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Abstract
Background Perfusion computed tomography (CT) is a rap-
id technique that allows the measurement of acute distur-
bances in local and global cerebral blood flow in patients
suffering stroke and spontaneous subarachnoid haemor-
rhage (SAH). The purpose of this study was to establish
the relationship between different measures of brain perfu-
sion made on dynamic-contrast CT reconstructions per-
formed as soon as SAH has been diagnosed and the
severity of the bleeding determined by the clinical grade,
the extent of the bleeding and the outcome of the patients.
Methods After the diagnosis of SAH by conventional CT, a
perfusion CT was performed before CT angiography. All
imaging studies were performed on a six-slice spiral CT
scanner. All images were analysed using perfusion software
developed by Philips, which produces perfusion CT quan-
titative data based on temporal changes in signal intensity
during the first pass of a bolus of an iodinated contrast
agent. Measurements of mean transient time (MTT), time
to peak (TTP), cerebral blood volume (CBV) and cerebral
blood flow (CBF) in volumes of interest corresponding to
territories perfused by the major cerebral arteries were per-
formed. Different data regarding severity of the bleeding—
such as level of consciousness, amount of bleeding in con-
ventional CT—were collected. All poor-grade patients

received a ventriculostomy catheter so that ICP recordings
were obtained. Also, the occurrence of delayed cerebral
ischaemia (DCI) was recorded. Outcome was assessed by
the Glasgow Outcome Scale 6 months after the bleeding.
For statistical analysis, non-parametric correlations between
variables were performed.
Findings Thirty-nine patients have been included in the study
since January 2007. In SAH patients there are increasing
perfusion abnormalities as the severity of the bleeding
increases. The most affected perfusion parameters are TTP
and MTT, as they significantly increase with the clinical se-
verity of the bleeding and the total volume of bleeding (P<
0.01, Spearman’s Rho). When average MTT time is increased
over 5.9 s there is a 20-fold (95% CI02.1-182) risk of poor
outcome. All patients presenting this MTT time suffered from
DCI. This value has a positive predictive value of 100% for
DCI and 90% for a poor outcome.
Conclusions SAH causes cerebral blood flow abnormalities
even in the acute phase of the illness, consisting mainly of
an increase in circulation times (TTP and MTT), which are
correlated with the severity of the bleeding.

Keywords Subarachnoid haemorrhage . Cerebral blood
flow . Perfusion CT. Cerebral aneurysm . Outcome

Introduction

Subarachnoid haemorrhage (SAH) is still associated with
high morbidity and mortality despite technical advances in
the treatment of cerebral aneurysms and new discoveries in
the treatment of delayed cerebral ischaemia due to vaso-
spasm. In fact the severity of the initial bleeding, expressed
by the disturbance of the level of consciousness and the
amount of bleeding in the initial computed tomography
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(CT), and age are still the major determinants of outcome [4,
12]. There are few studies characterising the pathophysio-
logical changes occurring in the initial moments after SAH.
It is known that after the initial bleeding there is a global
decrease in cerebral blood flow that lasts for many hours—
even days—after aneurysm rupture [8]. These disturbances
in the cerebral blood flow seem to be caused by an increase
in intracranial pressure (ICP), which initially stops the
bleeding. Another proposed mechanism is global vessel
vasoconstriction in response to the presence of blood in
the subarachnoid space and intraluminal obstruction be-
cause of vascular micro-thrombi formation [23–25]. All
these mechanisms provoke an inadequate brain perfusion
that ends in ischaemia, which is mainly responsible for the
acute brain injury.

There are many techniques for studying cerebral perfu-
sion deficit, like magnetic resonance perfusion, Xenon com-
puted tomography, positron emission tomography (PET)
and single photon emission computed tomography
(SPECT), but they are limited by their cost, their availability
or patient tolerance. Perfusion CT is a rapid technique that
allows qualitative and quantitative evaluation of cerebral
perfusion. The aim of this study was to explore the feasibil-
ity of acutely performing CT perfusion in these patients and
correlate the CT perfusion parameters with the acute bleed-
ing severity and the outcome of patients suffering spontane-
ous SAH.

