	
  limited	
  the	
  results








The	
  use	
  of	
  RIPC	
  to	
  prevent	
  AKI




RIPC	
  and	
  AKI




13	
  trials	
  ;	
  1,334	
  par0cipants


2007	
  -­‐	
  2013




Results:	
  
•  RIPC	
  decreased	
  the	
  risk	
  of	
  AKI	
  with	
  marginal	
  sta0s0cal	
  	
  
•  There	
  were	
  no	
  differences	
  in	
  postopera0ve	
  kidney	
  biomarkers	
  (	
  Cr,	
  GFR	
  ),	
  

incidence	
  of	
  RRT,	
  in-­‐hospital	
  mortality,	
  hospital	
  stay,	
  or	
  ICU	
  stay	
  

Conclusion:	
  
•  RIPC	
  might	
  be	
  beneficial	
  for	
  the	
  preven0on	
  of	
  AKI	
  following	
  cardiac	
  and	
  

vascular	
  interven0ons,	
  but	
  the	
  current	
  evidence	
  is	
  not	
  robust	
  enough	
  to	
  make	
  
a	
  recommenda0on.




Results	
  were	
  not	
  that	
  posi0ve…	
  
But	
  un0l	
  2015..






Background


•  Up	
  to	
  30%	
  develop	
  AKI	
  ajer	
  cardiac	
  surgery	
  	
  
•  ~1%	
  dependent	
  on	
  RRT	
  

•  Mechanism	
  of	
  AKI	
  not	
  fully	
  understood,	
  but	
  
injury	
  to	
  renal	
  tubular	
  epithelial	
  cells	
  is	
  a	
  
universal	
  aspect	
  of	
  the	
  disease




Objec0ve	
  and	
  Study	
  Design


•  OBJECTIVE:	
  	
  	
  
–  To	
  determine	
  whether	
  RIPC	
  reduces	
  the	
  rate	
  and	
  
severity	
  of	
  AKI	
  in	
  pa0ents	
  undergoing	
  cardiac	
  surgery	
  

•  METHODS:	
  
– Mul0center,	
  double-­‐blind,	
  RCT	
  
–  Pa0ents	
  high	
  risk	
  for	
  AKI	
  undergoing	
  cardiac	
  surgery	
  
with	
  cardiopulmonary	
  bypass	
  

– Aug	
  2013	
  –	
  June	
  2014	
  
–  240	
  pa0ents	
  from	
  4	
  hospitals	
  in	
  Germany	
  	
  



Score	
  >=	
  6	
  	
  :	
  	
  high	
  risk	
  pa0ent,	
  included	
  into	
  study




Proposed	
  mechanism


Down-­‐regulate	
  cell	
  
func0on	
  and	
  energy	
  
u0liza0on




Randomiza0on	
  and	
  Procedures


•  Randomized	
  on	
  1:1	
  basis	
  
•  Randomiza0on	
  codes	
  were	
  generated	
  by	
  
computers	
  and	
  concealed	
  

•  Interven0on	
  provided	
  by	
  inves0gator	
  not	
  
involving	
  in	
  care	
  of	
  pa0ent	
  

•  Pa0ents,	
  anaesthesiologists,	
  surgeons,	
  ICU	
  
doctors	
  all	
  unaware	
  of	
  Tx	
  assignment




Randomiza0on	
  and	
  Procedures




Randomiza0on	
  and	
  Procedures


Anaesthesia	
  maintained	
  with	
  
vola0le	
  anaesthe0cs	
  
	
  
Cardiopulmonary	
  bypass:	
  
-­‐  MAP	
  60-­‐70	
  mmHg	
  
-­‐  Non-­‐pulsa0le	
  
-­‐  Hct	
  0.25	
  –	
  0.3	
  
-­‐  Glucose	
  <	
  200mg/dL




Baseline	
  




Baseline




Outcomes

•  Primary	
  endpoint	
  

–  Occurrence	
  of	
  AKI	
  within	
  first	
  72	
  hours	
  ajer	
  surgery	
  
–  Define	
  according	
  to	
  KDIGO	
  guideline	
  

	
  
