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Neurological	  Outcomes:	  	  
Mind	  the	  Mind	  

•  More	  &	  persistent	  pain	  
•  Worse	  quality	  of	  life	  (mental	  health)	  
•  Delirium	  
•  CogniPve	  decline	  (early)	  
•  Covert	  &	  overt	  stroke	  
•  Falls	  
•  PTSD	  
•  Depression	  
•  Seizures	  
•  Nerve	  injury	  
•  Spinal	  cord	  injury	  
•  Ischemic	  opPc	  neuropathy	  
•  CogniPve	  decline	  (persistent)	  
•  AnesthePc	  Neurotoxicity	  



Neurological	  Outcomes:	  	  
PosiPve	  Paradigm	  ShiX	  

•  Less	  pain	  
•  Be0er	  cogniPvely	  
•  Be0er	  QOL	  (mental	  health)	  



The	  Scope	  of	  this	  Talk	  

•  Conceptual	  discussion	  about	  tracking	  
outcomes	  

•  Focus	  on	  Delirium	  as	  an	  important	  (orphan)	  
postoperaPve	  outcome	  

•  A	  few	  words	  on	  PTSD	  
•  Tying	  it	  all	  together	  



Many	  people	  fall	  under	  the	  scalpel	  

	  
250	  000	  000	  have	  surgery	  annually.	  

40	  000	  000	  have	  surgery	  annually	  in	  the	  US.	  
	  
	  1%	  30-‐day	  mortality	  -‐>	  400,000	  deaths	  per	  yr	  



Why	  do	  our	  paPents	  have	  surgery?	  

•  To	  cure	  a	  condiPon?	  
•  To	  decrease	  pain?	  	  
•  To	  improve	  quality	  of	  life?	  
•  To	  prolong	  life?	  
•  Told	  by	  doctor	  to	  have	  surgery?	  
	  





PerioperaPve	  Reality	  

•  By	  providing	  world-‐class	  healthcare	  
– We	  cannot	  know	  if	  we	  are	  achieving	  this	  as	  we	  do	  
not	  know	  our	  paPents’	  perioperaPve	  outcomes.	  

	  
•  By	  conPnuously	  improving	  our	  pracPces	  

– We	  cannot	  improve	  our	  pracPces	  if	  we	  do	  not	  
know	  what	  is	  wrong	  with	  them.	  	  



How	  are	  our	  surgical	  paPents	  doing?	  

•  In	  our	  hospital?	  
•  When	  they	  go	  home?	  
•  Within	  the	  first	  few	  months?	  
•  Within	  the	  first	  year?	  
•  ThereaXer?	  	  



PaPent-‐Reported	  Outcomes	  

•  2009	  -‐	  Incorporated	  into	  FDA	  guidelines	  
•  2010	  -‐	  Establishment	  of	  PCORI	  

•  2013	  -‐	  Major	  journals	  call	  for	  such	  data	  to	  be	  
collected	  regularly	  in	  clinical	  segngs	  
– Basch	  et	  al.	  JAMA	  2013;	  310:139-‐140	  
– Manary	  et	  al.	  NEJM	  2013;	  368:201-‐203	  



PosiPve	   NegaPve	  

Surgery	  
Outcomes	  



Known	  
PosiPve	  
Outcomes	  

	  
Feels	  be0er	  
Improved	  quality	  of	  life	  
CondiPon	  is	  cured	  
More	  funcPonal	  
Less	  pain	  
Life	  is	  prolonged	  

	  

Leaves	  the	  
Hospital	  
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Known	  
NegaPve	  
Outcomes	  

	  
Post	  hospital	  death	  
Post	  hospital	  medical	  complicaPon	  
Feels	  worse	  
Decreased	  quality	  of	  life	  
CondiPon	  is	  not	  cured	  
Less	  funcPonal	  
More	  pain	  
Readmission	  
Cost	  to	  individual	  &	  society	  

	  

Hospital	  death	  
Hospital	  medical	  complicaPon	  
Hospital	  costs	  (e.g.	  ICU)	  

U
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OpPmal	  Care	  Just	  Bad	  Luck	  

Unknown	  Sub-‐
OpPmal	  Care	  

Known	  Sub-‐
OpPmal	  Care	  

Safety	  Breach	  

NegaPve	  
Outcomes	  

Possible	  
PercepPon	  
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Granular	  
PerioperaPve	  

Data	  

SATISFY-‐SOS	  
ConceptualizaPon	  

Rich	  Phenotype	  
&	  Risk	  Assessment	  

PostoperaPve	  PROs	  

Informed	  
QA	  /	  QI	  	  
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Why	  do	  our	  paPents	  have	  surgery?	  