Methods and materials

Patients

A series of patients consecutively admitted to Hospital 12 de
Octubre over a 2-year period (2007-2009) with the diagno-
sis of SAH, on whom a CT, CT angiography and CT
perfusion could be performed in the first 24 h after the onset
of the symptoms, were included in the study. The diagnosis
of SAH was made by the presence of a typical clinical
history of spontaneous SAH and the presence of intraven-
tricular blood or blood in the basal cisterns in the admission
CT scan. The onset of the haemorrhage was considered at
the point in time where neurological symptoms or clinical
deterioration started. In awake and cooperative patients, this
information was provided by the patients themselves. In
unconscious, disoriented or dysphasic patients, the informa-
tion was obtained by relatives who had witnessed the mo-
ment of deterioration. Exclusion criteria for this study were
age below 18 years of age, history of previous SAH or
stroke and non-aneurysmal SAH. All procedures were
reviewed by our local institutional ethical committee and
informed consent was obtained.

Data collection

Data corresponding to clinical characteristics, such as age,
sex, history of previous hypertension and medical history,
were recorded at admission. Patients were evaluated in the
Emergency Department and their clinical situation was
assessed by the Glasgow Coma Scale and the World Feder-
ation of Neurological Surgeons scale (WFNS). Diagnostic
CT was performed and the presence and amount of cisternal
blood was evaluated by using the Fisher scale. In addition,
the presence of hydrocephalus was recorded as well as the
Evan’s ratio in all cases; that is, the ratio of the largest width
of the frontal horns to the maximal biparietal diameter.
Hydrocephalus was considered as present when Evan’s ratio
was over 0.3. The amount of bleeding was also quantita-
tively assessed by using volumetric software. Diagnostic CT
DICOM images were evaluated using ANALYZE 8.1 soft-
ware running on a personal computer. SAH bleeding and
total bleeding volume (subarachnoid, intraventricular and/or
intracerebral bleeding) was estimated using region-of-
interest (ROI) measurement with semi-automated delinea-
tion of the bleeding in each section. This volumetric study
was performed by two independent neurosurgeons that were
not aware of the situation of the patient. Differences be-
tween independent measures were below 5% for the two
measures, and therefore bleeding volume measures were
averaged between the two observers. ICP was recorded in
all poor-grade patients by means of a ventricular catheter.
Mean and maximum recordings during the first 2 days of the
bleeding were used to determine their relation to perfusion
and outcome variables.

The presence and location of the aneurysm responsible
for the bleeding was recorded. Delayed cerebral ischaemia
(DCI) was defined as clinical deterioration attributable to
vasospasm, when other causes of deterioration could be
ruled out such as hydrocephalus, rebleeding or electrolyte
abnormalities, or by the detection of a new infarct on brain
CT related to vasospasm that was not visible on the admis-
sion or inmediate post-treatment scan, or both. Outcome
was evaluated 6 months after the bleeding by means of the
Glasgow Outcome Scale (GOS).

Perfusion CT technique and determinations

Perfusion CT was performed after diagnostic CT and previ-
ously to the performance of helical CT to determine the
presence and location of the aneurysm responsible for the
bleeding. All imaging studies were performed on a six-slice
spiral CT scanner. Perfusion CT consisted of two 45-s series
during the intravenous administration of contrast medium.
Both series studied a 2.4-cm slice of brain (Fig. 1) obtaining
images corresponding to territories of the main cerebral arter-
ies and basal ganglia. These brain slices were serially scanned
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in cycles, acquiring two consecutive 1.2-cm thickness images
in each cycle. A total of 45 cycles for each slice were acquired,
at a rate of two images per second, after the intravenous
administration of a 40-ml bolus of contrast (Omnipaque
300 mg/ml, General Electric) at a flow rate of 4 ml/s into the
cubital vein (18-gauge needle) for each slide, with a total dose
of contrast of 80 ml per study. The acquisition parameters
were 120 kvp, 80 mAs, using a 512 × 512 matrix. A period of
10 min between slices was used for contrast washout.

All images were analysed using perfusion software de-
veloped by Philips, which produces PCT quantitative data
based on temporal changes in signal intensity during the
first pass of a bolus of an iodinated contrast agent. This
software relies on the central deconvolution principle to
obtain different flow parameters. The deconvolution opera-
tion needs an artery and a vein to be identified by the
operator. Different ROIs were drawn corresponding to white
matter related to the territory of the major cerebral arteries in
both hemispheres as well as deep ROIs corresponding to
basal ganglia and measurements of mean transient time
(MTT), time to peak (TTP), cerebral blood volume (CBV)
and cerebral blood flow (CBF) were performed in each ROI.
Each ROI was named according to the cerebral artery re-
sponsible for their irrigation. PCT quantitative data were
obtained by two independent neuroradiologists, who were
not aware of the clinical situation of the patient.

