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Abstract

Obj ect ive:  A review of current  foundat ions for the medical diagnosis of vasospasm and 
delayed cerebral ischaemia due to spontaneous subarachnoid haemorrhage.
Development :  A review of available tests for the invest igat ion of vasospasm (t ranscranial 
Doppler, angiographic methods) and delayed cerebral ischaemia (clinical exam, 
computerised tomography by X rays, magnet ic resonance, emission computerised 
tomography, elect roencephalography, microdialysis) based on type and quality of 
informat ion, advantages and limitat ions. Grading and t rends for applicat ion were also 
considered for dif ferent ial diagnosis.
Conclusions:  In current  clinical pract ice the most  advisable guideline for screening and 
diagnosis monitoring of vasospasm and delayed cerebral ischaemia is, in the fi rst  place, 
based on clinical examinat ion and t ranscranial Doppler. Elect roencephalographic 
monitoring, computerised tomography techniques and mult i-modal magnet ic resonance 
are j ust ifi ed in specifi c situat ions. Digital subt ract ion angiography is the current  gold 
standard for diagnosis of cerebral vasospasm. There is a need for more and higher quality 
art icles about  the ut il it y of diagnost ic tests in this context .
© 2009 Sociedad Española de Neurología. Published by Elsevier España, S.L. All rights 
reserved.
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Resumen

Objet ivo: Revisar los fundamentos actuales para el diagnóst ico, en la práct ica médica, del 
vasospasmo y la isquemia cerebral tardía por hemorragia subaracnoidea espontánea.
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Introduction

Delayed cerebral ischemia (DCI) is a maj or cause of 
morbidity and mortalit y for pat ients suffering from 
subarachnoid haemorrhage (SAH).1 The ent ity encourages 
current  scient ifi c interest  due to the complexity of it s 
pathogenesis, classically at t ributed to cerebral vasospasm, 
and to the uncertainty or cont roversy in several areas of 
diagnost ic management  because of the existence of 
inaccurate or equivocal informat ion.2-5

A key aspect  in the management  of pat ients with SAH lies 
in the diagnosis of DCI and vasospasm because t imely 
init iat ion of t reatment  can prevent  cerebral st roke. 
Furthermore, early and accurate recognit ion of both 
disorders makes it  possible to assess the effects of 
therapeut ic intervent ions (fi g. 1). In this art icle, we review 
the current  bases for diagnosis of cerebral vasospasm and 
DCI in medical pract ice.

Art icles were ident ifi ed through the PubMed and IMBIOMED 
services, consistent  with search terms in English (cerebral 

vasospasm, delayed cerebral ischemia, subarachnoid 
haemorrhage) or their equivalents in Spanish, respect ively. 
We selected original invest igat ions, meta-analyses and 
reviews from the past  10 years, with accessible full-texts, 
which specifi cally assessed diagnost ic tests of interest . 
General reviews of diagnost ic tests dealt  with, although 
they met  most  of the criteria expressed, were chosen from 
the links provided in previously-ident ifi ed art icles.

Clinical manifestations 

The clinical manifestat ions of DCI are mainly neurological. 
They consist  of decreased consciousness or focal neurological 
defi cit  (new symptoms or worsening of previously detected 
manifestat ions). Disorders of the anterior cerebral artery 
(ACA) (apathy, akinet ic mut ism and occasional paraparesis) 
and internal carot id artery (ICA) or middle cerebral artery 
(MCA) (hemiparesis or hemiplegia, which may be associated 
with sensory defi cit ,  hemianopsia and aphasia) are very 
dist inct ive.1,6-8 Faciobrachial paresis and dysarthria may be 
caused by spasms of the upper and middle thirds of the 
basilar t runk with paramedian pont ine st roke. 9 However, in 
vertebrobasilar circulat ion, clinical signs are less frequent  
and may be subt le, dif fuse and unspecifi c.10 Haemodynamic 
and respiratory disorders occur with brainstem ischemia. 
Spasms of the perforat ing arteries irrigat ing the ascending 
ret icular act ivat ing system have been associated with 
peduncular hallucinosis (vivid visual hallucinat ions, 
abnormal sleep rhythms, waking or insomnia). Upper 
quadrantanopsia is related to posterior circulat ion 
disorders.11

