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PURPOSE: To determine whether microvascular damage occurs from superselecti ve intraa rterial 

injection of amobarbital sodium using the swine endovascular embolization model. METHODS: 

Thirty-four swine underwent percutaneous femoral puncture for superselective catheterization of 

the prox imal artery of the rete. Varying concentrations of am obarbital sodium were prepared ( 12.5 

to 100 mg/ mL solution) in either normal sa line or sterile water ( 105 mOsm / L to 1138 m Osm / L) of 

which one concentrat ion was infused slowly into one ipsilateral rete. Control infusions were also 

performed. Histopathologic changes were evaluated at 30 minutes and 10 days after infusion, 

using standard light and electron microscopy techniques . RESULTS: Moderate vasospasm oc­

curred only in three swine at 100 mg/ mL amobarbital sodium in normal sa line. Light microscopy 

showed no significant histo logic changes in the retia at any of the tested concentrations of 

amobarbital sodium. Electron microscopy showed ultrastructural alterations in the int ima onl y at 

the higher amobarbital sodium concentrations. CONCLUSIONS: Concerns for inducing significant 

dam age to cerebral microvasculature by superselective injection of amobarbi ta l sodium at the 

usually recommended concentrations and doses are probably not justified. 
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Provocative testing with the intermediate­
acting barbiturate amobarbital sodium (Amytal 
Sodium) after superselective catheterization of 
intracranial arteries supplying a cerebral arte­
riovenous malformation (AVM) is a technique 
frequently used for pharmacologic evaluation of 
the vascular supply to normal brain adjacent to 
the A VM. The premise behind this technique is 
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that small nutrient arteries to functional ( "e lo ­
quent" ) cortex may be identified by provoking a 
temporary , pharmacologically induced neuro­
logic deficit. The use of this type of superselec ­
tive provocative testing has been intended to 
improve the margin of safety of both endovas­
cular embolization and surgical resection of ce-
rebral AVMs by identifying AVM feeding 
pedicles that also supply normal functional 
brain (1-6). 

Although this technique has been used by 
many neurointerventionalists and has been re ­
ported to be safe and effective (1-5) , complete 
pharmacologic, physiologic , and pathohisto ­
logic studies of the effects of superselective in­
traa rterial injection of amobarbital sodium and 
other short-du ration barbiturates have not been 
performed (3 , 7 ). 

Some cl inicians have been concerned that 
superselective intraarterial injections of amo ­
barbital sodium mixed in a variety of ca rrier 
solutions (eg, saline , contrast media) may have 
significant toxic effects on e ither normal pial o r 
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abnormal nidus microvasculature (3, 8). These 
concerns originate from early reports of is­
chemia developing from accidental or experi­
mental intraarterial injection of concentrated 
amobarbital sodium solutions and other bar­
biturates (9 -12) and more recent anecdotal 
reports of transient ( eg, ischemia caused by 
vasospasm) and permanent complications (eg, 
neurologic deficits resulting from hemorrhage 
and infarction) that were possibly attributable to 
superselective injections of amobarbital sodium 
(3). 

Thus, the purpose of this study was to deter­
mine whether microvascular damage occurs 
from superselective injection of various concen­
trations and dosages of amobarbital sodium us­
ing a swine endovascular embolization model 
(13-15). 

Methods 

The experiments were performed in accordance with 
guidelines for the use of laboratory animal subjects in 
research by the UCLA Chancellor's Animal Research 
Committee and the National Institutes of Health. Thirty­
four Red Duroc swine were first sedated with intramus­
cular diazepam (0.5 mg/kg) and ketamine hydrochloride 
(20 mg/kg). After intubation, general anesthesia was in­
duced and maintained with continuous inhalation of 1% 
to 1.5% halothane. 

Each swine underwent percutaneous femoral puncture 
by the Seldinger technique in order to place a #6 French 
vascular sheath . A Tracker 18 microcatheter and Seeker 
14 guide wire (Target Therapeutics, Fremont, Calif) were 
coaxially placed through a tapered #5.5-4.0 French guid­
ing catheter (Cook, Bloomington, lnd) for superselective 
catheterization of the ascending pharyngeal artery (artery 
of the rete). Preinfusion angiography (Fig 1) was per­
formed (a) to ensure that no injury to the ascending pha­
ryngeal artery occurred, (b) to confirm that the microcath­
eter was positioned distal to the pharyngeal branch of the 
ascending pharyngeal artery in order to permit more com­
plete delivery of amobarbital sodium into the rete, and (c) 
to determine the appropriate injection rate for filling the 
ipsilateral rete, because overinjection will result in cross­
filling of the contralateral rete . 