Statistical analysis

For the purpose of statistical analysis, the patient’s clinical
grade was classified into subgroups of good (WFNS I, II and
III) and poor grade (WFNS IV and V). Also outcome was
dichotomised into good (GOS 4 and 5) and poor outcome
(GOS 1, 2 and 3). The existence of differences in the perfusion
parameters in each ROI corresponding to a major cerebral
artery between cerebral hemispheres was analysed with the
paired sample t-test for continuous variables. A mean value
for all ROIs in each patient in each hemisphere as well as both
hemispheres was calculated for the different perfusion

parameters. Simple non-parametric (Spearman’s Rho) corre-
lations were used for determining the relationship between the
different clinical variables and perfusion values. Also the
mean perfusion parameters were compared between groups
of good and poor clinical grade, presence or absence of DCI,
and good and poor outcome by means of non-parametric
Mann-Whitney U test. Threshold values for MTT obtained
in other studies [3] were used to determine the potential
prognostic value of these parameters in terms of sensibility,
specificity, positive predictive value and area under the ROC
curve (AUC) for developing a poor outcome, and compared
with poor clinical grade and dichotomised fisher grade.

Results

Thirty-nine patients have been included in the study within the
first 24 h after the bleeding. Mean age was 48 and the female-

Fig. 1 Scout view showing the
location of the two slices
studied with perfusion CT (left).
The location of the different
ROIs in an axial CT image is
shown on the right

Table 1 Clinical char-
acteristics of 39 patients
with SAH and early
perfusion CT

aIn cubic centimetres

Cases (%)

Male 16 (41)

Female 23 (59)

WFNS at admission

I 12 (31)

II 8 (20)

III 1 (3)

IV 9 (23)

V 9 (23)

Fisher grade

II 4 (10)

III 21 (54)

IV 14 (36)

Hydrocephalus 10 (25)

Median (IQR)

Age 48 (42-61)

SAH bleeding volumea 12 (4-24)

Total bleeding volumea 16 (6-36)
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to-male ratio was 1.4:1. Nearly half of the patients presented
in poor clinical grade and most of them were classified as
having presented a Fisher 3 or 4 SAH. Demographic and
clinical data are presented in Table 1. None of them presented
secondary adverse effects because of the use of contrast agent
and the CT perfusion did not delay the diagnosis process in
any case. In all the poor-grade cases, ICP was monitored and
no pathological elevation in ICP could be detected after initial
ventricular drainage. Mean ICP readings in the first 2 days
after the bleeding were below or equal to 20 mmHg (median0
13 mmHg, range 9-20 mmHg) and maximum ICP during the
recording was always below 25 mmHg (median020 mmHg,
range 13-23 mmHg).

Median CBF among the different ROIs calculated among
patients with SAH in the first day was 108 ml/100 g/min
[interquartile range (IQR) 59-162 ml/100 g/min]; median
CVB was 8 ml/100 g (IQR 5-11 ml/100 g); median MTT
was 5 s (IQR 3.8-7.3 s) and median TTP 21 s (IQR 17-26 s).
There were no significant differences between the different
equivalent ROIs between hemispheres or the mean values
for each parameter between hemispheres.

Simple correlations revealed a relationship mainly be-
tween MTT and TTP to the clinical severity of the initial
bleeding (WFNS), amount of initial bleeding and outcome,
both in individual ROI values as well as in averaged values
(mMTT and mTTP) (see Table 2 correlation matrix). Longer
perfusion times correlated to worse clinical grade at admis-
sion, higher haemorrhage volume, the occurrence of DCI
and poorer outcome. This relationship is not altered if cor-
relations are adjusted for age or the presence of hydroceph-
alus by the use of partial correlations. The presence of DCI

is also related to lower CBF. No correlation was found
between perfusion parameters and mean or maximum ICP
values in poor-grade patients.