Symptoms of DCI are related to systemic manifestat ions 
(clinical and analyt ical) that  should not  be considered as 
indicat ive for a diagnosis. The appearance of vomit ing, 
increased headache intensity and neck st if fness coincides 
temporarily with vasospasm, but  is best  explained by 
cont inued irritat ion of the meninges and int racranial 
hypertension. Fever, increased pulse rate and leukocytosis 
indicate, fi rst ly, an infect ion. In addit ion, hyponat raemia, 

Ictus agudo; 

Isquemia cerebral;

Vasospasmo cerebral

Desarrol lo:  Se revisan las pruebas disponibles para invest igar el vasospasmo (Doppler 
t ranscraneal, métodos angiográfi cos) y la isquemia cerebral tardía (examen clínico, to-
mografía computarizada convencional, resonancia magnét ica, tomografía computarizada 
de emisión, elect roencefalografía, microdiálisis) en cuanto al t ipo y calidad de la infor-
mación que brindan, además de sus ventaj as y limitaciones. Se aborda el diagnóst ico 
diferencial,  graduación y pautas de aplicación.
Conclusiones:  En la práct ica clínica actual la pauta más recomendable para el diagnóst i-
co y la monitorización del vasospasmo y la isquemia cerebral tardía consiste, en primer 
lugar, en el examen clínico y por Doppler t ranscraneal. La monitorización elect roencefa-
lográfi ca, las técnicas de tomografía computarizada y resonancia magnét ica mult imodal 
son apropiadas en situaciones específi cas. La angiografía por sust racción digital es el 
estándar para el diagnóst ico del vasospasmo cerebral. Se insiste en la necesidad de me-
j orar la calidad de los futuros art ículos sobre la ut il idad de las pruebas diagnóst icas se-
ñaladas.
© 2009 Sociedad Española de Neurología. Publicado por Elsevier España, S.L. Todos los 
derechos reservados.

Subarachnoid haemorrhage

Delayed cerebral ischemia

Vasospasm 
from Doppler 

study

Symptomatic vasospasm

Angiographic vasospasm

Figure 1 Drawing refl ect ing the list  and clinical signifi cance 

of the main defi nit ions related to cerebral vasospasm. Delayed 

cerebral ischemia (DCI) includes symptomat ic vasospasm and/

or cerebral st roke secondary to vasospasm. There may be 

pat ients with angiographic vasospasm, vasospasm from 

sonographic study or with subarachnoid haemorrhage without  

DCI.
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hypovolaemia, arterial hypotension, cardiac disorders and 
hypoxia are also involved as predisposing factors.7,12,13

The severity of neurological dysfunct ion depends on the 
degree, locat ion and extent  of arterial disease, the 
compensatory state of collateral circulat ion and cerebral 
perfusion pressure and on the severity of the brain inj ury. 
Focal defi cit  may fl uctuate in intensity or come and go. In 

pat ients of a more severe clinical degree or under the 
infl uence of sedat ives, it  is diffi cult  to diagnose neurological 
deteriorat ion because of limitat ions in performing the 
clinical examinat ion. Asymptomat ic cerebral st roke can 
occur in pat ients with impaired consciousness and 
const itutes about  25% of DCI cases.1,14-16 Another factor 
involved in clinical detect ion is the neurological t raining of 
medical staff  and the implementat ion of evaluat ions with 
appropriate frequency and depth.

Delayed cerebral ischemia occurs with clinical 
manifestat ions, sudden or insidious, usually within 7-10 
days of bleeding. When a neurological defi cit  appears in the 
fi rst  3 days after the occurrence of SAH or after 12 days, it  
is important  to reassess the date and raise the possibilit y of 
unnot iced bleeding. Acute neurological defi cit  can be 
explained by other factors (table 1). These causal or 
concurrent  factors are usually determined through the 
clinical characterist ics, laboratory data and st ructural 
neuroimaging.5-7,12,13,17,18 However, several of these factors 
may be combined.

