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Outline	  
•  Models	  of	  Sleep	  and	  Circadian	  Integra6on	  
•  Background	  of	  Circadian	  Rhythm	  
•  Effects	  of	  Sleep	  Disrup6on	  

–  Cogni6on,	  Immunity,	  Metabolism	  
•  Effects	  of	  Anesthesia	  on	  Sleep	  and	  Circadian	  Rhythm	  
•  Recovery	  from	  Circadian	  Disrup6on	  

–  Temperature	  
–  Feeding	  
–  Melatonin	  

•  Overview	  of	  Ongoing	  Research	  
–  Circadian	  Disrup6on	  
–  Innate	  Immunity	  and	  Circadian	  Rhythm	  

Sleep	  Disrup6on	  –	  Conceptual	  Models	  

Kurien	  at	  al.,	  CONB	  2013	  
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Sleep	  Disrup6on	  –	  Conceptual	  Models	  

Kurien	  at	  al.,	  CONB	  2013	  
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Circadian	  Misalignment	  

Overview	  of	  Circadian	  Rhythm	  –	  Biologic	  Processes	  

Spivey,	  Environmental	  Health	  Perspec6ves	  2010	  

Overview	  of	  Circadian	  Rhythm	  

Archer	  et	  al	  J	  Sleep	  Research	  2015	  
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Kurien	  at	  al.,	  unpublished	  

Overview	  of	  Circadian	  Rhythm	  –	  Molecular	  Clocks	  

Light	  
Cor6sol	  

Metabolism	  

Temperature	  

74	  M.	  	  ASAII.	  	  History	  of	  descending	  colon	  mass	  s/f	  open	  
resec6on.	  PMH	  of	  HTN,	  HL,	  DM	  II,	  BPH,	  denies	  OSA,	  exercise	  
tolerance:	  normal.	  	  	  
	  
Preopera6vely:	  
•  Pa6ent	  has	  fragmented	  sleep	  (nocturia)	  	  
•  Pa6ent	  finished	  bowel	  prep	  but	  resulted	  in	  reduced	  sleep	  on	  the	  night	  prior	  to	  surgery	  
•  Pa6ent	  has	  a	  late	  sleep	  preference	  (12am	  –	  8am)	  but	  was	  asked	  to	  come	  to	  the	  OR	  at	  630	  am	  
Intraopera6vely:	  
•  Case	  uneven`ul	  6	  hours	  opera6ve	  6me	  
•  Temperature	  nadir	  35.0	  oC	  at	  09:00	  
Postopera6vely:	  
•  Sent	  to	  telemetry	  ward	  with	  q4	  vitals	  
•  NPO	  for	  4	  days	  then	  started	  on	  clears	  at	  2pm	  

	  

Case	  Presenta6on	  –	  Addi6onal	  Factors	  

Factors	  Affec6ng	  Sleep	  –	  Post-‐Opera6vely	  

Rosenberg-‐Adamsen	  et	  al	  Br.	  Journal	  of	  Anesthesia	  1996	  
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A	  Primer	  –	  Interpre6ng	  Wheelrunning	  Data	  

Effects	  of	  Sleep	  Disrup6on	  -‐	  Cogni6on	  

Leung	  et	  al.	  	  Journal	  of	  Clinical	  Sleep	  Medicine.	  August	  2015	  	   Fernandez	  et	  al.	  	  Science	  2014	  

Learning	  Tasks	  

Effects	  of	  Sleep	  Disrup6on	  -‐	  Immunity	  

Prather	  et	  al.	  	  Sleep,	  2015	  	   Alibhai	  et	  al.	  	  Circula6on	  Research	  2014	  
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Effects	  of	  Sleep	  Disrup6on	  -‐	  Metabolism	  

Archer	  et	  al	  J	  Sleep	  Research	  2015	  

Time	  of	  Day	   Time	  of	  Day	  

Effect	  of	  Anesthe6cs	  and	  Surgery	  on	  Process	  S	  

Rosenberg-‐Adamsen	  et	  al	  Br.	  Journal	  of	  Anesthesia	  1996	  

Effect	  of	  Anesthe6cs	  on	  Process	  C	  

Cheeseman	  et	  al.	  PNAS.	  2012	  
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Conceptual	  Model	  of	  Sleep	  and	  Circadian	  Disrup6on	  
Afer	  Anesthesia	  and	  Surgery	  

Kurien	  at	  al.,	  CONB	  2013	  

Anesthe6cs	  and	  
Surgery	  

?

Avoiding	  Circadian	  Disrup6on	  –	  
Temperature	  Homeostasis	  

Buhr	  et	  al.,	  Science	  2010	  

Recovering	  From	  Circadian	  Disrup6on	  –	  Food	  

Ángeles-‐Castellanos	  et	  al.	  J	  Biol	  Rhythms.	  2011	  
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Food	  
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Recovering	  From	  Circadian	  Disrup6on	  
–	  Melatonin?	  

Gandhi	  et	  al.,	  Neuron	  2015	  

Summary	  
•  Periopera6ve	  sleep	  disrup6on	  is	  

mul6factorial:	  
–  Anesthe6cs	  
–  Surgical	  stress	  response	  
–  Environment	  

•  What	  is	  the	  extent	  of	  circadian	  
misalignment	  post-‐opera6vely?	  
–  Individualized	  profiles	  
–  Ac6graphy	  
–  Circadian	  profiles	  (melatonin/clock	  gene/

temp/cor6sol)	  

•  What	  is	  the	  significance	  of	  circadian	  
misalignment?	  	  
–  Outcomes:	  cogni6on,	  metabolism,	  immunity,	  

mood,	  pain,	  etc.	  

•  Considera6ons	  for	  improving	  circadian	  
recovery:	  
–  Pa6ent’s	  sleep	  preferences	  
–  Pa6ent’s	  baseline	  sleep	  consolida6on	  
–  Timing	  and	  dura6on	  of	  anesthe6c	  exposure	  
–  Aken6on	  to	  temperature	  homeostasis	  
–  Timing	  and	  quality	  of	  food	  afer	  surgery	  
–  Minimizing	  night-‐6me	  	  interven6ons	  
	  

Anesthe6c	  Exposure	  

Rosenberg-‐Adamsen	  et	  al	  Br.	  Journal	  of	  Anesthesia	  1996	  
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Modeling	  of	  Human	  Circadian	  and	  Sleep	  Variants	  

Toh	  et	  	  al	  .,	  	  Science	  2001	  	  
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Xu	  et	  	  al.,	  	  Cell	  2007	  	   He	  et	  	  al.,	  	  Science	  2009	  	  

Per2	  S662	  Kinase	  Ac6vity	  	  

Hallows	  et	  al.	  unpublished	  
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PER2	  
662	  

FASP	  Recovery	  from	  Circadian	  Disrup6on	  	  

Kurien	  at	  al.,	  unpublished	  

Wild	  Type	   FASP	  Mutant	  
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Hallows	  et	  al.	  unpublished	  
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Forster	  Resonance	  Energy	  Transfer	  –	  High	  Throughput	  
Small	  Molecule	  Screen	  
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