Cure	  CondiPon	  

Decrease	  Pain	  

Improve	  QOL	  

Prolong	  Life	  

Told	  by	  Doctor	  

58%	  

40%	  55%	  

16%	  

40%	  



Pain;	  expect	  to	  improve	  

Pain;	  expect	  no	  change	  

Pain;	  expect	  worse	  

No	  pain;	  expect	  no	  pain	  

No	  pain;	  expect	  pain	  

Don't	  know	  

Pain	  ExpectaPons	  

40%	  

2%	  
2%	  27%	  

11%	  

18%	  



	  
Feels	  be0er	  
Improved	  quality	  of	  life	  	  
CondiPon	  is	  cured	  
More	  funcPonal	  
Back	  to	  work	  
Less	  pain	  
Life	  is	  prolonged	  

	  

	  
Feels	  be0er	  
-‐ 	  Physical	  Health:	  54%	  
-‐ 	  EmoPonal	  /	  Mental	  Health:	  40%	  
Improved	  QOL:	  62%	  	  
Less	  pain:	  15%-‐65%	  
Back	  to	  work:	  70%	  

	  

PosiPve	  
Outcomes	  
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30-‐90	  Days	  PostoperaPve	  



30-‐90	  Days	  PostoperaPve	  
	  
Post	  hospital	  death	  
Post	  hospital	  medical	  complicaPon	  
Feels	  worse	  
Decreased	  quality	  of	  life	  
CondiPon	  is	  not	  cured	  
Less	  funcPonal	  
More	  pain	  
Readmission	  
Cost	  to	  individual	  &	  society	  

	  

	  
Feels	  worse	  
-‐ 	  Physical	  Health:	  18%	  
-‐ 	  EmoPonal	  /	  Mental	  Health:	  15%	  
Decreased	  quality	  of	  life:	  10%	  
Less	  funcPonal:	  ~4%-‐16%	  
More	  pain:	  11%	  
Not	  back	  to	  work:	  30%	  
Readmission:	  ~30%	  

Less	  Func=onal	   Need	  Help	  

Feeding	   4%	  

Bathing	  	   6%	  

Grooming	  	   4%	  

Dressing	  	   10%	  

Bowels	  	   9%	  

Bladder	  	   16%	  

Toilet	  Use	  	   8%	  

Transfers	  	   4%	  

Mobility	   10%	  

Stairs	  	   12%	  

NegaPve	  
Outcomes	  
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30-‐day	  pain	  medicaPon	  use	  



30-‐day	  Pain	  scores	  

8%	  

1%	  

29%	  

43%	  

14%	  

6%	  

1%	  

0%	   5%	   10%	   15%	   20%	   25%	   30%	   35%	   40%	   45%	   50%	  

Missing	  

Refuse	  to	  say	  	  

No	  hurt	  0	  

Mild	  1-‐3	  

Moderate	  4-‐6	  

Severe	  7-‐9	  

Hurts	  worst	  10	  





My	  ContenPons	  

•  Delirium	  is	  one	  of	  the	  most	  important	  
postopera=ve	  problems.	  	  

•  It	  is	  generally	  a	  marker	  of	  brain	  vulnerability.	  

•  Delirium	  may	  occur	  as	  a	  manifesta=on	  of	  SIRS.	  

•  Delirium	  can	  be	  caused	  with	  bad	  pracPce,	  but	  
cannot	  always	  be	  prevented	  with	  good	  pracPce.	  



What	  is	  delirium?	  

