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lopamidol, a non ionic, water-soluble contrast medium, has been recently recom
mended for myelography. As with other such media, the extent of parenchymal 
penetration is of interest in relation to the genesis of clinical complications. In this 
study the degree and depth of brain penetration of intrathecal iopamidol , using an 
iodine concentration of 280 mg I / ml , were compared at 15 and 60 min in adult 
greyhound dogs using coronal computed tomographic scanning of the brain after 
removal. A significant but patchy penetration corresponding to the cortical sulci was 
demonstrated at 15 min, while by 60 min there had been a further increase in the 
distribution and concentration of the contrast medium. Comparing the present study 
with a previous series using metrizamide and methylglucamine iothalamate at a similar 
iodine concentration (280 mg I/ml), no significant difference in the depth or degree of 
penetration at 60 min was found between the three contrast media, indicating a similar 
rate of diffusion across the cerebrospinal fluid / brain interface. Therefore, any differ
ence in neurotoxicity is not explained by a reduced concentration of contrast medium 
due to variation in the rate of diffusion across this interface. 

Metrizamide, a nonionic, water-soluble contrast medium, is now used widely 
for myelography and ventriculography [1]. Its lack of neurotoxicity compared with 
ionic water-soluble contrast media has been well documented in experimental 
[2, 3] and c linical [1] studies. However, it is not completely biologically inert, and 
it has been suggested that complications from intrathecal metrizamide are directly 
related to penetration of the contrast medium into the brain parenchyma [4-6]. 
A recent study comparing the brain penetration by intrathecal ionic and nonionic 
contrast media suggested that the rate of diffusion across the cerebrosp inal fluid 
(CSF) / brain interface is similar [7], and therefore their difference in neurotoxic ity 
cannot be explained on this basis alone. A new, non ionic, water-soluble contrast 
medium, iopamidol (Bracco, Milan), has been developed [8], and initial clin ical 
trials suggest that it is well tolerated intrathecally [9]. We report a study in dogs 
to determine the rate and degree of brain penetration by intrathecal iopamidol. 

Materials and Methods 

Using previously established experimental techniques [7] , 25- 36 kg male and female 
greyhound dogs were anesthetized with intravenous pentobarbital (Pentothal), 25 mg / kg , 
and , after intubation, anesthesia was maintained using 1 % halothane in a 1:1 mixture of 
nitrous oxide and oxygen. Respiration was controlled at 8 breath s/ min with an Oxford 
ventilator. 

With the dog in a prone position with the neck flexed, cisternal puncture was performed 
using a 22 gauge needle, and 5 ml of iopamidol (fig. 1) at a concentration of 280 mg I/ ml 
was injected into th e subarachnoid space slowly over 2 min. After the intrathecal inject ion 
of the contrast medium , the dog was placed in a head-down position for 2 min , during 
which time the head was rotated gently from side to side; after this, the dog was return ed 
to a supine position to encourage the intrac ran ial contrast med ium to lie ad jacen t to the 
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Fig. 1.- Structural formula of iopamidol; molecular weight = 777.29; I 
= 49 .0%; pH of solution = 7.4 . 

cerebral hemispheres. 
Ten studies were performed in which five animals were ki lled at 

15 min and five at 60 min after the end of the intrathecal injection . 
An intravenous injection of 10-15 ml of saturated potassium chlo
ride solution was used for euthanasia. The brains were removed 
within 15 min, and the surfaces rinsed with an isotonic solution 
(Hartmann solution, Travenol Labs. , Sydney, Australia) to remove 
overlying CSF and contrast medium . The brains were then sus
pended in water in a sealed cy lindrical Perspex container and 
positioned in th e computed tomographic (CT) scanner (EMI model 
5 005) . After phantom stud ies to ensure the accuracy of attenuation 
values, coronal scans were obtained at 1 cm intervals using 13 mm 
collimation (pixel size, 0 .75 x 0 .75 mm) (fig . 2). 

The coron al CT sections were assessed for evidence of brain 
penetration by the contrast medium. Previou s studies [7] indicated 
that consistent and maximum penetration was demonstrated in th e 
anterior and midtemporal region bilaterally, and therefore quanti
tative assessments were made in these regions by calculating the 
mean EMI number in a 100 pixel region of interest in the midd le of 
the gray matter in both temporal lobes (fig . 3). Th e mean of both 
temporal lobes was established for each study. 

The maximum attenuation value of the normal canine brain has 
been established [7]. Blind subjective assessment of the distribution 
and depth of penetration of contrast medium into both temporal 
lobes was therefore assessed at two adjacent levels in the 1 0 
specimens. Th e window width of the diagnostic display console was 
placed on the " measure" setting and the level set at 24 EMI units 
as the gray matter in previous contro l studies had never been 
greater th an this [7]. Therefore, the distribution of the contrast 
med ium and the depth of attenuation values above that of normal 
gray matter could be measured direct ly at right angles to th e brain 
surface in the same region of the temporal lobe for each study (fig . 
3 ). 

