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Abstract
Introduction Cerebral vasospasm (CV) is one of the most
dreaded complications in patients who survive acute
subarachnoid haemorrhage (SAH), and conventional cere-
bral angiography (DSA) is the gold standard for its
diagnosis. We evaluated CT angiography (CTA) as a non-
invasive alternative for diagnosis of CV and assessed if
CTA could have a role in choosing appropriate treatment.
Methods Consecutive patients with SAH and suspected
vasospasm were included when DSAwas performed within
24 h from CTA. Two neuro-radiologists retrospectively
analysed CTA and DSA studies independently. Assessment
included presence of central and peripheral vasospasm and
grading of severity of central CV. A treatment recommen-
dation based on CTA was compared to actual treatment
received.
Results Final analysis included 34 patients. CTA was more
accurate for diagnosis of central then for peripheral CV

with high sensitivity (reader 1, 91%; reader 2, 92%),
specificity (reader 1, 73%; reader 2, 90%), accuracy,
positive predictive value and negative predictive value for
central vasospasm. For grading the severity of CV CTA’s
sensitivity, specificity and accuracy were high for most
central arteries. The reader’s recommendation of angioplas-
ty according to CTA was significantly predictive of actual
receipt of angioplasty but overestimated actual receipt of
triple H treatment.
Conclusion CTA is adequate for detecting central vaso-
spasm in symptomatic SAH patients. A negative result
should not prevent further investigation especially when
evaluating arterial segments adjacent to metal artefacts
from coils or clips. CTA is helpful in treatment decision
making specifically regarding the need for balloon
angioplasty.
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Introduction

Cerebral vasospasm (CV) is one of the most dreaded
complications in patients who survive acute subarachnoid
haemorrhage (SAH). Its peak incidence is between days 4
and 10 after SAH. CV presents clinically with symptoms of
brain ischaemia according to the affected arteries and the
region of the brain they supply. Symptoms may include
focal neurological deficits or altered level of consciousness.
While mild vasospasm may be asymptomatic or present
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with subtle clinical findings, such as headaches, confusion
or drowsiness, moderate and severe vasospasm are more
likely to present with blood pressure dependent motor
deficits or decreased level of consciousness [1]. CV may
result in permanent cerebral ischaemia and is the major
cause of death and disability in these patients [2]. Of the
patients who survive SAH from a ruptured intracranial
aneurysm, 25–30% suffer from ischaemic complications in
the ensuing weeks. Ten to 15% of patients with SAH dies
or experience permanent disability due to cerebral ischae-
mia [1, 3]. While up to 70% of patients with SAH
experience an angiographic vasospasm, only 20–30%
exhibit delayed ischaemic neurological deficits [4, 5].

The first line of treatment of symptomatic cerebral
vasospasm is medical therapy, which mainly includes
hypervolaemia with haemodilution and hypertension (triple
H). This is in order to increase the blood flow through the
constricted cerebral arteries and to ameliorate the microcir-
culation [6]. More aggressive therapy is preserved for
symptomatic patients that do not respond to conservative
medical treatment. This includes intra-arterial infusion of
vasodilators or endovascular balloon angioplasty [7–11].

The diagnosis of CV is based on clinical neurological
assessment and angiographic findings. The gold standard for
the diagnosis of CV is conventional digital subtraction
angiography (DSA), an invasive procedure with known risks
including 0.5% risk of stroke [12]. Many centres use daily
transcranial doppler (TCD) ultrasound as a non-invasive
method to detect CV. TCD, however, was reported to have
low specificity [13] and is operator dependent. Furthermore,
it requires a dedicated operator, who may not be available at
all times and institution. CT perfusion (CTP) was suggested
in addition to CT angiography (CTA) for early detection of
CV [14, 15]; it, however, involves a considerable increase in
the amount of radiation. In this study, we investigated the
reliability of CT angiography (CTA) as a non-invasive
alternative for the diagnosis of cerebral vasospasm and as a
tool to make a treatment decision.

Materials and methods

This study retrospectively evaluated consecutive patients
that presented with SAH and were suspected clinically to
have vasospasm from June 2005 to June 2008. The study
was approved by our institutional ethics committee. We
included all patients that underwent CTA for this indication
and DSA within 24 h.

Currently, in our institution, patients after SAH are
monitored for vasospasm using clinical evaluation as well
as TCD (TCD is however not available at all times). When
there is a high level of suspicion of vasospasm, CTA is
performed. In our institution, patients after SAH are

routinely treated with nimodipine and euvolemia. Patients
do not receive triple H in a prophylactic manner. The first
line of treatment for patients with vasospasm is triple H
followed by balloon angioplasty for patients that do not
respond to triple H. Intra-arterial vasodilators are not used
in our institution to treat vasospasm.

