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¡  CPR	
  Quality	
  

¡  Physiologic	
  Monitoring	
  and	
  Goals	
  During	
  CPR	
  

¡  Goal-­‐Directed	
  CPR	
  in	
  the	
  Emergency	
  Department	
  



ECG 

BP Cuff 

Art Line 

PetCO2 

SpO2 

Respirations 

Is this effective CPR? 



AHA	
  ACLS	
  2015	
  Focused	
  Update	
  

§  Chest	
  Compression	
  CCF	
  >80%	
  

¡  Compression	
  rate	
  of	
  100	
  to	
  120/min	
  

¡  Compression	
  depth	
  of	
  5-­‐6	
  cm	
  

¡  No	
  leaning	
  on	
  chest	
  during	
  relaxaRon	
  

¡  Avoid	
  excessive	
  venRlaRon	
  

§  Only	
  minimal	
  chest	
  rise	
  and	
  a	
  rate	
  of	
  10	
  breaths/min	
  







AHA	
  ACLS	
  2015	
  Focused	
  Update	
  
Although	
  no	
  clinical	
  study	
  has	
  examined	
  
whether	
  titrating	
  resuscitative	
  efforts	
  to	
  
physiologic	
  parameters	
  during	
  CPR	
  improves	
  
outcome,	
  it	
  may	
  be	
  reasonable	
  to	
  use	
  
physiologic	
  parameters	
  (quantitative	
  waveform	
  
capnography,	
  arterial	
  relaxation	
  diastolic	
  
pressure,	
  arterial	
  pressure	
  monitoring,	
  and	
  
central	
  venous	
  oxygen	
  saturation)	
  when	
  feasible	
  
to	
  monitor	
  and	
  optimize	
  CPR	
  quality,	
  guide	
  
vasopressor	
  therapy,	
  and	
  detect	
  ROSC.	
  
(Class	
  IIb,	
  LOE	
  C-­‐EO)	
  



ECG 

BP Cuff 

Art Line 

PetCO2 

SpO2 

Respirations 

Is this effective CPR? How would you improve CPR effectiveness? 



¡  Coronary	
  Perfusion	
  Pressure	
  
¡  Arterial	
  RelaxaRon	
  Pressure	
  
¡  End-­‐Tidal	
  CO2	
  
¡  Central	
  Venous	
  Oxygen	
  SaturaRon	
  
¡  Cerebral	
  Near	
  Infra-­‐Red	
  Spectroscopy	
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Bellamy	
  Circulation	
  1984	
  



Coronary	
  Perfusion	
  Pressure	
  (CPP)	
  During	
  CPR	
  

Berg	
  Circulation	
  2001	
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  Resuscitation	
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Defibrillation	
  





Paradis JAMA 1990 

Aortic	
  relaxation	
  pressure	
  

Right	
  atrial	
  relaxation	
  pressure	
  

Coronary	
  perfusion	
  pressure	
  (CPP)	
  



Paradis	
  JAMA	
  1990	
  

15	
  mmHg	
  

Minimum	
  coronary	
  
perfusion	
  pressure	
  in	
  
any	
  patient	
  with	
  

ROSC	
  was	
  15	
  mmHg	
  

Relationship	
  of	
  Coronary	
  Perfusion	
  Pressure	
  	
  
and	
  ROSC	
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Idris	
  Ann	
  Emerg	
  Med	
  1994	
   Limitations	
  

Variable	
  Ventilation	
  

Sodium	
  Bicarbonate	
  

Epinephrine	
  

20 cmH20 

10 cmH20 

Normal Cardiac Index 2.6-4.2 ml/min/m2 



Levine	
  NEJM	
  1997	
  



Levine	
  NEJM	
  1998	
  



Parameter	
   Futility	
   References	
  

Coronary Perfusion Pressure <15 mmHg Paradis 1990 
Kern 1988 

Arterial Relaxation Pressure <? mmHg 

End-Tidal CO2 (PetCO2) <10 mmHg Levine 1998 



Parameter	
   Effectiveness	
   References	
  

Coronary Perfusion Pressure ≥ ? mmHg N/A 

Arterial Relaxation Pressure ≥ ? mmHg N/A 

End-Tidal CO2 (PetCO2) ≥ ? mmHg N/A 



AHA	
  ACLS	
  2015	
  Focused	
  Update	
  
Although	
  no	
  clinical	
  study	
  has	
  examined	
  
whether	
  titrating	
  resuscitative	
  efforts	
  to	
  
physiologic	
  parameters	
  during	
  CPR	
  improves	
  
outcome,	
  it	
  may	
  be	
  reasonable	
  to	
  use	
  
physiologic	
  parameters	
  (quantitative	
  waveform	
  
capnography,	
  arterial	
  relaxation	
  diastolic	
  
pressure,	
  arterial	
  pressure	
  monitoring,	
  and	
  
central	
  venous	
  oxygen	
  saturation)	
  when	
  feasible	
  
to	
  monitor	
  and	
  optimize	
  CPR	
  quality,	
  guide	
  
vasopressor	
  therapy,	
  and	
  detect	
  ROSC.	
  
