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STEP 1: STATE THE PROPOSAL.  State if this is a proposed new guideline; revision to current guideline; or deletion of current guideline.

Existing guideline, practice or training activity: 
In the absence of convincing data showing benefit or harm of hyperglycemia after arrest, the current recommendation is to ensure that the serum glucose concentration is at least normal during resuscitation and to avoid hypoglycemia after resuscitation.

Step 1A: Refine the question; state the question as a positive (or negative) hypothesis.  State proposed guideline recommendation as a specific, positive hypothesis. Use single sentence if possible.  Include type of patients; setting (in- /out-of-hospital); specific interventions (dose, route); specific outcomes (ROSC vs. hospital discharge).
1. Monitoring glucose levels and maintaining normoglycemia during and following cardiac arrest in children improves survival rates and neurological outcome.

2. Avoiding hyperglycemia in critically ill children improves survival rates and neurological outcome in those who subsequently have a cardiac arrest. 

3. Avoiding hyperglycemia during cardiac arrest in children improves survival rates and neurological outcome.

4. Avoiding hyperglycemia following cardiac arrest in children improves the survival rates and neurological outcome.

Step 1B: Gather the Evidence; define your search strategy. Describe search results; describe best sources for evidence.

Hyperglycemia or glucose or glycemia and “cardiac arrest” (with corresponding MeSH headings) Best additional source of evidence was review of references from articles.

List electronic databases searched (at least MEDLINE (http://igm.nlm.nih.gov/), Embase, Cochrane database for systematic reviews and Central Register of Controlled Trials, and hand searches of journals, review articles, and books.

Searched as MESH headings



(Hyperglycemia or glucose) (MeSH headings) and (cardiac arrest or cardiopulmonary resuscitation) (MeSH headings)
AHA EndNote 7 Master Library (Aug): 92 articles

Cochrane Databases: Systematic Review (no article) and Central Register of Controlled Trials (1 article)

Medline (PubMed) search (May 2004): 177 articles

Embase: 1 article

Hand search of paper references: 2

•  State major criteria you used to limit your search; state inclusion or exclusion criteria (e.g., only human studies with control group?  no animal studies? N subjects > minimal number?  type of methodology? peer-reviewed manuscripts only?  no abstract-only studies?)

Excluded articles that were not true cardiac arrest models (circulatory arrest with cardiopulmonary bypass, exsanguination, great vessel occlusion, brain isquemia), reviews, case reports, letters, abstracts published in Congress Annals and articles not written in English.
•  Number of articles/sources meeting criteria for further review: Create a citation marker for each study (use the author initials and date or Arabic numeral, e.g., “Cummins-1”). .  If possible, please supply file of best references; End Note 4+ preferred as reference manager, though other reference databases acceptable.
21 studies met criteria for detailed review. 
STEP 2:  ASSESS THE QUALITY OF EACH STUDY

Step 2A:  Determine the Level of Evidence. For each article/source from step 1, assign a level of evidence—based on study design and methodology.
	Level of Evidence
	Definitions

(See manuscript for full details)

	Level 1
	Randomized clinical trials or meta-analyses of multiple clinical trials with substantial treatment effects

	Level 2
	Randomized clinical trials with smaller or less significant treatment effects

	Level 3
	Prospective, controlled, non-randomized, cohort studies

	Level 4
	Historic, non-randomized, cohort or case-control studies

	Level 5
	Case series: patients compiled in serial fashion, lacking a control group

	Level 6
	Animal studies or mechanical model studies

	Level 7
	Extrapolations from existing data collected for other purposes, theoretical analyses

	Level 8
	Rational conjecture (common sense); common practices accepted before evidence-based guidelines 

	
	


Step 2B: Critically assess each article/source in terms of research design and methods. 

Was the study well executed? Suggested criteria appear in the table below.  Assess design and methods and provide an overall rating. Ratings apply within each Level; a Level 1 study can be excellent or poor as a clinical trial, just as a Level 6 study could be excellent or poor as an animal study. Where applicable, please use a superscripted code (shown below) to categorize the primary endpoint of each study.  For more detailed explanations please see attached assessment form.

	Component of Study and Rating
	Excellent
	Good
	Fair
	Poor
	Unsatisfactory

	Design & 



Methods
	Highly appropriate sample or model, randomized, proper controls 

AND

Outstanding accuracy, precision, and data collection in its class
	Highly appropriate sample or model, randomized, proper controls

OR

Outstanding accuracy, precision, and data collection in its class
	Adequate, design, but possibly biased


OR

Adequate under the circumstances
	Small or clearly biased population or model

OR
Weakly defensible in its class, limited data or measures
	Anecdotal, no controls, off target end-points

OR
Not defensible in its class, insufficient data or measures


A = Return of spontaneous circulation
C = Survival to hospital discharge

E = Other endpoint

B = Survival of event


D = Intact neurological survival
Step 2C: Determine the direction of the results and the statistics: supportive? neutral? opposed?

	DIRECTION of study by results & statistics: 
	SUPPORT the proposal
	NEUTRAL
	OPPOSE the proposal

	Results
	Outcome of proposed guideline superior, to a clinically important degree, to current approaches
	Outcome of proposed guideline no different from current approach
	Outcome of proposed guideline inferior to current approach


Step 2D: Cross-tabulate assessed studies by a) level, b) quality and c) direction (ie, supporting or neutral/ opposing); combine and summarize. Exclude the Poor and Unsatisfactory studies.  Sort the Excellent, Good, and Fair quality studies by both Level and Quality of evidence, and Direction of support in the summary grids below. Use citation marker (e.g. author/ date/source).  In the Neutral or Opposing grid use bold font for Opposing studies to distinguish them from merely neutral studies. Where applicable, please use a superscripted code (shown below) to categorize the primary endpoint of each study.
Supporting Evidence

1. Monitoring glucose levels and maintaining normoglycemia during and following cardiac arrest in children improves survival rates and neurological outcome.

2. Avoiding hyperglycemia in critically ill children improves survival rates and neurological outcome in those who subsequently have a cardiac arrest. 

3. Avoiding hyperglycemia during cardiac arrest in children improves survival rates and neurological outcome.

4. Avoiding hyperglycemia following cardiac arrest in children improves survival rates and neurological outcome.

	Quality of Evidence
	Excellent


	
	
	
	
	
	
	
	

	
	Good


	
	
	
	4 MULLNER 1997D
4 LANGHELLE 2003C,D

	4 CALLE 1989D
	2 NAKAKIMURA 1990D
2 NATALE 1990D
	
	

	
	Fair


	
	
	
	4 LONGSTRETH 1983E
4 LONGSTRETH 1984D
,4 SKRIFVARS 2003E
3,4LONGSTRETH (hypergyicemia during arrest) 1986A,C,E

	1 MACKENZIE 1975A

	2 D’ALECY 1986D
2 HOXWORTH 1999B,E
1,2 MYERS 1977B,D,E
1 FARIAS 1986A,D
	7 INAMASU 2002E

	

	
	
	1
	2
	3
	4
	5
	6
	7
	8

	
	
	Level of Evidence


A = Return of spontaneous circulation
C = Survival to hospital discharge

E = Other endpoint

B = Survival of event


D = Intact neurological survival


citation in italic = adult studies

Neutral or Opposing Evidence

1. Monitoring glucose levels and maintaining normoglycemia during and following cardiac arrest in children improves survival rates and neurological outcome.

2. Avoiding hyperglycemia in critically ill children improves survival rates and neurological outcome in those who subsequently have a cardiac arrest. 

