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Brain Parenchyma 
Penetration by Intrathecal 
Ionic and Nonionic Contrast 
Media 

Metrizamide, a non ionic water-soluble contrast medium , has been shown to penetrate 
normal brain when injected intrathecally. Recently it was suggested that the compli
cations following intrathecal metrizamide are directly related to the cerebral concen
tration reached. Metrizamide, both in experimental animals and clinically , is regarded 
as less neurotoxic than equivalent iodine concentrations of ionic contrast media . In 
this study the degree and depth of brain penetration of intrathecal metrizamide and 
methylglucamine iothalamate (Conray 280), using a similar iodine concentration (280 
mg I / ml), was compared at 1 hr in adult greyhoud dogs. The depth of penetration and 
concentration reached in the cortical gray matter was determined by coronal computed 
tomographic scanning of the brain after removal. No significant difference was found 
between the two contrast media , suggesting that the rate of diffusion across the 
cerebrospinal fluid-brain interface is similar and that the difference in neurotoxicity is 
not explained by a reduced concentration of contrast medium in the case of non ionic 
metrizamide, when compared with ionic methylglucamine iothalamate. Using Evans 
blue as a qualitative marker, no evidence of gross blood-brain disruption was demon
strated in the area of maximum penetration with either contrast medium. 

Compared with the more hypertonic ionic contrast media, the non ionic contrast 
medium metrizamide has been shown experimentally to be less toxic , particularly 
to the nervous system, and it is now used widely for myelography and ventricu
lography [1]. Its lack of neurotoxicity compared with ionic water-soluble contrast 
media has been well documented both in experimental animals [2, 3] and by 
clinical trials [1 , 4 , 5]. However, it is not compl etely biologically inert , and a 
relatively high incidence of postmyelographic headache and other symptoms 
remain a problem [6 , 7]. 

Penetration of metrizam ide into the brain parenchyma has been demonstrated 
after its introduction into the subarachnoid space [8, 9]. Whil e a physiolog ic 
barrier between the blood and brain parenchyma has been we ll documented 
[10] , there is an apparent lack of a diffusion barri er between the cerebrospinal 
fluid (CSF) and the extracellular fluid of the brain parenchyma [10-12] , allowing 
penetration of contrast media after intrathecal injec tion [8 , 9, 11]. Thi s penet rati on 
may be relevant in explaining the incidence of adverse effects encountered with 
intrathecal water-soluble contrast med ia [1 3]. To determine whether the degree 
of brain penetration is a factor in the different to xic ity between ionic and nonionic 
media, using a canine model, the degree of brain penetration of metrizamide and 
methylglucamine iothalamate after intrathecal inject ion was compared, and the 
gross effect of the penetration on the blood-brain barrier (BBB) was documented. 

Materials and Methods 

Adult greyhound dogs of either gender, weighing 20-32 kg, were anesthetized 
with intravenous pentobarbital (Pentothal) , 25 mg / kg , and after intubation, 
anesthesia was maintained using 1 % halothane in a 1: 1 mi xture of nitrous ox ide 
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and oxygen. Respiration was controlled at 8 breaths / min 
with an Oxford ventil ator. 

With the dog in a prone position with the neck flexed, 
c isternal puncture was performed using a 22 gauge needle, 
and is ml of test soluton was injected into subarachnoid 
space slowly over 2 min. Radiography was performed to 
determ ine successfu l intrathecal injection , and , if a c lean 
puncture was not obtained, the study was abandoned. Four 
studies with each of the two test solutions were performed, 
namely metrizamide at a concentration of 280 mg I/ ml and 
methylglucamine iothalamate (Conray 280 , 280 mg I/ ml) . 

After intrathecal injection of the contrast media, the dog 
was placed in a head-down position for 2 min, during which 
time the head was rolled gently from side to side; after this , 
the dog was returned to a prone position with the neck 
remaining slightly fl exed. Evans blue is an establi shed visual 
marker of BBB disruption [10] and 3 ml / kg of Evans blue 
solution (2% in 0.9% saline, membrane filtered) was admin
istered intravenously 3 min after the in trathecal injections. 

The animals were killed by an intravenous injection of 10-
15 ml of saturated potassium chloride so lution 60 min after 
the end of the intrathecal injection . Within 15 min , the brain 
was removed and the su rface rinsed with an isotonic solution 
(Hartmann so lution, Travenol Labs, Sydney, Australia) to 
remove overlying CSF and contrast media. The brain was 
then suspended in Hartmanns solution in a sealed, cylindri
cal, perspex container and positioned in the computed 
tomographic (CT) scanner (EMI model 5005). After phantom 
studies to ensure the accuracy of attenuation values, coro
nal scans were obtained at 1 cm intervals, using 13 mm 
co llimation (fig. 1). After obtaining CT scans, the brain was 
sectioned in the coronal plane and qualitative assessment 
of the presence of any Evans blue staining was performed 
by two independent observers . 

The coronal CT sections were assessed for evidence of 
brain penetration by the contrast media. Since subsequent 
results indicated that consistent and maximum penetration 
was demonstrated in the anterior and mid temporal reg ion 
bilaterally, quantitative measurements were made in these 
regions by calculating the mean EMI number in a 100 pixel 
reg ion of interest in the middle of the gray matter in both 
temporal lobes (fig. 1). 

