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Increasingly large doses of contrast medium have been advocated for enhanced 
computed tomography, It is assumed that such large intravenous doses, which increase 
the osmolality of the blood, do not affect the blood-brain barrier in the same way as 
intra carotid injections of the same solutions. Using a qualitative marker, Evans blue dye, 
and a quantitative marker, 99mTc-pertechnetate, a study was performed in rabbits to 
assess the effect of intravenous sodium iothalamate (Conray-420) at a dose of 8 mljkg 
on the integrity of the blood-brain barrier. No qualitative or quantitative evidence of 
disruption of the blood-brain barrier was demonstrated. Since histologic examination 
was not done, morphologic changes cannot be excluded, 

During computed tomography (CT), it is usually presumed that intravenous 
injections of contrast media demonstrate only vascular structures, the blood-brain 
barrier (BBB) rendering cerebral capillaries impermeable to iodine contrast agents 
[1 , 2]. Therefore, the cerebral parenchyma shows only a slight increase in atten
uation since the cerebral blood content represents only 4%-5% of total brain 
volume [1]. Any abnormal increase in the attenuation of cerebral parenchyma is 
thought to be from loss of the integrity of the BBB existing before intravenous 
injection , allowing leakage of contrast medium into the brain parenchyma [2] . The 
use of high doses of intravenous contrast media for enhanced CT has been 
advocated [3-6]. Recently, it has been suggested that intravenous contrast medium 
may itself alter the morphologic characteristics [7] and permeability of the BBB [8, 
9] . A study was undertaken to further investigate the effect of intravenous contrast 
medium on the permeability of the BBB in rabbits . 

Materials and Methods 

Thirty rabbits (New Zealand Short Hair, IMVS strain) of both genders were used in the 
study. The animals were anesthetised with a 25% solution of urethane (Ajax Chemicals, 
Sydney) in 0.9% saline injected intravenously at a dose of 7 mljkg. After satisfactory 
anesthesia was established, 10 rabbits were injected with isotonic saline at a dose of 8 mlj 
kg . The injection was given manually into a marginal ear vein within 60 sec. A further 10 
rabbits were injected with Conray-420 (sodium iothalamate, 420 mg Ijml , May & Baker, 
Dagenham, England) at a concentration of 8 mljkg; four animals in this series became 
dyspneic during the injection, and the injection was ceased until breathing returned to normal. 
Another 10 rabbits received no bolus injection and were used as controls. 

Immediately after the injection of the test solutions , an intravenous injection of 2% Evans 
blue in 0.9% saline (membrane-filtered) at a dose of 3 mljkg was administered to allow 
qualitative assessment of gross breakdown of the BBB. This was followed by an intravenous 
injection of 99mTc-pertechnetate (100 /lCi [3.7 MBq] in about 0.2 ml of saline) . Pertechnetate 
was selected because it has a molecular size considerably smaller than contrast media and 
it does not cross the normal BBB [10] . Evans blue and 99mTc-pertechnetate were also 
administered to the 10 control animals. 

Sixty minutes after the pertechnetate injection, 1 ml of cardiac blood was removed and 
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TABLE 1: Mean Ratio of 99mTc-Pertechnetate Counts/ml Blood 
to Counts/g Brain for Each Set of Studies 

Injected solution 

Control (no intravenous injection) (n = 10) . 
Isotonic saline (n = 10) 
Sodium iothalamate (n = 10) 

Mean Ratio 
(ml Blood/g Brain ± SO) 

0.024 ± 0.005 
0.023 ± 0.005 
0.026 ± 0.005 

Note.-No statistical differences were detected between the sets (p > 0.1). t Test values 
= 0.22 for control vs. saline; 1.27. saline vs. sodium iothalamate; and 1.09 . control VS. 

sodium iothalamate. 

the animals killed immediately with 5-10 ml of saturated potassium 
chloride solution injected intravenously. The brains were then re
moved as quickly as possible and rinsed with Hartmann solution to 
remove superficial blood and cerebrospinal fluid. Subjective assess
ment of the degree of Evans blue staining was then made on a scale 
established previously (11) . 

