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Basilar Artery Vasospasm and Delayed Posterior
Circulation Ischemia After Aneurysmal
Subarachnoid Hemorrhage
Gill E. Sviri, MD, MSc; David H. Lewis, MD; Reinaldo Correa, RN; Gavin W. Britz, MD, MPH;
Colleen M. Douville, RN; David W. Newell, MD
Background and Purpose—The clinical and hemodynamic impacts of basilar artery (BA) vasospasm (VS) after
aneurysmal subarachnoid hemorrhage (SAH) are ill-defined. The purpose of the present study was to evaluate the
relationship between BA-VS and regional cerebral blood flow (rCBF) with posterior circulation after aneurysmal SAH.
Methods—Daily transcranial Doppler (TCD) measurements of posterior and anterior circulation arteries were conducted
in 162 patients with aneurysmal SAH. rCBF to the brain stem (BS) and other brain territories was assessed by multiple
single-photon emission computed tomography with 99mTc ethyl cysteinate dimer single-photon emission computed
tomography (ECD-SPECT) imaging during the course of VS.
Results—SPECT imaging showed delayed BS hypoperfusion in 29 patients (17.9%). Of them, 23 patients (79.3%) were
found to have BA-VS. Patients with very high BA flow velocities (FVs; ⬎115 cm/s) had a 50% chance of developing
delayed BS ischemia. BA-VS was found at a higher rate in patients who experienced reduced rCBF in the cerebellum
(56.3%), thalamic nuclei (68.4%), and occipital lobe (81.8%). Although patients with delayed BS hypoperfusion did not
present with a higher clinical grade, their clinical outcome was significantly worse (Glasgow Outcome Score after 30
days 2.48⫾1.16 versus 3.3⫾1.27; P⫽0.001).
Conclusions—These findings suggest for the first time that BA-VS after aneurysmal SAH is associated with hypoperfusion
to BS and other posterior circulation territories. The risk for delayed BS ischemia increased significantly when TCD
BA-FVs were ⬎115 cm/s. (Stroke. 2004;35:1867-1872.)
Key Words: basilar artery 䡲 vasospasm 䡲 cerebral blood flow 䡲 tomography, emission computed
䡲 ultrasonography, Doppler, transcranial 䡲 subarachnoid hemorrhage 䡲 brain stem 䡲 ischemia

T

ranscranial Doppler (TCD) has become a reliable and
sensitive method for diagnosis of vasospasm (VS) after
subarachnoid hemorrhage (SAH), and many studies have
shown a correlation between TCD measurements and angiography findings.1–3 Although TCD measurements do not provide information on cerebral blood flow (CBF) and cerebral
tissue perfusion,1,4,5 significant arterial narrowing resulting
from VS is associated with perfusion impairment, and many
studies have demonstrated that cerebral VS in the anterior
circulation is associated with reduced cerebral perfusion in
the affected territories.5,6
Unlike anterior circulation VS, little is known about VS in
the vertebrobasilar system,7–10 and with an absence of data
regarding CBF disturbances in the posterior circulation brain
territories after aneurysmal SAH, many clinicians may not be
well guided in the monitoring and treatment of vertebrobasilar VS.10,11
In the present study, we used 99mTc ethyl cysteinate dimer
single-photon emission computed tomography (ECD-

SPECT) imaging to determine the incidence of delayed brain
stem (BS) ischemia and posterior circulation territory ischemia that may be related to VS after aneurysmal SAH.