•  Secondary	
  endpoint	
  

–  Severe	
  acute	
  kidney	
  injury	
  (stage	
  2-­‐3)	
  within	
  72	
  hours	
  
–  30-­‐day	
  all-­‐cause	
  mortality	
  
–  Need	
  for	
  RRT	
  	
  
–  Dura0on	
  of	
  ven0lator	
  support	
  
–  Length	
  of	
  ICU	
  and	
  hospital	
  stay	
  
–  In-­‐hospital	
  death	
  
–  Concentra0ons	
  of	
  various	
  urinary	
  biomarkers	
  in	
  the	
  first	
  24	
  	
  
–  Periopera0ve	
  MI	
  and	
  stroke	
  



Calcula0on	
  


•  Es0mated	
  sample	
  size:	
  
– Expected	
  AKI	
  rate	
  in	
  control	
  :	
  50%	
  
– Expected	
  absolute	
  risk	
  reduc0on	
  :	
  18%	
  
– Power:	
  80%	
  
– Calculated	
  sample	
  size	
  per	
  treatment	
  group:	
  117	
  
pa0ents	
  

•  240	
  pa0ents	
  recruited	
  in	
  the	
  study	
  
•  Follow	
  inten0on-­‐	
  to-­‐	
  treat	
  principle	
  



The	
  Biomarkers

•  Blood	
  and	
  urine	
  sampled:	
  

–  Before	
  and	
  immediately	
  ajer	
  RIPC	
  
–  At	
  4,	
  12,	
  24	
  hours	
  ajer	
  surgery	
  	
  

•  Insulinlike	
  growth	
  factor–binding	
  protein	
  7	
  	
  
(IGFBP7)	
  	
  

•  Tissue	
  inhibitor	
  of	
  metalloproteinases	
  2	
  	
  (TIMP-­‐2)	
  

•  Inducers	
  of	
  G1	
  cell	
  cycle	
  arrest	
  
•  Predict	
  AKI	
  

•  ALARM	
  MARKER	
  

•  Urine	
  neutrophil	
  gela0nase–associated	
  
lipocalin	
  	
  (NGAL)	
  	
  

•  Released	
  ajer	
  kidney	
  injury	
  
	
  

•  DAMAGE	
  MARKER




Results	
  –	
  Primary	
  and	
  Secondary	
  	
  
Outcome




Results	
  –	
  Biomarkers


ALARM	
  MARKER
 DAMAGE	
  MARKER




Discussion


•  RIPC	
  lowers	
  rate	
  of	
  AKI,	
  RRT,	
  ICU	
  stay	
  ajer	
  
cardiac	
  bypass	
  surgery	
  

•  Pathophysiology	
  of	
  AKI	
  and	
  exact	
  protec0ve	
  
mechanism	
  cannot	
  be	
  proven	
  yet	
  

•  RIPC	
  may	
  release	
  mediators	
  inducing	
  G1	
  cell-­‐
cycle	
  arrest	
  

•  The	
  short	
  period	
  of	
  G1	
  cell-­‐cycle	
  arrest	
  
protects	
  the	
  kidney	
  un0l	
  insults	
  have	
  passed	
  



Discussion


•  If	
  to	
  calculate	
  30-­‐days	
  mortality	
  results	
  
•  With	
  a	
  power	
  of	
  80%	
  
•  Would	
  need	
  >	
  4000	
  pa0ents	
  (183	
  deaths)	
  to	
  
detect	
  a	
  difference	
  of	
  mortality	
  



How	
  about	
  RIPC	
  in	
  AAA	
  repair	
  ?




Results	
  not	
  always	
  posi0ve	
  …


**	
  For	
  AAA	
  repair	
  in	
  open	
  approach**






Randomised	
  62	
  pa0ents	
  in	
  1:1	
  ra0o	
  
3	
  cycles	
  5-­‐mins	
  arm	
  ischemia




How	
  about	
  in	
  EVAR	
  ??


I	
  can	
  only	
  find	
  one	
  study	
  between	
  AKI	
  
and	
  EVAR	
  AAA..