•  Reduced	  awareness	  of	  environment	  
•  Ina0enPon	  

Disturbance	  in	  
consciousness	  

•  Memory	  deficit	  
•  DisorientaPon	  
•  HallucinaPons	  

Change	  in	  
cogniPon	  

•  Hours	  to	  days	  
•  Tends	  to	  fluctuate	  

Short	  period	  of	  
Pme	  

•  Results	  from	  the	  direct	  physiological	  
consequences	  of	  a	  general	  medical	  condiPon	  Medical	  illness	  

DSM-‐IV	  TR	  criteria	  



Which	  phenotype?	  

Hyperac=ve	  delirium	  
•  PaPent	  is	  agitated	  and	  

confused	  
•  Perhaps	  hallucinaPons	  
•  May	  self-‐extubate	  or	  pull	  

out	  lines	  

Hypoac=ve	  delirium	  
•  PaPent	  appears	  calm	  or	  

drowsy	  
•  Disorganized	  thought	  
•  Recognized	  by	  family	  but	  

oXen	  not	  medical	  staff	  

15%	  	  	  	  	  	  	  	  85%	  



Delirium - Incidence 

– Up to 80% of the sickest ICU populations.  

– 40%-50% elderly after major surgery. 
 

Rudolph JL. Circulation 2009;119(2):229-36.  
Robinson TN. Annals of surgery 2009;249(1):173-8.  

Robinson TN. American journal of surgery 2008;196(5):670-4.   



Pathophysiology	  

•  Neurotransmitter imbalance 
•  Inflammation 
•  Impaired oxidative metabolism 
•  Availability of large neutral amino acids  

 
Girard TD. Critical care 2008;12 Suppl 3:S3. 



Maldonado	  JR.	  PathoePological	  model	  of	  delirium:	  a	  comprehensive	  	  
Understanding	  of	  the	  neurobiology	  of	  delirium	  and	  an	  evidence-‐based	  	  

approach	  to	  prevenPon	  and	  treatment.	  Crit	  Care	  Clin.	  2008	  Oct;24(4):789-‐856	  



Precipitating factors 	  
Pain 
Infection 
Withdrawal 
Sodium, hydrogen, glucose, oxygen, CO2 
Temperature, BP 
Benzodiazepines, drugs 
Stroke, seizures 
Endocrine 
 

Vaquero et al.  Sem in Liver Dis.  2003;32:59-69 
	  



Medications cause delirium 

Different drugs implicated in different studies 
Benzodiazepines (e.g., lorazepam) - dose-related? 
Corticosteroids 
Morphine 
Maybe propofol and fentanyl 
Anticholinergics 

 
Dubois ICM 2001;27:1297-1304, 

Marcantonio. JAMA, 1994;272:1518-1522,  
Gadreau J of Clin Onc. 23(27):6712-6718 

Pandharipande et al. Anesth;104(1):21-26,2006 



Does it matter? 

Increased ICU LOS        8 vs. 5 days 
Increased Hosp. LOS     21 vs. 11 days 
Increased time on vent    9 vs. 4 days 
Higher costs               $22 000 vs. $13 000 
3 fold increased risk of death 
Possible long term cognitive impairment 
 

Ely ICM 2001;27,1892-1900,  
Ely JAMA 2004;291:1753-1762,  

Lim SM, CCM 2004;32:2254-2259,  
Milbrandt E, CCM 2004;32:955-962,  

Jackson Neuropsychology Review 2004;14:87-98 



Expected	  Scores	  on	  the	  MMSE	  aJer	  Cardiac	  Surgery	  in	  Pa=ents	  with	  and	  Those	  without	  Postopera=ve	  Delirium.	  

Saczynski	  JS	  et	  al.	  N	  Engl	  J	  Med	  2012;367:30-‐39.	  



Delirium:	  important	  prognosPc	  implicaPons	  

Longer	  delirium	  à	  higher	  risk	  
of	  death	  (HR	  1.1	  per	  day)	  

Death:	  	  HR	  2.0	  (1.6	  –	  2.3	  )	  
InsPtuPonalizaPon:	  	  	  

	  HR	  2.4	  (1.7	  –	  3.3)	  
DemenPa:	  HR	  10	  (3	  –	  35)	  
	  
AXer	  adjustment	  for	  age,	  
sex,	  comorbidity,	  and	  
baseline	  demenPa.	  