Image analysis

Two neuroradiologists retrospectively analysed CTA and
DSA studies independently. Both readers practice as diagnos-
tic and interventional neuroradiologists. The readers evaluated
the CTA and DSA images 2 weeks apart and were blinded to
the results of the other modality, the treatment decision made
and the clinical findings of each patient. Each reader was
required to decide if vasospasm is present, grade its severity
and make a treatment recommendation (the latter based upon
the assumption that clinical symptoms matched the vascular
territory analysed). For assessment of severity of CV and
comparison to baseline, CTA or DSA performed at presenta-
tion, prior to spasm, was available.

Firstly, each reader assessed the images for the presence
or absence of vasospasm. Separate assessment was per-
formed for central and peripheral arteries. Central vaso-
spasm was classified as involvement of the proximal
arteries of the circle of Willis [supraclinoid segment of the
internal carotid arteries (ICA), the A1 segments of the
anterior cerebral arteries (ACA), the M1 segments of
middle cerebral arteries (MCA), the P1 segment of
posterior cerebral arteries (PCA), the vertebral arteries
(VA) and the basilar artery (BA)]. Peripheral vasospasm
included involvement of smaller distal branches such as A2
and A3 segments of the ACA, M2 and M3 segments of the
MCA, and P2 and P3 segment of the PCA. Secondly, in
cases where central vasospasm was present, the readers
were required to further grade the severity as mild,
moderate, or severe. This evaluation was made by eye
balling using the approximate following criteria: mild
vasospasm=artery narrowed <30%, moderate vasospasm=
artery narrowed ≥30% and <60% and severe vasospasm=
artery narrowed ≥60% compared to the original arterial
size. Whenever significant artefact from coils or clips was
noted adjacent to an arterial segment, the authors indicated
they could not evaluate this arterial segment.

As a last step, when CV was present, the readers were
required to recommend a proper treatment based on their
findings. They had to decide if to recommend conservative
medical treatment (triple H) alone, balloon angioplasty or
both. In general, triple H alone was recommended for mild
vasospasm, while angioplasty was recommended for moder-
ate and severe symptomatic vasospasm. The reader’s treat-
ment recommendations were compared to the actual treatment
received by each patient based on the clinical findings.
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Imaging protocol

CT angiogram

All CTA examinations were performed with a 64-section
multidetector CT scanner (Aquilion 64, Toshiba Medical
Systems, Tokyo, Japan). Scanning was performed from the
foramen magnum to the vertex. Intravenous contrast (iodix-
anol, Visipaque 270; GE Healthcare, Mississauga, Canada)
was administered with a mechanical injector (StellantCTin-
jector; Medrad, Indianola, PA, USA). The injection rate was
4 mL/s, for a total volume of 60 mL followed by 20 mL of
normal saline. Adequate timing of the CTA acquisition was
achieved according to a Sure Start (ToshibaMedical Systems)
technique. Acquisition parameters were 300 mA; 120 kV;
matrix, 512_512; FOV, 28–32 cm; section thickness, 0.5 mm;
pitch, 1.0; and an isotropic voxel size of 0.5 mm. Acquisition
time was 11–16 s. Image processing consisted of axial source
images as well as standardised coronal, and sagittal multi-
planar volume reformatted MIP images (8-mm thickness, 2-
mm reconstruction interval) and 3D volume-rendered recon-
structions (performed on Advantage Windows Workstation,
Version 4.2 or 4.3; GEHealthcare, Milwaukee,WI, USA). All
these post-processed images along with the 0.5 mm thick base
images were available for interpretation by the reviewers.

Cerebral digital subtraction angiogram

Included in this study are only patients that underwent DSA
within 24 h from CTA. Patients that did not get DSA or that
had DSA done more than 24 h after CTAwere not included.
The reasons for delay varied and included the patients’
response to a trial of triple H therapy and the severity of
spasm at presentation.

DSA was performed with a dedicated biplane neuro-
angiography unit (LUA/LCN, GE Medical Systems, Buc,
France) and included two- to four-vessel studies with standard
frontal and lateral views as well as rotational spin angiograms
with 3D reconstructions. A 4 or 5 F Berenstein diagnostic
catheter (AngioDynamics, Queensbury, NY, USA) was used
with the help of an angled 0.35-in. guide wire (Terumo;
Meditech, Watertown, MA, USA). The contrast media used
was nonionic (iodixanol, Visipaque 320; GE Healthcare).
Injections were performed with a power injector (Mark V
ProVis; Medrad). Standard injection rates and volumes were
as follows: 4–5 mL/s for 8–10 mL for the ICAs and 3–4 mL/s
for 7–8 mL/s for the vertebral arteries.

