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Vasospasm after Subarachnoid Hemorrhage
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BACKGROUND AND PURPOSE: We investigated the association of multisection CT angiography
(MSCTA) and perfusion CT (PCT) for the characterization of vasospasm secondary to aneurysmal
subarachnoid hemorrhage.

MATERIALS AND METHODS: Among 27 patients with symptomatic cerebrovascular vasospasm investi-
gated by digital subtraction angiography (DSA), 18 underwent both cerebral PCT and MSCTA. For the
remaining 9, only PCT or MSCTA could be performed. MSCTA was compared with DSA for the detection
and characterization of vasospasm on 286 intracranial arterial segments. PCT maps were visually reviewed
for mean transit time, relative cerebral blood flow, and relative cerebral blood volume abnormalities and
were qualitatively compared with the corresponding regional vasospasm detected by DSA.

RESULTS: Vasospasm was grouped into 2 categories: mild-moderate and severe. The depiction of
vasospasm by MSCTA showed the best sensitivity, specificity, and accuracy at the level of the A2 and
M2 arterial segments (100% for each), in contrast to the carotid siphon (45%, 100%, and 85%
respectively). The characterization of vasospasm severity by MSCTA showed a sensitivity, specificity,
and accuracy of 86.8%, 96.8%, and 95.2%, respectively, for mild-moderate vasospasm, and 76.5%,
99.5%, and 97.5%, respectively, for severe vasospasm. The PCT abnormalities were related to severe
vasospasm in 9 patients and to mild-to-moderate vasospasm in 2. The sensitivity, specificity, and
accuracy of PCT in detecting vasospasm were 90%, 100%, and 92.3%, respectively, for severe
vasospasm, and 20%, 100%, and 38.5%, respectively, for mild-moderate vasospasm.

CONCLUSION: MSCTA/PCT can assess the location and severity of cerebrovascular vasospasm and its
related perfusion abnormalities. It can identify severe vasospasm with risk of delayed ischemia and can
thus guide the invasive treatment.

Cerebral vasospasm is a major cause of delayed neurologic
morbidity after a subarachnoid hemorrhage (SAH). Cere-

bral ischemia secondary to vasospasm occurs in 20%–30% of
these patients1 and has been correlated with a 1.5–3-fold in-
crease in mortality in the first 2 weeks after SAH.2 The inci-
dence of long-term ischemic deficits is estimated to be be-
tween 1% and 14%.3 Because aggressive treatment of
vasospasm increases the risk of hemorrhage and brain ede-
ma,4-6 a noninvasive yet reliable, fast, and accurate diagnostic
work-up is necessary to discern those patients who are in need
of such an active therapy. Transcranial Doppler sonography is
the most widely used imaging technique for detection of vaso-
spasm,7 but it has clear limitations.8-13

The standard of reference for anatomic demonstration of
cerebral vasospasm is digital subtraction angiography (DSA).
DSA provides an accurate depiction of the intracranial vessels;
however, it is an invasive procedure carrying a total complica-
tion rate of 0.2% when performed in patients without isch-
emic disease.14,15 Multisection CT angiography (MSCTA) has
recently emerged as a reliable and accurate method for the
anatomic depiction of intracranial vessels16 and offers the po-
tential for the rapid diagnosis and monitoring of cerebral va-
sospasm. Because of the possibility of multiplanar segmenta-
tions, it allows an accurate depiction of the intracranial
vasculature. Considering that a substantial percentage of pa-

tients with cerebrovascular vasospasm are often comatose or
agitated, DSA often requires specialized anesthetic care that
ensures sedation or general anesthesia. The very fast imaging
afforded by MSCTA can overcome these limitations. Al-
though MSCTA can precisely show the morphologic details of
the subarachnoid vessels, it cannot provide any functional in-
formation about tissue perfusion.

Perfusion CT (PCT) imaging, in contrast to MSCTA, relies
on cerebral hemodynamics rather than on anatomic vascular
depiction; it provides an accurate noninvasive survey of the
hemodynamic effects of vasospasm on the brain parenchyma.
PCT is increasingly being used in the evaluation of acute isch-
emic stroke in emergent situations to assess the amount of
irreversible ischemia (core) compared with reversible isch-
emia (penumbra).17 Angiographic vasospasm has been dem-
onstrated to decrease regional cerebral blood flow, particularly
when a severe vasospasm (luminal reduction superior to 50%)
is present.18-20

PCT can thus be used to assess cerebral ischemia and in-
farction as a result of vasospasm after SAH. The goal of this
study was is to compare MSCTA to DSA with respect to their
ability to accurately detect significant cerebral vasospasm in
patients with subarachnoid hemorrhage and to evaluate the
contribution of PCT in this clinical setting.

