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BackgroundBackground

The standard of care for cerebral vasospasm has been hypertensive 
hypervolemic hemodilution (HHH) therapy in an attempt to increase 

b l bl d fl d l i h l i (CCA)cerebral blood flow, and calcium channel antagonists (CCA) as 
preventive or rescue therapy. 

-Nimodipine – intravenous, intra-arterial, oralp , ,

-Verapamil – intra-arterial 

-Nicardipine – intravenous, intra-arterial, intracranial 
biocompatible controlled release systems

However, continuous intravenous CCA have not been used as a       
therapeutic option at the onset of CV. p p



The Big IdeaThe Big Idea
Would hypertensive hypervolemic therapy with a continuous Would hypertensive hypervolemic therapy with a continuous 

intravenous infusion of nicardipine at the onset of cerebral intravenous infusion of nicardipine at the onset of cerebral 
vasospasm induce a progressive arterial vasodilatation resulting in a vasospasm induce a progressive arterial vasodilatation resulting in a 
decrease in TCD velocities?decrease in TCD velocities?decrease in TCD velocities?decrease in TCD velocities?



MethodsMethods
 Retrospective study of a prospective, nonrandomized crossover feasibility Retrospective study of a prospective, nonrandomized crossover feasibility 

protocol of HHVD vs hypertensive hypervolemia (HH) alone over 4 years protocol of HHVD vs hypertensive hypervolemia (HH) alone over 4 years 
(2005 (2005 –– 2009) 2009) 

 Daily Transcranial Doppler (TCD) mean velocities (MV) of the anterior and Daily Transcranial Doppler (TCD) mean velocities (MV) of the anterior and 
middle cerebral arteries were completedmiddle cerebral arteries were completedmiddle cerebral arteries were completedmiddle cerebral arteries were completed

 HH therapy began when TCD >120cm/sec, LR>3HH therapy began when TCD >120cm/sec, LR>3
 HH therapy was done for 48 hoursHH therapy was done for 48 hours
 Patients were crossed over from HH to HHVD if TCD velocities worsened Patients were crossed over from HH to HHVD if TCD velocities worsened 

despite HH therapydespite HH therapydespite HH therapydespite HH therapy
 For HHVD, nicardipine was infused at 2mg/hr while SBP goals kept For HHVD, nicardipine was infused at 2mg/hr while SBP goals kept 

unchanged using norepinephrineunchanged using norepinephrine
 The primary outome was the rate in decline of TCD velocityThe primary outome was the rate in decline of TCD velocity
 Data was analyzed for progressive arterial dilation between the two therapies, Data was analyzed for progressive arterial dilation between the two therapies, y p g p ,y p g p ,

incidence of rescue therapy, symptomatic versus asymptomatic vasospasm, incidence of rescue therapy, symptomatic versus asymptomatic vasospasm, 
DINDS, difference in rate of norepinephrine infusion, hypotension, and DINDS, difference in rate of norepinephrine infusion, hypotension, and 
myocardial infarction (MI) defined as Troponin >5.0 ng/mLmyocardial infarction (MI) defined as Troponin >5.0 ng/mL



Demographics

 HHVD group*
– 16 patients

 HH group*
– 20 patients

– Fisher grade
 Grade 3+4: 10
 Grade 3: 5

– Fisher grade
 Grade 3+4: 14
 Grade 3: 5 Grade 3: 5

 Grade unknown: 1 

– M:F  3:13 

 Grade 3: 5
 Grade 2: 1

– M:F  9:11 
– Average age 47 – Average age 51

*The e as no statistical diffe ence bet een the t o g o ps*There was no statistical difference between the two groups. 



Transcranial DopplerTranscranial DopplerTranscranial Doppler Transcranial Doppler 
Velocities for the first 5 daysVelocities for the first 5 days

Figure 1: The first 5 days after the start of HHVD 
therapy

Figure 2: The first 5 days after the start of HH 
therapy alone.

On average, the start of HHVD therapy showed a progressive decline in On average, the start of HHVD therapy showed a progressive decline in 
mean velocity of 4.1 days sooner then HH therapy alone (p=0.012). The mean velocity of 4.1 days sooner then HH therapy alone (p=0.012). The 
rate of decline for HHVD was 6 cm/sec/day compared to 0 cm/sec/day in rate of decline for HHVD was 6 cm/sec/day compared to 0 cm/sec/day in 
the HH group. the HH group. 



Velocities >180 andVelocities >180 and 
200cm/sec

Figure 3: Showing the 
percentage of time mean 
velocities spent >180cm/secvelocities spent 180cm/sec 
and 200cm/sec for HHVD 
and HH groups. Velocities 
>180cm/sec for HHVD 
18.92%, HH 24.36%, p=n.s.18.92%, HH 24.36%, p n.s. 
Velocities >200 for HHVD 
11.85%, for HH 13.13%, 
p=n.s.



Rescue Therapy Between py
Groups

Figure 4: Frequency of rescue 
therapy between HHVD and HH 
groups. HH group required rescue 
th 35 ti hil th

# IA rescue events during 
therapy

therapy 35 times, while the 
HHVD group required treatment on
19 occasions.
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Systolic Blood Pressure y
Between the Two Groups

Figure 6: Systolic blood pressure 
(SBP) between the HHVD and HH(SBP) between the HHVD and HH
groups. (HHVD vs HH: mean 161 
vs 173 mmHg, p=0.024).



Incidence of inadvertent 
h ihypotension 

Events of SBP <140 mmHg
Figure 8: Percentage of SBP
<140 mmHg between HHVD 
and HH therapy. HHVD 17.10%
vs HH 7 83% (p<0 0001; OR 2 4218000

Number of Events SBP< 140 mmHg

vs HH 7.83% (p<0.0001; OR 2.42, 
95% CI 2.25-2.61).

10000
12000
14000
16000
18000

0
2000
4000
6000
8000

0

SBP<140 1934 1301

Total Measurements 11305 16609

HHVD HH



Norepinephrine infusionNorepinephrine infusion 

 On average, the HH group 
had a higher rate of 
norepinephrine infusion 

Mean Dose of Norepi

0.6
p p

(0.300 vs 0.268 
mcg/kg/min; SD=0.194 vs 
0.230, p<0.0001). 
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There was no difference between the two groups 
with regard to symptomatic or asymptomatic 
vasospasm, DINDS, or MI.



ConclusionConclusion
 HHVD therapy showed a progressive decline HHVD therapy showed a progressive decline 

in mean cerebral velocities of 6 cm/sec/day, in mean cerebral velocities of 6 cm/sec/day, 
with vasospasm ending 4 1 days sooner aswith vasospasm ending 4 1 days sooner aswith vasospasm ending 4.1 days sooner as with vasospasm ending 4.1 days sooner as 
compared to HH therapy alone. compared to HH therapy alone. 

 Furthermore, HHVD may reduce the needFurthermore, HHVD may reduce the need Furthermore, HHVD may reduce the need Furthermore, HHVD may reduce the need 
for rescue intrafor rescue intra--arterial therapy. However, arterial therapy. However, 
HHVD therapy was complicated by more HHVD therapy was complicated by more 
h t i t d l SBPh t i t d l SBPhypotensive events and lower mean SBP. hypotensive events and lower mean SBP. 
Larger studies are needed to confirm these Larger studies are needed to confirm these 
results.results.results. results. 
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