No	  delirium	  
	  
≤	  4	  days	  
	  
>	  4	  days	  





Delirium	  screening	  method	  
•  Confusion	  Assessment	  Method	  for	  the	  ICU	  
•  Can	  be	  performed	  in	  intubated	  paPents	  
•  81%	  sensiPve,	  96%	  specific	  

•  Richmond	  AgitaPon	  and	  SedaPon	  Scale	  Disturbance	  in	  
consciousness	  

•  Ina0enPon	  

•  Disorganized	  thinking	  
•  Does	  a	  stone	  float	  on	  water?	  
•  Are	  there	  fish	  in	  the	  sea?	  

Change	  in	  
cogniPon	  

•  By	  history	  Short	  period	  of	  Pme	  

•  By	  definiPon	  Medical	  illness	  

S	  A	  V	  E	  A	  H	  A	  A	  R	  T	  



Can	  Delirium	  be	  Prevented?	  



Van	  Rompaey	  	  et	  al.	  CriPcal	  Care	  2009	  13:R77	  
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Management:  
treat causes & reduce risks 

	  
Treat underlying infection and CCF 
Correct metabolic disturbance & hypoxia 
Frequent reorientation of patient 
Goal directed sedation/analgesia &/or daily wakeup. 
Stop sedation daily 
Spontaneous breathing trial daily 
Early mobilisation 
Attention to optimising sleep patterns  
 

Inouye. NEJM 1999;340(9):669 



Can	  Delirium	  be	  Prevented?	  

Research	  evidence	  on	  effecPveness	  of	  
intervenPons	  to	  prevent	  delirium	  is	  sparse.	  	  
	  
Based	  on	  a	  single	  study,	  a	  program	  of	  proacPve	  
geriatric	  consultaPon	  may	  reduce	  delirium	  in	  hip	  
fracture	  surgery	  paPents.	  	  
	  
ProphylacPc	  low	  dose	  haloperidol	  may	  reduce	  
delirium	  in	  hip	  surgery.	  	  

Siddiqi	  N,	  Stockdale	  R,	  Bri0on	  AM,	  Holmes	  J.	  	  
IntervenPons	  for	  prevenPng	  delirium	  in	  hospitalised	  paPents.	  	  

Cochrane	  Database	  Syst	  Rev.	  2007	  Apr	  18;(2):CD005563.	  



Delirium	  epidemiology	  in	  criPcal	  care	  
(DECCA):	  an	  internaPonal	  study	  

•  A	  1-‐day	  point-‐prevalence	  study	  was	  undertaken	  in	  104	  ICUs	  from	  11	  
countries	  in	  South	  and	  North	  America	  and	  Spain.	  

•  The	  prevalence	  of	  delirium	  was	  32.3%.	  	  

•  Delirium:	  higher	  SOFA	  (P	  =	  0.004)	  and	  SAPS3	  scores	  (P	  <	  0.0001).	  	  

•  Delirium:	  increased	  ICU	  (P	  =	  0.002)	  and	  hospital	  mortality	  (P	  =	  0.0017),	  
and	  longer	  ICU	  (P	  <	  0.0001)	  and	  hospital	  LOS;	  P	  <	  0.0001).	  

	  	  
•  Previous	  use	  of	  midazolam	  (P	  =	  0.009)	  was	  more	  frequent	  in	  pa=ents	  

with	  delirium.	  

Salluh	  JI,	  Soares	  M,	  Teles	  JM,	  Ceraso	  D,	  Raimondi	  N,	  Nava	  VS,	  Blasquez	  P,	  Ugarte	  S,	  Ibanez-‐Guzman	  C,	  Centeno	  JV,	  Laca	  M,	  Grecco	  G,	  Jimenez	  E,	  
Árias-‐Rivera	  S,	  Duenas	  C,	  Rocha	  MG;	  Delirium	  Epidemiology	  in	  CriPcal	  Care	  Study	  Group.	  