3. Avoiding hyperglycemia during cardiac arrest in children improves survival rates and neurological outcome.

4. Avoiding hyperglycemia following cardiac arrest in children improves the survival rates and neurological outcome

	Quality of Evidence
	Excellent


	     
	4 LONGSTRETH 1993D,B,C      
	     
	     
	     
	
	     
	     

	
	Good


	     
	     
	     
	     
	     
	4KATZ 1998D,E 


	7PAYNE  2003D,E
	     

	
	Fair


	
	
	
	3,4 LONGSTRETH (hyperglicemia after arrest)1986A,C,E

	4STEINGRUB 1996D
	
	
	

	
	
	1
	2
	3
	4
	5
	6
	7
	8

	
	
	Level of Evidence


A = Return of spontaneous circulation
C = Survival to hospital discharge

E = Other endpoint

B = Survival of event


D = Intact neurological survival


citation in italic = adult studies

STEP 3.  DETERMINE THE CLASS OF RECOMMENDATION.  Select from these summary definitions.
	CLASS
	CLINICAL DEFINITION
	REQUIRED LEVEL OF EVIDENCE

	Class I

Definitely recommended. Definitive, 

excellent evidence provides support. 
	• Always acceptable, safe

• Definitely useful 

• Proven in both efficacy & effectiveness

• Must be used in the intended manner for
  proper clinical indications. 
	• One or more Level 1 studies are present (with rare 

   exceptions) 

• Study results consistently positive and compelling



	Class II:
Acceptable and useful
	• Safe, acceptable

• Clinically useful

• Not yet confirmed definitively
	• Most evidence is positive

• Level 1 studies are absent, or inconsistent, or lack 

  power 

• No evidence of harm

	  • Class Iia: Acceptable and useful

Good evidence provides support 
	• Safe, acceptable

• Clinically useful 

• Considered treatments of choice
	• Generally higher levels of evidence

• Results are consistently positive 

	  • Class Iib: Acceptable and useful

Fair evidence provides support  
	• Safe, acceptable 

• Clinically useful

• Considered optional or alternative 

   treatments
	• Generally lower or intermediate levels of evidence

• Generally, but not consistently, positive results



	Class III: 

Not acceptable, not useful, may be 

harmful 
	• Unacceptable

• Not useful clinically

• May be harmful.      
	• No positive high level data

• Some studies suggest or confirm harm. 

	Indeterminate
	• Research just getting started.

• Continuing area of research

• No recommendations until

   further research
	• Minimal evidence is available

• Higher studies in progress 

• Results inconsistent, contradictory

• Results not compelling


STEP 3:  DETERMINE THE CLASS OF RECOMMENDATION.  State a Class of Recommendation for the Guideline Proposal.  State either  a) the intervention, and then the conditions under which the intervention is either Class I, Class IIA, IIB, etc.; or b) the condition, and then whether the intervention is Class I, Class IIA, IIB, etc.
Intervention:       

Monitoring glucose levels, maintaining normoglycemia and avoiding hyperglycemia during and following cardiac arrest in children improves survival rates and neurological outcome. Final Class of recommendation are as follows:

1. Monitoring glucose levels and maintaining normoglycemia during and following cardiac arrest in children, improves the survival rates and neurological outcome.(Class indeterminate, LOE 6,7)

2. Avoiding hyperglycemia in critically ill children improves the survival rates and neurological outcome in those who subsequently have a cardiac arrest. (Class II b, extrapolated from animal data, LOE 6,7). 

3. Avoiding hyperglycemia during cardiac arrest in children, improves the survival rates and neurological outcome.(Class II b, extrapolated from adults data, LOE 7)

4. Avoiding hyperglycemia following cardiac arrest in children improves the survival rates and neurological outcome. (Class II a, extrapolated from adult data, LOE 7)

REVIEWER’S PERSPECTIVE AND POTENTIAL CONFLICTS OF INTEREST: Briefly summarize your professional background, clinical specialty, research training, AHA experience, or other relevant personal background that define your perspective on the guideline proposal.  List any potential conflicts of interest involving consulting, compensation, or equity positions related to drugs, devices, or entities impacted by the guideline proposal.  Disclose any research funding from involved companies or interest groups.  State any relevant philosophical, religious, or cultural beliefs or longstanding disagreements with an individual.

Pediatric Emergency Physician. PhD. No intellectual or commercial conflicts.

REVIEWER’S FINAL COMMENTS AND ASSESSMENT OF BENEFIT / RISK: Summarize your final evidence integration and the rationale for the class of recommendation.  Describe any mismatches between the evidence and your final Class of Recommendation. “Mismatches” refer to selection of a class of recommendation that is heavily influenced by other factors than just the evidence. For example, the evidence is strong, but implementation is difficult or expensive; evidence weak, but future definitive evidence is unlikely to be obtained. Comment on contribution of animal or mechanical model studies to your final recommendation. Are results within animal studies homogeneous?  Are animal results consistent with results from human studies?  What is the frequency of adverse events?  What is the possibility of harm? Describe any value or utility judgments you may have made, separate from the evidence.  For example, you believe evidence-supported interventions should be limited to in-hospital use because you think proper use is too difficult for pre-hospital providers. Please include relevant key figures or tables to support your assessment

Summary

The mechanism by which increased plasma glucose surrounding a cardiopulmonary arrest might exacerbate injury is not completely clarified, however it is probably due to anaerobic glucose metabolism and increased lactic acidosis. Glucose metabolism via anaerobic glycolysis is the only brain energy pathway that can sustain energy metabolism for any period of time during an ischemic episode. Thus, elevated brain glucose levels at the time of ischemia leads to acidosis from increased lactate production, which causes detrimental effects to neurons. 

The literature that addresses increased glucose levels and outcome from a cardiac arrest is very difficult to analyze since it is not clear if the association between hyperglycemia and poor outcome is simply an epiphenomenon of the stress response.  Moreover, there are only animal and adult studies with no pediatric studies found, and the results are discrepant. Therefore, a firm, evidence-based conclusion regarding the effects of glucose on patient outcome is difficult to reach.

Whether interventions to treat hyperglycemia affect survival and neurologic prognosis following cardiac arrest is dependent on the timing of the hyperglycemia. Thus, dividing the literature on the subject into hyperglycemia pre-arrest, during arrest and after arrest represents a major starting point. 

Hyperglycemia before arrest

Hyperglycemia before cardiac arrest was analyzed mostly in animal studies (D’Alecy 1986, Farias 1986 Natale 1990, Nakakimura 1990, Hoxworth 1999); these studies reported an association with worse neurological and survival outcomes. Since studies involving animals may not be a good model to demonstrate the relationship between hyperglycemia and neurological outcome in humans, they often lead to conclusions which may not be substantiated in subsequent clinical studies. Moreover, in some of these animal studies, the plasma glucose concentration was extreme, which makes it difficult to correlate the observations to most common pediatric clinical settings.

The cause-and-effect relationship between hyperglycemia and whether successful CPR is more difficult to achieve in hyperglycemic patients is not completely clear. At least two experimental studies (Nakakimura 1990, and D'Alecy 1986) found no difference in resuscitation times between hyperglycemic and normoglycemic animals. According to those studies, hyperglycemia alone does not appear to prolong or make the resuscitation more difficult. It is important to recognize that prospective studies in humans evaluating the role of hyperglycemia prior to arrest are impossible to conduct because the prediction of arrest time is not feasible. 

Despite the fact that the literature is very limited, the available animal studies indicate that hyperglycemia prior to arrest in critically ill children, which may occur for many reasons, potentially adversely affects outcome if they have an arrest.

Hyperglycemia during arrest

There is one adult level 4 study (Longstreth 1986) that retrospectively assessed blood glucose levels during out-of-hospital CPR. That study demonstrated a positive association between the glucose levels and the time elapsed and the rise in glucose concentration was steepest for patients who did not survive. The glucose concentration in nonsurvivors was significantly higher than the concentration in those patients who survived to admission (p<0.001). This study suggests that hyperglycemia could be an indirect measure of duration of resuscitation.

Hyperglycemia after arrest
Some level 4 studies performed in adults with out-of-hospital cardiac arrest (Calle 1989, Langhelle 2003, Longstreth 1983, Longstreth 1984, Mullner 1997, Skrifvars 1996) indicated an association of elevated blood glucose at admission with poor neurologic and survival outcomes. Since worse outcomes were also related to prolonged resuscitation time, the linking between hyperglycemia and prognosis is not totally clear.