(Class	
  IIb,	
  LOE	
  C-­‐EO)	
  



§  Primary	
  Goal:	
  Rapid	
  return	
  of	
  spontaneous	
  circulaRon	
  (ROSC)	
  
▪  Organized	
  electrical	
  rhythm	
  
▪  Adequate	
  mechanical	
  funcRon	
  

§  Secondary	
  Goal:	
  Minimize	
  ischemic	
  brain	
  injury	
  

–  Mechanistic	
  Goal:	
  Maintain	
  or	
  restore	
  
adequate	
  ATP	
  for	
  membrane	
  
polarization	
  (neurons	
  and	
  myocytes)	
  and	
  
mechanical	
  function	
  (myocytes)	
  

–  Strategy:	
  Maximize	
  oxygenated	
  blood	
  
flow	
  to	
  the	
  heart	
  and	
  brain	
  



Heart	
  
	
  
Baseline:	
  60-­‐70	
  ml/100g/min	
  
	
  
Goal:	
   	
  	
  	
  	
  20-­‐25	
  ml/100g/min	
  	
  

	
  	
  	
  	
  (35%	
  baseline)	
  
	
  
RaRonale:	
  EsRmated	
  coronary	
  blood	
  
flow	
  required	
  to	
  meet	
  the	
  metabolic	
  
needs	
  of	
  the	
  fibrillaRng	
  heart	
  .	
  
	
  
	
  
Klocke	
  et	
  al.,	
  Control	
  of	
  coronary	
  blood	
  
flow.	
  Annu	
  Rev	
  Med	
  31:	
  489,	
  1980	
  
	
  

Brain	
  
	
  
Baseline	
  	
  50	
  ml/100g/min	
  
	
  
Goal:	
   	
  	
  	
  	
  10	
  ml/100g/min	
  

	
  	
  	
  	
  (20%	
  baseline)	
  
	
  
RaRonale:	
  Ischemic	
  depolarizaRon	
  
occurs	
  in	
  the	
  cerebral	
  cortex	
  when	
  
blood	
  flow	
  falls	
  below	
  approximately	
  
10	
  mL/100	
  g	
  per	
  minute.	
  
	
  
Symon	
  et	
  al.,	
  Flow	
  thresholds	
  in	
  brain	
  
ischemia	
  and	
  the	
  effects	
  of	
  drugs.	
  Br	
  J	
  
Anaesth.1985;57:34-­‐43.	
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•  Increase	
  Aortic	
  Relaxation	
  Pressure	
  
•  Increase	
  cardiac	
  output	
  

•  Optimize	
  chest	
  compression	
  
rate,	
  depth,	
  duty	
  cycle	
  

•  Increase	
  arterial	
  resistance	
  
•  Vasopressors	
  



1988	
  

Chuck	
  Brown	
  
The	
  Ohio	
  State	
  University	
  

1988 
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Brown Circulation 1987  
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Cerebral	
  Cortical	
  Blood	
  Flow	
  

Brown Ann Emerg Med 1986  
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One	
  size	
  fits	
  all	
  
design	
  

Treatment	
  not	
  
based	
  on	
  

physiologic	
  
monitoring	
  

No	
  difference	
  in	
  
outcome	
  with	
  

standard	
  vs.	
  high-­‐
dose	
  epinephrine	
  



7	
  min	
  
untreated	
  

VF	
  

Pressure-Guided Care 
Chest compression depth titrated to SBP > 100 mmHg 
If CPP < 20 mmHg then Epi 0.02 mg/kg every min x 2 
then vasopressin 0.4 U/kg. Repeat sequence after 2 min 

5/8 (63%) good neurologic outcome 

Guideline Care 
Standard chest compression depth 
Epi 0.02 mg/kg every 4 minute  

0/8 (0%) good neurologic outcome 

Sutton	
  Am	
  J	
  Resp	
  Crit	
  Care	
  Med	
  2014	
  

Median	
  vasopressor doses:3 

Median	
  vasopressor doses: 2 



Johansson Resuscitation 2003 
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Bellamy	
  Circulation	
  1984	
  

•  Increase	
  Aortic	
  Relaxation	
  Pressure	
  
•  Increase	
  cardiac	
  output	
  

•  Optimize	
  chest	
  compression	
  
rate,	
  depth,	
  duty	
  cycle	
  

•  Increase	
  arterial	
  resistance	
  
•  Vasopressors	
  
	
  

•  Decrease	
  Intrathoracic	
  or	
  Right	
  Atrial	
  
Pressure	
  

•  No	
  leaning	
  on	
  chest	
  during	
  
relaxation	
  

•  Negative	
  intra-­‐thoracic	
  pressure	
  
during	
  relaxation	
  

•  Impedance	
  threshold	
  device	
  
•  Active	
  chest	
  decompression	
  



Standard	
  CPR	
   ITD	
  CPR	
   ITD+ACD	
  CPR	
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S-­‐CPR	
   ACD+ITD	
  

Survival	
  to	
  Hospital	
  Discharge	
  
with	
  MRS	
  ≤3	
  

p	
  =	
  0.03	
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Is this effective CPR? How would you improve CPR effectiveness? 
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Is this effective CPR? How would you improve CPR effectiveness? 



KNOWLEDGE	
  GAPS:	
  	
  “Studies	
  that	
  measure	
  the	
  effect	
  of	
  
physiological	
  monitoring	
  to	
  guide	
  resuscitation	
  on	
  ROSC	
  and	
  

survival	
  with	
  good	
  neurologic	
  outcome	
  are	
  required.”	
  

Callaway	
  Circulation	
  2015	
  