Materials and Methods

Patients
During the period from September 2002 to September 2004, 27 con-

secutive patients (13 men and 14 women; median age, 50 years; range,

31– 69 years) with clinical signs of intracranial arterial vasospasm af-

ter aneurysmal SAH were evaluated by DSA and CT within a 1–12-
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hour interval and included in the present study. Clinical vasospasm

was characterized by a diminished level of consciousness in 11 pa-

tients, a frontal syndrome in 7, hemiplegia in 6, and aphasia in 3.

Among the 27 patients, 18 underwent successive MSCTA and PCT

during the same session; the remaining 9 could not undergo both

MSCTA and PCT, so only one of the procedures was performed. This

was due principally to an agitated state in 6 patients; in 3 patients the

renal function was limited and only MSCTA was performed. All to-

gether, 22 patients underwent MSCTA and 23 underwent PCT. DSA

was performed on all patients as part of the standard treatment and

was never performed solely for the purpose of the present study. Be-

fore considering MSCTA and PCT in this study, all patients were

admitted to our neurosurgical intensive care unit with a central intra-

venous catheter, intravenous hydration, and oral administration of

nimodipine. Informed consent was obtained from the patients or

their relatives in all cases. Our review board approved this study pro-

tocol, and institutional informed consent guidelines were followed.

Imaging Protocols
A 16-row CT unit was used. The CT protocol consisted of a baseline

unenhanced cerebral CT with approximately 30 5-mm transverse sec-

tions acquired at 120 kVp and 200 mA, immediately followed by PCT

and MSCTA. PCT consisted of a 40-second acquisition, with 40 gan-

try rotations performed at a rate of 1 rotation per second in cine mode

during intravenous administration, with the use of a power injector,

of 50 mL of iohexol (300 mg/mL of iodine) at a rate of 5 mL/s into an

antecubital vein. The acquisition parameters for PCT series were 80

kVp and 100 mA.21 Two acquisitions of 2 adjacent 10-mm sections

were performed, generating 2 sets of images distributed on 2 ana-

tomic planes of the brain. The first cerebral plane was selected above

the orbit to protect the lenses, at the level of the third ventricle and the

basal ganglia. The second plane was selected at the level of the lateral

ventricles and the centrum semiovale. The PCT sections were

matched with 4 unenhanced cerebral CT sections.

MSCTA was performed 5 minutes after the last series of PCT. The

optimal timing of the MSCTA acquisition was selected according to

the enhancement timing recorded during the PCT series. The

MSCTA data acquisition was performed according to the following

parameters: spiral mode; 0.5-second rotations; 16-row collimation at

0.625 mm; pitch, 1.375; section thickness, 0.625 mm; reconstruction

interval; 0.5 mm, and acquisition parameters, 120 kVp/280 mA. A

caudocranial scanning direction was selected, covering the volume

extending from a point situated 1 cm below the foramen magnum up

to the roof of the lateral ventricles. The injected volume was 50 mL

with an injection rate of 5 mL/s. The overall effective dose equivalent

required for the global CT protocol was calculated in each patient.

Four-vessel DSA was performed via a transfemoral intra-arterial ap-

proach with multiples projections.

Perfusion CT Data Processing and Analysis
PCT data consist of time-contrast enhancement curves registered in

each pixel, linearly related to time-concentration curves for the iodin-

ated contrast material. PCT data were analyzed using the PCT soft-

ware developed by Philips Medical Systems (Cleveland, OH). This

software relies on the central volume principle, which is the most

accurate for low injection rates of iodinated contrast material.22 The

central volume principle applies a mathematical operation called de-

convolution to calculate the mean transit time (MTT).23-25 The de-

convolution operation requires a reference arterial input function,

which is selected by the PCT software in a region of interest drawn by

the user around the A2 segments of the anterior cerebral artery. The

relative cerebral blood volume (rCBV) is calculated from the areas

under the time-enhancement curves.26,27 A simple equation combin-

ing rCBV and MTT values allows the calculation of relative cerebral

blood flow (rCBF): rCBF � rCBV/MTT.25 The PCT maps consisted

of MTT, cerebral blood volume (CBV), and cerebral blood flow

(CBF) maps. PCT images were reviewed individually by 3 neuroradi-

ologists, and a consensus was planned thereafter. rCBV, rCBF, and

MTT maps were evaluated for abnormal rCBV, rCBF, and MTT val-

ues on the anterior, middle, and posterior cerebral artery territories of

each hemisphere to compare the presumed pathologic hemisphere

with the presumed healthy one by visual observation of the generated

maps. The abnormalities on the PCT maps were correlated with the

vasospasm severity assessed by DSA. The relationship between the

PCT results and the decision to perform an endovascular treatment

was also analyzed.