RIPC	
  in	
  AAA	
  repair




RIPC	
  in	
  AAA	
  repair


•  In	
  UK,	
  prevalence	
  of	
  AAA	
  id	
  5-­‐7%	
  in	
  men	
  aged	
  
65-­‐74	
  

•  At	
  risk	
  of	
  periopera0ve	
  MI	
  and	
  renal	
  
impairment	
  

•  A	
  pilot	
  study	
  	
  
– To	
  inves0gate	
  whether	
  RIC	
  could	
  be	
  successfully	
  
introduced	
  in	
  elec0ve	
  AAA	
  repair	
  	
  

– To	
  obtain	
  informa0on	
  to	
  design	
  a	
  mul0-­‐center	
  
RCT




RIPC	
  in	
  AAA	
  repair


•  UK	
  single	
  large	
  city	
  hospital	
  
•  EVAR	
  or	
  open	
  approach	
  
•  2010	
  -­‐	
  2012	
  

Study	
  group:	
  
•  3	
  cycles	
  	
  
•  5	
  mins	
  arm	
  ischemia	
  (cuff	
  

inflated	
  40mmHg	
  above	
  SBP)	
  
•  5	
  mins	
  reperfusion	
  

Control	
  group:	
  
•  Cuff	
  inflated	
  to	
  40mmHg	
  only	
  

•  Except	
  anesthe0sts	
  
•  All	
  others	
  were	
  blinded	
  



RIPC	
  in	
  AAA	
  repair	
  -­‐	
  baseline


In	
  RIC	
  group,	
  more	
  :	
  
•  history	
  of	
  IHD	
  
•  CHF	
  
•  Predicted	
  complex	
  EVAR	
  procedure	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

(anatomical	
  difficul0es)	
  

•  Reflected	
  in	
  longer	
  OT	
  0me	
  in	
  RIC	
  
EVAR	
  group	
  



RIPC	
  in	
  AAA	
  repair	
  -­‐	
  results


•  AKI	
  and	
  MI	
  more	
  in	
  RIC	
  
group	
  

•  BUT,	
  Ix	
  showed	
  
↑complica0on	
  was	
  related	
  
to	
  predicted	
  complexity	
  of	
  
EVAR	
  	
  

Complex	
  EVAR	
  
(11)


Non	
  complex	
  
EVAR/	
  open	
  
(57)


AKI
 6
 22


MI
 3
 4




RIPC	
  in	
  AAA	
  repair	
  -­‐	
  results




You	
  may	
  ques0on	
  CIN	
  may	
  also	
  
take	
  into	
  account	
  of	
  AKI	
  ...




RIPC	
  &	
  Contrast	
  Induced	
  Nephropathy	
  
(CIN)




RIPC	
  &	
  CIN




How	
  to	
  perform	
  RIPC?






No	
  consensus	
  on	
  exact	
  method	
  
	
  
But	
  usually:	
  
•  Ajer	
  induc0on	
  of	
  anaesthesia,	
  before	
  

surgery


•  3-­‐4	
  cycles	
  5	
  mins	
  ischemia-­‐reperfusion	
  
•  Upper	
  arm	
  
•  40-­‐50mmHg	
  above	
  SBP	
  or	
  at	
  200mmHg	
  

•  No	
  dose-­‐effect	
  rela0onship	
  



Simple	
  sphygmometer
 Electronic	
  device	
  for	
  RIPC




Conclusion

•  Remote	
  ischemic	
  precondi0oning	
  (RIPC)	
  

–  Easy	
  
–  Non-­‐invasive	
  
–  Cost	
  –	
  effe0ve	
  
–  Simple	
  

•  Growing	
  evidence	
  to	
  show	
  its	
  effec0ves	
  in	
  reducing	
  post	
  op	
  
AKI,	
  RRT,	
  MI,	
  ICU	
  stay	
  in	
  major	
  cardiovascular	
  surgery	
  

•  Study	
  on	
  its	
  use	
  in	
  AAA	
  EVAR	
  repair	
  is	
  currently	
  limited	
  by	
  
the	
  complexity	
  of	
  EVAR	
  procedure	
  

•  May	
  also	
  have	
  beneficial	
  effect	
  in	
  pa0ents	
  with	
  high	
  or	
  very	
  
high	
  risk	
  of	
  CIN	
  