The mMTT is significantly different in patients with good
and poor grade at admission (Fig. 2). Longer perfusion
times are related to poor grade and also to the presence of
DCI and poorer outcome. Considering as a threshold for
ischaemic damage a MTT of 5.9, as suggested by Dankbaar
et al. [3], the percentage of patients suffering a poor out-
come is significantly larger if mMTT is 5.9 s or longer (90%
poor outcome in patients with mMTT ≥5.9; 30% poor
outcome in patients with mMTT <5.9) (Fig. 3). Thus, hav-
ing an mMTT of 5.9 or more increases the risk of suffering a
poor outcome by 20 (OR for poor outcome020, 95% con-
fidence interval02.1-182). Consequently, if any ROI
presents an MTT of 5.9 or higher the probability of having
a poor outcome increases by nearly seven times [odds ratio
(OR) for poor outcome 6.7, 95% confidence interval (CI)
1.5-30]. This threshold has a high positive predictive value
(PPV) for poor outcome {for mMTT ≥5.9 and poor outcome
[values (95% CI)], sensitivity050% (24-76%), specificity0
95% (83-100%), PPV090% (66-100%); for any ROI with
MTT ≥5.9 and poor outcome, sensitivity083% (63-100%),
specificity057% (34-81%), PPV063% (41-84%)}. The
same happens in relation to DCI (Fig. 4). All patients having
an mMTT of 5.9 presented with DCI, and the risk of DCI is
also increased if any ROI shows an MTT of 5.9 or higher
(OR of suffering DCI012, 95% confidence interval02.5-
57). When comparing these parameters with conventionally
used prognostic factors, such as poor grade or presenting a
Fisher grade 3 or 4, mMTT of 5.9 s or higher shows the

Table 2 Correlation between
mean perfusion parameters and
main clinical and radiological
variables

*P<0.05, **P<0.01

Age WFNS Fisher Total bleeding volume DCI GOS

mMTT -0.17 0.44** 0.01 0.42* 0.46** -0.45**

mCBF 0.25 -0.18 0.06 -0.24 -0.46** 0.27

mCBV 0.25 0.11 0.06 0.11 0.19 0.03

mTTP 0.12 0.57** 0.20 0.38* 0.34* -0.45**

Fig. 2 Mean and 95% confidence interval for mMTT (in seconds) in groups of patients related to clinical grade (left) , outcome (middle) and
presence of DCI (right)
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highest positive predictive value, achieving a similar AUC
(Table 3). If mMTT is combined with presenting a poor
grade, the diagnostic capability is further increased.

Discussion

It is well known that in patients suffering from SAH,
bleeding severity, expressed by the initial neurological
status of the patient, is a major determinant of the final
outcome [4, 12, 13]. The majority of patients suffering
from SAH present with impaired consciousness and this
presentation is related to the severity of the neurologi-
cal injury caused by the initial bleeding, which at the
end profoundly determines their outcome. The primary
cause of this neurological global neurological dysfunc-
tion after SAH has been studied by different techni-
ques, including positron emission tomography (PET) [6,
9, 20, 21], single photon emission tomography
(SPECT) [5], transcraneal Doppler ultrasound [18] or
Xenon contrast-enhanced CT [10]. The main finding of
the different studies has been that the impairment of the
level of consciousness is related to a global decrease in
cerebral blood flow, which lasts longer than the initial
moments of the bleeding. This hypoperfusion occurs
symmetrically, affecting both hemispheres equally. The
finding of widespread ischaemic lesions in brain areas
not associated with the site of the ruptured aneurysms
in diffusion-weighted magnetic resonance imaging
(MRI) and SPECT studies [7], as well as watershed
hypoperfusion in perfusion CT studies [14] support
the idea that a global vascular dysfunction occurring
after SAH is likely responsible for the poor clinical
condition of the patients. There are two major possible
mechanisms for this global initial hypoperfusion after
SAH. The first one is related to high ICP after aneu-
rysmal rupture. At this moment blood is extravasated in
the subarachnoid space, with subsequent rise in the
ICP. This raise in ICP would be maintained for longer

than the initial moments of the bleeding and would be
responsible for the maintenance of a global low cere-
bral perfusion state during the initial days after SAH.
The other possible mechanism implicated is microvas-
cular or peripheral vasoconstriction. All patients with
SAH have abnormalities in cerebral blood flow, includ-
ing those in good clinical grade and normal angio-
graphic findings. Cerebral vascular autorregulation is
affected by the formation of free radicals from the
haemoglobin degradation and the consumption of nitric
oxide (NO) that produces focal and global vasoconstric-
tion of cerebral vessels [23]. In addition, changes in
sympathetic nerve activity, as well as microvascular
thrombosis or embolism, could collaborate to this mi-
crocirculatory dysfunction [24]. The different functional
studies performed in the acute stage of SAH bleeding
for the moment have not clarified the possible mecha-
nism responsible for the low perfusion state. In none of
them could a maintained raised ICP be recorded rela-
tive to the low perfusion state [18, 22]. However, other
parameters—such as circulatory times—or global resis-
tance parameters—such as pulsatility index in TCD—