Statistical analysis

Contingency table analysis was performed to assess the
sensitivity, specificity, overall accuracy, positive predictive
value and negative predictive value of CTA in diagnosis of

central and peripheral vasospasm with DSA being the gold
standard. Kappa analysis was used to assess the strength of
inter-observer agreement for the assessment of presence and
severity of central or peripheral vasospasm as well as
individually for specific arterial segment. Chi-square/Fish-
er’s exact test statistics was also performed to determine
whether any relationship exists between the findings of
CTA and DSA. Chi-square/Fisher’s exact tests were also
performed to assess whether the recommended treatment
based on the CTA assessment matched the actual treatment
received by the patients. All analyses were carried out using
the SAS System v.9.1.3 at an alpha level of 0.05.

Results

During the study period, our neurovascular service treated
412 patients with aneurysmal subarachnoid haemorrhage.
Of these, a total of 150 patients underwent CTA due to
clinically suspected vasospasm (i.e. the appearance of a
new neurological deficit, such as drift, hemiparesis or
drowsiness, which was not explained otherwise). Of these,
39 patients had DSA within 24 h of CTA. Five patients
were excluded from our final analysis due to poor quality of
CTA. This was due to extreme motion artefacts in two
patients and because of lack of proper MIP reconstruction
on the PACS in three patients.

The final analysis included 34 patients. Six of these were
men and 28 women ranging from 36 to 76 years of age
(average, 56.5; median, 57). The average time difference
between the CTA and DSAwas 12.4 h. CTAwas performed
on the day of onset of clinical vasospasm in all patients.
The average time between the patient’s presentation with
SAH to the onset of clinically suspected vasospasm was
5 days. Fourteen of the patients were treated with
endovascular coiling and 18 with surgical clipping for their
aneurysms. One patient had a dissecting aneurysm; his
aneurysm did not undergo treatment due to poor clinical
condition. Another patient had a SAH from an arteriove-
nous malformation (AVM) in the posterior fossa, with no
aneurysm identified. It was decided to treat this AVM
electively. Sixteen patients received angioplasty, and the
other 18 received triple H or no treatment. On follow-up
analysis, eight patients died and 26 patients were dis-
charged home.

CTA in diagnosis of vasospasm

CTA was first evaluated for the diagnosis of CV. The
sensitivity, specificity, accuracy, positive predictive value
(PPV) and negative predictive value (NPV) of CTA
compared to DSA in case of central and peripheral
vasospasm for readers 1 and 2 are shown in Table 1. The
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sensitivity, specificity, accuracy, PPV, and NPV of CTA
were significantly higher for the diagnosis of central
compared to peripheral vasospasm.

Secondly, CTA was evaluated for grading the severity of
central vasospasm. The sensitivity, specificity, accuracy, PPV
and NPV for different segments for reader 1 varied from 83%
to 100%, 64–100%, 63–86%, 57–100% and 67–100%,
respectively. For reader 2, these varied from 50% to 100%,
53–92%, 59–74%, 36–83% and 71–100%, respectively
(Table 2).

The inter-observer agreement of the diagnosis of
vasospasm of both central (Fig. 1) and peripheral vaso-
spasm on CTA was substantial (kappa, 0.79 and 0.66,
respectively). Inter-observer agreement for CTA between
the two reviewers for the severity of central vasospasm of
the various arterial segments ranged from fair to substantial
(kappa, 0.40 to 0.72).

Three patients in the first reader group and six patients in
the second reader group who were diagnosed as having no
vasospasm on CTA eventually had vasospasm on DSA. Out
of these, two patients in the first reader group and three in
the second reader group had central vasospasm. The other
patients had peripheral vasospasm. Only one patient had a
discrepancy in both central and peripheral vasospasm for
both readers. All of these patients were diagnosed with mild
vasospasm on DSA. None of the patients diagnosed with no

vasospasm on CTA was diagnosed with moderate or severe
vasospasm on DSA.

In seven patients, the readers could not evaluate 12 arterial
segments due to adjacent metal artefacts. These represent
3.3% out of the total 369 central arterial segments that were
evaluated in this study. These segments include five P1
segments, four A1 segments, two supraclinoid carotids and
one M1 segment. In five of the patients, the artefact was
produced by coils and in two patients by clips. In all of these
patients, the readers were able to evaluate the other arteries
and to make a decision regarding treatment recommendation.