On the other hand some studies, one level 2 (Longstreth 1993), one level 4 (Longstreth 1986) and one level 5 study (Steingrub 1996) observed that blood glucose increased with CPR duration but the concentration was not correlated with awakening, survival to hospitalization and survival to hospital discharge. Therefore, hyperglycemia could be an epiphenomenon (Calle 1989); the longer the CPR, the higher glycemia, and worse the outcome. Others clinical studies (Calle 1989, Langhelle 2003, Mullner 1997) concluded that the poor neurologic outcome in victims of arrest is associated with hyperglycemia itself, by multivariate analysis. Prospective studies are needed to determine the potential benefits of avoiding or treating hyperglycemia following cardiac arrest.

Some issues need to be addressed regarding the use of different outcomes for prognosis in different studies. For instance, neurologic sequela can not be demonstrated if the neurologic evaluating is not performed for a sufficient period of time post resuscitation. Thus, sometimes it is hard to demonstrate the role of a specific factor on the outcome when many acute situations that ended in cardiac arrest are put together.

Glucose administration

Another problem is to analyze the quantity of glucose infusion that provokes dangerous hyperglycemic levels. One level 2 adult study (Longstreth, 1993) compared the neurologic outcome from out-of-hospital cardiac arrest in patients who received either D5W or half normal saline during and after resuscitation. No significant difference could be registered. According to this trial there is insufficient evidence that administration of 5% dextrose solution following cardiac arrest worsens neurological outcome in humans.

Based on animal studies, the use of dextrose-containing solutions during a cardiac arrest clinical setting may (Myers 1977, D’Alecy 1986,) or may not (Katz 1998) result in neurologic injury. 

Conclusion

At the present moment, as the literature is controversial in adults and nonexistent in children, the best conclusions are: it is better to be very careful with infusion of glucose solutions in the arrest and post-arrest clinical setting. It seems to be crucial to determine glucose levels and maintain normoglycemia in critically ill children that are at risk of cardiac arrest. After cardiopulmonary resuscitation the glucose concentration must be controlled and normoglycemia should be assured.

Preliminary draft/outline/bullet points of Guidelines revision:  Include points you think are important for inclusion by the person assigned to write this section.  Use extra pages if necessary.
Publication: Pals Provider manual   Chapter: 5      Pages134

Topic and subheading: Medications Used to Treat Cardiac Arrest / Glucose
Publication: Pals Provider manual   Chapter: 9      Pages 231

Topic and subheading: Principles of Stabilization and Transport
1. Monitoring glucose levels and maintaining normoglycemia during and following cardiac arrest in children improves survival rates and neurological outcome.(Class indeterminate, LOE 6,7)

2. Avoiding hyperglycemia in critically ill children improves the survival rates and neurological outcome in those who subsequently have a cardiac arrest. (Class II b, extrapolated from animal data, LOE 6,7). 

3. Avoiding hyperglycemia during cardiac arrest in children improves survival rates and neurological outcome.(Class IIb, extrapolated from adult data, LOE 7)

4. Avoiding hyperglycemia following cardiac arrest in children improves the survival rates and neurological outcome. (Class II a, extrapolated from adult data, LOE 7)

Attachments:

· Bibliography in electronic form using Endnote. It is recommended that the bibliography be provided in annotated format. This will include the article abstract (if available) and any notes you would like to make providing specific comments on the quality, methodology and/or conclusions of the study. 

Citation List (included studies)

	Citation Marker
	Full Citation*

	Calle, 1989
	Resuscitation. 1989;17 Suppl:S181-8; discussion S199-206.  Related Articles, Links  

Glycemia in the post-resuscitation period. The Cerebral Resuscitation Study Group.

Calle PA, Buylaert WA, Vanhaute OA.

Abstract: An association between high glycemia on admission after resuscitation from an out-of-hospital cardiac arrest and poor neurological recovery has been reported. It remains controversial whether the high glycemia on admission causes the poor outcome or is just an epiphenomenon. The Cerebral Resuscitation Study Group therefore registered the glycemia on admission in 417 patients resuscitated after an out-of-hospital cardiac arrest. Our data confirm that a high glycemia on admission is related to a poor outcome. There is no relationship between the glycemia on admission and the duration of cardiopulmonary resuscitation (CPR). However, there is a positive but weak correlation between the dose of adrenaline administered during CPR and the glycemia on admission. This indicates that the higher glycemia on admission in patients with a poor outcome may, at least in part, be due to CPR parameters, such as the amount of adrenaline used, that are linked with a bad prognosis. However, it cannot be excluded that a high glycemia contributes to the brain damage after cardiac arrest.

Comments: level 4, good, supportive

· Retrospective adult out-of-hospital cardiac arrest study. Patients in whom the cardiac arrest was presumably of cardiac origin and VF or asystole was documented were included. Patients were classified to their neurological status on day 14 after resuscitation. Patients who died within 14 days after CPR and those were still comatose on day 14 were classified as CPR failures. The data show that a high glycemia on admission is related to a poor prognosis. The glycemia value of 300 mg/dl was use as a cutoff point.

· Limitations:
the difference in mean glycemia between both outcome classes is small and there is an important overlap

	D’Alecy, 1986
	Author: D’Alecy, L. G. ; Lundy, E. F. ; Barton, K. J. ; Zelenock, G. B.

Year: 1986

Title: Dextrose containing intravenous fluid impairs outcome and increases death after eight minutes of cardiac arrest and resuscitation in dogs.

Journal : Surgery

Volume : 100

Issue : 3

Pages : 505-511

Abstract: Use of dextrose in intravenous resuscitation fluids is common practice; however, this study indicates that 5% dextrose solutions, even if administered in physiologic quantities, greatly worsen the outcome of survivable cardiac arrest. Twelve adult male mongrel dogs were premedicated with morphine, anesthetized with halothane, instrumented, intubated, and ventilated. Each dog was first given 500 ml of either lactated Ringer’s (LR) (n = 6) or 5% dextrose in LR (D5LR) (n = 6). Halothane was stopped and fibrillation was induced (60 Hz). Blood glucose just before cardiac arrest was 129 mg/dl in the LR dogs and was increased to 335 mg/dl in the D5LR dogs. After eight minutes of arrest, resuscitation, including internal cardiac massage and standard advanced cardiac life support drug protocols (modified for dogs), was begun. When stable cardiac rhythm was obtained, the chest was closed, and LR or D5LR continued until a total of 1L was given. A neurologic score (0 = normal to 100 = dead) was assigned at 1, 2, 6, and 24 hours. The LR group did not differ statistically from the D5LR group in operative time, number of defibrillatory shocks, time to spontaneous ventilation, time to extubation, or drugs required. Resuscitation was successful in all six LR and five of six D5LR group; however, by 2 hours after resuscitation and thereafter, D5LR group had a significantly greater neurologic deficit (p less than 0.05) than did the LR group. By 9 hours, four of six D5LR dogs displayed convulsive activity and died. At 24 hours the D5LR group had a greater (p less than 0.008) neurologic deficit (82 +/- 11) than did the LR group (21 +/- 7), which walked and ate. We conclude that the addition of 5% dextrose to standard intravenous fluids greatly increases the morbidity and mortality associated with cardiac resuscitation.

Comments: level 6, fair, supportive

500 mL of either lactated Ringer  or 5% dextrose in LR was given before arrest and in pos resuscitated period. The data in this study suggest that the choice of using fluids with glucose has an effect on neurologic outcome, so, blood glucose during the insult must be closely monitored

· Limitations

number of animals in each group is small



	Farias, 1986
	Anesthesiology. 1986 Dec;65(6):595-601.

Effects of fructose-1,6-diphosphate, glucose, and saline on cardiac resuscitation.

Farias LA, Willis M, Gregory GA.