Fig. 3 Percentage of patients presenting good or poor outcome related
to mMTT lower or higher than 5.9 s (left) or the presence of any ROI
with MTT higher than 5.9 s (right)

Fig. 4 Percentage of patients presenting DCI related to mMTT lower
or higher than 5.9 s (left) or the presence of any ROI with MTT higher
than 5.9 s (right)

Table 3 Sensitivity, specificity, positive predictive value (PPV), neg-
ative predictive value (NPV) and area under the ROC curve (AUC) for
the CT perfusion parameters and other clinical and radiological factors

Sensitivity Specificity PPV NPV AUC

Outcome

Poor grade 85 61 72 78 0.73

Fisher III or IV 100 19 51 100 0.59

rMTT ≥5.9 secs 83 57 63 80 0.70

mMTT ≥5.9 secs 59 95 90 68 0.73

Por grade & mMTT 85 90 88 89 0.85

DCI

Poor grade 47 77 71 43 0.63

Fisher III or IV 100 22 60 100 0.60

rMTT ≥5.9 secs 85 76 75 80 0.76

mMTT ≥5.9 secs 47 100 100 62 0.74

Poor grade & mMTT 82 71 70 83 0.73
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have been found to be raised [18], possibly supporting
the idea of a raised ICP. However, these findings can
also be found in circumstances in which there is a
global dysfunction of the cerebral microcirculation.

The findings obtained in this study are in line with
previous works on cerebral perfusion in the acute stage of
aneurysmal SAH. We found an increase in circulatory times,
which is related to the clinical condition of the patients. As
the neurological dysfunction worsens there is an increase in
the perfusion times. These perfusion abnormalities equally
affect both hemispheres and are widespread over different
regions in the supratentorial compartment. In none of the
poor-grade patients was there a detectable raise in ICP over
normal limits during the examinations (ICP always below
25 mmHg, also mean and maximum ICP recordings during
the first 2 days were normal) and hydrocephalus (defined as
Evan’s ratio over 0.30) was not associated with increase in
MTT or TTP. These findings suggest that most probably the
mechanism related to the perfusion abnormalities found are
caused by a global dysfunction of cerebral microcirculation
and not by a maintained increment in ICP. These perfusion
abnormalities are related to the total amount of bleeding
recorded in the diagnostic CT and measured by means of
volumetry, therefore suggesting an association between the
amount of blood extravasated, the presence of perfusion
abnormalities and the resultant global neurological
dysfunction.

Perfusion CT has proven to be useful in determining the
presence of cerebral ischaemia in patients suffering from
SAH [1, 2, 11, 15, 17]. It is a non-invasive technique, which
is rapid, easy and well tolerated by the patients. It can be
performed in any standard spiral CT scanner and its perfu-
sion maps can be simply generated with the appropriate
software. The majority of studies using this technique in
patients with SAH have centred their objective on establish-
ing its utility in the detection of delayed cerebral ischaemia
(DCI), proving that it is a useful technique in its identifica-
tion and that the most sensitive parameter in order to detect
ischaemic events in these patients is the prolongation of
circulation times, specifically MTT [3, 16]. This parameter
has also been identified as the most sensitive and specific to
define ischaemic events in stroke patients [19]. Using this
parameter (MTT) and the threshold suggested for detecting
ischaemia in these patients, perfusion CT used in the acute
stage can detect patients in high risk of poor outcome.
Although the small number of patients included in this study
precludes obtaining any conclusion regarding the equiva-
lence or superiority of this tool to previously used prognos-
tic factors, it seems that perfusion CT could be indeed
another useful instrument to detect patients at risk of both
presenting DCI and having a poor outcome. However, con-
ventional prognostic markers, such as clinical grade, age or
Fisher grade, are far more readily available than this

imaging development and it is our opinion that this test will
not be superior to them but complementary.

