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Vasospasm Secondary to Ruptured Aneurysm: 
Assessment by Digital Intravenous Angiography 
Richard S . Pinto,1 Irvin I. Kricheff,1 Gary De Filipp,1 Eugene S. Flamm,2 and Joseph P. Lin 1 

Digital intravenous angiography was used for the documen
tat ion and evaluation of cerebral vasospasm secondary to acute 
ruptured aneurysm. Attenuation of vessel caliber and / or gener
alized poor visualization of intracranial arteries and prolongation 
of circulation time were observed in seven patients with the 
acute clinical diagnosis of cerebral vasospasm. Posttreatment 
intravenous angiography demonstrated improvement in both ar
terial caliber and circulation time in six patients who responded 
to medical therapy for vasospasm. Digital intravenous angiog
raphy allowed repeat investigations of the intracranial vascula
ture safely and quickly without undue risk to the critically ill 
patient. 

Rupture of an intracranial aneurysm may severely reduce the 
caliber of intracranial arteries and often leads to cerebral ischemia, 
infarc tion, and clinical deteriorat ion of the patient before· surgical 
ligation of the offending aneurysm [1 - 3]. A presumptive diagnosis 
of vasospasm is usually made in a patient who clinically deteriorates 
preoperati ve ly and in whom computed tomography and / or lumbar 
puncture has excluded a rebleed . Most investigators require cere
bral arteriography for documentation of vasospasm before institut
ing medical therapy [4-6]. We performed digital intravenous an
giography to assess intracran ial arterial caliber and to measure 
ci rculation time in seven patients who c linically worsened in their 
preoperative cou rse. 

Subjects and Methods 

A total of 16 pat ients were evaluated . Nine pat ients were exam
ined only once, while seven patients were examined twice. None of 
the nine patients in the former group clinically worsened during 
their preoperative cou rse, although in seven patients various de
grees of vasospasm were demonstrated on th e initial diagnostic 
arteriography. In these patients intravenous angiography was used 
to confirm absence of vasospasm immediately before surgery. The 
other two patients in this group were examined after surgery to 
pinpoint aneurysm clip locat ion . 

This report concerns the seven patients who were examined 
twice, initially after the onset of c linical deterioration and again after 
a course of medical therapy for vasospasm. Four of these seven 
patients were treated for severe bilateral diffuse vasospasm with 
aminophylline and isoproterenol. The other three patients c linica lly 
demonstrated unilateral vasospasm and were treated with volume 

expansion or hypertension. The mean interstu dy interval for patients 
studied twice was 8 days. 

Intracranial arterial ca liber was assessed on both intravenous 
angiog rams in all seven symptomatic pat ients. Circu lat ion time 
(interval in seconds between the initial filling of the carotid siphon 
and the initial filling of an ipsilateral parietal ve in ) was measured for 
each cerebral hemisphere on both angiograms in all seven patients. 

Intravenous angiography was performed using a Philips digital 
vascu lar imager. A Teflon 5.5 French catheter, 65 cm long with 10 
side holes (Universal Medical Instrument Corp ., Ballston Spa, NY) 
was used for all studies. The catheter was placed in the superior 
vena cava adjacent to the right atrium. Renografin-76 (40 ml / 
series) was injec ted at a rate of 15 ml / sec at 31.6 kg / cm. 

In 14 patients a 23 cm image-intensifier fi eld was used and 
images were obtained at two frames/ sec. In the other two patients 
in ou r series and subsequently, a 14 cm image-intensifier fi eld was 
used . All images were reprocessed to obtain the best possible 
image. Although both anteroposterior and lateral projections were 
obtained, all data in this study pertaining to arterial caliber and 
c ircu lation time were derived from the anteroposterior view . 

Results 

Six of the seven deteriorated patients showed marked c linica l 
improvement within 24 hr of the start of therapy . One patient 
showed no c linica l improvement. In all seven symptomatic patients 
the initial intravenous ang iog ram demonstrated narrow arteri al cal
iber or generalized poor visualization of intrac ranial arteries with 
slow progression of contrast medium through distal sylvian oper
cular vessels, ind icat ive of vasospasm. In four of seven patients the 
initial intravenous angiogram documented diffuse vasospasm with 
involvement of both cerebral hemispheres (fig . 1). In the diffuse 
vasospasm group there were two ruptured an terior communicating 
artery aneurysms and two ruptured basilar tip aneurysms. In three 
patients the initial angiogram documented unilateral vasospasm 
with attenuation of arterial ca liber, primarily involving sylvian oper
cular vessels unilaterally (fig . 2). Circulation time was different from 
one hemisphere to the other in this group of pat ients, wh ich com
prised two middle cerebral artery (MCA) aneurysms and one pos
terior communicating artery aneurysm. 

In the d iffuse vasospasm group the slowest initial c irculation 
times were noted in patients who c linically demonstrated th e most 
severe aspects of cerebral ischemia, including marked bilateral 
motor paresis and severe alteration in mental status. (table 1 , cases 
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TABLE 1: Intracranial Circulation Time in Patients with 
Vasospasm 

Group: Case No. 

