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Aneurysmal Subarachnoid Hemorrhage (SAH)

5,000 patients/year in the UK
5% of all strokes
Median age: 52 years (ischemic 
stroke 74 years)
50% mortality & disability rate
Outcome at discharge after 
intervention: 
– 47% discharged to home
– 53% sent to a referring hospital or 

rehabilitation unit
Reference: Society of British Neurological Surgeons, Royal College of Surgeons, London, 2006 
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Delayed ischemic deficits (DID) after  SAH
Subarachnoid blood

Vascular inflammation

Endothelial dysfunction
↓ eNOS activity

Impaired vascular reactivity

Cerebral vasospasm

Ischemia/Infarction

Delayed neurological deficits

3-12 days
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Erythropoietin (EPO)

During cerebral ischaemia1-4

– ↑ EPO in astrocytes
– ↑ EPO-R in neurons
– EPO enhances ischemic pre-

conditioning, ↓neuronal & 
vascular stem cell apoptosis, 
↑neurogenesis/angiogenesis.

RCT of high-dose systemic 
EPO in acute ischemic stroke 
patients: ↓cerebral infarcts, 
↓disabilities.5
A single dose of systemic EPO 
can normalize cerebral 
autoregulation after SAH6

1. Brines ML et al. Proc Natl Acad Sci USA 2000;97:10526-31
2. Wang L, et al. Stroke 2004;35:1732-7.
3. Böttiger BW, et al. Lancet 2001;357:1583-5
4. Ruscher K, et al. J Neurosci 2002;22:10291-301
5. Ehrenreich H, et al. Mol Med 2002;8:495-505
6. Springborg JB, et al. Br J Pharmacol 2002;135:823-9.
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Can additional systemic supplement 
of EPO secure neuroprotection after 
aneurysmal SAH?
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Hypotheses

Reduce cerebral vasospasm 
Shorten impaired cerebral 
autoregulation
Decrease vasospasm-related DID
Improve clinical outcome
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Endpoint measurements
Primary endpoints
Transcranial Doppler (TCD) indices
– Incidence, duration, and severity of cerebral vasospasm 
– Duration of impaired cerebral autoregulation

• Transient hyperemic response test (THRT)

Secondary endpoints
– Incidence of vasospasm-related DID
– Outcome on Day 14 or at discharge & at 6 months

• Modified Rankin Scale (mRS)
• Glasgow Outcome Scale (GOS)
• National Institutes of Health Stroke Scale (NIHSS)
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Study procedures

Approved by Research Ethics Committee & 
MHRA (EudraCT 2004-001141-15 )
Inclusion criteria: adult patients (>=18years) 
with aneurysmal SAH within 72 hours
Exclusion criteria: 
– Trauma, 
– Negative cerebral angiography, 
– Uncontrolled hypertension (systolic blood pressure 

>220 mmHg) , 
– History of malignancy
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Study procedures

IV 6 mL of either EPO-β 30,000 IU in 0.9% 
saline or 0.9% saline on Day 0, 2, 4 (Total dose 
90,000 IU)
Daily assessment for 14 days
– TCD for vasospasm
– THRT for autoregulation
– Neurological status for DID

Blood test every 3 days: full cell count 
(reticulocytes), coagulation profile, lipid profiles, 
CRP, ESR
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TCD Examination

Definition of vasospasm on TCD1,2

– Mean flow velocity (FV) of middle cerebral artery >120 cm/sec (severe: >200 
cm/sec)

– Increment >50 cm/sec in 24 hours
– Lindegaard ratio >3

Transient hyperaemic response ratio (FVsystolic hyperemia / FVsystolic baseline)3,4

– Normal autoregulation ≥l.10
– Impaired autoregulation <1.10 1. Aaslid R. Eur J Ultrasound 2002;16:3-10

2. Lindegaard KF, et al. Acta Neurochir Suppl (Wien) 1988;42:81-2

3. Giller CA. Acta Neurochir (Wien) 1991;108;7-14.

4. Smielewski P, et al. J Neurosurg 1997;86:773-8.
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Routine clinical management
Oral nimodipine 60mg/4 hours
Moderate fluid supplement (>3L/days)
Interventions for ruptured aneurysm (clipping, 
coiling)
For symptomatic vasospasm 
– No endovascular therapy, 
– Triple-H therapy