However, the use of CT perfusion has also several limi-
tations that should be considered in analysing these results.
First of all, CT perfusion is very dependent on the technique
used in its performance, as perfusion parameters can be
affected by the contrast injection velocity, timing of the
CT regarding contrast injection and reconstruction of the
perfusion maps. In this study all these parameters were
taken into consideration and a strict protocol for the perfor-
mance of the perfusion studies was used. Also, the recon-
struction of the perfusion maps was performed by two
neuroradiologists, who were not aware of the actual situa-
tion of the patient and ROI placement, and measurements
were consensuated between both observers. However, all
quantitative data extracted from perfusion CT can be affect-
ed by these biases. Also, many factors can influence cerebral
perfusion in the early stage of SAH, such as medications,
seizures, induced hypertension, previous history of smok-
ing, hypertension or other cerebrovascular diseases. There-
fore, additional studies are recommended for determining
the relation between perfusion parameters and other prog-
nostic factors like age, the amount of blood on CT at
admission, the development of delayed cerebral ischaemia
and the relation to other perfusion studies in these patients
such as TCD, SPECT or PET.

Conclusions

Perfusion CT can be a rapid and easy technique for studying
the physiopathology of the cerebral blood flow abnormali-
ties during SAH. Perfusion abnormalities in these patients
are related to the clinical severity of the bleeding as well as
to the total amount of bleeding caused by aneurysm rupture.
The main perfusion parameter affected in SAH is MTT
which could detect patients at risk of suffering a poor
outcome.
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Comment

In the paper titled “Acute perfusion changes after spontaneous SAH: a
perfusion CT study”, the authors look to demonstrate the use of CT
perfusion in predicting the severity of bleeding in SAH patients and to
correlate it with the clinical grade at presentation as well as outcome. In
doing so, they looked at a group of 39 patients from a single institution
over a 2-year time period. They collected information about these
patients, including basic demographic information as well as other
information such as GCS, Fisher score on CT scan and other important
characteristics on presentation. They also performed a perfusion CT on
these patients and recorded mean transit time (MTT), time to peak
(TTP), cerebral blood volume (CBV) and cerebral blood flow (CBF)
from these studies. They then analysed these variables to see if there
was some correlation between these CT perfusion characteristics and
severity of clinical presentation and outcome.

In analysing this paper, it appears that the authors sought to dem-
onstrate that the changes in CT perfusion imaging can provide the
physician with vital information regarding the patient’s clinical severity
as well as outcome. One must commend these authors for looking into
a relatively simple and easily accessible technique in order to provide
critical information early on after SAH. Their results do in fact illus-
trate that there was a positive correlation between a prolonged MTT
and poor grade at admission as well as a poor outcome. What these
authors do not provide is some detail with regards to how they measure
outcome. How long was the follow-up? They do make mention the
Glasgow Outcome Score, but were there other parameters that they
used? I believe that these are important questions that need to be
addressed to give this paper more validation. One can predict that a
patient will have changes in their CT perfusion scan after SAH, but the
true question is how can we use CT perfusion imaging to predict long-
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term outcome? For example, can we correlate CT perfusion parameters
with likelihood of developing clinically significant vasospasm after
SAH? Answers to these questions will help determine the feasibility
of obtaining routine CT perfusion scans on patients upon admission
with SAH.

All in all, I believe that this paper provides us with a unique
perspective on a commonly utilised test, of which we have the capa-
bility to expand its usage. I do believe, however, that the authors leave
us with some unanswered questions and expanding their scope can
help give this paper more validation.

Siraj Gibani
Christopher M. Loftus
Philadelphia, USA

This is an interesting paper that describes a new diagnostic test, and
provides calculations, based on data from the original cohort of 39
patients, for PPV, sensitivity and specificity. The possibility that this
test, based on perfusion CT, might be clinically beneficial, is enticing.
However, this paper is hopefully only the beginning. Now that the
authors have defined this new methodology, the authors need to apply
this method prospectively to a validation cohort, to determine whether
the criteria that they have derived truly have the predictive value,
sensitivity and specificity that they have suggested. Also, it is hoped
that the authors will pursue the mechanisms that underlie the changes
in perfusion CT.

Michael Tymianski
Toronto, Canada

412 Acta Neurochir (2012) 154:405–412


	Acute perfusion changes after spontaneous SAH: a perfusion CT study
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods and materials
	Patients
	Data collection
	Perfusion CT technique and determinations
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


