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Negovsky—Post-Resuscitation 
Syndrome

•
 

The second step in resuscitation:  the 
treatment of the ‘post-resuscitation 
disease’

–

 

Negovsky

 

VA.  Resuscitation.

 

1972; 1: 1-7 

•
 

Post-resuscitation disease—a new 
nosological

 
entity:  Its reality and 

significance
–

 

Negovsky

 

VA, Gurvitch

 

AM Resuscitation 1995; 30: 23-27



Post-Resuscitation Disease:  
Mechanisms

ischemia reperfusion

reactive oxygen 
species (ROS) inflammatory 

cascades

mitochondrial
dysfunction

vascular dysfunction/hypotension
apoptosis – organ dysfunction

cerebral edema

Hypothermia EGDT



Cooling Curve
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Resuscitation Medications

Sepsis-like Syndrome



•
 

During era of high dose epinephrine
•

 
Group 1:  Cumulative dose < 15 mg

•
 

Group 2:  Cumulative dose > 15 mg
•

 
“Inadvertent catecholamine toxicity represents a further 
complicating factor in the production of postresuscitation

 disease”



Venous Hyperoxia



Reversible Myocardial Dysfunction

•
 

Median time to hemodynamic
 instability=6.8 hrs after OHCA

•
 

CI and CVP were low
•

 
It is characterized by a low CI that is 
reversible in most cases within 24 h, 
suggesting post-resuscitation myocardial 
dysfunction

Reversible myocardial dysfunction in survivors of out-of-hospital 
cardiac arrest.  Laurent I et al. JACC, 2002; 40:2110-2116



Dobutamine
 

reversal of myocardial 
dysfunction

•
 

Prospective, controlled animal trial
•

 
Myocardial dysfunction post-resuscitation

•
 

Reversed by Dobutamine
 

infusion
•

 
Balance O2 consumption versus O2 need

•
 

Paying back the O2 debt
•

 
Full recovery of this postresuscitation

 myocardial stunning is seen by 48 h

Myocardial dysfunction after resuscitation from cardiac arrest: an example 
of global myocardial stunning, Kern et al,  JACC 1996; 28: 232-240 







MAP

•
 

MAP = [(2 x diastolic)+systolic] / 3
•

 
Nagao: SBP ≥

 
90 mmHg (MAP > 65)

•
 

Bernard: MAP 90 and 100 mm Hg
•

 
Sunde: MAP  65-70 mmHg

•
 

What is the right answer?
•

 
What is this based upon?



Safar:  Dog model of VF arrest

•
 

Normothermic
 

VF of 11 minutes
•

 
Defibrillation and controlled reperfusion

•
 

Controlled ventilation for 20 hrs; intensive care to 96 hrs
•

 
Control group (n=8):
–

 

normothermic

 

(37.5°C)
–

 

Normotensive
–

 

Hypocapnic
•

 
Experimental group (n=8):
–

 

mild hypothermia (34°C) from about 10 minutes to 12 hours
–

 

cerebral blood flow promotion with induced moderate HTN
–

 

mild hemodilution
–

 

Normocapnia

Improved Cerebral Resuscitation From Cardiac Arrest in Dogs
With Mild Hypothermia Plus Blood Flow Promotion

Safar P et al, Stroke. 1996; 27:105-113



Dog model of VF arrest:  Results

•
 

All 16 dogs in the protocol survived
•

 
Control group, n=8:
–

 
All OPC 3 (severe disability) or 4 (coma)

•
 

Experimental group, n=8:
–

 
6/8 (75%)dogs OPC 1 (normal)

–
 

1/8 (12.5%) OPC 2 (moderate disability)
–

 
1/8 (12.5%) OPC 3 (P<.001) 

Improved Cerebral Resuscitation From Cardiac Arrest in Dogs
With Mild Hypothermia Plus Blood Flow Promotion. 

Safar P et al, Stroke. 1996; 27:105-113



ECHO EF

1 Hr The LV is underfilled
 

with 
hyperdynamic

 
function

80%

11 Hr The LV is normal in size with 
severe global systolic 

dysfunction

15%

29 Hr The LV is normal in size with 
normal systolic function

65%

Rapidly Changing Hemodynamics

How should these dynamic changes be 
managed clinically?