Cerebral angiography by digital subtraction

Cerebral digital subt ract ion angiography (DSA) is the gold 
standard for diagnosing cerebral vasospasm.5-7,16,19,20 
Radiographic evidence for vasospasm consists in the 
abatement  of calibre and/ or poor artery visualisat ion, with 
prolonged circulat ion t ime compared to a previous 
angiogram or standard values. Calibre narrowing can be 
mild (1-25%), moderate (25-50%), severe (50-75%) and very 
severe (>75%) (fi g. 2).

“ Symptomat ic vasospasm”  is defi ned by the clinical 
neurological manifestat ions of DCI that  correspond to the 
radiological vasospasm locat ion (usually, the arterial lumen 
is=1mm). “ Angiographic vasospasm”  is developed in 30-75% 
of pat ients with SAH, but  only half of them show clinical DCI 
symptoms (fi g. 1). Arterial spasm is usually evident  within 
3-5 days after SAH, reaches its maximum at  up to 5-14 days 
later and is gradually resolved in 2-4 weeks. The disorder is 

Table 1 Different ial diagnosis of cerebral vasospasm and 

delayed cerebral ischemia

Neurological disorders 

Parenchymal, int ravent ricular, subdural and epidural 

cerebral haemorrhage

Progression of cerebral oedema and int racranial pressure 

Hydrocephalus, subarachnoid rebleeding, dif fuse cerebral 

ischemia 

Clinical and subclinical epilept ic crises, post -st roke state 

Hyperaemia 

Postpartum reversible cerebral vasoconst rict ion and by 

vasoact ive substances 

Vasospasm accompanied by migraine and spontaneous 

vasospasm 

Atheromatous stenosis, hypoplasia, other pre-exist ing 

abnormalit ies of the Willis circle, variat ions of the 

angiographic technique 

Angiography complicat ions (cerebral st roke, arterial 

dissect ion) 

Surgical ret ract ion and temporary arterial occlusion 

Vascular occlusion by clip 

Direct  compression by the aneurysm 

Embolism of endovascular devices

Side effect  of sedat ive drugs 

Non-neurological disorders 

Hypernat raemia, hyponat raemia, hypovolaemia, 

hypotension, hypoxia, cardiac arrhythmias, heart  

failure 

Infect ions (especially of the lung and bladder) and fever

75%25%

A

ACM-p

ACA-p

ACI-sc

B C

ACM-p o
ACA-p

ACI-sc

0 1 2 3 4 5

Diameter of lumen (mm)

Calculated % of transversal area decrease
% of diametre decrease

96 84 64 36 255075

80 60 40 20

Calculated % of transversal area decrease
% of diametre decrease

96 84 75 64 50 36 25

80 60 40 20

50%

Figure 2 Representat ion of the method for grading vasospasm on carot id system arteriography. A: diagram of the locat ion of the 

main branches of the internal carot id artery in an anteroposterior view. ACA-p: proximal segment  of the anterior cerebral artery; 

ACM-p: proximal segment  of the middle cerebral artery; ICA-sp: supraclinoid segment  of the internal carot id artery. B: dif ferent  

degrees of vasospasm. C: pract ical method to est imate the percentage of stenosis according to the diameter of arterial lumen. A 

50% reduct ion in diameter is est imated equivalent  to a 75% decrease in cross-sect ional area. Percent  of stenosis = [1 — ((D stenosis 

1 × D stenosis 2) /  (D normal 1 × D normal 2))] × 100; where D stenosis 1 and D stenosis 2 = diameter of the stenot ic segment  in 

two planes, and D normal 1 and D normal 2 = normal artery diameters in two planes. In pract ice, this requires image magnifi cat ion 

to clearly delineate the edges of the arteries and appreciate dif ferences of 0.1 mm.
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preferably located in the proximal arteries, located at  the 
base of the brain and close to the int racranial aneurysm; it  
may then spread to other sites or deteriorate the react ivity 
of more distal arteries with further reduct ion of cerebral 
blood fl ow (CBF). Its locat ion is correlated with the region 
affected by cerebral infarct ion in 25-80% of cases.1,6,7,12,20-25.