Abstract: Severe hypoxemia causes respiratory and cardiac arrest, in part, because severe hypoxemia decreases glycolysis and adenosine triphosphate (ATP) production by a lactic acid-induced decrease in the activity of phosphofructokinase and 
ardiogênico
es-3-P dehydrogenase. Fructose-1,6-diphosphate (FDP) administration increases the ATP concentration of blood. The authors hypothesized that FDP might increase the number of rabbits that could be resuscitated from hypoxemic cardiac arrest. To test this hypothesis, heart rate, arterial pressure, left ventricular end-diastolic pressure, and blood gases and pH were measured during normoxemia (FIO2 = 0.21) and again during hypoxemia (FIO2 = 0.04) in 28 adult, white, New Zealand rabbits anesthetized with pentobarbital. With the onset of hypoxemia, we gave either 40 mg/kg of 5% FDP (n = 10), 5% glucose (n = 11), or an equal volume (2.5 ml) of normal saline (n = 7) intravenously and began a continuous infusion of 2.0 mg X kg-1 X min-1 of the same sugar or 0.12 ml/min of saline. FDP-treated rabbits breathed for 20.9 +/- 4.9 (mean +/- SEM) min after initiation of hypoxemia; glucose-treated rabbits breathed for 1.4 +/- 0.2 min, and saline-treated rabbits breathed 10.3 +/- 4 min. Cardiac arrest occurred 2.5 +/- 0.5 min after the onset of respiratory arrest in FDP-treated rabbits, 4.1 +/- 0.2 min in glucose-treated rabbits, and 2.9 +/- 0.4 min in saline-treated rabbits. We could resuscitate all ten FDP-treated rabbits; two of 11 glucose-treated (FDP vs. glucose, P less than 0.001); and one of seven saline-treated rabbits (FDP vs. saline, P less than 0.001) from cardiac arrest

Comments: level 6 (rabbits), good, supportive

· FDP-treated rabbits were resuscitated and had better recovery of neurologic function than glucose-treated animals, but there was no significant difference between glucose and saline-treated animals.

	Hoxworth, 1999
	Brain Res. 1999 Mar 13;821(2):467-79.  Related Articles, Links  

Cerebral metabolic profile, selective neuron loss, and survival of acute and chronic hyperglycemic rats following cardiac arrest and resuscitation.

Hoxworth JM, Xu K, Zhou Y, Lust WD, LaManna JC.

Abstract: Cortical metabolites and regional cerebral intracellular pH (pHi) were measured in normoglycemic (NM), acute hyperglycemic (AH), and chronic hyperglycemic (CH, 2 week duration, streptozotocin-induced) Wistar rat brains during cardiac arrest and resuscitation. During total ischemia in AH and CH rats (plasma glucose approximately 30 mM), cortical ATP, PCr, glucose, and glycogen all fell significantly as expected. Lactate levels increased dramatically in association with a concomitant intracellular acidosis. Although lactate reached higher concentrations in AH and CH than NM, pHi was significantly lower only in the AH group. With 5 min of reperfusion, all groups recovered to near baseline in all variables, though lactate remained elevated. In a separate aspect of the study, animals from each experimental group were allowed to recover for 4 days following resuscitation, with outcome being gauged by mortality rate and hippocampal CA1 neuron counts. NM survival rate was significantly better than AH and CH. In particular, no CH rats survived for 4 days despite rapid initial recovery. After 4 days, the AH group had suffered significantly greater CA1 neuron loss than the NM rats. In summary, our research identified differences in intra-ischemic acid-base status in the two hyperglycemic groups, suggesting that chronic hyperglycemia may alter the brain's buffering capacity. These observations may account for differences between acutely and chronically hyperglycemic subjects regarding outcome, and they suggest that factors other than hydrogen ion production during ischemia are responsible for modulating outcome.

Comments: level 6, good, supportive

· The goal of this animal study was to better define the impact of chronic hyperglycemia (2 weeks’ duration) on the rat brain during cardiac arrest and resuscitation. The hyperglycemic animals (acute and chronic) were more difficult to resuscitate and exhibited grater mortality following resuscitation.



	Inamasu, 2002
	Resuscitation. 2002 Sep;54 (3):255-8. 

Normokalemia and hyperglycemia in subarachnoid hemorrhage patients resuscitated from prehospital cardiopulmonary arrest.

Inamasu J, Nakamura Y, Saito R, Kuroshima Y, Mayanagi K, Ohba S, Ichikizaki K.

Abstract: Severe metabolic acidosis develops following prolonged periods of cardiopulmonary arrest (CPA), and excessive hydrogen ions derived from lactate and other noxious acids cause marked hyperkalemia in most CPA patients. This study investigated whether the serum electrolyte imbalance in resuscitated CPA patients is affected by the etiology of the CPA. Between 1999 and 2000, return of spontaneous circulation (ROSC) was achieved and serum electrolyte concentration measurements and blood gas analysis (BGA) were performed in 65 of 270 CPA patients treated. Of the 65 patients, subarachnoid hemorrhage (SAH) was the cause of the CPA in ten, cardiac attack was the cause in 16 and asphyxia was the cause in nine patients. The clinical and laboratory data of these 35 patients were retrospectively compared among the three groups. The SAH group had significantly lower serum potassium concentrations than the other two groups and significantly higher glucose concentrations than the asphyxia group. Massive amounts of catecholamines are released into the systemic circulation of SAH patients and our results may indicate that the amount of catecholamines released in resuscitated SAH patients is greater than in heart attack or asphyxia patients, resulting in a lower serum potassium concentration despite the presence of severe metabolic acidosis. It should be clarified in a prospective study whether the presence of normokalemia and hyperglycemia in resuscitated CPA patients reliably predicts the presence of SAH.

Comments: level 7, fair, supportive

· Retrospective study. The main purpose of the study was investigated serum electrolytes, glucose concentration and gas analysis in patients resuscitated from CPA of different etiologies: subarachnoid hemorrhage, heart attack and asphyxia. The serum glucose concentration in the subarachnoid hemorrhage group was significantly higher than in the asphyxia group (364.2 ± 116.8 vs 210.3 ± 101.5 mg/dl). Whether a hyperglycemia in patients pos CPA can predict the presence of subarachnoid hemorrhage could not be determined in this retrospective study



	Katz, 1998
	Author: Katz, L. M.; Wang, Y.; Ebmeyer, U.; Radovsky, A.; Safar, P.

Year: 1998

Title: Glucose plus insulin infusion improves cerebral outcome after asphyxial cardiac arrest

Journal : Neuroreport

Volume : 9

Issue : 15

Pages : 3363-7

Abstract: Hyperglycemia before ischemia worsens cerebral outcome. The aim of this study was to determine the cerebral effects of giving glucose with or without insulin after asphyxial cardiac arrest. Rats underwent 8 min of asphyxial cardiac arrest. After arrest, Group 1 received NaCl; Group 2, insulin; Group 3, glucose; and Group 4, glucose plus insulin, all intravenously. Neurological deficit (ND) scores were 14+/-10%, 22+/-12%, 12+/-10% and 2+/-2% in Groups 1-4, respectively, 72 h after reperfusion. Overall histological damage (HD) scores were 4, 2, 3 and 1, respectively. Group 4 fared significantly better than group 1 on both scores. Glucose after asphyxial cardiac arrest in rats produces no increased brain damage while glucose plus insulin improves cerebral outcome.

Comments: level 6, good, neutral

· An animal study where rats with asphyxial cardiac arrest were divided in four groups. 

the glucose loading (immediately postarrest) was not deleterious to cerebral outcome,

the low dose of insulin administered to rats with spontaneous hyperglycemia had no effect on cerebral outcome,

the higher dose of insulin administered in combination with glucose after arrest caused no hypoglycemia and decreased neurological deficits and histopathological damage

	Kraig, 1990
	J Cereb Blood Flow Metab. 1990 Jan;10(1):104-14.

Astrocytic acidosis in hyperglycemic and complete ischemia.

Kraig RP, Chesler M.