• Induced hypertension
• Hypervolemia
• Hemodilution
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Results

From 04/2005 to 03/2006
– 94 patients approached, 
– 80 patients randomised
– Mean age 58.6+/-13.2, range 24-82 years 

Trial agents given<48 hours (95%CI 1.3-2 days)
No trial-related complications
– Systemic thromboembolism, 
– Uncontrolled hypertension
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Table 1. Pre-randomization characteristics (1) 

Variables Patients Total (%) Placebo (%) EPO (%) p (χ2 test)

Age (years) Mean (95% 

CI) 

56.8 (53.9 

to 59.7) 

53.8 (49.5 to 

58.0) 

59.8 (56.0 to 

63.6) 

0.036 (t-

test) 

Sex Male 24 (30.0) 11 (27.5) 13 (32.5) 0.626 

 Female 56 (70.0) 29 (72.5) 27 (67.5)  

WFNS grade 1 26 (32.5) 14 (35.0) 12 (30.0) 0.991 

 2 27 (33.8) 13 (32.5) 14 (35.0)  

 3 5 (6.2) 2 (5.0) 3 (7.5)  

 4 12 (15.0) 6 (15.0) 6 (15.0)  

 5 10 (12.5) 5 (12.5) 5 (12.5)  

Fisher grade 1,2 8 (10.0) 6 (15.0) 2 (5) 0.263* 

 3,4 72 (90.0) 34 (85.0) 38 (95)  

Hydrocephalus Yes 36 (45.0) 16 (40.0) 20 (50) 0.369 

 No 44 (55.0) 24 (60.0) 20 (50)  

IVH Yes 20 (25.0) 10 (25.0) 10 (25) 1.0 

 No 60 (75.0) 30 (75.0) 30 (75)  

Aneurysm  A-Com 25 (31.2) 13 (32.5) 12 (30) 0.374 

location P-Com 20 (25.0) 11 (27.5) 9 (22.5)  

 MCA 17 (21.3) 6 (15.0) 11 (27.5)  

 ICA 3 (3.8)  3 (7.5) 0 (0)  

 VB system 7 (8.7) 4 (10.0) 3 (7.5)  

 Others 8 (10.0) 3 (7.5) 5 (12.5)  
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Table 1. Pre-randomization characteristics (2)  

Variables Patients Total (%) Placebo (%) EPO (%) p (χ2 test)

Hypertension Yes 28 (35.0) 15 (37.5) 13 (32.5) 0.639 

 No 52 (65.0) 25 (62.5) 27 (67.5)  

DM Yes 3 (3.8) 0 (0) 3 (7.5) 0.241* 

 No 77 (96.2) 40 (100) 37 (92.5)  

ACEI user Yes 3 (3.8) 1 (2.5) 2 (5.0) 1.0* 

 No 77 (96.2) 39 (97.5) 38 (95.0)  

Statin user Yes 14 (17.5) 6 (15.0) 8 (20.0) 0.556 

 No 66 (82.5) 34 (85.0) 32 (80.0)  

Aspirin user Yes 4 (5) 2 (5.0) 2 (5.0) 1.0* 

 No 76 (95) 38 (95.0) 38 (95.0)  
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Table 2. Post-randomization characteristics. 

Variables Patients Total (%) Placebo (%) EPO (%) p (χ2 test) 

Time between first dose and 

ictus (days)  

Mean (95% CI) 1.7 (1.3 to 2.0) 1.9 (1.3 to 2.4) 1.5 (1.1 to 1.8) 0.241 (t-test) 

EVD Yes 23 (28.8) 12 (30.0) 11 (27.5) 0.805 

 No 57 (71.2) 28 (70.0) 29 (72.5)  

Ventriculitis Yes 8 (10.0) 5 (12.5) 3 (7.5) 0.712* 

 No 72 (90.0) 35 (87.5) 37 (92.5)  

Interventions Clipping 48 (60.0) 26 (65.0) 22 (55.0) 0.643 

 Coiling 19 (23.8)  8 (20.0) 11 (27.5)  

 No treatment  13 (16.2) 6 (15.0) 7 (17.5)  