Varying concentrations of amobarbital sodium were 
prepared (12.5 , 25, 37.5 , 50 , and 100 mg/ mL solution) in 
either normal saline or sterile water. This produced os­
motic concentrations in the range of 105 mOsm/ L to 1138 
mOsm/ L (Table) . A total of 2 mL of one amobarbital 
sodium concentration were slowly injected into one rete at 
the predete rmined rate based on preinjection angiogra­
phy . This volume produced total dosages of amobarbital 
sodium delivered to a given rete in the range of 25 to 200 
mg. The average duration of injection was 10 seconds. 
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Tonicity of amobarbital sodium solutions 

Concentration , 
Tonic ity in Tonicity in 

mg/ mL 
Sterile Water, Normal Saline, 

mOsm/ L mOsm/ L 

12.5 101 409 
25.0 202 510 
37.5 303 611 
50.0 404 71 2 
100 808 11 38 

Infusions at each specific concentration and tonicity of 
amobarbital sodium were performed in two different ani­
mals, except at concentrations of 50 and 100 mg/ml, 
which were performed in three and four different animals , 
respectively. In a separate set of control animals , either 
sterile water or normal saline (four each) was also injected 
into a single rete after superselective angiography of the 
retial system was performed. In all cases postinfusion an­
giography was performed to ensure that no significant 
change in catheter position occurred, and to evaluate for 
any potential vasoreactive responses of the ascending 
pharyngeal and retial arteries to the infusion. Whenever 
possible, infusions into individual retia were staggered in 
time in such a way that a single swine could be used to 
evaluate two predetermined time intervals for the develop­
ment of histologic changes. The first injection was given 
10 days before killing the animal, to evaluate for long-term 
changes; the second injection was given 30 minutes before 
killing , to evaluate short-term changes. 

In a separate group of swine the above-described pro­
tocol was used to evaluate for potential short-term ultra ­
structural alterations (particularly involving the endothe­
lium) of the retial vasculature by electron microscopy, 
because it is possible that acute cellular injury to com­
ponents of a vessel wall may not be detected by stan­
dard light microscopy. For this portion of the study retia 
were infused with amobarbital sodium solution at con­
centrations of 12.5 (n = 2), 50 (n = 2), and 100 (n = 3) 
mg/ mL in normal saline and 12.5 (n = 1), 50 (n = 2) , 
and 100 (n = 2) mg/mL in sterile water and evaluated in 
the short term only. 

Each rete was harvested from the skull base immedi­
ately after death. Samples for light microscopy were fixed 
in 10% formalin and embedded in paraffin. The retia were 
then sectioned and stained with hematoxylin and eosin fa: 
evaluation with light microscopy. The retia samples stud­
ied with electron microscopy were immediately fixed in 2% 
glutaral , postfixed with 1% osmium tetroxide , dehydrated 
in graded alcohol , and embedded in epon/ araldite. Stan­
dard ultrathin sections of these specimens were produced 
as described elsewere (16). An experienced neuropathol· 
agist (H.V.V.), who was blinded to infusion concentrations/ 
tonicities , evaluated both light microscopic and electro :~ 

microscopic specimens for evidence of microvascular 
injury. 
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Results 

Preinfusion angiography showed no evidence 
of vasospasm, dissection, or thrombus resulting 
from superselective catheterization of the as­
cending pharyngeal artery. Postinfusion an­
giography was normal at the various amobarbi­
tal sodium concentrations, except in three of 
four swine (75%) infused with 100 mg/mL amo­
barbital sodium mixed in normal saline ( 1138 
mOsm/L). In these cases, a variable degree of 
transient moderate to severe vasospasm was 
observed in the distal ascending pharyngeal ar­
tery and retial arteries (Fig 1 ). The vasospasm 
also may have extended into the proximal ipsi­
lateral circle of Willis in one case. There were no 
transient or permanent neurologic deficits ob­
served in these swine upon recovery from gen­
eral anesthesia. Nearly complete resolution of 
vasospasm occurred within 15 to 20 minutes in 
all retia. Repeat superselective angiography 10 
days later showed complete resolution of the 
vasospasm of the ascending pharyngeal artery 
and no evidence of permanent occlusion of the 
retial arteries . 