The variabilit y of angiographic diagnosis of vasospasm is 
explained by: a) lack of uniformity in the samples and in the 
values used for it s ident ifi cat ion and ranking (table 2); b) 
insuffi cient  dif ferent iat ion of the t ime when angiography is 
performed; c) poor angiographic technique, and d) low 
correlat ion with other diagnost ic techniques or with an 
early init ial angiogram.10 Some authors defi ne a specifi c 
reduct ion in the arterial lumen as signifi cant  (for example, 
25, 30 or 50%), others accept  any level of narrowing, and in 
some cases the calibre is not  measured due to pract ical 
diffi cult ies or is not  communicated.17,19-23.

The grading of vasospasms by t ranscranial Doppler (TCD) 
is diffi cult  because of technical limitat ions and the 
heterogeneity of the values used. Diagnosis requires a 
second study to be compared with the baseline obtained 
within the fi rst  72 hours of onset  of subarachnoid 
haemorrhage.

Current ly, performing an angiography daily or 
systemat ically for the sole purpose of determining whether 
there is vasospasm is not  advisable due to: a) the occasional 
risk of complicat ions (such as induct ion of vasospasm, 
cerebral st roke, arterial dissect ion and cardiac 
abnormalit ies); b) the amount  of t ime and resources 
required for the procedure; c) the ease with which the 
disorder is recognised by less invasive, modern neurovascular 
diagnost ic tests; d) the demonst rat ion of arterial narrowing 
does not  prove that  clinical deteriorat ion was caused by 
ischemia; and e) angiography does not  allow vasospasm to 
be monitored. With reasonable use of non-invasive 
neurovascular tests, it  is therefore possible to rest rict  the 
indicat ion of DSA for pat ients who do not  respond to medical 
vasospasm t reatment  and are candidates for endovascular 
therapy (fi g. 3).

Transcranial Doppler 

Transcranial Doppler (TCD) enables blood velocit ies to be 
measured in the proximal port ions of large cerebral arteries 
and thus infer that  increases in the average fl ow rate (AFR) 
are caused by a reduct ion of the vessel lumen. Compared 
with convent ional TCD, the t ranscranial colour echo-Doppler 
device is more sensit ive, making it  possible to visualise 
int racranial vascular st ructures in real t ime. The main 
advantages of TCD are that  it  is non-invasive, requires no 
special means (cont rast  agents, gases or drugs), has a 
minimal risk of side effects, it s cost  is relat ively low and it  
can be carried out  serially in bedridden pat ients, in the 
room and during the int raoperat ive period.24,26-32

Detected AFR may be part icularly informat ive for 
diagnosing vasospasm. Generally, very low or very high 
(<120 or >200 cm/ s) MCA AFRs are useful for predict ing 
angiographic vasospasm negat ively or posit ively, while 
intermediate speeds have a low predict ive value. 6,12,26,33 In 
cont rast , Scherle et  al23 obtained a low posit ive predict ive 
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value (42%) and good negat ive predict ive value (87%) when 
correlat ing angiographic vasospasm taking the AFR of 120 
cm/ s as the cut -off  point . The recommended AFR cut -off  
criteria for vasospasm varies in the remaining brain arteries: 
130 cm/ s (ACA), 110 cm/ s (posterior cerebral artery), 80 
cm/ s (vertebral artery) and 95 cm/ s (basilar artery). 33

An increase in AFR is also the result  of hyperaemia, alone 
or in combinat ion with proximal vasospasm in the same vessel; 
it  is usually associated with hypertension- haemodilut ion-
hypovolaemia therapy. Lindegaard index values (rat io of the 
AFR in the cerebral vessel of the chosen carot id system to the 
AFR in the homolateral extracranial ICA) and the rat io of the 
basilar artery AFR to the average AFR of the vertebral arteries 
(total sum of the AFR on both sides /  2) are helpful in order to 
calculate these states (table 2).27-34

In the meta-analysis performed by Lysakowski et  al, 19 it  
was concluded that  TCD can be used with certainty to 
ident ify pat ients with MCA spasm (high posit ive predict ive 
value), that  there is no certainty of normality when the 
technique does not  indicate spasm of this artery and that  
the evidence of accuracy or usefulness is scarce for the 
remaining situat ions and arteries. Most  research on the 
subj ect  has low methodological quality, pat ient  samples are 
small and with low risk for the phenomenon, prej udice can 
not  be excluded in the absence of blinded observers, and 
the report ing of the original data frequent ly cannot  be 
assessed. Classically, we must  rely on the defi nit ions of 

vasospasm issued arbit rarily, which do not  necessarily 
correlate with DCI and other important  data. Therefore, 
correlat ion coeffi cients compared with 2?2 tables based on 
arbit rary cut -off  criteria would probably be more 
informat ive.