Materials and Methods
Patients
Records of 354 consecutive patients with aneurysmal SAH admitted
between January 2001 and September 2002 were reviewed. Study
inclusion criteria for the 162 patients comprised daily anterior and
posterior circulation TCD measurements, baseline SPECT imaging
done within 72 hours of the initial bleed, and at least 1 other study
later in the acute clinical phase. Patients who died within 7 days of
bleeding were excluded from the study. The severity of neurological
impairment at admission was assessed by the Hunt and Hess grading
system (H&H grade).12 Delayed ischemic neurological deficit
(DIND) was defined as a worsening of the neurological condition
that could not be attributed to rebleeding or systemic or postoperative
complications. For analysis purposes, DINDs were divided into focal
neurological deficits or reduced level of consciousness (RLC). Final
neurological outcome was assessed by the Glasgow Outcome Score
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Figure 1. A 6-mm-thick sagittal plane reconstructed 99mTc
SPECT imaging of a 44-year-old female with SAH after rupture
of an anterior communicating artery aneurysm. White arrows
point to the BS. A, Baseline BS perfusion is normal, as can be
seen by the intense and bright uptake signal in the pons area
(arrows), which is equal in intensity compared with the rest of
the brain territories. B, On day 7 after the initial hemorrhage, the
patient presented with RLC and elevated BA TCD-MFVs (110
cm/s). SPECT imaging disclosed moderate reduction in BS
rCBF, (shown as decreased uptake intensity signal, arrows)
compared with baseline imaging (A) and other brain territories.

(GOS) score13 for all patients after 1 month. The bleeding intensity
was scored according to the Fisher classification.14
The University of Washington Human Subjects Committee approved the study.

TCD Recording
Initial TCD evaluation was performed on all patients within the first
48 hours after SAH onset. Mean flow velocities (FVs) of ⬎120 cm/s
and FVs of 3-fold greater than that of the FVs in the extracranial
internal carotid artery were selected as criteria for VS in the middle
cerebral artery and the anterior cerebral artery (ACA), according to
severity criteria suggested by Aaslid et al1 and Lindegaard et al.2 The
basilar artery (BA) FVs were measured through the foramen magnum according to the technique described by Fujioka and Douville.15
BA-VS defined whenever the FV was ⬎85 cm/s according to criteria
suggested by Sloan et al.7

SPECT Studies
Each patient was injected with ⬇1110 MBq (30 mCi) 99mTc ECD
(Bristol-Myers Squibb Medical Imaging), and images were obtained
⬇35 minutes later. All images were acquired using a Prism 3000
triple-headed tomographic scanner (Philips Medical Systems) and
low-energy, high-resolution collimators. A 20% window was centered on the 140 keV photopeak of 99mTc. SPECT images were
acquired in a step-and-shoot manner with 64 steps, each lasting 25
seconds, acquired over 360° using clockwise rotation. Images were
processed with a Wiener prefilter and RAMP filter for resolution
recovery. Software attenuation correction with a coefficient of 0.11
cm⫺1 was used in all patients with intact cranial bones. Hypoperfusion was defined as mild, moderate, or severely decreased uptake
compared with cerebellar and global cerebral hemispheric uptake.
(Brain perfusion SPECT has been used since the early 1990s to show
BS activity with high spatial resolution.16,17 Normal regional cerebral perfusion data are available in adults and show that on average,
uptake in BS is 88% of whole-brain cortical average blood flow, in
thalamus 112%, and in cerebellum 100% of whole-brain average).18
Operationally, values ranging from 80% to 70% in BS, described as
mild hypoperfusion, have been reported in 99mTc hexamethylpropylenamine oxime SPECT in chronic fatigue syndrome and are visually
apparent as a mild reduction in uptake.19 Values that span from 60%
to 70% reflect moderate hypoperfusion (Figure 1) and those ⬍60%
reflect severe hypoperfusion (Figure 2).

Figure 2. A 6-mm-thick sagittal plane reconstructed 99mTc
SPECT imaging of a 54-year-old female with SAH after rupture
of anterior communicating artery aneurysm. White arrows point
to the BS (pons area). A, Baseline BS perfusion is normal, as
can be seen by intense and bright uptake signal in the pons
area (arrow), which is equal in intensity compared with the rest
of the brain territories. B, On day 6 after the initial hemorrhage,
the patient presented with RLC and elevated BA TCD-MFVs
(145 cm/s). SPECT imaging disclosed severe reduction in the
BS rCBF (arrows; note the disappearance of the pons uptake
signal compared with baseline imaging [A]). C, The patient had
angiography, which revealed severe (60%) diffuse narrowing of
the BA and subsequently had balloon angioplasty. SPECT imaging obtained after angioplasty revealed significant improvement
in BS rCBF perfusion (arrows; note reappearance of the pons
uptake signal compared with baseline imaging [A]).