Light microscopy showed no significant 
pathohistologic changes in the retia infused 
with various concentrations of amobarbital so­
dium in either the short or long term when 
compared with controls. Specifically, there 
was no evidence of angionecrosis, extensive 
ndothelial denuding , intimal encrustation/ 
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Fig 1. A , Preinfusion cerebral angio­
gram from right ascending pharyngeal in ­
jection, anteroposterior projection. There 
is norma l opaci fi ca tion of the ascend ing 
pharyngea l artery (arrow) , rete mirabile 
(open arrows) , and intracranial vessels 
(arrowh eads). 

8 , Repeat cerebral angiogram in the 
same projection 5 minutes after infusion of 
100 mg/ml amobarbita l sodium dissolved 
in normal saline shows poor opacification of 
the rete (open arrows) and intracranial ves­
sels (arrowheads) caused by moderate as­
cending pharyngeal and retial vasospasm . 

proliferation, or inflammatory response. Occa­
sional thrombi and one foreign body embolus 
were seen in 7 of 32 specimens (22%), which 
had no relationship to the concentration of in­
fused amobarbital sodium. Similar findings of 
occasional thrombi within saline- infused and 
sterile water-infused retia (controls) were seen 
in 3 of 8 specimens (37.5%), indicating that 
no excessive thromboembolic phenomena oc­
curred in the amobarbital sodium-infused retia 
(Fig 2) . 

Fig 2 . Light microscopy of a control rete mirabile (hematox ­
ylin and eosin ; magnification X 1 0) . The retial vessels are muscu­
lar microarteries in the size range of 50 to 250 J..l.m. Occasiona l 
thromboemboli (arrow) were seen in both control and amobarbi­
tal sodium-infused retia. 
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A 
Fig 3. Electron microscopy of amobarbital sodium-infused 

retia. 
A, Rete infused with 12.5 mg/ mL amobarbital sodium in 

normal saline shows essentially normal-appearing, plump en­
dothelial cells with the exception of some intracellular vacuola­
tion (small arrows); magnification X 7740. 

8, Rete infused with 50 mg/ mL amobarbital sodium in nor­
mal saline shows marked attenuation of the endothelium (ar­
rows) caused by volume contraction; magnification X 8180. 

C, Rete infused with 100 mg/ mL amobarbital sodium in 
normal saline shows an area of endothelial sloughing and ne­
crosis ( open arrows) in addition to marked attenuation , result­
ing in exposure of the internal elastic lamina (arrow) ; magnifi­
cation X 6840. 

Electron microscopy of both amobarbital 
sodium-infused and control retia showed vary­
ing degrees of cytoplasmic vacuolation within 
the endothelium. The extent of vacuolation did 
not appear to correlate with the type of infusion 
used. Vacuolation usually was seen in otherwise 
normal-appearing intima (Fig 3A) . 

Retia infused with 12.5 mg/mL amobarbital 
sodium in sterile water and saline and 50 
mg/mL in sterile water showed normal endothe­
lium with the exception of the above-described 
vacuolation. However, characteristic ultrastruc­
tural alterations of the retial intima were seen in 
seven specimens infused with higher tonicities 
of amobarbital sodium solution (50 mg/mL in 
normal saline [712 mOsm/L], 100 mg/mL in 
both sterile water and normal saline [808 and 
1132 mOsm/L]). Milder alterations were seen in 
the retia infused with an amobarbital sodium 
solution tonicity of 712 mOsm/L. These 
changes consisted of areas of segmental thin-
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ning and attenuation of the endothelium (Fig 
38). At a tonicity of 808 mOsm/L the endothe­
lium appeared more attenuated and had some 
areas of localized sloughing, although extensive 
denuding was not seen. The most severe 
changes were seen in the three specimens in­
fused with an amobarbital sodium solution to­
nicity of 1132 mOsm/L, in which there was 
segmental endothelial necrosis and sloughing, 
as well as intraluminal necrotic cellular debris 
(Fig 3C). Despite the areas of severe endothe­
lial damage seen in these retia, the underlying 
internal elastic lamina and superficial smooth 
muscle cells of the tunica media remained 
intact. 