MSCTA Data Processing and Analysis
The review of MSCTA was performed on a workstation (Advantage

Windows; GE Healthcare, Milwaukee, Wis) to allow interactive re-

construction and interpretation, which has proved to be more accu-

rate than an isolated review of hardcopy images.28 Axial raw images,

multiplanar 2D reconstructions, maximum intensity projection

(MIP) reconstructions, and shaded surface display reconstructions

with volume rendering technique were used for MSCTA review.29 At

the skull base, MIP reconstructions were performed in an oblique and

curved mode to depict the complete length of the distal ICA on the

same image despite the large amount of surrounding bone. The re-

view of the MSCTA typically lasted 10 –15 minutes for each patient

and was performed by 3 readers in agreement. Images were first re-

viewed individually and a consensus was reached thereafter. The same

interpretation criteria were applied to both MSCTA and DSA, focus-

ing on arterial stenosis indicating vasospasm.

The intracranial arterial tree was subdivided into 13 segments as fol-

lows: bilateral distal intracranial intradural carotid artery (extending

from the region of the dural ring to the distal carotid bifurcation), bilat-

eral A1 segment of the anterior cerebral artery (ACA), bilateral A2 seg-

ment of the ACA, bilateral M1 segment of the middle cerebral artery

(MCA), bilateral M2 segment of the MCA, bilateral P1 and P2 segments

(taken together) of the posterior cerebral artery, and the basilar artery.

These 13 arterial segments were then grouped into 7 locations (6 bilateral

segments and the basilar artery). In each segment, the presence of a va-

sospasm was investigated and characterized using a grading scale as fol-

lows: none, mild (�50% reduction), moderate (50%–75% reduction),

and severe (�75% reduction).30 It was decided to group the vasospasm

categories, putting the mild and moderate grade in the same class, pro-

ducing 3 main categories: no vasospasm, mild and moderate vasospasm,

and severe vasospasm. To correctly judge the degree of spasm and to

avoid confusion with vessel hypoplasia, each spastic arterial segment in

the MSCTA studies was subjectively compared with the same segments in

the MSCTA studies done during the initial aneurysm diagnosis. No

quantitative measure was performed because the disease process was of-

ten widespread and the vessels appeared relatively small compared with

the measurement error.

DSA Data Analysis
Two interventional neuroradiologists performed the DSA studies and

evaluated the results. The review of the DSA studies was performed

according to the same criteria used for MSCTA on a separate work-

station, and the angiographic transit time was visually assessed by
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evaluating the presence or the absence of a circulatory delay on the

angiographic runs. The DSA studies were also subjectively compared

with the initial DSA to correctly judge the severity of the spasm.

Statistical Analysis
The 2-by-2 tables were constructed from true-positive, false-positive,

false-negative, and true-negative results for MSCTA compared with

the results of the “gold standard” DSA method on a per-arterial-

segment basis, concerning the identification of vasospasm and the

characterization of vasospasm severity. Likewise, the results of PCT

were tabulated to assess the relationship between the PCT map ab-

normalities and the degree of vasospasm severity assessed by DSA.

Sensitivity, specificity (with their respective 95% confidence inter-

vals), positive and negative predictive values, as well as the accuracy

regarding the detection of an intracranial vasospasm were calculated.

The same procedure was applied regarding the characterization of

vasospasm severity at MSCTA as well as at PCT. To assess interob-

server agreement for the evaluation of MSCTA and PCT, we calcu-

lated the � statistic for multiple observers. Agreement between the

observers is reported below in terms of � values; those greater than 0

indicate positive correlations. � values of less than 0.20 indicated pos-

itive but poor agreement, those of 0.21– 0.40 indicated fair agreement,

those of 0.41– 0.60 indicated moderate agreement, those of 0.61– 0.80

indicated good agreement, and those greater than 0.81 indicated ex-

cellent agreement.