Delirium	  epidemiology	  in	  criPcal	  care	  (DECCA):	  an	  internaPonal	  study.	  Crit	  Care.	  2010;14(6):R210.	  



SedaPon	  with	  dexmedetomidine	  
–  MENDS:	  More	  days	  alive	  without	  delirium	  or	  coma	  (7.0	  vs	  3.0;	  P	  =	  .01)	  
&	  a	  lower	  prevalence	  of	  coma	  (63%	  vs	  92%;	  P	  <	  .001)	  than	  lorazepam.	  	  

–  SEDCOM:	  The	  prevalence	  of	  delirium	  was	  54%	  (n	  =	  132/244)	  vs	  76.6%	  
(n	  =	  93/122)	  in	  midazolam-‐treated	  paPents	  (difference,	  22.6%	  [95%	  CI,	  
14%	  to	  33%];	  P	  <	  .001).	  	  

–  MIDEX	  &	  PRODEX:	  Among	  ICU	  paPents	  receiving	  prolonged	  mechanical	  
venPlaPon,	  dexmedetomidine	  was	  not	  inferior	  to	  midazolam	  &	  
propofol	  in	  maintaining	  light	  to	  moderate	  sedaPon.	  Reduced	  duraPon	  
of	  mechanical	  venPlaPon	  compared	  with	  midazolam	  &	  improved	  
paPents'	  ability	  to	  communicate	  pain	  compared	  with	  midazolam	  &	  
propofol.	  More	  adverse	  effects	  were	  associated	  with	  
dexmedetomidine.	  

Pandharipande	  PP	  et	  al.	  JAMA.	  2007	  Dec	  12;298(22):2644-‐53.	  
Rikker	  RR	  et	  al.	  JAMA.	  2009	  Feb	  4;301(5):489-‐99.	  	  

Jakob	  SM	  et	  al.	  JAMA.	  2012	  Mar	  21;307(11):1151-‐60.	  



PerioperaPve	  dexmedetomidine	  improves	  
outcomes	  of	  cardiac	  surgery	  

	  PerioperaPve	  dexmedetomidine	  use	  was	  
associated	  with	  a	  decrease	  in	  postoperaPve	  
mortality	  up	  to	  1	  year	  &	  decreased	  incidence	  
of	  postoperaPve	  complicaPons	  and	  delirium	  
in	  paPents	  undergoing	  cardiac	  surgery.	  	  

Ji	  F,	  Li	  Z,	  Nguyen	  H,	  Young	  N,	  Shi	  P,	  Fleming	  N,	  Liu	  H.	  PerioperaPve	  
dexmedetomidine	  improves	  outcomes	  of	  cardiac	  surgery.	  	  

CirculaPon.	  2013	  Apr	  16;127(15):1576-‐84.	  



Anesthesia	  



 Hudetz JA, Patterson KM, Iqbal Z, Gandhi SD, 
Byrne AJ, Hudetz AG, Warltier DC, Pagel PS.  
  
 Ketamine attenuates delirium after cardiac surgery 
with cardiopulmonary bypass. J Cardiothorac Vasc 
Anesth. 2009 Oct;23(5):651-7.  
 (1/29 vs. 10/29. Δ (ARR) = 31%)  
 [95% CI, 8.4% to 51.2%] 

Ketamine & Delirium 



Deep	  SedaPon	  -‐>	  Delirium	  

•  Spinal	  anesthesia	  in	  combinaPon	  with	  light,	  
rather	  than	  deep,	  sedaPon	  substanPally	  
reduced	  the	  incidence	  of	  postoperaPve	  
delirium	  in	  elderly	  paPents	  undergoing	  hip	  
fracture	  repair	  surgery.	  

•  ARR	  of	  delirium	  of	  21%	  (95%	  confidence	  
interval	  [CI],	  3%	  to	  37%).	  	  