Discussion 

Endovascular embolization of cerebral A VMs 
has become increasingly more effective and 
safe. This is in large part because advance-
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ments in microcatheter technology permit su­
perselective catheterization of cerebral arteries 
supplying an AVM. Pretherapeutic superselec­
tive angiography provides detailed anatomic 
and hemodynamic information about cerebral 
A VMs that is often unavailable from routine se­
lective angiography. This information is valu­
able for therapeutic decision making when ei­
ther endovascular embolization or surgical 
resection are being considered (3, 4 ). It is well 
known, however, that superselective angiogra­
phy of AVMs frequently cannot detect small ar­
terial branches, arising from a feeding pedicle, 
that are supplying normal adjacent brain. Em­
bolization of these nutrient arteries can lead to 
untoward ischemic complications if this region 
of brain is functionally important. Conversely , 
superselective angiography will sometimes 
demonstrate small normal pial branches arising 
from a feeding pedicle, which may not supply 
eloquent cortex. Demonstration of these vessels 
may erroneously deter one from performing 
therapeutic embolization through such a feed­
ing pedicle. 

Thus, provocative testing with certain barbi­
turates of intermediate and short duration, such 
as amobarbital sodium (Amytal Sodium) and 
methohexital sodium (Brevital Sodium) , have 
been increasingly used in conjunction with su­
perselective angiography to improve the margin 
of safety for cerebral A VM embolization ( 1-7). 
Despite the increased use of superselective pro­
vocative testing , a detailed understanding of the 
pharmacology and physiology of cerebral in­
traarterial infusions of barbiturates is lacking. 
This incomplete understanding, combined with 
previous anecdotal reports of adverse reactions , 
has produced some concern related to potential 
damaging effects of superselective intraarterial 
infusions of amobarbital sodium on the cerebral 
microvasculature (3, 8) . 

Theoretically, such cerebral microvascular 
insults may have serious consequences, includ­
ing interruption of the blood-brain barrier, acute 
thrombosis, vasospasm, perivascular inflam­
matory response, and diapedesis. These patho­
physiologic processes can result in transient or 
permanent neurologic deficits caused by neuro­
toxicity, ischemia, and hemorrhage. 

A swine endovascular embolization model 
was chosen to test possible microvascular tox­
icity of superselective infusions of amobarbital 
sodium because the rete mirabile is an excellent 
source of well-defined microvasculature. The 
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rete mirabile is a plexiform network of intercon­
nected microarteries in the size range of 50 to 
250 J.Lm that connects the external carotid cir­
culation to the cerebral circulation. The retial 
system of swine is readily accessible by stan­
dard percutaneous coaxial catheterization tech­
niques used in endovascular embolotherapy. 
This feature in combination with the unique an ­
atomic arrangement and basic histologic con­
struction of the rete (which resembles the nidus 
of an AVM) has made the swine an excellent in 
vivo AVM model for testing the efficacy and 
histotoxicity of new embolic agents ( 13-15). 
Consequently, this in vivo model appeared to be 
readily applicable to the study of potential mi­
crovascular histotoxicity of superselective infu ­
sions of amobarbital sodium. 