Results

Patient Population
Among the 27 patients studied, the SAH grade was distributed
as follows: Fisher grades 1, 2, 3, and 4 in 1, 2, 17, and 7 cases,
respectively.31 Ruptured intracranial aneurysms were ana-
tomically distributed as follows: 5 on the distal internal carotid
artery, 12 on the anterior communicating artery, 5 on the
MCA bifurcation, and 4 on the posterior communicating ar-
tery; in 1 case, there was no evidence of aneurysm. The median
time between SAH onset and the appearance of symptoms and
signs of vasospasm was 7.0 days, with a range of 4.0 to 15.0
days. As vasospasm was clinically detected, 22 patients under-
went the MSCTA (median, 6 hours; range, 2–10 hours), and
23 underwent the PCT session of the protocol with the same
timing. Eighteen patients underwent the complete vasospasm
CT protocol, including MSCTA associated with PCT during
the same session. MSCTA and PCT were well tolerated by all
patients, without any reported side effects. Suboptimal en-
hancement of intracranial arteries as a result of improper in-
jection timing was observed in 1 case, and mild motion arti-

facts were seen in another case. DSA was performed after
MSCTA and/or PCT in all patients, with a median time be-
tween these 2 examinations of 4 hours (range, 1–12 hours). No
procedure-related complications and no technical failures
were encountered.

Results of the DSA Sessions
In our clinical cohort, 3 patients were free of vasospasm
(11.1%), 13 (48.2%) showed mild-moderate angiographic va-
sospasm, and 11 (40.7%) showed severe vasospasm. Vaso-
spasm was investigated in 286 intradural arterial segments.
According to the results of the “gold standard” DSA, 67
(23.4%) arterial segments demonstrating vasospasm were
identified, among which 48 (72%) were classified as mild or
moderate and 19 (28.3%) as severe. Arterial segments demon-
strating vasospasm were located as follows: 18 (27.2%) on the
A2 segment of the ACA, 16 (24.2%) on the A1 segment of the
ACA, 13 (19.7%) on the M1 segment of the MCA, 11 (16.7%)
on the intradural carotid siphon, 7 (10.6%) on the M2 seg-
ment of the MCA, one (1.5%) on the basilar artery, and none
on the P1–P2 segments of the posterior cerebral artery.

Comparison of MSCTA and DSA in the Depiction of
Intracranial Vasospasm
Initial agreement was reached at DSA and MSCTA for 279
(97.5%) and 265 (92.6%), respectively, of the 286 arterial seg-
ments analyzed, whereas secondary consensus was required
for the remaining 7 and 21 segments, respectively. The � val-
ues for DSA and MSCTA were 0.875 and 0.790, respectively,
which indicated excellent interobserver agreement in the
identification of arterial segments demonstrating vasospasm
by DSA and good interobserver agreement by MSCTA. The
overall results of sensitivity, specificity, and accuracy of
MSCTA compared with DSA, with respect to vasospasm de-
tection, are presented in Table 1. MSCTA failed to detect 6 of
the 11 vasospasms located on the intradural carotid siphon;
the 6 false-negative results concerned only the mild-moderate
vasospasm category, whereas no false-negative results were
obtained in the severe vasospasm category; therefore, all severe
vasospasms were correctly identified by MSCTA.

On the other hand, MSCTA identified all vasospasms lo-
cated on the distal intracranial segments and no difference
could be found regarding the sensitivity of MSCTA for vaso-
spasm located on the ACA or MCA. For distal arterial seg-
ments, all MSCTA reconstruction techniques were in agree-
ment in vasospasm identification, whereas at the skull base,

Table 1: Sensitivity, specificity (95% confidence limits in parentheses), positive predictive value, negative predictive value, and accuracy of
MSCTA (compared with DSA) in the depiction of intracranial vasospasms, depending on anatomic location

Location of Vasospasm
Sensitivity

(%)
Specificity

(%)
Positive Predictive

Value (%)
Negative Predictive

Value (%)
Accuracy

(%)
Distal carotid artery 45 (16–74) 100 100 83 85
A1 segment 87.5 (71–100) 100 100 92 95
M1 segment 100 96 (88–100) 93 100 97
A2 segment 100 100 100 100 100
M2 segment 100 100 100 100 100
Basilar artery 100 100 100 100 100
Total 87.7 (79–96) 99.2 (98–100) 98.3 94.1 95.4

Note:—MSCTA indicates multisection CT angiography; DSA, digital substraction angiography. Posterior cerebral artery location was not reported because no vasospasm was found on
this segment.
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shaded surface display reconstructions with volume rendering
technique were not useful, and vasospasm diagnosis relied
mainly on MIP reconstructions in the oblique and curved
modes. Only a single vasospasm was detected at the basilar
artery location, and no vasospasm was found at the posterior
cerebral artery location, causing a lack of data in our study
concerning the sensitivity of MSCTA to vasospasm in these
particular segments.

Three patients with clipped anterior communicating artery
aneurysms showed slight clip artifacts that prevented a precise
anatomic depiction of the corresponding A1 segments. Five
patients underwent endovascular treatment (3 at the level of
the carotid siphon and 2 at the level of the anterior communi-
cating artery) producing coils artifacts, which obscured the
parent artery at MSCTA, thus preventing a complete analysis
of all 13 arterial segments.