Generally, TCD methods have several important  
limitat ions: a) they do not  offer the same st ructural detail 
as angiographic methods; b) they do not  diagnose cerebral 
ischemia; c) they study only the proximal segments of large 
int racranial vessels; d) the results can have considerable 
variabilit y and uncertainty among observers because the 
procedure depends on the operator and on the defi nit ion of 
crit ical thresholds and quality cont rol at  each inst itut ion; e) 
the acoust ic window may be inadequate; and f ) AFR 
increases may be related to several individual factors (blood 
pressure, blood volume, haematocrit ,  int racranial pressure, 
age, t ime of evolut ion) or to impaired autoregulat ion during 
haemodynamic manipulat ion.19,31-33

Given the TCD limitat ions, AFR values of the cerebral 
arteries should not  be used in isolat ion when start ing 
intensive t reatment . It  is also necessary to evaluate init ial 
and evolut ion clinical data, and the results of other 
diagnost ic tests applied. To assess the t reatment  intended 
for vasospasm, applying DSA should be considered when: 

•   TCD is normal during the risk period of vasospasm and 
clinical neurological deteriorat ion occurs, with no other 

Yes No

Evaluate advantages, risks, 
contraindications and 

availability of tests

7-10 days 
evolution

14-21 days 
evolution or 
resolution of 
vasospasm

Reduction of 
observation 
frequency

Cease 
monitoring

Doubtful vasospasm and candidate 
for endovascular therapy

SAH Diagnosis

Suspicion of vasospasm/DCI?

Periodical neurological 
Examination
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obvious explanat ion, or there is clinical and sonographic 
discrepancy.

•   There are normal AFR values for the ACA and MCA in 
pat ients with aneurysms of the anterior communicat ing 
artery.

Cranial computerized tomography 

Faced with a delayed ischemic neurological defi cit ,  images 
from simple cranial computed tomography (CT) show 
cerebral st roke caused by vasospasm in 20-40% of cases.35,36 
By means of this test , Rabinstein et  al35 described two 
common dist ribut ion pat terns of cerebral st roke after SAH: 
a) single cort ical,  typically near the ruptured aneurysm, 
and b) mult iple dif fuse lesions, including those with 
subcort ical locat ion, and often unrelated to the site of 
rupture of the aneurysm. Most  lesions detected were 
cort ical with territorial or limit ing dist ribut ion. Deep st rokes 
tended to be clinically asymptomat ic in the acute phase. 
Focal or dif fuse dist ribut ion of vasospasm by TCD or 
angiogram was not  useful in reliably predict ing the 
subsequent  st roke pat tern. Haemorrhagic st roke from 
vasospasm is rare and occurs especially in pat ients 
undergoing induced hypertensive therapy.

Convent ional cranial CT is less accurate than magnet ic 
resonance imaging (MRI) and single-photon emission CT 
(SPECT), but  it  is widely available and its images are easier 
to obtain and interpret . With the development  of technologies 
that  have expanded the use of CT, namely CT angiogrphy and 
CT perfusion imaging, it  is possible to integrate informat ion 
on the spasm locat ion with quant itat ive CBF measurement . 
All this can be done in a relat ively short  period and without  
moving the pat ient .20-22,35

Cont rast  CT perfusion is increasingly being used in 
emergency situat ions to assess DCI. Average t ransit  t ime 
(ATT) maps are very sensit ive in the screening of pat ients 
with acute cerebral ischemia, while relat ive cerebral blood 
fl ow (rCBF) and relat ive cerebral blood volume (rCBV) maps 
are more specifi c for st roke diagnosis. Angiographic 
vasospasm occurs with decreased rCBF, part icularly when it  
is severe. There are three dist inct  pat terns among the 
perfusion abnormalit ies possibly related to vasospasm 
(table 2). The technique is non-invasive, provides direct  
anatomic correlat ion and reports the haemodynamic state 
with a relat ively high, quant itat ive and reproducible 
resolut ion.20-22,36