Diffuse vasospasm: 
1 
2 
3 
4 

Unilateral vasospasm: 
5 

6 

7 

Pretreatment 

7.5 
8.0 
NM 
5 .0 

4.0 (R) 
3.0 (L) 
2.5 (R) 
3.5 (L) 
4.0 (R) 
3.5 (L) 

Time (sec) 

Posttreatment 

4.5 
4.5 
6.0 
5.0 

3.0 (R) 
3 .0 (L) 
3 .0 (R) 
3.0 (L) 
3.5 (R) 
3.5 (L) 

Note. -NM = not measured: R = right hemisphere: L = left hemisphere . 

Fig . 1.-Digital intravenous angio
grams (arterial phase) in patient with dif
fu se vasospasm. A, Pretreatment. Ante
ri or commun icating artery aneurysm (ar 
row) with narrowing of both superclinoicl 
carotid arteries. Poor visualization of in 
tracranial vascu lature, particu larly peri
callosal arteries, right horizontal seg
ment of MCA, and both sylvian vascular 
groups. Circu lation time, 7.5 sec bilal
erally. B, 7 days after treatment will' 
aminophylline and isoproterenol. Im
proved visualization of pericallosal artel 
ies, sy lvian vessels, and horizontal seg· 
ment of left MCA. Circulation time, 4." 
sec bilaterally. 

Fig. 2.-Digital intravenous anglo
grams (arterial phase) in patient with UI,I
lateral vasospasm. A, Pretreatmel I. 
Right MCA aneurysm (arrow) with cerg
bral circu latory defect. Poor visualization 
of horizontal segment of right MCA and 
sylvian branches. Decreased con lr; 'st 
discrimination in petrosal and precav r
nous segments of right internal care. Id 
artery . Circu lation times, 4 .0 sec (ri" ht 
hemisphere) and 3.0 sec (left he~n i
sphere). B, 7 days after treatmenl by 
vo lume expansion. Change in aneury"m 
configuration (arrow) indicates par;;al 
thrombosis since previous study. im
provement in caliber of intracranial v"s
culature, particularly horizontal segm" nt 
of ri ght MCA and sylvian opercl ar 
branches. No difference in contrast GIS
crimination between right and left C I V

ernous and petrosa l segments of internal 
carotid arteries. Circulation time, 3.0 sec 
bilaterally. 

1 and 2). In one patient with severe diffuse vasospasm, initial 
c ircu lation time could not be measured because of motion misr;~

gistration artifacts in th e venous phase of the serial angiogram. In 
the unilateral vasospasm group all three patients demonstrakd 
altered mental status and two of three patients showed mi ld con tn 
lateral hemiparesis. Initial c irculation times in each case refiect,'d 
dissociation between the two cerebral hemispheres (table 1 , cas)s 
5-7). 

All seven patients were reexamined 7 or 8 days after the ini" al 
intravenous ang iogram. Clinical improvement was seen in six r'a
tients. Of the four patients with diffuse vasospasm on the ini ,al 
study, three demonstrated improvement in arterial caliber and t','IO 
had improved c irculation times on the second intravenous angio
gram. The patient whose initial c irculation time could not be me ,5-

ured had an abnormal c irculation time on the follow-up study (taille 
1, case 3 ). This patient showed no c linical improvement al er 
med ical therapy and subseq uently suffered two reb leeds and di d. 
In the three patients whose initial ang iograms demonstratec a 
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unilateral ci rculatory defect, resolut ion of vasospasm was observed 
on the second intravenous angiogram, in which c irculat ion times for 
the two cerebral hemispheres were equal in each case (table 1, 
cases 5- 7). 

Discussion 

Dig ital intravenous angiography has a prominent place in th e 
workup of patients with atherosclerotic cerebrovascular d isease 
[7-10]. We used dig ital subtraction intravenous ang iography to 
evaluate cerebral vasospasm secondary to ruptured intracranial 
aneurysm. 

The diagnosis of vasospasm is made by observing attenuation of 
arterial caliber of one cerebral hemisphere (unilateral vasospasm) 
or a generalized poor visualization of all intracranial vessels (diffuse 
vasospasm). Resolution of vasospasm can be determined by com
paring posttreatment angiograms with data from the initial study. 
Measurement of c irculation time [1 1] and its variation from normal 
is an ancillary rad iolog ic ind icat ion of vasospasm. In patients with 
unilateral vasospasm a c irculatory defect can be demonstrated by 
observing delay in contrast-media opacif ication of ipsilateral intra
cranial vessels and by documenting d issociation in c irculation t imes 
between cerebral hemispheres. Resolution of vasospasm as deter
mined by arterial ca liber on posttreatment angiograms can be 
confirmed by comparing pre- and posttreatment c irculation times . 
Cerebral c irculatory defects from unilateral extracranial carotid 
stenosis or generalized poor card iac output can be c ircumvented 
by obtaining posttreatment comparison data. 

Digital intra.venous angiography is expeditious in prov iding an
swers to cl inical questions; it requires little angiographic expertise , 
since no selecti ve vascular catheterization is necessary; and it is 
quickly performed because of the ability of rea l-time image subtrac
tion. The proced ure probably involves less ri sk to the patient than 
conventional cerebral arteriography. Digita l intravenous angiog ra
phy is not recommended for th e detailed investigation of the vas
cular anatomy that is required for th e primary diagnosis and pre
treatment assessment of intrac ranial aneurysms. However, it plays 

an important role in the documen tation and evaluation of cerebral 
vasospasm and of its subsequent resolution prior to surg ical ligation 
of an aneurysm. 
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