Statistical Analysis
For all data presented as mean⫾SD, the various subgroups were
compared using parametric ANOVA and Student t test. For categorical variables,  2 and the Fisher exact test were used. The Spearman
correlation was used for correlation analysis between TCD-BA mean
FVs (MFVs) and BS perfusion impairments. Differences were
considered significant when they reached P⬍0.05.

Results
Patients
A total of 162 patients (103 females, 59 males) with aneurysmal SAH were included in the study. Patients in the
current study matched to 192 patients with aneurysmal SAH
who were excluded from study in their age (50.9⫾10.3 versus
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52.4⫾9.7; P⬎0.05), H&H grade (2.63⫾0.91 versus
2.57⫾0.95; P⬎0.05), Fisher score (2.895⫾0.91 versus
2.69⫾0.89; P⬎0.05), and outcome (GOS after 30 days
3.11⫾1.27 versus 3.23⫾1.31; P⬎0.05). However, patients
included in the present study had a higher rate of ACA
aneurysm (32.7% versus 24%; P⫽0.015), posterior circulation aneurysm (12.3% versus 7.8%; P⫽0.0037), and presented more with DIND (41.9% versus 27.6%; P⫽0.0071).

TCD Findings
BA-VS was found in 61 (38%) of 162 patients, (BA-MFVs
⬎85 cm/s). Of them, 7 (11.5%) patients had VS only in the
BA, whereas in 54 (88.5%) patients, the VS was in the ACA
and the BA. VS limited to anterior circulation was found in
63 (38.9%) patients, whereas in 38 (23.5%) patients, no VS
was found according to TCD measurements (Table 1).
Patients with BA-VS had higher Fisher scores compared
with patients with only anterior circulation VS or patients
without VS (3.2⫾0.81; 2.81⫾0.93; 2.55⫾0.89; respectively;
P⬍0.05), presented more with DIND (75.4% versus 30.2%;
7.9%; P⬍0.0001), and had worse outcome (GOS after 30
days 2.64⫾1.2; 3.17⫾1.24; 3.47⫾1.31; P⬍0.05; Table 1).

SPECT Imaging Findings
Delayed BS ischemia was found in 29 (17.9%) of 162
patients. In 9 of them, ischemia was severe, in 10 moderate,
and 8 experienced mild hypoperfusion. Patients with delayed
BS ischemia had higher Fisher scores than patients without
BS ischemia (3.24⫾0.54 versus 2.8⫾0.96; P⫽0.0006), presented more with DIND (72.4% versus 35.3%; P⬍0.0002),
and had worse outcome (GOS after 30 days 2.48⫾1.16 versus
3.3⫾1.27; P⫽0.001; Table 2). DIND was found in 7 of 7 of
patients with severe BS ischemia (all of them had an RLC), 8
of 12 patients with moderate ischemia (of whom 7 had an
RLC), and 6 of 12 patients with mild ischemia (of whom 5
had an RLC; Table 2).
Delayed cerebellum ischemia was found in 32 (20%) of
162 patients. A total of 38 patients (23.5%) experienced
thalamic nuclei ischemia, and 11 (6.8%) experienced posterior cerebral arteries (PCAs) ischemia.

