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Background I

Anemia
Åcommon after SAH

Wartenberg2006                                                 

Åassociated with poor outcome

Åadversely affects cerebral oxygen delivery and metabolic 
function  (Hb<9mg/dL) Kurtz P, NCC2008, Oddo,Stroke2009

Wartenberg CCM2006,  Kramer NCC 2009, Naidech NS2006,  Naidech CCM 2007, Kurtz NCC 2008, Oddo Stroke 2009, Kurtz P, 

NCC2008, Oddo,Stroke 2009, Zygun DA CCM 2009, Dhar NCC 2008, Dhar Stroke 2009, Smith CCM 2005, Leal-Noval ICM 2006

Ą PRCB transfusion

Ą optimal transfusion threshold?



Background II

Packed red blood cell (PRBC) transfusion 

Åassociated with poor outcome after SAH 
independent of the degree of anemia

Åhigher incidence of 
ïvasospasm

ïDCI

ïnosocomial infections

Wartenberg CCM2006,  Kramer NCC 2009, Naidech NS2006,  Naidech CCM 2007, Kurtz 

NCC 2008, Oddo Stroke 2009, Kurtz P, NCC2008, Oddo,Stroke 2009, Zygun DA CCM 2009, 

Dhar NCC 2008, Dhar Stroke 2009, Smith CCM 2005, Leal-Noval ICM 2006



Background III

PRBC transfusions

Åincrease oxygen delivery  in patients with acute brain 
injury Smith CCM2005

Dhar Stroke 2009
Leal-Noval 2006, Zygun CCM 2009

Åmay not improve brain metabolism in TBI patients 
Zygun , CCM 2009

Åthere is limited evidence to support the use of PRBC 
transfusions to optimize brain homeostasis after SAH

Wartenberg CCM2006,  Kramer NCC 2009, Naidech NS2006,  Naidech CCM 2007, Kurtz 

NCC 2008, Oddo Stroke 2009, Kurtz P, NCC2008, Oddo,Stroke 2009, Zygun DA CCM 2009, 

Dhar NCC 2008, Dhar Stroke 2009, Smith CCM 2005, Leal-Noval ICM 2006



Objective

to investigate 

the effect of PRBC transfusion on cerebral 
oxygenation and metabolismin patients with 

SAH



Methods

Study design

ïProspective observational study 

Study site and period

ïNICU Columbia University  January 2008 and June 2009 

Inclusion citeria

ïAll patients with severe SAH that underwent multimodality monitoring 

Å Intracranial pressure

ÅBrain Tissue Oxygen Tension

ÅCerebral Microdialysis

ïTransfusion of PRBC



Outcome parameters

(1) change in PbtO2 and change in LPR over time

Ą exploratory analysis

(2) the association between change in Hb
concentration and a change in PbtO2/LPR 



Statistics

Ågeneralized estimating equations (GEE) accounting 
for between-subject and within-subject variation

ÅUnivariate and multivariate analysis

ïPredictorvariable
ÅChange in hemoglobin

ïOutcomevariables
ÅChange in PbtO2

ÅChange in LPR



Results

Å19 PRBC transfusions 

Å15 consecutive comatose patients 



Age 52 41 ï66

Female 12 80%

Hunt Hess

3 3 20%

4 5 33%

5 7 47%

Modified Fischer

1 1 7%

2 2 13%

3 4 27%

4 8 53%

APACHE II 23 22 - 28

Days to MMM 3 2 ï4

Results

Baseline Characteristics (N = 15)



Course and outcome

PRBC day given 8 3 ï11 

DCI 4 27%

Mortality 4 27%



Results

Baseline
Post PRBC 

Transfusion
P value

Hemoglobin (g/dL) 8.1 (1.1) 10.3 (0.9) <0.001

CPP (mmHg) 85.9 (17.3) 98.4 (19.6) 0.01

Systemic Glucose (mg/dL) 131.2 (40.4) 145.8 (32.8) 0.23

End-tidal CO2 (mmHg) 30.6 (5.6) 30.2 (4.9) 0.31

Oxygen saturation (%) 99.2 (1.2) 99.4 (1.2) 0.38

PbtO2 (mmHg) 20.1 (13.7) 24.9 (15.2) 0.001

Physiological parameters 



Results

PbtO2 pre and post transfusion of PRBC



Multivariate analysis

adjusted for CPP

peripheral oxygen saturation and 

FiO2

every 1 g/dL     hemoglobin  Ą 1.4 mmHg       PbtO2 

P  = 0.036



Results

Baseline
Post PRBC 

Transfusion
P value

Hemoglobin (g/dL) 8.1 (1.1) 10.3 (0.9) <0.001

PbtO2 (mmHg) 20.1 (13) 24.9 (15) 0.001

LPR 37 (16) 36 (16) 0.62

Lactate (mmol/L) 3.8 (1.9) 4.1 (2.2) 0.43

Pyruvate (umol/L) 119 (66) 124 (56) 0.48

Glucose (mmol/L) 1.3 (1.3) 1.2 (0.7) 0.40

Cerebral metabolism



Results

LPR pre and post transfusion of PRBC



Summary

ÅPRBC transfusions are associated with an 
improvement in oxygen delivery (until hour 10)  to 
the brain without significant metabolic impact



Discussion

ÅConsistent with previous report in SAH and TBI 
patients 

(Smith CCM2005, Dhar Stroke 2009, Leal-Noval 2006, Zygun CCM 2009)

ÅNo association with cerebral metabolism

Åpotential explanation
ï LPR was abnormal at baseline 

» LPR most tightly corresponds to reduction in the cerebral 
metabolic rate for oxygen

Vespa 2005



Conclusion

goal-directed PRBC transfusion strategy 

aimed at neuromonitoring parameters

may allow an 

individualized approach
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