Abstract: Nearly complete brain ischemia under normoglycemic conditions results in death of only selectively vulnerable neurons. With prior elevation of brain glucose, such injury is enhanced to include pancellular necrosis (i.e., infarction), perhaps because an associated, severe lactic acidosis preferentially injures astrocytes. However, no direct physiologic measurements exist to support this hypothesis. Therefore, we used microelectrodes to measure intracellular pH and passive electrical properties of cortical astrocytes as a first approach to characterizing the physiologic behavior of these cells during hyperglycemic and complete ischemia, conditions that produce infarction in reperfused brain. Anesthesized rats (n = 26) were made extremely hyperglycemic (blood glucose, 51.4 +/- 2.8 mM) so as to create potentially the most extreme acidic conditions possible; then ischemia was induced by cardiac arrest. Two loci more acidic than the interstitial space (6.17-6.20 pH) were found. The more acidic locus [4.30 +/- 0.19 (n = 5); range: 3.82-4.89] was occasionally seen at the onset of anoxic depolarization, 3-7 min after cardiac arrest. The less acidic locus [5.30 +/- 0.07 (n = 53); range 4.46-5.93)] was seen 5-46 min after cardiac arrest. A small negative change in DC potential [8 +/- 1 mV (n = 5); range -3 to -12 mV and 7 +/- 2 mV (n = 53); range +3 to -31 mV, respectively] was always seen upon impalement of acidic loci, suggesting cellular penetration. In a separate group of five animals, electrical characteristics of these cells were specifically measured (n = 17): membrane potential was -12 +/- 0.2 mV (range -3 to -24 mV), input resistance was 114 +/- 16 M omega (range 25-250 M omega), and time constant was 4.4 +/- 0.4 ms (range 3.0-7.9 ms). Injection of horseradish peroxidase into cells from either animal group uniformly stained degenerating astrocytes. These findings establish previously unrecognized properties of ischemic astrocytes that may be prerequisites for infarction from nearly complete ischemia: the capacity to develop profound cellular acidosis and a concomitant reduction in cell membrane ion permeability.

This study was excluded during the review process: it analyzes the properties of ischemic astrocytes, it is not an outcome cardiac arrest study



	Langhelle, 2003
	Resuscitation. 2003 Mar;56(3):247-63.  

In-hospital factors associated with improved outcome after out-of-hospital cardiac arrest. A comparison between four regions in Norway.

Langhelle A, Tyvold SS, Lexow K, Hapnes SA, Sunde K, Steen PA.

Abstract: While pre-hospital factors related to outcome after out-of-hospital cardiac arrest (OHCA) are well known, little is known about possible in-hospitals factors related to outcome. HYPOTHESIS: Some in-hospital factors are associated with outcome in terms of survival. MATERIAL AND METHODS: An historical cohort observational study of all patients admitted to hospital with a spontaneous circulation after OHCA due to a cardiac cause in four different regions in Norway 1995-1999: Oslo, Akershus, Ostfold and Stavanger. RESULTS: In Oslo, Akershus, Ostfold and Stavanger 98, 84, 91 and 186 patients were included, respectively. Hospital mortality was higher in Oslo (66%) and Akershus (64%) than in Ostfold (56%) and Stavanger (44%), P=0.002. By multivariate analysis the following pre-arrest and pre-hospital factors were associated with in-hospital survival: age <or=71 years, better pre-arrest overall performance, a call-receipt-start CPR interval <or=1 min, and no use of adrenaline (epinephrine). The in-hospital factors associated with survival were: no seizures, base excess >-3.5 mmol l(-1), body temperature <or=37.8 degrees C, and serum glucose <o r=10.6 mmol l(-1) 1-24 h after admittance with OR (95% CI) 2.72 (1.09-8.82, P=0.033), 1.12 (1.02-1.23, P=0.016), 2.67 (1.17-6.20, P=0.019) and 2.50 (1.11-5.65, P=0.028), respectively. Pre-arrest overall function, whether adrenaline was used, body temperature, the occurrence of hypotensive episodes, and the degree of metabolic acidosis differed between the four regions in parallel with the in-hospital survival rates. CONCLUSION: Both pre-arrest, pre- and in-hospital factors were associated with in-hospital survival after OCHA. It seems important also to report in-hospital factors in outcome studies of OCHA. The design of the stud

y precludes a conclusion on causability.

Comments: level 4, good, supportive

· An historical cohort observational adult study of all patients admitted to ED after non-traumatic witnesses and unwitnessed out-of-hospital cardiac arrest of cardiac origin in four different regions in Norway. Only patients with a sustained ROSC in the ED were included. Multivariate logistic-regression analysis reveled normal serum glucose level as one of the independent factor associated with survival to discharge

· Limitations

several striking discrepancies between the four cohorts and some in-hospital factors were associated with differences in outcome



	Longstreth , 1993
	Author: Longstreth, W. T.  Jr; Copass, M. K. ; Dennis, L. K. ; Rauch-Matthews, M. E. ; Stark, M. S. ; Cobb, L. A.

Year: 1993

Title: Intravenous glucose after out-of-hospital cardiopulmonary arrest: a community-based randomized trial.

Journal : Neurology

Volume : 43

Issue : 12

Pages : 2534-2541

Abstract: Question: Does the common practice of infusing small amounts of glucose after cardiopulmonary arrest worsen neurologic outcome? Design and setting: A community-based randomized trial in Seattle, WA. Paramedics treated all patients with out-of-hospital cardiac arrest in a standard fashion except that the intravenous infusion did or did not contain glucose; ie, patients received either usual treatment, with 5% dextrose in water (D5W), or alternative, with half normal saline (0.45S). Outcomes: The main outcome was awakening, defined as the patient having comprehensible speech or following commands as determined by chart review. Other outcomes were survival to hospital admission and to discharge. Results: Over 2 years, paramedics randomized 748 patients. The type of fluid administered was not significantly related to awakening (16.7% for D5W versus 14.6% for 0.45S), admission (38.0% for D5W versus 39.8% for 0.45S), or discharge (15.1% for D5W versus 13.3% for 0.45S). As in previous studies, patients whose arrest had likely been on a cardiac basis with initial rhythms of ventricular fibrillation or asystole had admission blood glucose levels significantly related to awakening: mean = 309 mg/dl for never awakening and 251 mg/dl for awakening. Of note, the relation between glucose and awakening was reversed in the remaining patients, who had electromechanical dissociation or noncardiac mechanisms of arrest. Conclusion: Current practices of using limited amounts of glucose-containing solutions after cardiopulmonary arrest do not need to be changed. Blood glucose level on admission is a prognostic indicator but depends on the type of arrest.

Comments: level 2, good, neutral

· Prospective double-blinded randomized trial in adult, out-of-hospital cardiopulmonary arrest, designed to test the effect of glucose administered after arrest. 748 patients were randomized to receive either D5W or normal saline. Any disadvantage of D5W compared to 0.45S could be demonstrated. 

· Limitations:

the outcomes examined were not sufficiently sensitive to detect the effects, the outcomes were based on review of the reports filed by paramedics and medical records,

the  determination of outcomes might have been biased: although the patients and paramedics were blinded with respect to treatment given, the nurse-abstractors were aware, sometimes, of treatment status

	Longstreth, 1983
	Longstreth, W. T.  Jr; Diehr, P. ; Inui, T. S.

Year: 1983

Title: Prediction of awakening after out-of-hospital cardiac arrest.

Journal: N Engl J Med

Volume: 308

Issue: 23

Pages: 1378-1382

Abstract: To develop a model that would forecast neurologic recovery after out-of- hospital cardiac arrest, we reviewed charts on 389 consecutive patients who were not awake on admission to the hospital after resuscitation from asystole or ventricular fibrillation. The outcome variable was “awakening,” which was defined as having comprehensible speech or the ability to follow commands. Predictor variables that we considered included both preadmission and admission data. Using discriminant analysis, we derived models from a 60 per cent random sample of cases and tested the models on the remaining 40 per cent. We judged that the best model contained four variables from the admission examination: motor response, pupillary light response, spontaneous eye movements, and blood glucose (levels below 300 mg per deciliter predicted awakening). Overall correct classification was 80 per cent in the derivation sample and 77 per cent in the test sample. In a simplified form, the model’s predictions of awakening had a sensitivity of 0.92, a specificity of 0.65, a positive predictive value of 0.80, and a negative predictive value of 0.84. This rule should be clinically useful in estimating the neurologic prognosis of patients resuscitated after out-of-hospital cardiac arrest.