TCD and SPECT Correlation
Most of the patients who experienced delayed BS hypoperfusion were found to have TCD measurements consistent
with BA-VS (79.3%). TCD-MFVs in the BA artery were
⬎115 cm/s in 33 patients. In 19 of these patients, SPECT
imaging showed delayed reduced regional CBF (rCBF) in the
BS (57.6%). However, only 4 of 28 patients (14.3%) with
BA-MFVs between 85 cm/s and 115 cm/s, and 6 of 101
patients (7%) with BA-MFVs ⬍85 cm/s had SPECT imaging
that showed delayed BS ischemia (Figure 3). Severe BS
hypoperfusion (Figure 2) was found in 7 patients, all of whom
had BA-MFVs ⬎115 cm/s. Moderate BS hypoperfusion
(Figure 1) was found in 12 patients, 9 had BA-MFVs ⬎115
cm/s. The other 3 patients with moderate hypoperfusion had
87, 81, and 41 cm/s BA-MFVs. Mild hypoperfusion was
found in 10 patients, 4 had BA-MFVs ⬍85 cm/s, 3 had
BA-FVS between 85 and 115 cm/s, and 3 had BA-FVs ⬎115
cm/s (Figures 3 and 4).
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Discussion
The study findings suggest for the first time that patients with
aneurysmal SAH may develop delayed BS ischemia, which is
associated with BA-VS. To evaluate perfusion in the posterior circulation territories, we used 99mTc perfusion SPECT
imaging of the brain, which has been well established in the
assessment of regional cerebral perfusion in cerebral
VS.6,20,21 High spatial resolution brain perfusion SPECT has
been used since the early 1990s to show BS activity,16,17 and
brain perfusion SPECT with 99mTc ECD has been reported in
association with interventional treatment of BS ischemia
resulting from BA stenosis.22 In the present study, delayed BS
ischemia as revealed by 99mTc ECD-SPECT was found to be
associated with higher bleeding intensity, DIND, higher
BA-FVs, and worse outcomes. The incidence of delayed BS
ischemia in the study population is high (17.9%) and overestimates the true incidence in the general aneurysmal SAH
population. The bias is caused by inclusion of patients who
had at least 1 more SPECT imaging study beside the baseline.
These are usually patients for whom the clinical course
indicates imaging, whether because of delayed clinical deterioration, and patients for whom clinical evaluation was
unreliable and TCD measurements showed VS. Nevertheless,
because patients with aneurysmal SAH who died within the
first 7 days after the initial hemorrhage were not included, the
overall outcome of included and excluded patients was the
same.
In the present study, 34.4% of the patients that meet criteria
for BA-VS experienced from delayed BS hypoperfusion.
Furthermore, 75.8% of the patients who experienced delayed
BS hypoperfusion were also found to have elevated MFVs in
the BA (⬎85 cm/s). All except 1 patient with BS ischemia
had BA-MFVs ⬎60 cm/s. According to Sloan at el,7 BAMFVs ⬎95 cm/s are associated with 100% specificity and
100% positive predictive value for BA-VS; however, the
sensitivity was found to be 39%. Using 60 cm/s as criteria for
BA-VS, the sensitivity increased up to 70%. We used FVs of
⬎85 cm/s as criteria for BA-VS, which are associated with
⬎90% specificity and 50% sensitivity for narrowing. Clearly,
not all arterial narrowing is associated with perfusion abnormality, and some patients with elevated BA-FVs could
actually experience hyperemia.2,8,9
Unlike the cortex, blood flow to the BS is mainly
through perforating arteries emerging at a 90° angle from
the BA. BA-VS might result in reduced perfusion to the
perforating arteries feeding the BS. Using a phantom
model designed to simulate the anatomy of the perforating
arteries, Soustiel et al23 showed that with significant
narrowing of the parent vessel, perforating vessel flow is
significantly impaired. As the narrowing in the parent
vessel worsens or extends in length, perforating vessel
flow is not only reduced, but flow separation appeared in
the parent vessel, which, in turn, produced a Venturi-like
effect responsible for pressure collapse at the aperture of
the perforating vessels. Soustiel et al23 suggested that this
phenomenon could exist in the vertebrobasilar system and
can result in reduced flow to the perforating arteries. This
is consistent with the finding that patients with very
elevated BA-MFVs (⬎115 cm/s) are at higher risk (57.6%)
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TABLE 1. BA-VS as Revalued by TCD Measurements (MFVs >85 cm/s) Compared With Clinical
Presentation, Clot Thickness, Aneurysmal Location, SPECT Imaging Findings, DIND, and Outcome in 162
Patients With Aneurysmal SAH

No. of patients⫽162
Males/females: 59/103
H&H classification

No
Vasospasm

Only Anterior
Circulation VS

Anterior Circulation
and BA Vasospasm

Only BA
Vasospasm

38

63

54

7

12/26

25/37

20/34

2/5

2.5⫾0.80

2.56⫾0.91

2.82⫾0.96

P

*NS
**NS

Fisher score

2.55⫾0.89

2.81⫾0.93

3.2⫾0.81

*0.0142
**0.0003

Aneurysmal location
Anterior circulation

36 (94.7%)