Comparison of MSCTA and DSA in the Characterization
of Intracranial Vasospasm
Initial agreement was reached at DSA and MSCTA for 271
(94.8%) and 259 (90%), respectively, of the 286 arterial seg-
ments analyzed, whereas secondary consensus was required
for the remaining 15 and 27 segments, respectively. The �
value for DSA and MSCTA was 0.820 and 0.760, respectively,
which indicated an excellent interobserver agreement in the
determination of vasospasm grade by DSA and a good inter-
observer agreement by MSCTA. The sensitivity, specificity,
positive predictive value, negative predictive value, and accu-
racy of MSCTA in characterizing vasospasm severity are sum-
marized in Table 2. Results were subdivided into 3 main cate-
gories of vasospasm severity: none, mild-moderate, and
severe. At the level of the distal carotid siphon, the sensitivity
and the accuracy of MSCTA were significantly reduced in the
detection of mild-moderate vasospasm, whereas they were
much higher in the case of severe vasospasm (33.3% versus
100% and 86% versus 100%, respectively). Indeed, mild-
moderate vasospasm of the distal carotid siphon was difficult
to differentiate from a normal arterial diameter on axial im-
ages, and the narrow window width allowed by the bony ca-
rotid canal on 2D MIP segmentations prevented the adequate
demonstration of short mildly stenotic segments of the distal
ICA. The sensitivity to mild-moderate vasospasm on the ACA
and MCA proved to be similar to that of severe vasospasm: if
the 95% confidence intervals are taken into account, the values
of 86.8% (76%–98%) versus 76.5% (57%–96%) are not sig-
nificantly different. In the same way, the accuracy was ob-
served to be similar for severe and mild-moderate vasospasm
(97.5% versus 95.2%).

Perfusion CT Results
The individual review of the PCT data performed by the 3
readers showed an interobserver agreement of 100% at the
initial analysis, and no secondary consensus was required
thereafter. PCT revealed abnormalities in 11 of the 23 patients
and normal results in the remaining 12. These abnormalities
were related to severe vasospasm in 9 patients and to mild-
moderate ones in 2. Each abnormality disclosed on the PCT
maps corresponded precisely to the vascular territory of the
arterial segment demonstrating vasospasm. In 1 patient har-
boring severe vasospasm located on the distal segments of the Ta
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left ACA, PCT results were normal, constituting the only false-
negative result of PCT in the case of severe vasospasm. In this
case, the parenchymal perfusion abnormalities were probably
located outside the spatial coverage of the PCT. The sensitiv-
ity, specificity, positive predictive value, negative predictive
value, and accuracy of PCT in characterizing vasospasm sever-
ity are summarized in Table 3. Perfusion CT was able to detect
severe vasospasm in all but one patient, showing high values of
sensitivity and accuracy (90% versus 92.3%), whereas it
proved to be much less reliable in the case of mild-moderate
vasospasm, as demonstrated by the very low values of sensitiv-
ity and accuracy in this setting (20% versus 38.5%). PCT fea-
tured severe vasospasm in 6 patients as areas with increased
MTT, normal CBF, and increased CBV (Fig 1), in 2 patients as
areas with increased MTT, decreased CBF, and increased CBV

(Fig 2), and in 1 patient as areas with increased MTT, de-
creased CBF, and decreased CBV (Fig 3). This last case was
considered as a vasospasm-related irreversible ischemic lesion
that was confirmed on a follow-up CT scan. The other 8 pa-
tients with severe vasospasm showed no ischemic abnormali-
ties on initial, intercurrent, and follow-up brain CT scans. The
2 cases showing increased MTT, decreased CBF, and increased
CBV were considered vasospasm-related reversible ischemic
lesions according to PCT studies on cerebral ischemia.32,33

PCT featured the 2 cases of mild-moderate vasospasm as areas
with increased MTT alone. We analyzed the correlation of the
PCT maps with the angiographic transit time (ATT) deter-
mined subjectively at the DSA in patients showing severe va-
sospasm. We observed a delayed filling of the vascular territory
on DSA related to vasospasm in all 3 cases, showing an in-

Table 3: Sensitivity, specificity, accuracy, positive predictive value, and negative predictive value of perfusion CT in the characterization of
intracranial vasospasms