Sieber	  FE,	  Zakriya	  KJ,	  Go0schalk	  A,	  Blute	  MR,	  Lee	  HB,	  Rosenberg	  PB,	  Mears	  SC.	  
Mayo	  Clin	  Proc.	  2010	  Jan;	  85(1):18-‐26	  



BIS-‐guided	  Anesthesia	  Decreases	  	  
POD	  &	  POCD	  in	  Non-‐Cardiac	  Surgery	  

•  BIS	  values	  were	  lower	  in	  the	  control	  group,	  36	  (31	  to	  
49)	  vs.	  53	  (48	  to	  57),	  P<0.001.	  

•  BIS-‐guided	  anesthesia	  reduced	  propofol	  delivery	  by	  
21%	  &	  volaPle	  anesthePcs	  by	  30%.	  

•  Fewer	  paPents	  with	  delirium	  in	  the	  BIS	  group	  (15.6%	  
vs.	  24.1%,	  P=0.01).	  	  

•  BIS	  group	  had	  a	  lower	  rate	  of	  POCD	  at	  3	  months	  
(10.2%	  vs.	  14.7%;	  P=0.025).	  

Chan	  MT,	  Cheng	  BC,	  Lee	  TM,	  Gin	  T;	  the	  CODA	  Trial	  Group.	  	  
BIS-‐guided	  Anesthesia	  Decreases	  PostoperaPve	  Delirium	  and	  CogniPve	  Decline.	  	  

J	  Neurosurg	  Anesthesiol.	  2012	  Sep	  28.	  
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Postopera=ve	  Delirium	  in	  a	  Substudy	  of	  Cardiothoracic	  Surgical	  Pa=ents	  in	  the	  BAG-‐RECALL	  Clinical	  Trial.	  
Whitlock,	  Elizabeth;	  	  MD,	  MSc;	  Torres,	  Brian;	  Lin,	  Nan;	  Helsten,	  Daniel;	  Nadelson,	  Molly;	  Mashour,	  George;	  	  MD,	  PhD;	  Avidan,	  Michael;	  	  MB,	  BCh	  
Anesthesia	  &	  Analgesia.	  118(4):809-‐817,	  April	  2014.	  
	  

Meta-‐analysis	  of	  randomized	  controlled	  trials	  assessing	  postoperaPve	  delirium	  with	  intraoperaPve	  Bispectral	  Index	  
(BIS)	  guidance	  of	  anesthesia	  compared	  with	  an	  alternaPve	  approach	  (i.e.,	  usual	  care	  or	  an	  alternaPve	  protocol).	  Odds	  
raPos	  <1	  favor	  BIS	  guidance.	  





ProvocaPve	  Hypothesis:	  	  
Deep	  anesthesia	  causes	  delirium	  &	  death	  





Burst	  Suppression	  
•  EEG	  pa0ern	  characterized	  by	  periods	  of	  
suppression	  alternaPng	  with	  bursts	  of	  high	  
amplitude	  acPvity	  

•  Seen	  during	  anesthesia	  but	  not	  natural	  sleep	  
– Also	  seen	  in	  anoxic	  brain	  injury,	  induced	  hypothermia,	  
some	  forms	  of	  epilepsy	  



Risk	  Factor	   Odds	  Ra=o	  (95%	  CI)	   P	  value	  

End-‐Pdal	  anesthePc	  (per	  0.1	  MAC	  units)	   78.67	  (64.12	  –	  96.51)	   <0.0001	  

>	  2	  mg	  midazolam	  eqvts	   2.35	  (1.69	  –	  3.28)	   <0.0001	  

>	  50	  mg	  morphine	  eqvts	   1.88	  (1.35	  –	  2.63)	   0.0002	  

Nitrous	  oxide	  used	   0.46	  (0.26	  –	  0.81)	   0.0072	  

Age	  >	  60	  yrs	   5.31	  (3.81	  –	  7.41)	   <	  0.0001	  

Comorbidity	  index	  (per	  1	  unit)	   1.48	  (1.29	  –	  1.70)	   <	  0.0001	  

COPD	   1.65	  (1.07	  –	  2.53)	   0.0226	  

Malignancy	   0.61	  (0.40	  –	  0.96)	   0.0308	  

Pre-‐op	  alcohol,	  opiate,	  or	  benzo	  use	   0.59	  (0.42	  –	  0.84)	   0.0029	  