In theory, there are four possible mechanisms 
of acute cerebral microvascular insult that may 
occur by a superselective infusion of a pharma­
cologic agent such as amobarbital sodium. 
First, it is possible that the injected amobarbital 
sodium solution can precipitate , resulting in 
thromboembolism within the infused microarte­
rial bed. Second, it is possible that intraarterial 
infusions of barbiturates may exert a direct 
stimulatory effect on vascular smooth muscle. 
This vasomotor stimulation could produce 
vasospasm, leading to either temporary or per­
manent ischemic insult to the brain. Third, it is 
possible that superselective infusions of amo­
barbital sodium exert a widespread and severe 
toxicity to the tunica intima and tunica media of 
exposed microvasculature. This could produce 
angionecrosis with resultant thrombosis and/or 
rupture of affected vessels in a short-term set­
ting and vasculitis in a long-term setting. Fi­
nally , it is possible that microvascular injury is 
initiated by a more limited degree of toxicity 
affecting only the endothelium. Endothelial cell 
damage could directly or indirectly initiate a 
variety of significant pathophysiologic events, 
including endothelial denuding, release of vaso­
active substances (eg, endothelin and throm­
boxane) , inhibition of prostacyclin, and release 
of mitogenic cytokines (eg, platelet-derived 
growth factor). These events in turn can either 
produce acute vasospasm and thromboembo­
lism or intimal proliferation and encrustation in 
a long-term setting. 

Previous studies have shown that concen­
trated solutions of amobarbital sodium (> 100 
mg/mL) mixed with saline may spontaneously 
precipitate and thus potentially cause thrombo-
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embolism within an injected vascular bed (17). 
However, spontaneous precipitation at the con­
centrations currently in use clinically ( 10 to 15 
mg/mL) has not been reported (3, 8). Monsein 
et al (8) have also shown that amobarbital so­
dium solutions should not be mixed with ionic 
contrast media, because doing so will produce 
an acid-base reaction with resultant precipita­
tion. In the current study, we avoided exposing 
the amobarbital sodium solutions to any type of 
contrast medium by prior flushing of the micro­
catheters with normal saline. Visual inspections 
of the solutions before administration showed 
no spontaneous precipitation. No excessive 
thromboembolic phenomena were observed on 
histologic comparison of the amobarbital 
sodium-infused retia to controls, suggesting 
that precipitation of the amobarbital sodium 
solutions was not a problem in our study. 

It has been shown previously that the occa­
sional thrombi and foreign body emboli we ob­
served in both amobarbital sodium-infused and 
saline/sterile water-infused retia are commonly 
seen after angiography and endovascular em­
bolization. It is believed that these findings are 
caused by a combination of contaminants in the 
injected contrast media and microthrombotic 
phenomena developing around the tip of a cath­
eter (18-20). Because there appeared to be no 
difference in the extent or frequency of these 
findings between experimental and control 
groups, we conclude that no significant throm­
boembolic histopathology occurred when vari­
ous concentrations of amobarbital sodium were 
infused. 

Although previous studies have shown that 
barbiturates can have both excitatory and in­
hibitory effects on vascular smooth muscle, it 
is uncertain what, if any, vasoactive effects 
amobarbital sodium has at the dosages and 
concentrations commonly used clinically and in 
this study for superselective intraarterial infu­
sion. It is well known that acute intoxication with 
barbiturates used in anesthesia ( eg, thiopental 
sodium) can lead to cardiovascular collapse, 
although this has been mostly attributed to a 
combination of peripheral vasodilation caused 
by decreased sympathetic tone and myocardial 
depression ( 21 ) . Several in vitro studies have 
shown that various commonly used barbiturates 
(including amobarbital sodium) at relatively 
high concentrations ( 1 o-3 to 1 o-4 mol/L) exert 
a direct vasomotor inhibition of smooth muscle 
(22-26) . A few in vitro studies have shown that 
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certain types of barbiturates also can have di­
rect contractile effects. Edney and Downes (26) 
showed that certain epileptogenic barbiturates 
(but not anesthetic barbiturates) can have a 
powerful vasoconstrictive effect. Another study 
by Moriyama et al (25) showed that thiamylal 
sodium and thiopental sodium paradoxically 
caused vasoconstriction at low concentrations 
(10- 4 to 10- 5 mol/L) and profound vasodilata­
tion at higher concentrations (1 0 - l to 1 0 - 3 