Vasospasm Grade
Sensitivity

(%)
Specificity

(%)
Accuracy

(%)
Positive Predictive

Value (%)
Negative Predictive

Value (%)
Mild-Moderate 20 100 38.5 100 27.3
Severe 90 100 92.3 100 75

Fig 1. A 44-year-old woman presenting with weakness of the right arm and leg, clinically attributed to cerebrovascular vasospasm 6 days after SAH related to a ruptured saccular aneurysm
of the left MCA bifurcation, which was clipped (bold arrow). DSA showed moderate vasospasm on the distal carotid segment and severe vasospasm on the A1 segment of the left ACA
and the M1 and proximal M2 segments of the left MCA (A, black arrowheads). Maximum intensity projection (MIP) MSCTA image before (B) and after (C) intra-arterial infusion of nimodipine
showing resolution of the vasospasm (white arrowheads), and followed by the resolution of the symptoms. At pretreatment PCT, MTT was increased in the left MCA territory (D), CBF
was normal (E), and a slight increase in CBV (F) was observed, representing vasospasm related auto regulation mechanisms.
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creased MTT with reduced rCBF, whereas among the 6 pa-
tients showing an increased MTT alone, only the 2 patients
with a diffuse spasm showed a delayed filling on DSA.

Dosimetry
The overall effective dose equivalent required for the global
CT protocol was 6.0 mSv with the following distribution: 2.5
mSv for routine nonenhanced CT scan, 0.9 mSv for MSCTA,
and 2.6 mSv for the 2 levels of PCT. It seems that the effective
dose for PCT was only slightly higher than for a routine CT
scan and that the effective dose concerning the MSCTA was
only a small fraction of a conventional brain CT. Thus, the
overall effective dose equivalent for the complete CT protocol
was only slightly higher than a conventional brain CT study,
including both nonenhanced and enhanced series.

Treatment of Vasospasm
All 27 patients underwent hypertension-hypervolemia-he-
modilution therapy34 in the intensive care unit. The criterion
used to decide whether patients with spasm needed endovas-
cular therapy was clinical deterioration despite hypertension-
hypervolemia-hemodilution therapy. Sixteen patients were

treated by an endovascular procedure that consisted in all
cases of an intra-arterial infusion of nimodipine coupled with
balloon angioplasty in 10 cases. Among the 16 patients treated,
3 had no PCT study but had severe vasospasm at MSCTA, 4
had a normal PCT study and mild-moderate vasospasm at
MSCTA, 7 showed an increased MTT at PCT (corresponding
to 1 mild-moderate and 6 severe vasospasms), and 2 showed
an increased MTT with decreased rCBF at PCT corresponding
to severe vasospasm. In the 9 patients in whom abnormalities
were observed in the PCT maps, the PCT findings strongly
influenced the decision to treat. In the 4 patients with normal
PCT and mild-to-moderate vasospasm, endovascular treat-
ment was undertaken according to a specific demand by the
neurosurgeon, who wanted a preventive treatment for uncon-
scious patients in whom a clinical evaluation was impossible.
Among the 11 patients who were not treated by endovascular
therapy, one had no PCT study and mild-to-moderate vaso-
spasm, 8 showed normal PCT studies, and mild-to-moderate
vasospasm, and 1 showed a reduced rCBV at PCT in addition
to increased MTT and decreased rCBF, consisting of a com-
pleted infarct and representing thus a relative contraindica-
tion to endovascular therapy (Fig 3).

Fig 2. A 44-year-old man with right-sided hemiparesis attributed to cerebrovascular vasospasm occurring 9 days after SAH consecutive to a ruptured aneurysm of the anterior communicating
artery, treated by surgical clipping. DSA (A) showed moderate vasospasm on M1 segment of left MCA and focal severe vasospasm on the M2 segment (arrowheads). These findings were
confirmed by MIP MSCTA reconstruction (B) and volume-rendered MSCTA reconstruction (C). Perfusion CT performed during the same CT session revealed an increase in MTT (D) and a
decrease in rCBF (E), with slight increase of rCBV (F). This pattern of perfusion alterations corresponds to a reversible ischemic lesion consecutive to vasospasm. The patient was then
treated by a local intra-arterial nimodipine infusion and a balloon angioplasty of the left M1 segment.
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Discussion

Practical Feasibility of MSCTA and PCT in
Cerebrovascular Vasospasm
This study confirms the feasibility of MSCTA coupled with
PCT to diagnose hemodynamically significant vasospasm af-
ter SAH. The combined MSCTA/PCT study was available on
an emergency basis 24 hours per day, and the procedure typ-
ically lasted 15–20 minutes. Because of the risk of toxicity, the
total amount of contrast material was kept below 3 mg/kg, and
intravenous hydration was increased when the CT protocol
was followed by DSA.