Five control studies without an intrathecal injection were 
performed to determine the maximum attenuation value of 
the normal canine brain . The gray matter was never greater 
than 24 EMI units. With this information , blind subjective 
assessment of the depth of penetration of contrast medium 
into both temporal lobes was assessed at two adjacent 
levels in the eight studies. The window width of the diagnos
tic display console was placed on " measure" setting and 
the level set at 25 EMI units. The depth of attenuation values 
above that of normal gray matter could then be measured 
directly at right angles to the brain surface in the same 
region of the temporal lobe for each study (fig . 1). This 
allowed a blind subjective assessment of brain penetration . 

Results 

CT attenuation values were compared for methylgluca
mine iothalamate and metrizamide. The mean EMI number 

Fig. 1 .- Coronal CT scan of canine brain after int rathecal metrizamide 
(280 mg I/ ml) has been contact with cortical surface for 60 min. Hyperdense 
gray matter is due to contrast penetration through CSF-brain interface. 
Region of interest sites for concentration assessment (arrow) and level of 
depth of penetration measurement (arrowhead) . 

for a 100 pixel region of interest for each series of experi
ments was 37.0 ± 9.1 for methylglucamine iothalamate and 
39.2 ± 10.8 for metrizamide . Analysis using t test showed 
no significant difference between the concentration of iodine 
obtained by either contrast medium within the brain paren
chyma (p < 0 .1 ). 

The depth of penetration into the brain parenchyma was 
similar after 1 hr. For methylglucamine iothalamate, it was 
13.7 ± 1.6 mm; for metrizamide, it was 13.4 ± 0.9 mm (p 

< 0.01). There was no evidence of Evans blue staining of 
the parenchyma in the temporal region of either hemisphere 
in any of the studies, despite the obvious presence of 
contrast media in these areas, as indicated by iodine con
centration demonstrated by CT. 

Discussion 

Our study confirmed the findings of others [8, 9, 12] that 
there is free passage of both ionic and nonionic water
soluble contrast media across the CSF-brain interface. 
Unlike the BBB between cerebral capillaries and the brain 
parenchyma, no obvious barrier exists at the pial surfaces 
to the passage of small water-soluble molecules [10, 12, 
14, 15], and evidence suggests that they enter the brain 
parenchyma by simple diffusion into the extracellular space 
[11]. A similar concentration of iodine, as measured by CT, 
was obtained with both methylglucamine iothalamate (ionic) 
and metrizamide (non ionic). CT measurements have been 
shown to be a valid method of quantitative comparison of 
contrast media density [16]. The rate of complications after 
intrathecal metrizamide has been shown to be directly re
lated to the cerebral concentration reached by the contrast 
medium [1 3 ]. Using contrast media of similar iodine concen
trations, our study has shown that the iodine concentration 
reached by both ionic and non ionic contrast media within 
the cortical gray matter is similar. This indicates that the 
inc reased toxicity of ionic contrast media is not related 
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simply to the iod ine concentrati on reached within the brain 
parenchyma but to other factors. 

The depth of penetrati on after 1 hr, as measured in the 
temporal reg ion, was similar for both methylglucamine io
thalamate and metri zamide, indicating a similar rate of dif
fu sion across the CSF-brain interface into the extracell ular 
brain ti ssue. This would indicate that the ionic state does 
not determine such penetration across the CSF-brain inte r
face, and the reduced tox ic ity of metrizamide is therefore 
not related to a reduction in the depth of brain penetration 
when compared with ionic contrast media. 

Although in vivo cerebral penetrati on in man following 
metrizamide myelography has been reported [8, 13] , in our 
studies, as with other animal studies [8 , 9] , there is the 
poss ibility that the brain penetrati on by the contrast medium 
could be at least partly a postmortem phenomenon during 
the time required to remove the brain . In the future, in vivo 
studies would be more appropriate to exc lude thi s possibil
ity. 

Although recognized as perhaps a crude marker of BBB 
integrity, no obvious Evans blue staining of the brain was 
demonstrated in the areas of maximum contrast concentra
ti on with either methylglucamine iothalamate or metriza
mide. This would suggest that the presence of a significant 
concentration of either ionic or nonionic contrast med ia 
with in the extracellular fluid does not have a gross effect on 
the integrity of the BBB. The brain distribution of metriza
mide after subarachnoid injection has been shown to be 
primarily extracellular [9]. Other lipid-inso lubl e metabolically 
inert molecules (e.g., inulin , horseradish peroxidase) after 
subarachnoid injection are also distributed in the extrace l
lular fluid and for practical purposes do not cross the BBB 
[10]. Although such molecules may pass th rough the astro
cytic end feet surrounding the capill ary endothelium , they 
are prevented from entering the lumen of the capillari es by 
the tight junctions between cells [17]. This is likely to hold 
for water-soluble contrast media as long as the integrity of 
the BBB is maintained. 

Certain metabolically active molecules such as cycloser
ine and 2-deoxyglucose are distributed intra- as well as 
extracellularly [12, 13] after subarachnoid injection . Al
though the brain distribution of subarachnoid metrizamide 
is predominantly extracellular [11], deoxyglucose is part of 
the metrizamide molecule [1 3]. Therefore, it has been sug
gested that metrizamide may compete with glucose for 

ultimate penetration into the intrace ll ular space [1 3]. This 
warrants further cons ideration . 
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