Independent	  Predictors	  of	  Burst	  Suppression	  
(Two-‐Part	  Nonlinear	  Mixed	  Effects	  Model	  –	  binary	  porPon)	  

Adjusted	  for	  gender,	  ASA	  physical	  status,	  CAD,	  and	  CHF	  



Risk	  Factor	   Gamma	  Coefficient	  (95%	  CI)	   P	  value	  

End-‐Pdal	  anesthePc	  (per	  0.1	  MAC	  units)	   2.19	  (2.08	  –	  2.31)	   <0.0001	  

>	  2	  mg	  midazolam	  eqvts	   0.23	  (0.10	  –	  0.36)	   0.0004	  

>	  50	  mg	  morphine	  eqvts	   0.31	  (0.19	  –	  0.44)	   <0.0001	  

Nitrous	  oxide	  used	   -‐0.49	  (-‐0.70	  –	  -‐0.27)	   <0.0001	  

Male	  gender	   0.06	  (0.01	  –	  0.26)	   0.0307	  

Age	  >	  60	  yrs	   0.43	  (0.30	  –	  0.56)	   <	  0.0001	  

Comorbidity	  index	  (per	  1	  unit)	   0.10	  (0.04	  –	  0.15)	   0.0004	  

COPD	   0.19	  (0.03	  –	  0.36)	   0.0229	  

Malignancy	   -‐0.27	  (-‐0.44	  -‐	  -‐0.10)	   0.0018	  

Independent	  Predictors	  of	  Higher	  Suppression	  Ra=o	  
(Two-‐Part	  Nonlinear	  Mixed	  Effects	  Model	  –	  gamma	  porPon)	  

Adjusted	  for	  ASA	  physical	  status,	  CAD,	  CHF,	  and	  pre-‐op	  alcohol,	  opiate,	  or	  benzo	  use	  	  



Results:	  90-‐day	  mortality	  
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EEG	  Suppressed	  
(756)	  

Overall	  (1682)	  

Non-‐Suppressed	  
(926)	  

Overall	  (2662)	  

Non-‐
Suppressed	  
(1906)	  

EEG	  Suppressed	  
(756)	  

OR	  =	  2.19,	  
p<0.001	  

OR	  =	  
1.17	  
p	  =	  0.45	  



Time	  to	  Mortality	  (up	  to	  1	  yr	  follow-‐up)	  
(Log-‐Rank	  Tests)	  

All	  pa=ents	  (prior	  to	  matching):	  
Green	  curve	  vs	  blue	  curve	  

	  Shorter	  Pme	  to	  death:	  
	  Log-‐Rank	  x2(1)	  =	  14.09,	  p	  <	  0.001	  

	  
Matched	  cohorts:	  
Green	  curve	  vs	  pink	  curve	  

	  No	  difference:	  
	  Log-‐Rank	  x2(1)	  =	  2.13,	  p	  =	  0.14	  





•  Pa1ents	  (N	  =	  775)	  
– Adult	  cardiac	  and	  non-‐cardiac	  surgery	  
– Planned	  ICU	  admission	  

•  Outcome	  Defini1on	  -‐	  Delirium	  
– PosiPve	  CAM-‐ICU	  assessment	  at	  any	  point	  during	  
postoperaPve	  days	  1-‐5	  



χ2(4)	  =	  25,	  p	  <	  0.01	  



Risk	  Factor	   Odds	  Ra=o	  (95%	  CI)	   P	  value	  
DuraPon	  of	  EEG	  
suppression	  (per	  5	  min)	  

1.05	  (1.01	  –	  1.09)	   <0.01	  

Blood	  transfusion	  (per	  unit)	   1.31	  (1.20	  –	  1.42)	   <0.01	  
Mean	  end-‐Pdal	  anesthePc	  
(per	  0.1	  MAC	  unit)	  

0.65	  (0.53	  –	  0.81)	   <0.01	  

Independent	  Predictors	  of	  Postopera=ve	  Delirium	  
(LogisPc	  Regression,	  N	  =	  619)	  