Value of MSCTA in Cerebrovascular Vasospasm
CT is routinely used to investigate common reasons for neu-
rologic deterioration after SAH, such as hydrocephalus, re-
bleeding, or progressing intracranial hypertension.35 MSCTA
can easily be added to brain CT scan to assess cerebrovascular
vasospasm during the same session. In this study, mild and
moderate vasospasm were grouped together because of their
similar hemodynamic impact. Two groups were considered
(mild-moderate and severe) in the decision for an invasive

treatment. A previous study conducted by Anderson et al36

showed a similar MSCTA accuracy for mild and moderate
spasm (57% and 64%, respectively), compared with the accu-
racy values obtained for absent spasm and severe spasm (92%
and 100%, respectively). Our results indicate that MSCTA can
accurately depict distally located vasospasm, whereas its sen-
sitivity and accuracy was significantly reduced for proximal
mild-to-moderate vasospasm because of limitations of 2D re-
formatting and 3D segmentation near the skull base, even with
the use of our latest version of the CT postprocessing software.
We also tried automated segmentation of bone, but this tech-
nique could correctly highlight the distal ICA over the bony
landmarks in only a minority of patients (5/22, 22.7%) and
mostly resulted in erosion and degradation of the segmented
ICA. Nevertheless, MSCTA was able to detect all severe vaso-
spasms located at the distal carotid siphon, and the false-neg-
ative results concerned exclusively the category of mild-mod-
erate vasospasm, which theoretically would have little
influence on cerebral perfusion impairment.37 At distal loca-
tions, MSCTA was highly accurate in the characterization of
all types of vasospasm (95.2% for mild-moderate vasospasm

Fig 3. A 52-year-old man with symptoms of cerebrovascular vasospasm 5 days after SAH. He was treated with a surgical clipping of a ruptured aneurysm of the anterior communicating
artery (AcomA). A first postoperative angiogram showed no abnormalities. Actual DSA (A) showed an absence of the distal segments of the right AcomA (black arrowheads), interpreted
as secondary to a very tight vasospasm. Posteroanterior (B) MIP reconstructions of the AcomA at MSCTA confirmed the lack of enhancement of the right AcomA. A nonenhanced cerebral
CT (not shown) disclosed a vague hypoattenuation in the territory of the right AcomA. Perfusion CT results confirmed an irreversible ischemic lesion in the territory of the right AcomA,
characterized by an increased MTT (C), a decreased rCBF (D), and a decreased rCBV (E). Thus, no specific endovascular treatment of the right AcomA was undertaken.
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and 97.5% for severe vasospasm). After endovascular treat-
ment, the intracranial arteries were incompletely depicted as a
result of platinum coil-related artifacts. However, MSCTA
correctly identified vasospasm located outside the arterial seg-
ment harboring the coil mass, and PCT data added substantial
information about the hemodynamic impact of vasospasm on
cerebral perfusion.

Value of PCT in Cerebrovascular Vasospasm
Brain perfusion measurements after SAH are justified by the fact
that CBF reduction in this particular setting is closely related to
the presence and severity of cerebral vasospasm and is a signifi-
cant predictor of clinical outcome as well.38-40 PCT allows the
assessment of cerebral auto regulation, and some reports have
already discussed the use of perfusion studies in cerebrovascular
vasospasm.41-43 In our study, PCT detected severe vasospasm in
all but one patient; perfusion abnormalities were probably lo-
cated outside the PCT spatial coverage in that case. Nevertheless,
PCT showed good results in terms of specificity and accuracy in
detecting severe vasospasm (100% versus 92.3%). In case of mild-
moderate vasospasm, PCT was characterized by normal param-
eters in 8 cases and an increased MTT in only 2 cases, indicating
that in this category of spasm the perfusion abnormalities are
mild and sporadic. A normal rCBV and rCBF in the 2 cases of
mild-moderate vasospasm showing an increased MTT suggests
that MTT prolongation alone may suggest mild-moderate vaso-
spasm, whereas an MTT prolongation associated with rCBF
and/or rCBV abnormalities may suggest severe vasospasm. PCT
was always normal when vasospasm was absent, suggesting that
an abnormal PCT is compatible with a vasospasm until proved
otherwise. As described by Wintermark et al,44 MTT maps are
highly sensitive in screening patients for acute brain ischemia,
whereas rCBF and rCBV maps are the most specific PCT maps to
diagnose infarction. Among the possible vasospasm-related per-
fusion abnormalities, we found 3 distinct patterns of PCT, ac-
cording to previous PCT studies on cerebral ischemia.17,32 The
first consisted of a hemodynamic hypoperfusion without a true
ischemic lesion and was characterized by an increased MTT and
rCBV in response to the activation of the autoregulation related
to ischemia (Fig 1). The second represented a reversible ischemic
lesion characterized by an increased MTT in association with a
decreased rCBF; rCBV was normal or increased (Fig 2). The third
pattern represented a definitive and irreversible ischemic lesion
characterized by an increased MTT in association with a de-
creased rCBF and a decreased rCBV (Fig 3). The comparison of
PCT maps with the ATT at DSA showed that in the case of severe
vasospasm, an increase in MTT at PCT does not always corre-
spond to an increase in ATT at DSA, particularly when the vaso-
spasm is focal, whereas a diffuse severe vasospasm always leads to
an increase in ATT and MTT. Moreover, an increase in ATT was
also observed when PCT maps indicated a reduced rCBF with
increase in MTT, corresponding to the maximal severity of
vasospasm.