ABCs

Peter Safar: 

Journal of the Iowa 
Medical Society, 
November, 1964



Historically, evidence for and against 
Hemodynamic Optimization Strategies

•

 

Shoemaker:
–

 

Pre-operative hemodynamic optimization of high-risk cardiac surgery 
patients

–

 

RESULTS:    
•

 

Normal MAP, CVP, UOP:  Mortality 33%
•

 

Supranormal

 

DO2

 

, VO2

 

, CI:  Mortality 4%
•

 

Gattinoni:  
–

 

ICU enrollment
–

 

Normal CI vs. Supranormal

 

CI vs. SvO2

 

Optimization
–

 

RESULTS:  
•

 

No difference in mortality at ICU discharge and at 6 months
•

 

Rivers:
–

 

ED enrollment of severe sepsis, septic shock patients
–

 

Algorithmic care optimizing CVP, MAP, ScvO2
–

 

RESULTS:  
•

 

16% absolute mortality reduction
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Delivery vs. Consumption

DO2

VO2
Supply dependent

Supply independent

O2 debt

Must be repayed
post-resuscitation



AHA Post-Arrest Recommendations

•
 

2005 AHA guidelines recommend 
hemodynamic optimization of patients 
post-arrest:
–

 
Invasive monitoring

–
 

Titrate volume infusion to CVP
–

 
Titrate vasoactive, inotropic, and vasodilator 
drugs as needed to support blood pressure, 
cardiac index, and systemic perfusion

AHA PostResuscitation

 

Support
Circulation, 2005



Are people applying these concepts to post-
 arrest patients?

•
 

Is anyone doing this?
•

 
Literature survey looking for studies using a 
goal-directed hemodynamic optimization 
strategy post-arrest

•
 

Inclusion criteria:
–

 
a clearly defined intervention consisting of a 
structured cardiovascular resuscitation protocol

–
 

a control group that received standard of care therapy
•

 
NO studies found where the AHA 
recommendations were being followed

Jones, Trceziak, Shapiro:  Resuscitation, 2007



Post resuscitation care
 Time for a care bundle?

•
 

Editorial examining whether it is time for a care bundle 
for systematic delivery of post-resuscitation care

•
 

Proposed bundle elements include:
–

 

Therapeutic hypothermia
–

 

Early percutaneous

 

coronary intervention
–

 

Hemodynamic optimization
–

 

Other adjuncts to intensive care
•

 
Question—Do bundles improve care?  

•
 

For example, surviving sepsis campaign’s bundles:
–

 

Do we believe the evidence for each component?
–

 

Are bundles revised with changing evidence?
–

 

Is the evidence objectively analyzed?

Nolan J, Soar J, Resuscitation. 2008; 76: 161 –

 

162



Nagao et al -
 

Hemodynamic 
Parameters

•
 

This study was not included because there is no 
control group

•
 

However, there is a clearly defined 
hemodynamic

 
resuscitation strategy:

–
 

SBP ≥
 

90 mmHg
–

 
CI ≥

 
2.2L/min/m2

–
 

Systemic O2

 

Delivery ≥
 

520mL/min/m2

–
 

Oxygen Extraction Ratio between 20-30
–

 
Hemoglobin ≥

 
12 g/dL

Nagao et al, CardioCerebral

 

Resuscitation
JACC 2000; 36: 776-83



Bernard’s Landmark Trial

•
 

What hemodynamic
 

strategy was pursued?
•

 
“The mean arterial blood pressure was 
maintained between 90 and 100 mm Hg by 
infusion of epinephrine or nitroglycerin, as 
indicated.”

•
 

“After the admission of the patient to the 
intensive care unit, a pulmonary-artery catheter 
was inserted, and hemodynamic

 
data were 

obtained 1 to 3, 6, 12, 18, and 24 hours after 
arrival at the hospital.”