The determinat ion of rCBF by xenon-enhanced CT 
perfusion scanning has been proposed to guide the medical 
management  of vasospasm and to dif ferent iate DCI from 
other processes in pat ients with SAH. The main disadvantages 
of this technique are: a) high sensit ivity to mot ion artefacts 
associated with an acquisit ion t ime last ing several minutes; 
b) exposure to relat ively high levels of radiat ion; c) 
cont raindicat ions for cases with severe respiratory disease 
or mechanical vent ilat ion with a volume of less than 250 
ml; d) doubts about  precise parameter quant ifi cat ion; and 
e) possible side effects of xenon (nausea, dizziness and 
sedat ion), which make it  diffi cult  to steady the head. These 
reasons make xenon CT an experimental study that  is an 
alternat ive to the other perfusion tests.36

Therefore, convent ional cranial CT combined with 
cont rasted CT perfusion scanning and CT angiography 
represents an accurate and advantageous diagnost ic 
technique in pat ients with suspected vasospasm secondary 
to SAH. The mult imodal CT protocol is part icularly useful 
for unconscious pat ients, in whom clinical examinat ion is 
uninformat ive.

Angiography by computerized tomography

CT angiography has emerged as a fast , accurate and 
minimally invasive method for precise anatomical 
descript ion of int racranial vessels, diagnosis of int racranial 
aneurysms and diagnosis and monitoring of vasospasm. In 
small series, it  is reported that  the technique is perfect  for 
detect ing severe proximal spasm, and is very sensit ive and 
accurate in the diagnosis of normal vessels. Sensit ivity and 
accuracy are signifi cant ly reduced for slight -moderate 
proximal vasospasm. The concordance is excellent  when 
comparing the severity of vasospasm determined by mult i-
sect ion CT angiography and convent ional angiography in 
proximal and distal arterial segments.20,22,23

A convent ional cranial CT study is often indicated upon 
suspicion of vasospasm. This can be immediately followed by 
CT angiography and CT perfusion scanning. These possibilit ies 
make CT angiography a useful technique in emergency 
situat ions where accurate and early therapeut ic act ion is 
needed. The angiographic method overcomes the limitat ions 
of DSA and MR angiography, especially in neurocrit ical or 
uncooperat ive pat ients. This is because it  is quicker, requires 
fewer resources, does not  hinder pat ient  care, has fewer 
contraindicat ions, has less frequent  mot ion artefacts, carries 
no serious neurological risks and requires only minimal 
sedat ion in case of psychomotor agitat ion.20,22,26

Its disadvantages include: a) the need to bring the pat ient  
to the equipment ; b) exposure to radiat ion; c) the 
administ rat ion of int ravenous contrast  and its potent ial 
adverse effects; d) lower resolut ion of images with respect  
to DSA; e) the diffi culty of assessing the images with artefacts 
caused by metallic objects (e.g., clip artefacts); f ) 
opacifi cat ion of venous st ructures that  hinders assessing 
int racavernous ICA and of the sylvian segment  of the MCA; g) 
higher t ime demand for select ing useful images and post-
processing, and h) the variability between observers in 
preparing and interpret ing the images. For these reasons, CT 
angiography is recommended as a control angiography study 
for diagnosis when vasospasm is suspected and DSA is not  
available or does not  involve endovascular t reatment .20,22

Cranial magnetic resonance

Mult imodal MRI studies consist  of sequences of standard MRI 
images, echo-planar dif fusion MRI images, Time-of-Flight  
MR angiography and dynamic gadolinium-enhanced perfusion 
MRI, and may include spect roscopic imaging. This protocol 
has allowed the following fi ndings to be described: 

•   Ischemic lesions are visible on dif fusion MRI at  a very 
early stage after arterial occlusion and before 
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abnormalit ies appear on T2-weighted images. The lesions 
in both studies may be concomitant  and reveal reduct ions 
in the apparent  dif fusion coeffi cient  in the territory 
corresponding to the arterial spasm with no concomitant  
abnormalit ies on dif fusion MRI.