Adjusted	  for	  age,	  sex,	  ASA	  class,	  age-‐adjusted	  Charlson	  index,	  sensory	  impairment,	  alcohol	  
use,	  surgery	  type	  (non-‐cardiac/CABG/open	  cardiac),	  and	  intraoperaPve	  opiate	  dose	  



Psychological	  sequelae	  of	  surgery	  in	  
a	  cohort	  of	  paPents	  from	  three	  

intraoperaPve	  awareness	  
prevenPon	  trials	  

Elizabeth	  L	  Whitlock,	  MD,	  MSc	  
Thomas	  L	  Rodebaugh,	  PhD,	  AXon	  Hasse0,	  PhD,	  Eric	  Jacobsohn,	  MBChB,	  George	  A	  

Mashour,	  MD,	  PhD,*	  Michael	  S	  Avidan,*	  MBBCh	  
	  

*	  These	  authors	  contributed	  equally	  to	  the	  abstract.	  



Study	  measurements	  

PTSD Checklist – Specific (PCL-S) Mini Int’l Neuropsych Interview (MINI) 

•  Developed	  by	  VA	  
•  Likert	  scale	  
•  Defined	  incident	  (e.g.	  

surgery)	  
•  Mailed	  to	  parPcipants	  

•  PTSD	  secPon	  only	  
•  Depression,	  social	  support,	  

mental	  health	  quesPons	  
•  Given	  by	  telephone	  

Aware: 49 Non-aware: 254 

MINI:                     PCLS: 
  14                          4 

MINI:                     PCLS: 
  70                         19 

Both: 
31 (63%) 

Both: 
165 (65%) 



Non-aware Aware 

Results:	  PCL-‐S	  &	  MINI	  

PCL-S ≥ 30: 
 

20.1% of cohort 
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Results:	  Confirmatory	  factor	  analysis	  

Significant variables P-value 

Dissociation at time of surgery <0.001 

Perceived threat to life at time of surgery 0.002 

Past PTSD-complex symptoms 0.003 

Poor perceived social support 0.006 

Intraoperative awareness 0.014 

Prior mental health treatment 0.017 

Nonsignificant factors 

Cardiac surgery 0.09 ICU care 0.40 

Age 0.21 Gender 0.49 

Previously described 
for other PTSD

 triggers 

Whitlock	  EL	  et	  al.	  Anesth	  Analg.	  2014	  Nov	  7.	  



Tying	  it	  all	  together…	  
•  ElecPve	  surgery	  is	  a	  predictable	  major	  life	  stressor.	  

•  It	  is	  associated	  with	  pain,	  inflamma=on	  and	  medical	  
complica=ons.	  

•  Most	  pa=ents	  improve	  following	  successful	  recovery.	  

•  Many	  pa=ents	  suffer	  complica=ons	  and	  get	  worse.	  

•  It	  is	  likely	  that	  neurological	  complica=ons	  occur	  
commonly	  and	  are	  not	  appreciated	  by	  us.	  	  



Neurological	  Outcomes:	  	  
Mind	  the	  Mind	  

•  More	  &	  persistent	  pain	  >10% 	   	   	   	   	   	  >10%	  
•  Worse	  quality	  of	  life	  (mental	  health) 	   	   	   	   	  >15%	  
•  Delirium 	   	   	   	   	   	   	   	   	   	   	  >20%	  
•  CogniPve	  decline	  (early)	  
•  Covert	  &	  overt	  stroke	  
•  Falls 	   	   	   	   	   	   	   	   	   	   	   	  >10%	  
•  PTSD	   	   	   	   	   	   	   	   	   	   	   	  >5%	  
•  Depression	  
•  Seizures	  
•  Nerve	  injury	  
•  Spinal	  cord	  injury	  
•  Ischemic	  opPc	  neuropathy	  
•  CogniPve	  decline	  (persistent)	  
•  AnesthePc	  Neurotoxicity	  



“And	  hast	  thou	  slain	  the	  Jabberwock?	  
Come	  to	  my	  arms,	  my	  beamish	  boy!	  
O	  frabjous	  day!	  Callooh!	  Callay!"	  
He	  chortled	  in	  his	  joy.	  

QUESTIONS	  