Time between intervention and 

ictus (days) 

Mean (95% CI) 4.0 (3.1 to 4.8) 4.0 (2.6 to 5.3) 3.9 (2.7 to 5.1) 0.972 (t-test) 

Operating  A 31 (38.7) 16 (40.0) 15 (37.5) 0.762 

neurosurgeon B 18 (22.6) 10 (25.0) 8 (20.0)  

 None 31 (38.7) 14 (35.0) 17 (42.5)  

Immediate post- Yes 18 (22.5) 8 (20.0) 10 (25.0) 0.592 

operative deficits  No 62 (77.5) 32 (80.0) 30 (75.0)  

Sepsis Yes 30 (35.7) 12 (30.0) 18 (45.0) 0.166 

 No 50 (62.5) 28 (70.0) 22 (55.0)  
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Results – Primary endpoint
Incidence of vasospasm on TCD

40% 
(16/40)

27.5% 
(11/40)

χ2 test p = 0.24
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27.5% 
(11/40)

7.5% (3/40)

Incidence of severe vasospasm on TCD

Fisher’s exact test p = 0.037
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Duration of severe vasospasm on TCD

1.2+/-2.9 days 0.1+/-0.4 days
Difference: 1.0 days, Mann-Whitney test p=0.028
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Duration of impaired autoregulation

Mann-Whitney test p <0.001 p = 0.10

Ipsilateral side Contralateral side

6.6

3.5 4.3
3.0
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Secondary endpoint
Incidence of vasospasm-related DID

Fisher’s exact test p = 0.001

40% 
(16/40)

7.5% (3/40)



World Congress of Nephrology, 24 April 2007



World Congress of Nephrology, 24 April 2007

Modified Rankin Scale at Discharge

Favourable MRS (1-3)  χ2 test p = 0.18

17.5%

22.5%

15%7.5%

25%

12.5%

40% 

27.5% 

5%

5%

12.5%

10% 
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Glasgow Outcome Scale at Discharge

Favourable GOS (Good recovery/moderate disability)  χ2 test p = 0.039

12.5%

15%

30%

7.5%
35%

60%

12.5%

15%

2.5%
10%
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National Institutes of Health Stroke Scale

Survivors N=71, Fisher’s exact p = 0.014

NIHSS 0-5 
45.7%

NIHSS 6-20 
25.7%

NIHSS 21-34 
28.6% NIHSS 0-5 

75%

NIHSS 6-20 
19.4%

NIHSS 21-34 
5.6%
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Placebo  EPO

No_Disability6m Slight_Disability6m
Mod_Disability6m Mod_Sev_Disability6m
Bedridden6m Death6m

Graphs by EPO

Modified Rankin Scale at 6 Months

Favourable MRS (1-3)  χ2 test p = 0.59

42%

25%

10%

7.5%

15%

45%

15%

12.5%

5%

5%

17.5%
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Glasgow Outcome Scale at 6 Months

35%

30%

17.5%

17.5%

35%

37.5%

12.5%

15%

Favourable GOS (Good recovery/moderate disability)  χ2 test p = 0.88
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Hematopoietic effect

*p<0.05 after repeated measurement ANOVA and Dunnett’s adjustment
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*p<0.05 after repeated measurement ANOVA and Dunnett’s adjustment 
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Transfusion with packed erythrocytes
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*p<0.05 after repeated measurement ANOVA and Dunnett’s adjustment 
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Conclusions

Acute systemic treatment with EPO 
90,000 IU  following aneurysmal SAH 
– Reduce incidence and duration of severe 

vasospasm on TCD indices
– Shorten duration of impaired cerebral 

autoregulation 
– Decrease vasospasm-related DID
– Improve outcome at discharge
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Potential mechanisms

– Early activation of 
endothelial EPO-R

• Independent of blood-
brain barrier

• Stimulating endothelial 
NOS1

– Direct neuroprotection 
• Enhancing ischemic 

preconditioning, 
angiogenesis, 
neurogenesis, and neural 
plasticity

– Maintaining favourable 
hematocrits2

1. Santhanam AV, et al. Am J Physiol Heart Circ 
Physiol 201:H781-6,2006.

2. Postiglione A, et al. Stroke 1991;22:1508-11