mol/L). However, no in vitro studies using amo­
barbital sodium have shown a direct vasomotor 
stimulatory effect. A clinical study by Zenteno 
et al (paper presented at the 29th Annual Meet­
ing of the American Society of Neuroradiology, 
Washington, DC, June, 1991) showed that in­
creases in intrapedicular pressure after super­
selective injection of amobarbital sodium may 
be caused by reactive vasoconstriction of nor­
mal cerebrovascular beds that are invisible by 
superselective angiography. They suggested 
that this reactive vasoconstriction may be the 
consequence of a direct excitatory effect on mi­
crovascular smooth muscle. Although far from 
conclusive, the results of our study do not sup­
port the idea of a direct vasomotor stimulatory 
effect of amobarbital sodium, because vaso­
spasm induced by superselective amobarbital 
sodium infusions at the highest concentration 
used ( 100 mg/mL) only occurred when the car­
rier solution was normal saline (ie , no vaso­
spasm occurred at the same concentration of 
amobarbital sodium dissolved in sterile water). 
This suggests that an alternate mechanism of 
vasospasm may be responsible. If superselec­
tive intraarterial infusions of amobarbital so­
dium (in the concentration range of 1 0 to 1 00 
mg/mL) were to have any direct vasoactive ef­
fect, we suggest that based on the previously 
cited in vitro studies, this effect most likely 
would be inhibitory in nature , because relatively 
high local concentrations of the drug could be 
achieved. 

The results of our study and those of others 
do not support the possibility of severe, gener­
alized angiotoxicity of superselective injections 
of amobarbital sodium. We found that no 
"short-term" or "long-term" histologic speci­
men of retia infused with various concentra­
tions of amobarbital sodium showed evidence 
of severe angiotoxicity. Even at a concentra­
tion of 100 mg/mL amobarbital sodium, which 
is eight times the usual clinical concentration, 
there was no histologic evidence of disruption 
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of internal elastic lamina , mural necrosis, or 
vasculitis, which are characteristics of severe 
angiotoxicity. 

The most plausible explanation for any po­
tential microvascular insult induced by super­
selective injection of amobarbital sodium would 
be on the basis of some type of endothelial 
injury. Theoretically, this can occur from either 
hyperalkalinity or hyperosmolality of these 
solutions. 

Some previous reports of acute vasospasm 
occurring after intraarterial injection of various 
barbiturates have suggested that this problem 
may be caused by the hyperalkalinity of these 
solutions, although no substantial evidence has 
been provided (5, 6, 12, 20). However, there­
sults of one recent study (7) and our findings do 
not support this contention. Peters et al (7) 
showed that despite the hyperalkalinity (pH 
10.6 to 11.6) of dilute solutions of methohexital 
sodium (::51%), no angiographic or clinical evi­
dence of vasospasm occurred after superselec­
tive intracranial injection. These authors noted 
further that this pH range was similar to that of 
amobarbital sodium solutions used clinically. 
Specific measurements of the pH of amobarbi­
tal sodium solutions used for intracranial injec­
tion have been reported by Monsein et al (8) in 
which a concentration range of 27 to 83 mg/mL 
produced a corresponding pH range of 8.74 to 
10.29. 

Although we did not measure the pH of vari­
ous amobarbital sodium solutions used in our 
study, it is likely that the range was similar to 
that described above. It may be further assumed 
that the alkalinity of these solutions mixed with 
normal saline would not substantially differ from 
those mixed with sterile water at a given con­
centration of amobarbital sodium. If this is true, 
the role of hyperalkalinity in producing endo­
thelial injury cannot explain (a) the ultrastruc­
tural changes observed only in specimens in­
fused with solutions mixed in normal saline at 
50 mg/mL, (b) the most severe ultrastructural 
changes that occurred at concentrations of 100 
mg/mL amobarbital sodium mixed in normal 
saline, and (c) angiographic evidence of vaso­
spasm that only occurred at concentrations of 
100 mg/mL amobarbital sodium in normal 
saline. 

The current study showed a strong relation­
ship between higher tonicity of amobarbital so­
dium solutions and both angiographic findings 
of vasospasm and ultrastructural changes in the 
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endothelium. Such results are consistent with a 
hyperosmotic mechanism of endothelial toxic­
ity, which produces so-called osmotic shock 
(3). A tonicity-dependent effect on the extent of 
ultrastructural alterations was seen after an ap­
parent threshold of 50 mg/ mL in normal saline 
(712 mOsm/L) was reached. At this tonicity 
milder ultrastructural alterations were seen , 
consisting of flattening and attenuation of the 
endothelium. This finding suggested that signif­
icant volume contraction of the cells occurred 
because of dehydration. At the other end of the 
spectrum, amobarbital sodium solutions of 100 
mg/mL in normal saline (1138 mOsm/L) , 
which is approximately four times that of nor­
mal serum, produced the most severe ultra­
structural alterations of the endothelium. These 
changes mostly consisted of areas of endothe­
lial necrosis and sloughing . It was also only at 
this highest tonicity that significant angie­
graphic vasospasm occurred, which correlates 
well with the more severe ultrastructural alter­
ations of the endothelium. 