57 (90.5%)

44 (81.5%)

5 (71.4%)

*NS
**NS

ICA

20 (52.6%)

20 (31.7%)

MCA

9 (23.7%)

19 (30.2%)

9 (16.7%)

1 (17.3%)

NS
**0.0005

11 (%)

0

*NS
**NS

ACA

7 (18.4%)

18 (28.6%)

24 (44.4%)*

4 (57.1%)

2 (5.3%)

6 (9.5%)

10 (18.5%)

2 (28.6%)

NS
**0.0133

Posterior circulation

*NS
**NS

BA

3 (7.9%)

3 (4.8%)

8 (14.8%)

2 (28.6%)

2 (18.5%)

2 (28.6%)

*NS
**NS

Other
Delayed reduced rCBF
BS

2 (5.3%)

4 (6.3%)

21 (38.9%)

2 (28.6%)

Cerebellum

4 (10.5%)

10 (15.9%)

17 (31.5%)

1 (18.4%)

*⬍0.0001
**0.0002
*NS
**0.0232

Thalami nuclei

3 (7.9%)

9 (14.3%)

23 (42.6%)

3 (42.9%)

PCA territories

0

2 (3.2%)

9 (16.7%)

0

29 (46%)

31 (57.4%)

2 (28.6%)

*0.0008
**0.0003

MCA and ACA territories

4 (10.5%)

*0.0225
*NS
**⬍0.0001

DIND

3 (7.9%)

19 (30.2%)

43 (79.6%)

3 (42.9%)

*⬍0.0001
**⬍0.0001

Focal

2 (5.3%)

16 (25.4%)

27 (50%)

0

*0.0073
**⬍0.0001

Reduced consciousness level

2 (5.3%)

8 (12.7%)

35 (64.8%)

3 (42.9%)

*⬍0.0001
**⬍0.0001

1 month GOS

3.47⫾1.31

3.17⫾1.24

2.64⫾1.2

*0.0171
**0.0017

* Significance comparing patients with BA and anterior circulation vasospasm patients with vasospasm limited to the anterior circulation.
**Significance comparing patients with BA and anterior circulation vasospasm patients with no vasospasm.
For H&H grade, Fisher score, and outcome, the group of patients with vasospasm limited to the BA were included with the group
of patients with BA and anterior circulation VS.
MCA indicates middle cerebral artery; ICA, internal carotid artery.

for developing BS hypoperfusion. Furthermore, significant
BS ischemia (moderate or severe hypoperfusion) was
associated mainly with higher BA-MFVs, which may
suggest that those patients experienced more significant

narrowing of the BA in a way that flow through the
perforating arteries was impaired.
Patients with high BA-MFVs had a higher rate of delayed
reduced perfusion to the cerebellum as well as to the PCA
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TABLE 2. Delayed BS Hypoperfusion as Disclosed by 99mTc
SPECT Imaging Compared With Clinical Presentation, Fisher
Score, Aneurysmal Location, DIND, and Outcome in 162
Patients With Aneurysmal SAH
Delayed BS
Ischemia
No. of patients

Normal BS
Perfusion

P

29

133

H&H classification

2.70⫾0.91

2.49⫾0.92

NS

Fisher score

3.24⫾0.54

2.8⫾0.96

0.0006

Aneurysmal location
Anterior circulation

21 (72%)

120 (90%)

5 (17%)

44 (33%)

Middle cerebral artery

4 (14%)

35 (26.%)

NS

Anterior cerebral artery

12 (41%)

41 (31%)

NS

Posterior circulation

7 (24%)

13 (10%)

NS

Basilar artery

6 (20%)

10 (7.5%)

NS

Internal carotid artery

Other
DIND
1 month GOS

2 (3.5%)

3 (2%)

NS

NS

21 (72.4%)

47 (33.3%)