The brains were weighed and then the blood samples and brains 
were counted separately in a Searle gamma counter using a "well " 
attachment. After correction for background radiation , a ratio of blood 
(cpm/ml) to brain (cpm/g) was calculated. By calculating the ratio of 
blood to brain , variations were accounted for in blood volume and 
quantity of isotope injected to individual animals. The difference 
between the blood to brain ratios for each series of studies was 
compared using Student t test. 

Results 

Evans blue staining was not demonstrated in the brains of 
control animals or in those given saline or sodium iothalamate. 
The results of the three series of experiments are given in 
table 1. No significant difference between the three different 
sets of studies was detected (p > 0.10). 

Discussion 

Increased permeability of the BBB after intraarterial injec
tion of various contrast media has been well documented in 
both experimental animals [12-16] and in humans [17] . This 
increased permeability or disruption of the BBB appears to 
depend at least partly on the hyperosmolality of the solutions 
[11 , 14, 18]. 

While such an effect of intraarterial injections of contrast 
media is well established, normal brain tissue is thought to be 
protected from intravenous contrast media by the BBB. The 
normal slight increase in attenuation of the cerebral paren
chyma is thought to represent the contrast media within the 
cerebral blood vessels in the absence of pathology. However, 
in 1978, Caille et al. [9] studied the attenuation of the cerebral 
parenchyma after 2 mljkg intravenous injections of contrast 
media with different osmolalities. They concluded that iodine 
contrast media do not remain totally within the intravascular 
space and that leakage across the BBB is probably related 
to the liposolubility of the solutions rather than to their os
molality. Recently increased vesicular transport (pinocytosis) 
has been demonstrated in the cerebral capillaries after admin
istration of intravenous contrast material in experimental ani
mals [7]. Increased permeability of the BBB has also been 
demonstrated experimentally using both qualitative Evans 

blue and quantitative CT assessment after large doses of 
intravenous ionic contrast media [8]. 

If such changes in the morphology and permeability of the 
cerebral capillaries follow an intravenous injection, the pro
posed use of high doses of intravenous contrast media to 
demonstrate pathologic alterations in the BBB would be 
inappropriate. Although Paling [19] concluded that the admin
istration of doses larger than 25.2 g of iodine do not provide 
more useful diagnostic information during CT, others have 
advocated larger doses of intravenous contrast medium [3-
6]. Presumably, such authors assume that the large intrave
nous doses of contrast media that increase the osmolality of 
the blood do not affect the normal BBB in the same way as 
intracarotid injections of the same solutions. 

Our studies have indicated that, after a large intravenous 
dose of sodium iothalamate, no obvious increase in the 
permeability of the BBB to Evans blue (molecular weight, 961) 
or pertechnetate (molecular weight, 163) was demonstrated. 
The first pass concentration of contrast medium was not 
measured, but, from other unpublished results from this lab
oratory, a five- to sixfold dilution of the amount of contrast 
medium delivered to the brain might be expected for the dose 
administered in these studies. Hence, after intaarterial injec
tion, when blood is virtually displaced by contrast medium, a 
much higher concentration is in contact with the cerebral 
capillary wall. Although minor morphologic alterations in the 
normal cerebral capillaries cannot be excluded, the integrity 
of the BBB appeared to be maintained despite a large contrast 
load. Therefore, the studies suggest that in the rabbit model 
the BBB protects the normal cerebral parenchyma from direct 
penetration by contrast media. 

A recent retrospective study [20, 21] suggested that the 
prognosis of cerebral infarction is worse in patients who have 
undergone enhanced CT. It does suggest the possibility that 
the presence of water-soluble contrast media within the ex
tracellular fluid of the brain may have a direct toxic effect, and 
hence it has been important to establish that the integrity of 
the BBB is at least maintained in the presence of a large 
intravenous contrast load. This seems to be the case in the 
normal rabbit. 
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