Treatment recommendation based on CTA

The inter-observer agreement regarding the recommended
treatment for vasospasm with medical therapy (triple H) or
balloon angioplasty based on CTA was excellent (kappa,
0.77) and very good (kappa, 0.53) respectively.

The treatment recommendation made by the readers
based on CTA was compared with that of the actual
treatment given to these patients. For both readers, the
CTA recommendation of angioplasty was significantly
predictive of actual receipt of angioplasty treatment (reader
1, chi square=16.90, df=1, p<0.0001; reader 2, chi square
=7.56, df=1, p=0.0060). The CTA recommendation,
however, was not significantly predictive for actual receipt
of triple H treatment (p=1 and 0.55 for readers 1 and 2
respectively). According to CTA, the readers predicted
more triple H therapy compared to what patients actually
received based on their clinical symptoms.

Discussion

As a result of the development of multi-slice CT scanners,
CTA has emerged as an alternative non-invasive modality
for imaging of the cerebral arteries. Its utility was
demonstrated in the literature for imaging and therapeutic

Table 1 CTA compared to DSA for the diagnosis of vasospasm

Central vasospasm Peripheral vasospasm

Reader 1 Reader 2 Reader 1 Reader 2

Sensitivity 92 91 90 82

Specificity 90 73 69 50

Accuracy 91 85 82 71

PPV 96 87 83 75

NPV 82 80 82 25

Table 2 CTA compared to DSA for the grading of the severity of central vasospasm for various arterial segments

Supraclinoid ICAa M1a A1a Vertebral arterya Basilar arterya P1a

Reader
1

Reader
2

Reader
1

Reader
2

Reader
1

Reader
2

Reader
1

Reader
2

Reader
1

Reader
2

Reader
1

Reader
2

Sensitivity 84 67 88 92 89 92 90 67 100 80 100 100

Specificity 100 84 77 73 73 62 88 86 64 53 79 54

Accuracy 84 69 71 69 76 62 83 85 76 60 81 60

PPV 100 77 79 78 83 73 53 25 57 36 37 24

NPV 86 79 88 90 79 87 96 97 100 89 100 100

a The result for each arterial segment is the combined average for both sides. In cases where one A1 or P1 was congenitally absent/atretic, the
single present artery was used without averaging
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decision making for cerebral aneurysms [16–18]. In this
study, we assessed the reliability of CTA as a non-invasive,
alternative imaging tool, for the diagnosis of cerebral
arterial vasospasm. We also checked if CTA would enable
the physician to make a therapeutic decision for this
condition, especially regarding invasive therapy such as
balloon angioplasty.

CTA has been compared with DSA for assessment of
vasospasm in several prospective [19, 20] and retrospective
[21–24] studies. These studies showed high accuracy of
CTA for the diagnosis of severe and central vasospasm.
These studies varied in patient selection criteria and in the
definition of the distribution of vasospasm and have thus
yielded different sensitivity and specificity of CTA. We
could not find studies that have assessed CTA for
therapeutic decision making in these patients.

Our study supports previous studies and shows that CTA
is useful for diagnosis of central vasospasm but less
accurate for diagnosis of peripheral vasospasm. Our study
yielded lower sensitivity and specificity for CTA for the
diagnosis of peripheral vasospasm as compared to that for

central vasospasm. This discrepancy is likely due to the
limited spatial resolution of CTA. The peripheral arteries
(diameter smaller than 2 mm) are significantly smaller than
the proximal central arteries (diameter of 2–5 mm), which
makes it difficult to visually depict subtle changes in vessel
diameter on planar images.

Since the presence of significant vasospasm carries the
risk of stroke, the role of imaging in these patients is not
only to reach a diagnosis of vasospasm but mainly to make
an appropriate clinical decision regarding the most suitable
treatment. Triple H therapy is usually administrated based
on clinical suspicion of vasospasm with supporting evi-
dence from imaging. Patients who do not respond to triple
H therapy are suspected to suffer from more severe spasm
that might require aggressive invasive therapy. Balloon
angioplasty is indicated when the patient does not respond
to triple H, and there is moderate to severe vasospasm
centrally involving the large vessels at the base of skull
further leading to critical distal hypoperfusion. This study
shows that CTA can diagnose the presence of central spasm
and at the same time can make the differentiation between