Comments: level 4, fair, supportive

· Retrospective adult study (mean age 62y) analyzing predictors of neurological outcome after out-of-hospital cardiac arrest. Blood glucose levels below 300 mg/dl were one of the variables associated with outcome. The primary endpoint was: prediction of awakening (this was defined as the ability of follow commands or speak comprehensibly) 

· Limitations:
the reliability of the measures and the validity of the model are questionable,

the reliability of physical-examination predictors can not be directly measured: the data were gleaned from patients charts

	Longstreth, 1984
	Author: Longstreth, W. T.  Jr; Inui, T. S.

Year: 1984

Title: High blood glucose level on hospital admission and poor neurological recovery after cardiac arrest.

Journal: Ann Neurol

Volume: 15

Issue: 1

Pages: 59-63

Abstract: To evaluate the relationship between blood glucose and neurological recovery after cardiac arrest, we retrospectively reviewed our experience with 430 consecutive patients resuscitated after out-of- hospital cardiac arrest. All these patients had received variable amounts of intravenous 5% glucose solutions before admission. Awakening patients, those following commands or having comprehensible speech, were classified as to whether they suffered persistent neurological deficits. The mean blood glucose level on hospital admission was higher in 154 patients who never awakened than in 276 who did awaken (mean, 341 versus 262 mg per 100 milliliters; p less than 0.0005). Among the 276 who awakened, 90 patients with persistent neurological deficits had higher mean glucose levels on admission than did 186 without deficits (286 versus 251 mg per 100 milliliters; p less than 0.02). These significant differences persisted after excluding all patients whose glucose levels were higher than 500 mg per 100 milliliters and after controlling for potentially confounding variables using multiple regression analysis.

Comments: level 4, fair, supportive

· Retrospective adult study where the glucose levels on admission were compared among patients never awakening after CPR, awake with deficits and awake without deficits 

Admission blood glucose levels and neurological recovery after out-of-hospital cardiac arrest:

group

n. of patients

glucose level

never awakening

154

341(13 (t=5.9; p<0.0005)

ever awakening

276

262(7

persistent deficits

90

286(15 (t=2,4; p<0.02)

no deficits

186

251(7

· comments from the author:” there are other explanations for the glucose-brain damage association that do not assume the elevated glucose levels to be causally linked to the increased brain damage: the stress of cardiac arrest and resuscitation might be expected to elevate the blood glucose level (the more stressful the event, the more brain damage, the higher glucose level); glucose metabolism could be altered in patients with brain damage (more severely brain damaged patients would have higher blood glucose levels). Whatever the casual mechanism, a high blood glucose level on admission is a risk indicator for more extensive brain damage following out of-hospital arrest.

· Limitations:

during the study, two methods for glucose determinations were used



	Longstreth, 1986
	Author: Longstreth, W. T.  Jr; Diehr, P. ; Cobb, L. A. ; Hanson, R. W. ; Blair, A. D.

Year: 1986

Title: Neurologic outcome and blood glucose levels during out-of-hospital cardiopulmonary resuscitation.

Journal : Neurology

Volume : 36

Issue : 9

Pages : 1186-1191

Abstract: We examined the interrelations of outcome, time elapsed during cardiopulmonary resuscitation (CPR), and blood glucose levels drawn from 83 patients with out-of-hospital cardiac arrest. Levels rose significantly during CPR. Although slope and intercept of regression lines differed for those dying in the field and those admitted, regression lines were similar for those who awoke and never awoke after admission. These results suggest that the previously reported association between poor neurologic recovery and high blood glucose level on admission after cardiac arrest is best explained by prolonged CPR, leading to both higher rise of blood glucose and worse neurologic outcome.

Comments: level 4, fair, supportive (hyperglycemia during arrest), neutral (hyperglycemia after arrest)

· Retrospective adult (mean age:67y) study with out-of-hospital cardiac arrest. Were recorded 189 glucose determinations in 83 patients: 148 samples from 72 patients during CPR (1 to 7 per patient). During CPR, blood glucose level rose with the time elapsed and the rise was steepest for patients who did not survive and was significantly different from those who were admitted (p<0.001).

The number of patients was inadequate to detect direct effect of blood glucose level on ease of resuscitation or brain damage after cardiac arrest. Was performed 41 glucose levels in 28 patients out-of-hospital resuscitated before admission, witch show no significantly association to elapsed time.

· Limitations:

the different number of samples per patient make the analysis complicated and not reliable,

 the analysis reported may no have been the must appropriate

it is not clear which solutions the patients received during CPR; maybe some received glucose. it is not clear how much glucose was administered: “ during resuscitation, patients received only small amounts of glucose or none”

glucose determinations was done during and after arrest: number of patients inadequate to detect effect of blood glucose level in both situations

	Mackenzie, 1975
	Mackenzie, C. F.

Year 1975

Title: A review of 100 cases of cardiac arrest and the relation of potassium, glucose and haemoglobin levels to survival

Journal: West Indian Med J

Volume: 24

Issue: 1

Pages: 39-45

Abstract: During an 81/2 month survey of cardiac arrest calls at the University Hospital of the West Indies, Jamaica, the details of 100 cases were collected. Patients were included were initiated. The term “resuscitated” has been used to describe those patients whose spontaneous heart beat was restored for one hour or more. The term “survivor” was used to describe those who were discharged from hospital. It did not relate to their mental status. The 100 consecutive unselected cases were compared with similar published series from their institutions. In the survey, in contrast to others, blood was sampled following cardiac arrest for estimation of glucose, serum potassium and haemoglobin concentration.

Comments: level 5, fair, supportive

· It is a case series study where glucose, potassium and hemoglobin wa smeasure in blood that was taken by femoral vein within 45 minutes of arrest occurring. Glucose levels was determined in 32 patients:

glucose mg/100mL          <40          40-119          120-399          400-610

    number                           2              8                     13                    9

    resuscitated                   1              4                      4                     1

    survivors                       0              1                      1                     0  

· limitations:
 the definitions are imprecise,

 the control were similar to published from other institutions,

 the study included children and adults with un clear age distribution

	Michaud, 1991
	Author: Michaud, L. J. ; Rivara, F. P. ; Longstreth, W. T.  Jr; Grady, M. S.

Year: 1991

Title: Elevated initial blood glucose levels and poor outcome following severe brain injuries in children.

Journal: J Trauma

Volume: 31

Issue: 10

Pages: 1356-1362

Abstract: To determine whether elevations in blood glucose levels were related to neurologic outcomes following severe brain injuries in children, 54 patients 16 years of age or younger admitted to a regional trauma center with a Glasgow Coma Scale score of 8 or less over a 2-year period were retrospectively reviewed. The mean initial blood glucose level on hospital admission was significantly higher in the 16 patients with outcomes of death or vegetative state in comparison with that of the 38 patients with outcomes of good recovery, moderate disability, or severe disability (288 mg/100 mL vs. 194 mg/100 mL, t = -2.74, p = 0.01). Blood glucose levels correlated significantly with indicators of the severity of the brain injury, which were also related to outcome. In contrast, blood glucose levels did not correlate with indicators of the severity of the extracranial injuries, although the latter were significantly related to outcome. Logistic regression analysis resulted in a model for prediction of outcome which included the Glasgow Coma Scale score on admission and the initial blood glucose level. The odds ratio of a poor outcome in this model in patients with blood glucose levels greater than or equal to 250 mg/100 mL relative to those with lower levels was 8.3 (95% confidence interval 1.3-53.6). A simple prognostic score was derived from the logistic regression which improved upon the prediction of outcome using the Glasgow Coma Scale score alone in those patients with initial blood glucose levels greater than or equal to 250 mg/100 mL. Our findings cannot address the questions of whether glucose administration after brain injury in children could be deleterious or of whether controlling hyperglycemia could be beneficial, but raise these issues for further study

This study was excluded during the review process (brain injury no cardiac arrest study)

	Mullner, 1997
	Author: Mullner, M.; Sterz, F.; Binder, M.; Schreiber, W.; Deimel, A.; Laggner, A. N.