The finding of cytoplasmic vacuolation in 
both amobarbital sodium-infused and control 
retia was puzzling and cannot be readily ex­
plained. It is possible that this abnormality was 
caused by rapid fluctuations in intracellular wa ­
ter content that may have occurred when the 
endothelium was sequentially exposed to solu­
tions of varying tonicity used during the angie­
graphic ( eg , heparinized saline flush , contrast 
agent) and infusion portions of the study. 

We have previously used amobarbital sodium 
solutions mixed in normal saline at a concen­
tration of 12.5 mg/mL for superselective pro­
vocative testing of more than 200 patients. This 
concentration of amobarbital sodium produces 
a tonicity of 409 mOsm/L, which is consider­
ably less than the tonicity of a commonly used 
nonionic contrast agent for cerebral angiogra­
phy (iopamidol [Isovue] 300; 616 mOsm/L). 
We have never encountered any adverse effects 
of superselective infusion with this concentra­
tion of amobarbital sodium solution, which 
probably can be attributed to its relatively low 
osmolality. 

It is also likely that amobarbital sodium solu­
tions used for provocative testing by intra­
carotid injection (ie, Wada test) are well within 
the range of safe tonicities suggested by this 
study. Typical dosages of 125 to 150 mg of 
amobarbital sodium are usually dissolved in a 
carrier solution of 8 to 10 mL of either sterile 
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water or normal saline, resulting in a tonicity 
range of approximately 101 to 460 mOsm/mL. 
We did not detect significant endothelial ultra­
structural changes until a tonicity of 712 
mOsm/L was reached. The potential risk of in­
jection of these amobarbital sodium solution 
concentrations is further reduced by the likely 
rapid dilutional effect that occurs when injection 
is made into a large-caliber vessel with rela­
tively large volumetric blood flow, such as the 
internal carotid artery. 

In conclusion, this study suggests that the 
concerns for inducing significant damage to ce­
rebral microvasculature by intraarterial injec­
tion of amobarbital sodium solution at the cur­
rently recommended concentrations and doses 
may be unjustified. Concentrated amobarbital 
sodium solutions ( 100 mg/mL) mixed in nor­
mal saline produce an extremely hypertonic so­
lution, which when infused by superselective 
injection into microvasculature can cause sig­
nificant endothelial damage with resultant acute 
vasospasm. 

References 

1. Vinuela F, Fox AJ , Debrun G, Pelz D. Preembolization superselec· 
tive angiography: role in treatment of brain arteriovenous malfor­
mations with isobutyl-2-cyanoacrylate . AJNR Am J Neuroradiol 
1984;5:765-769 

2. Jacobs JM.Interventional neuroradiology. CurrOpin Radiol1991; 
3 :37-45 

3. Rauch RA, Vinuela F , Dion J, et al. Preembolization functional 
evaluation in brain arteriovenous malformations: the superselec­
tive Amy tal test. AJNR Am J Neuroradiol1992; 13:303-308 

4. Rauch RA, Vinuela F, Dian J, et al. Preembolization functiona l 
eva luation in brain arteriovenous malformations: the ability of the 
superselective Amyta l test to predict neurologic dysfunction be­
fore embolization . AJNR Am J Neuroradio11992;13:309-314 

5 . Purdy PD, Batjer HH, Risser RC , Samson D. Arteriovenous mal­
formations of the brain: choosing embol ic materials to enhance 
safety and ease of excision. J Neurosurg 1992;77:217-222 

6. Martin N. Neurosurgery and interventional neuroradiology. In: 
Vinuela F, Dion JE, Halbach VV, eds. lnterventiona l Neuroradiol­
ogy; Endovascular Therapy of the Centra l Nervous System. New 
York: Raven, 1992:193-201 