Fig. 1 A 41-year-old female pre-
sented with subarachnoid haemor-
rhage. CT angiogram performed at
admission showed a wide neck
right posterior communicating
artery (PCom) origin aneurysm and
left cavernous carotid aneurysm.
The patient underwent surgical
clipping of the right PCom
aneurysm, which was thought to
have ruptured based on the distri-
bution of the haemorrhage. The left
cavernous carotid aneurysm
remained untreated. Five days later,
the patient started to become
progressively drowsy. a CTA per-
formed for the suspicion of
vasospasm. Both readers agreed
on the distribution and severity of
diffuse central moderate vaso-
spasm (arrows) involving bilateral
supraclinoid internal carotid artery
(ICA), M1 segment of bilateral
middle cerebral artery (MCA) and
A1 segment of bilateral anterior
cerebral artery (ACA). Based on
CTA, angioplasty was recommen-
ded by both readers in our study. b
and c DSA performed 3 h later
confirmed the severity and distri-
bution of vasospasm (arrows).
The patient underwent angioplasty
with restoration of the caliber of
bilateral supraclinoid ICA and M1
segment of bilateral MCAs
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mild and moderate or severe spasm. Thus, CTA is helpful
in choosing treatment in these patients and can provide
supporting evidence to proceed from triple H to angioplas-
ty. The relatively low sensitivity and negative predictive
value for the diagnosis of peripheral vasospasm on CTA
suggests that this modality would not be helpful at
institutions that use intra-arterial infusion of vasodilators
for elevation of peripheral spasm. However, our study
suggests that CTA is useful in the diagnosis of severe
central vasospasm, which is the condition that warrants
invasive treatment with angioplasty.

To reinforce this finding, we checked if the treatment
recommendation made by our reviewers matched the
treatment that the patient received. In most of our patients,
treatment recommendation based on CTA matched with the
actual treatment received. More specifically, our findings
show that the choice of angioplasty according to CTA
highly matched the eventual scenario while the choice to
administer triple H therapy was overestimated by our
readers. This can be explained by the fact that CTA more
accurately diagnose central than peripheral vasospasm.
While the decision to angioplasty is made on the grounds
of significant central spasm, triple H is administered mainly
on the basis of clinical evaluation even in the presence of
mild radiographic vasospasm. In our study, only three
patients in the first reader group and six patients in the
second reader group who were diagnosed as having no
vasospasm on CTA eventually had vasospasm on DSA. All
of these patients were diagnosed with mild vasospasm on
DSA, and none were diagnosed with moderate or severe
vasospasm on DSA. Patients with mild spasm on DSA
would either receive no treatment or triple H alone
according to their clinical presentation. The fact that CTA
was negative in this group would thus not alter their
treatment, which would be based on clinical symptoms.

The most important limitation of our study is a bias in
patient’s selection. The patients included were only those
who received conventional angiographic evaluation with
DSA following their evaluation with CTA. In some patients
who underwent CTA for vasospasm, DSA was no longer
considered necessary; therefore, the group of patients
presented herewith is biased as having (a) more severe
vasospasm or (b) clinical vasospasm not responding to
medical therapy. Another limitation is that several patients
were excluded from this study due to poor image quality or
lack of proper post-processing of the images. Poor image
quality was usually due to patient movement or poor
triggering of contrast injection. Such a scenario would be
solved by repeating the CTAwith proper sedation or proper
triggering of contrast injection, but since this is a
retrospective study, these patients had to be omitted.
Another possible limitation is that in most of the patients,
CTA and DSA were performed in great proximity, but in a

few, there was a delay of up to 24 h. Since vasospasm is a
dynamic process, the delay between CTA and DSA might
have affected some of the inter-modality agreements.

Finally, it is important to mention that imaging for
vasospasm is performed usually after clipping or coiling of
an aneurysm responsible for the SAH. Streak artefacts from
these metal devices could obscure adjacent arteries espe-
cially after coiling and influence CTA’s evaluation. In our
study, this has occurred during the evaluation of 12 arterial
segments (3.3%). This is a limitation of CTA and should be
acknowledged when making a decision regarding spasm in
an arterial segment adjacent to coil mass or a clip.

Conclusion

CTA is adequate for detecting central vasospasm in
symptomatic subarachnoid haemorrhage patients. A nega-
tive result should not prevent further evaluation, especially
when evaluating arterial segments obscured by metal
artefacts from coils or clips. CTA is helpful in the treatment
decision making in these patients especially regarding the
need to proceed to aggressive endovascular treatment such
as balloon angioplasty.
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