Results 

The mean EMI number for a 100 pixel region of interest 
for each series of experiments was 27 .9 ± 6.7 at 15 min 
and 36 .7 ± 6 .6 at 60 min . Analysis using Student t test 
showed a sign ificant increase in the concentration of con
trast medium at 60 min compared with 15 min (p < 0 .05). 

The maximum depth of penetration of contrast medium 
into the gray matter was similar after the two time periods , 
being 13.4 ± 1.3 mm at 15 min and 13. 7 ± 0 .8 mm at 60 
min . However, the distribution of contrast medium was very 
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Fig. 2. -Brain contact with iopamidol for 15 min . Coronal CT scan of 
canine brain at " measure" setting of 24 EM I units (A) and window width of 
20 EMt units (B) after intrathecal iopamidol has been in contact with co rtical 
surface in supine position for 15 min . Contrast medium has already pene
trated into gray matter. Although depth of penetration is similar to 60 min . 
distribution is more patchy. corresponding to site of cortical sulc i. 
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Fig. 3. - Brain contact with iopamidol for 60 min . Coronal CT scan of 
canine brain at " measure" setting of 24 EMI units (A) and window width of 
20 EMI units (B) after intrathecal iopamidol has been in contact with corti cal 
surface in supine position for 60 min . Hyperdense gray matter is from contrast 
penetration across CSF-brain interface. Uniform distribution compares with 
patchy penetration at 15 min (fi g. 2). Region-of-interest sites (1 0 X 10 pi xe ls) 
for concentration assessment (box) and level for depth of penetration meas
urement (arrowhead ). 

patchy at 15 min (fig . 2) . The maximum penetration ap
peared to correspond to the site of cortical su lci with some 
sparing of gray matter between . After 60 min, the distribu
tion of contrast medium was uniform throughout the gray 
matter (fig . 3) without an obvious increase in the maximum 
depth of penetration . 

Discussion 

Whi le a physiologic barrier between the blood and brain 
parenchyma has been well documented [10, 11], there is 
an apparent lack of a diffusion barrier at the pial surfaces to 
the passage of small (iopamidol has a maximum dimension 
of about 20 A) water-soluble molecules between the cere
brospinal fluid (CSF) and the extracellular flu id of the brain 
parenchyma [10, 12-14]. 

Penetration of non ionic metrizamide into the brain par
enchyma has been demonstrated both experimentally [4, 7, 
14-16] and c linicall y [4-6,17]. Our study confirms that 
there is also marked brain penetration by non ionic iopamidol 
after subarachnoid injection . 

Considerable iopamidol was demonstrated within the 
brain parenchyma only 15 min after intrathecal injection , 
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supporting the evidence that small water-soluble molecules 
enter the brain parenchyma from the CSF by simple diffusion 
into the extracellular space [19] rather than by active trans
port across a physiologic barrier . 

Although the maximum depth of penetration at 15 and 60 
min was similar, the distribution of contrast medium at 15 
min was very patchy, corresponding to the sites of cortical 
sulci. At 60 min , the distribution was more uniform and the 
iodine concentration was greater, indicating that progres
sive penetration of contrast medium had occurred up to 60 
min . 

In a previous study [7] using a similar 5 ml dose and iodine 
concentration of 280 mg Il ml , mean EMI numbers of 37 .0 
± 9.1 for methylglucamine iothalamate and 39.2 ± 10.8 for 
metrizamide were obtained after 60 min. A value of 36. 7 ± 
6.6 was obtained with iopamidol at 60 min in the present 
study, indicating that the rate of penetration of this new 
contrast medium is similar to that of both ionic methylglu
camine iothalamate and nonionic metrizamide. This confirms 
the previous suggestion [7] that the difference in neurotox
icity between various water-soluble contrast media is not 
explained simply by a reduced concentration of contrast 
medium in the brain parenchyma but also depends on the 
molecular structure. 

It has been suggested, but not yet confirmed, that the 
brain distribution of metrizamide after subarachnoid injec
tion is primarily extracellular [1 5, 16, 18]. Certain metabol
ically active molecules such as cycloserine and 2-deoxyglu
cose are distributed intra- as well as extracellularly [5 , 19] 
after subarachnoid injec tion . Deoxyglucose is part of the 
metrizamide molecule , and therefore it has been suggested 
that metrizamide may compete with glucose for penetration 
into the intracellular space [5]. Competitive inhibition of 
brain hexokinase by metrizamide has been demonstrated 
[20], lending support to this suggestion. Presumably , the 
distribution of iopamidol in the brain parenchyma is predom
inantly extracellular, like metrizamide, and our study con
firms that the rate of penetration or diffusion across the pia 
mater is similar for both contrast media to 60 min . This 
however does not mean that the subsequent clearance of 
the two contrast media from the extracellular space will be 
the same, and the need for further work in this area is 
indicated . 
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