0.0002

2.48⫾1.16

3.3⫾1.27

0.001

territories and the thalamus. Although blood supply to the
thalamus and PCA territories comes also from the anterior
circulation, and most of the patients with BA-VS also had
anterior circulation VS, BA-VS may lead to further reduction
of CBF by decreasing collateral flow to the thalamic area or
by decreasing direct flow to the PCAs. Furthermore, patients
with elevated BA-MFVs had a higher rate of anterior circulation ischemia. Elevated BA-FVs may also reflect hyperemia
or collateral effects related to severe anterior circulation VS
and may indicate more significant VS process in the anterior
circulation. One explanation for BA involvement in the VS
process is related to the fact that most of the aneurysms were
located in the anterior circulation and that patients who
eventually developed BA-VS had higher Fisher bleeding
scores. Although Fisher score is based on clot thickness
measurements, many of the patients with higher scores have
more intense and diffuse SAH. Higher bleeding intensity
could lead to disruption of the posterior arachnoid membranes and deposition of the clot around the posterior circu-

Figure 4. Correlation between TCD BA-MFVs and degree of BS
hypoperfusion as disclosed by 99mTc SPECT imaging in 162
patients with aneurysmal SAH. Normal indicates normal BS perfusion; mild, mild reduction in perfusion; moderate, moderate
reduction in perfusion; severe, severe reduction in perfusion
(P⬍0.0001; r⫽0.448).

lation arteries.9 The increased intensity of bleeding may be
responsible for more significant anterior circulation VS as
well as the coexistence of BA-VS, which is reflected in the
present study by a higher proportion in patients who had
BA-VS and presented with DIND.
BA-VS influence on outcome was reported by Lee et al,8
and Soustiel et al9 suggested that elevated vertebrobasilar
system FV is associated with poorer neurological outcomes,
especially after severe head injury. Because most of the
patients with BA-VS also had anterior circulation VS as well
as higher rates of anterior circulation perfusion impairments,
we cannot suggest that BA-VS is an independent factor that
influences the patient outcome after SAH. However, the
present findings suggest that elevated TCD BA-FVs are
associated with more clinically significant VS and more
hemodynamically significant impairments.

Conclusion
BA-VS after aneurysmal SAH is associated with more
clinically and hemodynamically significant VS, and patients
with BA-VS have a higher tendency to develop BS ischemia.
Routine TCD BA-FVs measurements may identify patients
who are at higher risk for symptomatic VS, and BA-MFVs of
⬎115 cm/s may be used as a diagnostic threshold to identify
patients who are at high risk for BS ischemia.

References

Figure 3. TCD BA-MFVs values and BS perfusion impairments
as assessed by 99mTc SPECT imaging in 162 patients with aneurysmal SAH. (P⫽0.006 for differences between patients with
BA-MVFs ⬎115 cm/s and BA-MVFs ⬎85 cm/s and ⬍115 cm/s;
P⬍0.0001 for differences between patients with BA-MVFs ⬎115
cm/s and BA-MVFs ⬍85 cm/s).

1. Aaslid R, Huber P, Nornes H. Evaluation of cerebrovascular spasm with
transcranial Doppler ultrasound. J Neurosurg. 1984;60:37– 41.
2. Lindegaard KF, Nornes H, Bakke SJ, Sorteberg W, Nakstad P. Cerebral
vasospasm diagnosis by means of angiography and blood velocity measurements. Acta Neurochir (Wien). 1989;100:12–24.
3. Langlois O, Rabehenoina C, Proust F, Freger P, Tadie M, Creissard P.
Vasospasm diagnosis: angiography compared to ultrasonographic data: a
series of 112 examinations. Neurochirurgie. 1992;38:138 –140.
4. Kontos HA. Validity of cerebral arterial blood flow calculations from
velocity measurements. Stroke. 1989;20:1–3.
5. Davis SM, Andrews JT, Lichtenstein M, Rossiter SC, Kaye AH, Hopper
J. Correlations between cerebral arterial velocities, blood flow, and
delayed ischemia after subarachnoid hemorrhage. Stroke. 1992;23:
492– 497.
6. Rajendran JG, Lewis DH, Newell DW, Winn HR. Brain SPECT used to
evaluate vasospasm after subarachnoid hemorrhage: correlation with
angiography and transcranial Doppler. Clin Nucl Med. 2001;26:125–130.