•   Perfusion abnormalit ies are more marked than dif fusion 
abnormalit ies (mismatch, perfusion/ dif fusion). Small and 
somet imes mult iple focal ischemic lesions are usually 
described in the dif fusion MRI, surrounded by a larger 
area of decreased rCBF and increased ATT in all pat ients 
with symptomat ic vasospasm. The most  useful indicator 
in perfusion MRI is the ATT measurement , while CBV is 
usually normal or slight ly decreased.

•   Lactate, oedema and increased rCBV occur in the same 
area and are correlated with each other and with clinical 
neurological defi cit .36-39

Despite the limitat ions of the technique (pat ient  
t ransport , cost , durat ion, test  environment ), dif fusion-
perfusion MRI can be safely applied in selected SAH pat ients 
and provides more detailed informat ion than other 
neuroimaging techniques.36-39

Magnetic resonance angiography

Concordance of MR angiography with DSA is substant ial.  
When considering each vessel separately, the specifi city is 
excellent  for all locat ions, as is the sensit ivity for the ACA, 
although it  is lower than sensit ivity for the ICA and the 
MCA.40 Among its advantages are the absence of exposure to 
ionizing radiat ion, non-requirement  for int ravenous cont rast  
administ rat ion, and the possibilit y of serial studies.

The pract ical applicat ion of the technique by t ime of 
fl ight  for the diagnosis of vasospasm has the following 
problems: 

•   The signal increased by methaemoglobin in the SAH 
adj acent  to the arteries can cause false negat ive results 
of vasospasm in the subacute phase. The most  severe 
affectat ion by vasospasm occurs precisely in those 
arteries.

•   Endovascular coils or compat ible aneurysm clips often 
make it  diffi cult  to visualise adj acent  arteries, and their 
artefacts can increase false negat ives of signifi cant  
stenosis.

•   The presence of non-compatible metal devices, such as 
aneurysm clips, and less advanced equipment for monitoring 
of neurocrit ical pat ients prevent its indicat ion.

•   The full study requires a long acquisit ion t ime and pat ient  
cooperat ion. The limitat ion as to acquisit ion t ime is 
higher in crit ically il l pat ients, frequent ly undergoing 
mechanical vent ilat ion. Examinat ion t ime can be reduced 
by limit ing the observable arterial area to the anterior 
circulat ion, but  this is a source of errors.

•   Dif fuse vasospasm results in a poorly defi ned MR 
angiography that  is often diffi cult  to interpret  and should 
not  be confused with artefacts or technical problems.

MR angiography is not  an alternat ive to DSA and CT 
angiography in accurately assessing cerebral vasospasm, 

but  it  does have a potent ial applicat ion as a non-invasive 
diagnost ic technique in selected pat ients. 26,40,41

Emission tomographies 

SPECT and posit ron emission tomography (PET) can be 
useful in pat ients with poor clinical state, and offer a higher 
sensit ivity than simple cranial CT for diagnosing cerebral 
st rokes and their extension. SPECT is a comfortable 
technique for the pat ient , provides mult iplanar images and 
cerebral arteriography can be ignored when faced with a 
negat ive cerebral ischemia study.5,42

Applying SPECT and PET systemat ically in DCI detect ion is 
limited due to: a) technical factors; b) reduced availabilit y; 
c) economic cost ; d) the possibilit y of errors in the analysis; 
e) the need to correlate the results with the st ructural 
neuroimage; and f ) lack of clinical t rials confi rming its 
usefulness. In addit ion, PET is not  feasible in emergency 
situat ions and its diagnost ic accuracy is unknown. 36,42,43

Electroencephalography

Elect roencephalographic monitoring of SAH provides 
constant  informat ion about  brain funct ion and may allow 
the detect ion of reversible DCI. In the acute phase of st roke, 
elect roencephalography (EEG) may show a polymorphous 
delta act ivity and the at tenuat ion of fast  act ivity. In 
addit ion, a high correlat ion between angiographic vasospasm 
and focal slowing of the EEG have been found.14,15