Year: 1997

Title: Blood glucose concentration after cardiopulmonary resuscitation influences functional neurological recovery in human cardiac arrest survivors

Journal: J Cereb Blood Flow Metab

Volume: 17

Issue: 4

Pages: 430-6

Abstract: Experimental data suggest that postischemic blood glucose concentration plays an important role in modulating both ischemic cerebral infarction and selective neuronal necrosis. This study investigated the association between functional neurological recovery and blood glucose concentrations in human cardiac arrest survivors. A group of 145 nondiabetic patients were evaluated after witnessed ventricular fibrillation cardiac arrest. Data regarding cardiac arrest were collected according to an internationally accepted protocol immediately after arrival. Blood glucose was measured on admission and 6, 12, and 24 h thereafter. To control for duration of cardiac arrest and 
ardiogênico shock, both known to influence outcome as well as blood glucose, levels, Spearman rank partial correlation was used. In this multivariate analysis, a high admission blood glucose level tended to be associated with poor neurological outcome (rs = -0.16, n = 142, p = 0.06). The association between high median blood glucose levels over 24 h and poor neurological outcome was strong and statistically significant (rs = -0.2, n = 145, p = 0.015). High blood glucose concentrations occurring over the first 24 h after cardiac arrest have deleterious effects on functional neurological recovery. Whether cardiac arrest survivors might benefit from reduction of blood glucose levels needs further investigation.

Comments: level 4, good, supportive

· Retrospective adult study with patients > 18 years of age who suffered a witnessed ventricular fibrillation cardiopulmonary arrest with return of spontaneous circulation for a duration >=24h. The data were acquired retrospectively according to the Utstein Style. Elevated admission blood glucose levels were a prognostic indicator, but might seem to be more the sequel of prolonged CPR than the cause of adverse neurological outcome

· Limitations:

exact time of collapse was imprecise, preischemic blood glucose concentrations was not assessed



	Myers, 1977
	Arch Neurol. 1977 Feb;34(2):65-74. 
Nervous system effects of cardiac arrest in monkeys. Preservation of vision.

Myers RE, Yamaguchi S.

Abstract: Thirteen juvenile monkeys were taught two visual discrimination tasks. After 12 to 24 hours of food deprivation, ten underwent 14-minute episodes of cardiac arrest. Three served as controls. Five of the ten arrested animals survived and were tested in the discrimination box. All continued to perform color and pattern discrimination tasks with one to eight days' delay. All appeared neurologically intact, while brain pathologic examination after 11 to 64 days' survival showed either intact brains or injury restricted to nuclear structures in the brain stem, cerebellar Purkinje cells, and hippocampus. Five animals died 4 to 36 hours after they were resuscitated. Two required prolonged cardiac massage and, despite return of adequate cardiovascular function, died early. A third animal dislodged its arterial catheter and exsanguinated. The remaining two animals, who received infusions of glucose just prior to arrest, developed widespread fasciculations and myoclonic seizures. They became decerebrate and opisthotonic and were killed after 10 and 36 hours. Their brains showed mild edema and widespread necrosis of cortex and basal ganglia. Thus, food-deprived monkeys tolerate 14 minutes of circulatory arrest well and show minimal neurologic and pathologic changes, while administration of glucose just before arrest markedly augments the severity of brain injury and alters its distribution

Comments: level 6, fair, supportive

animal (juvenile monkeys) study where ten animals received normal saline and 3 received 5% glucose  prior to cardiac arrest. These animals had showed more extensive brain damage.

	Nakakimura, 1990
	Author: Nakakimura, K. ; Fleischer, J. E. ; Drummond, J. C. ; Scheller, M. S. ; Zornow, M. H. ; Grafe, M. R. ; Shapiro, H. M.

Year: 1990

Title: Glucose administration before cardiac arrest worsens neurologic outcome in cats.

Journal: Anesthesiology

Volume: 72

Issue: 6

Pages: 1005-1011

Abstract: The effects of glucose on neurologic and neuropathologic outcome following global cerebral ischemia were examined in 20 cats subjected to 14 min of cardiac arrest, followed by closed chest resuscitation and intensive care monitoring. Beginning 30 min prior to cardiac arrest, 15 ml/kg of 5% dextrose in 0.45% saline or the same volume of 0.9% saline was administered in a blinded fashion over 15 min. Ventricular fibrillation was electrically induced and cardiac resuscitation was performed according to a standardized protocol, which included closed chest cardiac compressions, epinephrine, 
ardiogên, sodium bicarbonate administration, and electrical defibrillation. Animals not resuscitated within 4 min were excluded from further study. Resuscitated animals were managed in an intensive care setting for 24 h postresuscitation. Neurologic deficits were scored at 2, 4, and 7 days postresuscitation. Subsequently, the animals’ brains underwent histologic examination. Nine cats were excluded from data analysis. Three did not meet protocol criteria and six could not be resuscitated within 4 min. As a result of a technical error, the brain of one glucose-treated cat was not analyzed. Six saline-treated and five glucose-treated animals met all protocol criteria and survived for 7 days postresuscitation. Plasma glucose concentration before cardiac arrest was 118 +/- 24 mg/dl (mean +/- SD) in the saline group and 269 +/- 21 mg/dl in the glucose group (P less than 0.01). Neurologic outcome rank at 2, 4, and 7 days postresuscitation was significantly worse in glucose-treated cats (P less than 0.01, P less than 0.01, and P less than 0.01, respectively). The neuropathologic score did not differ between glucose- and saline- treated groups (P = 0.07). This study demonstrated that a clinically relevant dose of glucose administered prior to cardiac arrest exacerbates postresuscitation neurologic injury in a feline cardiac arrest model of global cerebral ischemia.

Comments: level , 6,good, supportive

· An animal study with purpose to determine if modest elevation of plasma glucose before ischemia worsens long-term neurologic outcome, and if cat cardiac arrest model was capable to show differences in neurologic outcome. Administration of 5% dextrose solution prior 14-min cardiac arrest was associated to neurological outcome, so, the use of dextrose-containing solutions in cardiac arrest clinical set may result in neurologic injury. The author highlights the importance of evaluating neurologic outcome over more than 1-2 days



	Natale, 1990
	Resuscitation. 1990 Jun;19(3):271-89.  Related Articles, Links  

Elevated brain lactate accumulation and increased neurologic deficit are associated with modest hyperglycemia in global brain ischemia.

Natale JE, Stante SM, D’Alecy LG.

Abstract: This study determined if hyperglycemia: (1) augments ischemic cerebral cortical lactate accumulation during complete cerebral ischemia; and (2) exacerbates subsequent neurologic morbidity and mortality. Dextrose (D5W, n = 8) or normal saline (n = 6) was administered i.v. prior to 10 min of global cerebral ischemia induced by normothermic cardiac arrest in dogs. Before arrest plasma glucose was significantly higher in the D5W-treated group than saline-infused (407 +/- 31 vs. 11 9 +/- 20 mg/dl, P less than 0.05). By 6 h post-arrest, seven of eight D5W-infused dogs died, compared to one of six saline-infused dogs (P = 0.002). D5W-infused dogs showed significantly greater neurologic deficit at 2, 6, and 12 h post-arrest. In a complementary protocol, dogs were pretreated in the same manner, however, six cerebral cortical brain biopsies were taken before, during, and immediately after cardiac arrest. Plasma glucose was 320 +/- 17 mg/dl in the D5W-infused dogs and lower (P less than 0.001), 140 +/- 5 mg/dl, in the saline-infused group. Cerebral cortical lactate accumulation was slightly but significantly greater during ischemia and early reperfusion in animals receiving dextrose. Neither plasma nor cerebrospinal fluid (CSF) creatine kinase isoenzymes nor plasma or CSF lactate concentrations, measured during and for 25 min after cardiac arrest, served as a good prognostic indicator of 24 h neurologic morbidity or mortality. Therefore, induction of complete cerebral ischemia in the presence of moderate hyperglycemia is associated with profound neurologic dysfunction and striking mortality. A qualitative but not quantitative increase in brain lactate accumulation is consistent with the hypothesis that lactate may contribute to the increased severity of neurologic dysfunction with hyperglycemia.