7. Peters KR, Quisling RG , Gilmore R, Mickle P, Kuperus JH. Intra­
arterial use of sodium methohexital for provocative testing during 
brain embolotherapy. AJNR Am J Neuroradiol1993;14:171-174 

8. Monsein LH , Miller T J , Kuwahara SK, Sostre S, Debrun GM. Ionic 
iodinated contrast medium and amobarbita l sodium mixtures: 
potential for precipitation . Radiology 1992; 184:385-387 

AJNR: 15, September 1994 

9. Wada J , Rasmussen T. lntracarotid injection of sodium Amytal for 
lateralization of cerebral speech dominance. J Neurosurg 1960; 
17:266-282 

10. Hager DL, Wilson JN. Gangrene of the hand following intra ­
arterial injection. Anesth Analg 1968:47:423-427 

11 . A lba D, Cheung L, Ruth L, Snyder C, Reemtsma K. Effect of 
intraarterial injections of barbiturates. Am J Surg 1970; 120:676-
678 

12. Francis JG. Intra-arterial methohexitone: injection into the central 
artery of the rabbit's ear. Anaesthetist 1964:19:501-506 

13. Brothers MF, Kaufmen JCE, Fox AJ, Deveikis JP. N-butyl 2-
cyanoacrylate-substitute for IBCA in interventional neuroradiol­
ogy; histopathologic and polymerization time studies . AJNR Am J 
Neuroradiol1989; 10:777-786 

14. Lylyk P, Vinuela F , Vinters HV, et al. Use of a new mixture for 
embolization of intracranial ma lformations. Neuroradiology 1990; 
32:304-310 

15. Chaloupka JC, Vinuela F, Cheng J , Watson V, Duckwiler GR. 
Technical efficacy and histopathologic studies of a new liquid 
embolic agent, EVAL in the swine rete endovascular embolization 
model. [Abstract] AJR Am J Roentgenoi1993;160(4S):115-116 

16. Hunter EE. Practical Electron Microscopy. New York: Praeger, 
1984:121-122 

17. Trissel LA. Handbook on Injectable Drugs. 5th ed. New York: 
American Society of Pharmacists, 1988:49-50 

18. Brekkan A, Lexow PE, Woxholt G. Glass fragments and other 
particles contaminating contrast media. Acta Radial Diagn 1975; 
16:600-608 

19. Vinters HV, Kaufman JCE, Drake CG. "Foreign " particles in en­
cephalic vascular ma lformations. Arch Neurol1983;40:221-225 

20. Germano IM, Davis RL, Wilson CB, Hieshima GB. Histopatholog­
ical follow-up study of 66 cerebral arteriovenous malformations 
after therapeutic embolization with polyviny l alcohol. J Neurosurg 
1992;76:607-614 

21. Cooper JB, Newbower RS, Welch JP, Dedrick DF. In: Lebowitz 
PW, Newberg LA, Gillette MT, eds. Clinical Anesthesia Procedures 
of the Massachusetts General Hospital. Boston: Little, Brown, 
1982:49-50 

22. Altura BT, A ltura BM. Barbiturates and aortic and venous smooth 
muscle function. Anesthesiology 1975;43:432-444 

23 . Altura BT, Altura BM. Effects of barbiturates , phencyclidine, 
ketamine and ana logs on cerebral circulation and cerebrovascular 
muscle. Microcirc Endothelium Lymphatics 1984;1:169-184 

24. Sanchez-Ferrer CF, Marin J , Benitez J , Herrera N, Rico I, Salaices 
M. Effect of pentobarbita l on the contraction and calcium move­
m ents in cat cerebral and peripheral arteries . Brain Res 1987;411: 
304-309 

25. Moriyama S, Nakamura K, Hatano Y, Harioka T, Mori K. Re­
sponses to barbiturates of isolated dog cerebra l and mesenteric 
arteries contracted with KCI and prostaglandin F2 alpha. Acta 
Anaesthesia/ Scand 1990;34:523-529 

26 . Edney SM. Downes H. Contractor effect of barbiturates on smooth 

muscle. Arch !nt Pharmacodyn Ther 1975;217:180-196 