Digital EEG charts can be used to monitor the effects of 
sedat ives and ant iconvulsants, for early detect ion of 
epilept ic seizures and cerebral dysfunct ion secondary to 
vasospasm. These charts can also be used to indicate the 
need for addit ional neurodiagnost ic test ing or therapeut ic 
changes. Quant itat ive EEG changes tend to precede by 2-3 
days the DCI manifestat ions detectable by clinical 
examinat ion or other cont inuous monitoring techniques. A 
decrease in the alpha/ delta rat io after st imulat ion (alpha 
power/ delta power) greater than 50% in a single measurement  
is a parameter with high sensit ivity and specifi city for 
detect ing DCI in pat ients suffering stupor or coma. The 
alpha/ delta rat io can supplement  the clinical exam in 
pat ients with SAH for the diagnosis of dysfunct ion from DCI. 
A decrease in relat ive variability of the alpha rhythm (6-
14/ 1-20 Hz) has also been observed in this disorder.14,15

Cont inuous EEG is not  included in usual neurointensive 
monitoring due to scept icism about  the alleged vulnerabilit y 
to artefacts, the equipment  cost  and dependence on 
neurophysiologically-t rained personnel.44 Despite this, 
cont inuous elect roencephalographic monitoring may be 
recommended in pat ients at  high risk of vasospasm and 
impaired consciousness.

Intracerebral microdialysis 

Neurochemical monitoring by int racerebral microdialysis 
(ICMD) in the 7-10 days following int racranial aneurysm 
surgery has been proposed as a useful tool to characterise 
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the pat terns of markers of energy metabolism (glucose, 
pyruvate and lactate), excitotoxins (glutamate and 
aspartate) and derivat ives of neuronal damage (glycerol) in 
SAH. Compared with TCD and angiography, ICMD has a high 
specifi city but  low sensit ivity as a tool for the diagnosis of 
delayed ischemic neurological defi cit .  The cerebral ischemic 
pat tern (increase of lactate/ glucose and lactate/ pyruvate 
rat ios greater than 20%, followed by an increase of 20% in 
glycerol concent rat ion) precedes DCI manifestat ion by an 
average interval of 11 h. It  was found that  t ransient  CBF 
reduct ions were correlated with ext racellular elevat ion of 
glutamate and glycerol, while the lactate/ pyruvate rat io 
was only not iceable after prolonged hypoperfusion.43,44

Although encouraging results have been described, ICMD 
has several limitat ions that  invalidate its recommendat ion 
as a systemat ic neurointensive method: a) the need to place 
the catheter in the precise spot  that  may suffer ischemia; 
b) it  does not  allow evaluat ion of more than one brain 
region; c) measurements made in a rest ricted brain volume 
are diffi cult  to ext rapolate; d) the benefi ts as an early or 
more sensit ive DCI indicator are uncertain compared with 
other detect ion methods; e) basal neurochemical values 
vary among individuals; f ) there is a wide range of values 
from subclinical ischemia to severe ischemia; g) the scarce 
accuracy of the neurochemical processes that  take place in 
DCI; h) reduced accuracy of the measurements for the 
development  of react ive gliosis around the catheter t ip; i) 
t issue t rauma secondary to the invasive procedure,; and j ) 
it  is expensive, t ime consuming and requires experience in 
neurosurgery and analysis.5,43,44

Conclusions

Clinical reasoning and analysis of the design of the 
invest igat ions carried out  are key aspects in the indicat ion 
of tests for the diagnosis of vasospasm and DCI in spontaneous 
SAH. The use of mult iple and imprecise medical terms to 
describe vasospasm may make it  more diffi cult  to assess 
and manage pat ients. A grading method according to the 
diagnost ic test  proposed could serve to standardise the 
main research on the subj ect .

In current clinical pract ice, the most highly recommended 
and available pattern for the diagnosis and monitoring of 
vasospasm and DCI is the rat ional use of evidence addressed. 
The algorithm shown emphasises, in the fi rst place, clinical and 
TCD examination, and out lines EEG monitoring in cases at high 
risk for vasospasm and impaired consciousness. We conclude 
that mult imodal CT and MRI techniques are appropriate in 
specifi c situat ions for the early, adequate identifi cat ion of 
parenchymal and/ or cerebral artery disease. Digital subtract ion 
angiography is the gold standard for diagnosis of cerebral 
vasospasm and is recommended when there is no response to 
medical treatment and the pat ient is a candidate for 
endovascular therapy. However, further research is needed to 
perfect the applicat ion patterns of the tests formulated.
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