Comments: level 6, good, supportive

· An animal study where dogs were assigned to received, prior to arrest, one of four treatments: full surgical sham, D5W-sham, 0,9% NaCl or D5W. These data suggest that clinically-relevant doses of IV dextrose exacerbate the severe neurologic deficit induced by 10 min of normothermic cardiac arrest.



	Payne, 2003
	Brain Res. 2003 May 2;971(1):9-17.  

The glucose paradox of cerebral ischemia: evidence for corticosterone involvement.

Payne RS, Tseng MT, Schurr A.

Abstract: Aggravation of neuronal damage by preischemic hyperglycemia, i.e. the glucose paradox of cerebral ischemia, is a well-established phenomenon that has prompted clinicians around the world to closely monitor and control blood glucose levels in surgical cases at high risk for ischemic episodes. The widely prevalent idea that lactic acidosis is responsible for hyperglycemia-enhanced ischemic neuronal damage is challenged with the hypothesis that glucose-elicited corticosterone release is a more compelling explanation of the glucose paradox. Corticosterone is the main rodent glucocorticoid, and has important effects on glucose metabolism. Rats were exposed to 7 min of cardiac arrest-induced transient global ischemia. Plasma glucose and corticosterone (CT) levels were manipulated and monitored to assess their effects on delayed neuronal damage as measured 7 days postischemia using electrophysiological and histological methods. Seizure activity was assessed 24 h postischemia. The results demonstrate that the extent of postischemic neuronal damage correlates with plasma CT level, not glucose, at the onset of ischemia. Moreover, an elevation in plasma glucose levels triggers a significant increase in CT plasma levels. Pretreatment of hyperglycemic rats with the CT synthesis inhibitor metyrapone or the CT receptor antagonist, RU38486, prevents hyperglycemic aggravation of ischemic neuronal damage. The increased incidence of seizure and delayed neuronal damage resulting from preischemic hyperglycemia corresponds with CT levels rather than with glucose levels and suggests that CT has a greater prognostic value than glucose in predicting cerebral ischemic damage.

Comments: level 7, good, neutral

· It is a well designed animal study that  provides substantial support for the hypotesis that the deleterious effect of preischemic hyperglycemia on neuronal damage is due to an elevation in plasma corticosterone rather than glucose per se. Physicians need to be aware of both the deleterious ramifications of glucose-induced elevation in corticosterone on neuronal survival following ischemic or traumatic brain injury and the potential benefits of hyperglycemia when the concomitant deleterious effects of hormonal factors are eliminated.

	Skrifvars, 2003
	Resuscitation. 2003 Dec;59 (3):319-28.  Related Articles, Links  

A multiple logistic regression analysis of in-hospital factors related to survival at six months in patients resuscitated from out-of-hospital ventricular fibrillation.

Skrifvars MB, Pettila V, Rosenberg PH, Castren M.

Abstract: The impact of the immediate in-hospital post-resuscitation care after out-hospital cardiac arrest is not well known. Based on treatment variables and laboratory findings a multiple logistic regression model was created for the prediction of survival at 6 months from the event. MATERIALS AND METHODS: A retrospective study of the hospital charts of patients successfully resuscitated and treated in one of three community hospitals from 1998 to 2000. In addition to several pre-hospital variables, the mean 72 h values of clinical features such as blood pressure, blood glucose concentration and initiated treatment used, were included in a forward multiple logistic regression model predicting survival at 6 months from the event. RESULTS: The charts of 98 out of a total of 102 patients were sufficiently complete and included in the analysis. Variables independently associated with survival were age, delay before a return of spontaneous circulation, mean blood glucose and serum potassium, and the use of beta-blocking agents during post-resuscitation care. When those patients who were assigned a 'do not attempt to resuscitate' (DNAR) order during the first 72 h of treatment were excluded from the analysis blood glucose, blood potassium and the use beta-blocking agents remained independently associated with survival. CONCLUSION: This study suggests that in-hospital factors are associated with survival from out-of-hospital cardiac arrest. The mean blood glucose and serum potassium during the first 72 h of treatment and the use of beta-blocking agents were significantly and independently associated with survival.

Comments: level 4, fair, supportive

· Retrospective study of the hospital charts of patients successfully resuscitated in one of three community hospital, the aim of study was to investigate post-resuscitation care in patients from out-of-hospital ventricular fibrillation 

the mean blood glucose level during the first 72h of treatment was independently associated with survival, at 6 months, with multiple logistic analysis

the amount of pre-hospitally administered epinephrine correlated with blood glucose levels on admission as well as with 72 h blood glucose levels

· Limitations:

the frequency of laboratory measurements is a cause of concern 

the different laboratory and bed-side methods used for measuring blood glucose is a potential bias

different levels of treatment might be carried out by different hospitals: two of then provide secondary and one tertiary level of care



	Steingrub, 1996
	Author: Steingrub JS, Mundt DJ

Year: 1996

Title: Blood glucose and neurologic outcome with global brain ischemia

Journal: Crit Care Med

Volume: 24

Issue: 5

Pages: 802-6

Abstract:

OBJECTIVE: To investigate the relationship between neurologic outcome and blood glucose concentrations in survivors of cardiopulmonary arrest. DESIGN: Retrospective case series chart review. SETTING: Adult multidisciplinary intensive care unit (ICU) of a tertiary referral medical center. SUBJECTS: Consecutive patients over a 12-month period surviving cardiopulmonary resuscitation (CPR). INTERVENTIONS: Variables that were examined that could affect the relationship between the circulating glucose concentration and neurologic outcome included: location of arrest (inhospital/out-of-hospital), age, history of diabetes mellitus, duration of arrest, CPR duration, initial cardiac rhythm, and drugs administered during arrest. Cerebral recovery was evaluated by a 5-point outcome scale (Glasgow Pittsburgh Brain Stem Score) on ICU admission, and 24 and 48 hrs after ICU admission. MEASUREMENTS AND MAIN RESULTS: Observations were made on 85 patients, of whom 67% had inpatient CPR and 33% received out-of-hospital CPR. The duration of arrest of 66 (78%) patients was <5 mins. Mean CPR duration was 13.7 mins. Twenty-one percent of patients had diabetes. The mean blood glucose concentration post-CPR (n = 80) was 272 mg/dL (15.1 mmol/L). A statistically significant association was shown between high glucose concentration post-CPR and severe cerebral outcome among a small subset of patients with CPR lasting >5 min. CONCLUSIONS: The present study does not support an association between the concentration of glucose post-CPR and neurologic outcome. The previously reported casual relationship between hyperglycemia and neurologic prognosis may be an epiphenomenon of the severity of global cerebral ischemia in humans.

Comments: level 5, fair, neutral

· Retrospective case series chart review were the study population included 85 patients who had inhospital and out-of-hospital arrests. 21% of patients had diabetes. No child.

No association between neurologic outcome and glucose concentration was found, the influence of glucose concentration may be overbalanced by complex metabolic alterations occurring subsequent to ischemia

· limitations:

the small sample size makes statistical analysis of the data difficult and places limitations on conclusion of our study

relative high number of diabetic patients
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