Treatment of comatose survivors…
Bernard SA et al. NEJM. 2002; 346: 557-563



Bernard:  PAC Hemodynamics

Treatment of comatose survivors…
Bernard SA et al. NEJM. 2002; 346: 557-563



Studies that employ some of a 
hemodynamic

 
optimization protocol

•
 

Since the publication of Bernard and HACA 
studies several implementation studies have 
incorporated components of hemodynamic

 optimization:
–

 
Oddo

 
et al, CCM, 2006

•

 

MAP:  90-100 mm Hg
–

 
Hovdenes

 
et al, Acta

 
Anaesth

 
Scand, 2007

•

 

Early PCI
•

 

IABP
•

 

PA Catheter
–

 
Sunde

 
et al, Resuscitation, 2007



Hovdenes
 

et al



How do we apply this knowledge 
and a hemodynamic

 
optimization 

strategy to patients who have 
ROSC after OHCA?

CRS
Center for 

Resuscitation Science

http://images.google.com/imgres?imgurl=http://www.laxcast.com/images/Penn%2520Logo3.jpg&imgrefurl=http://www.laxcast.com/laxcasts.php&h=575&w=504&sz=86&hl=en&start=2&tbnid=FQB_-U94MtoUWM:&tbnh=134&tbnw=117&prev=/images%3Fq%3DPenn%2Blogo%26svnum%3D10%26hl%3Den%26lr%3D%26rls%3DDKUS,DKUS:2006-32,DKUS:en


Aspects of Post-Resuscitation Care 
Bundle

•
 

STEMIEarly
 

PCI
•

 
Therapeutic Hypothermia

•
 

Early Hemodynamic
 

Optimization
•

 
HyperglycemiaGlucose

 
Management Protocol

•
 

ALI/ARDSLow
 

Stretch Procotol
•

 
Antibiotic, GI, DVT Prophylaxis

•
 

Assessment for Relative Adrenal Insufficiency or 
HPA Dysfunction





Early goal-directed hemodynamic

 

optimization combined with 
therapeutic hypothermia in comatose survivors of out-of-hospital 
cardiac arrest

•
 

Feasibility study
•

 
Hypothesis 

“We can implement early goal-directed hemodynamic

 

optimization 
while inducing TH w/o negatively impacting on time to target T°”

•
 

Analyzed first 18 patients since start of TH
•

 
Versus 18 historic controls from 2001-2005

•
 

Examined differences in
–

 
Volume resuscitation

–
 

Vasoactive
 

drug use
–

 
Mortality

–
 

Good neurologic
 

outcomes
Gaieski et al. Resuscitation, 2009; 80: 418-424



Resuscitation 
End-Point (hr) 0 1 2 3 4 5 6

CVP ≥

 

8 ≤

 

20 
mmHg 77.877.8 81.381.3

MAP 80-100 
mmHg 50.050.0 83.383.3

ScvO2 > 65 83.383.3 93.893.8

Target Temp 
32-34°C 5.65.6 11.111.1 44.444.4 55.655.6 61.161.1 66.766.7 77.877.8

GDR Endpoints Over Time

Percentage of Patients Reaching 
Resuscitation End-Point at Specific Time

Intravenous Fluid Boluses

Vasoactive

 

Medications

Inotropic

 

Agents and Blood

4°C Chilled Saline; Cooling Wraps



New Strategy

MAP CVP ScvO2 Input Output

1 hour 84 6 78

ED 3800 500

Balance 3300+

6 hours 75 17 87

12 hours 5530 1400

Balance 4130+

24 hours 96 7 87
24 hours 13546 6410

Balance 7136+

20 yo
 

M, witnessed arrest, no bystander CPR
asystole

 
first rhythm on monitor

ED ongoing CPR, ROSC @ minute 21

Dobutamine started @ hour 12



ECHO EF

1 Hr The LV is normal in size with 
moderate global systolic 
dysfunction

40-45%

12 Hr The LV is mildly dilated with 
moderate global systolic 
dysfunction

40%

32 Hr The LV is normal in size with 
normal systolic function

60%

Rapidly Changing Hemodynamics



HUP Data

Bernard’s pilot study 26% vs
 

49%

87% Neurologically intact



Conclusions

•
 

Multiple studies demonstrate that treatment of 
Post-Resuscitation Syndrome improves 
outcomes

•
 

Implementation of Early Hemodynamic
 Optimization Strategy in the ED while inducing 

therapeutic hypothermia is feasible
•

 
Further understanding of post-arrest 
hemodynamic

 
changes is needed

•
 

Optimal Post-Resuscitation Bundle not yet 
defined
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