Downloaded from http://stroke.ahajournals.org/ at SWEDISH MEDCL CTR/1ST HILL on November 18, 2013

1872

Stroke

August 2004

7. Sloan MA, Burch CM, Wozniak MA, Rothman MI, Rigamonti D,
Permutt T, Numaguchi Y. Transcranial Doppler detection of vertebrobasilar vasospasm following subarachnoid hemorrhage. Stroke. 1994;25:
2187–2197.
8. Lee JH, Martin NA, Alsina G, McArthur DL, Zaucha K, Hovda DA,
Becker DP. Hemodynamically significant cerebral vasospasm and
outcome after head injury: a prospective study. J Neurosurg. 1997;87:
221–233.
9. Soustiel JF, Shik V, Shreiber R, Tavor Y, Goldsher D. Basilar vasospasm
diagnosis: investigation of a modified “Lindegaard Index” based on
imaging studies and blood velocity measurements of the basilar artery.
Stroke. 2002;33:72–77.
10. Soustiel JF, Shik V, Feinsod M. Basilar vasospasm following spontaneous and traumatic subarachnoid haemorrhage: clinical implications.
Acta Neurochir (Wien). 2002;44:137–144.
11. Muizelaar J. The need for a quantifiable normalized transcranial Doppler
ratio for the diagnosis of posterior circulation vasospasm. Stroke. 2002;33:78.
12. Hunt WE, Hess RM. Surgical risk as related to time of intervention in the
repair of intracranial aneurysms. J Neurosurg. 1968;28:14 –20.
13. Jennett B, Bond M. Assessment of outcome after severe brain damage: a
practical scale. Lancet. 1975;1:480 – 484.
14. Fisher CM, Kistler JP, Davis JM. Relation of cerebral vasospasm to
subarachnoid hemorrhage visualized by computerized tomographic
scanning. Neurosurgery. 1980;6:1–9.
15. Fujioka KA, Douville CM. Anatomy and freehand examination. In:
Newell DW, Aaslid R, eds. Transcranial Doppler. New York, NY: Raven
Press; 1992:9 –32.

16. Dierckx R, Dobbeleir A, Vandevivere J, Abts H, DeDeyn PP. Visualization of brainstem perfusion using a high spatial resolution SPECT
system. Clin Nucl Med. 1992;17:378 –379.
17. Yui N, Togawa T, Kinoshita F, Namba H, Akiyama Y. Demonstration of
abnormal perfusion in the pons with high resolution SPECT and technetium-99m HMPAO in a patient with acoustic neuroma. Ann Nucl Med.
1993;7:183–186.
18. Tanaka F, Vines D, Tsuchida T, Freedman M, Ichise M. Normal patterns
on 99mTc-ECD brain SPECT scans in adults. J Nucl Med. 2000;41:
1456 –1464.
19. Costa DC, Tannock C, Brostoff J. Brainstem perfusion is impaired in
chronic fatigue syndrome. QJM. 1995;88:767–773.
20. Davis S, Andrews J, Lichtenstein M, Kaye A, Tress B, Rossiter S,
Salehi N, Binns D. A single photon emission computed tomography
study of hypoperfusion after subarachnoid hemorrhage. Stroke. 1990;
21:252–259.
21. Powsner RA, O’Tuama LA, Jabre A, Melhem ER. SPECT imaging in
cerebral vasospasm following subarachnoid hemorrhage. J Nucl Med.
1998;39:765–769.
22. Lanzino G, Fessler RD, Miletich RS, Guterman LR, Hopkins LN. Angioplasty and stenting of basilar artery stenosis: technical case report. Neurosurgery. 1999;45:404 – 407.
23. Soustiel JF, Levy E, Bibi R, Lukaschuk S, Manor D. Hemodynamic
consequences of cerebral vasospasm on perforating arteries: a phantom
model study. Stroke. 2001;32:629 – 635.

Downloaded from http://stroke.ahajournals.org/ at SWEDISH MEDCL CTR/1ST HILL on November 18, 2013