Comparison with Previous Studies and Limitations
Anderson et al36 and Otawara et al,45 reported a higher
MSCTA accuracy for proximal spasm compared with distal
spasm; Yoon et al46 recently reported a location-independent
sensitivity of 97.5% of MSCTA in the detection of intracranial
vasospasm using a volume-rendering algorithm and an auto-

mated segmentation technique. Our results, in contrast, indi-
cate that a correct detection of mild-moderate vasospasm at
the level of the distal ICA remains challenging, even when
using the latest versions of CT postprocessing software.

Wintermark et al47 recently conducted a very similar study
and reported that vasospasm was most accurately diagnosed
by MSCTA coupled with a PCT-derived MTT threshold at 6.4
seconds; moreover, an rCBF value �39.3 mL/100 g/min was
the most accurate indicator for endovascular therapy.47 Our
study, though very similar, focused more on visual inspection
of PCT maps rather than on threshold values to characterize
vasospasm. Indeed, our goal was to define the possible pat-
terns of vasospasm-related perfusion abnormalities48 to assess
the ischemic risk for the patient. Our data corroborate those of
Wintermark et al47 and Harrigan et al,43 showing that the
MSCTA/PCT study was able to identify severe vasospasm and
delayed cerebral ischemia to guide the appropriate treatment;
it could also identify a definitive brain infarction secondary to
vasospasm.

We acknowledge several limitations of our study. The main
drawback of PCT in assessing acute brain perfusion disorders
was a limited spatial coverage when using the 16-row CT as in
this study, enabling the assessment of only a 20-mm thickness
of brain parenchyma for each bolus of contrast material. Thus,
the pathologic findings could perhaps be located outside this
space, as has been reported for other dynamic PCT tech-
niques.49,50 The second limitation consisted of beam-harden-
ing artifacts caused by aneurysm coils, preventing a complete
visualization of all arterial segments. As was the case with other
previous studies,47 we did not evaluate the vertebrobasilar sys-
tem because of the lower frequency of vasospasm occurrence
at that location and because PCT has important known limi-
tations in the posterior fossa circulation. Finally, despite the
promising results, it is premature to conclude that MSCTA
alone can completely replace DSA in SAH patients with clini-
cal suspicion of vasospasm because its negative predictive
value still does not reach the value of 100%, leaving the possi-
bility of a negative MSCTA with a positive DSA, especially in
the case of symptomatic mild-moderate vasospasm.

Use of MSCTA and PCT Data in Cerebrovascular
Vasospasm and Clinical Applications
In patients with clinical signs of cerebrovascular vasospasm,
MSCTA/PCT data were of great help not only in defining the
anatomic location and the severity of vasospasm but also in
assessing the related risk of cerebral ischemia. Our results in-
dicate that this technique offers enough accuracy to be used at
any time in clinical practice. In our study, no clinical correla-
tion was performed, and there was no controlled study show-
ing the relationship between the detection of spasm using
MSCTA and PCT and the clinical outcome, so we do not rec-
ommend that the decision to treat should depend only on
MSCTA/PCT parameters; it must be guided by the clinical
findings. The MSCTA/PCT data can be considered a com-
bined or an alternative way to the clinical approach to cere-
brovascular vasospasm, particularly in unconscious patients
where clinical examination is of little value. In patients with
critical systemic conditions, the use of nimodipine related to
the vasospasm treatment may be particularly delicate, so that
MSCTA/PCT data can influence the decision to treat. Because
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clinical symptoms of vasospasm can change or relapse on a
daily basis, a potential disadvantage of this CT protocol is the
cumulative radiation dose when repeated evaluations are
needed. Thus, we recommend the use of the MSCTA/PCT in a
patient when DSA has to be performed according to the clin-
ical and the transcranial Doppler sonography data. In these
circumstances, DSA becomes more a therapeutic option than
a diagnostic one, particularly in view of an endovascular treat-
ment of the CT-assessed cerebral vasospasm.
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