
of August 23, 2025.
This information is current as

different doses of diatrizoate meglumine-60.
Permeability of the blood-brain barrier to

A A Zamani, D K Kido, J H Morris, A Lisbon and A M Wang

http://www.ajnr.org/content/3/6/631.citation
1982, 3 (6) 631-634AJNR Am J Neuroradiol 

http://www.ajnr.org/cgi/adclick/?ad=57975&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_august2025
http://www.ajnr.org/content/3/6/631.citation


Amir A. Zamani 1 

Daniel K. Kido1. 2 

James H. Morris3 

Alan Lisbon4 
Ay-Ming Wang 1 

Received December 4 , 1981 ; accepted after 
revision August 16, 1982. 

Presented at the annual meeting of the Ameri­
can Society of Neuroradiology, Chicago, April 
1981 . 

, Department of Radiology, Harvard Medical 
School, Brigham and Women 's Hospital, Boston, 
MA 02115, 

2 Present address: Department of Radiology, 
Box 648, University of Rochester Medical Center, 
Rochester, NY 14642, Address reprint requests 
to D, K, Kido , 

3 Department of Pathology, Harvard Medical 
School, Brigham and Women 's Hospital, Boston, 
MA 02115. 

4 Department of Anesthesiology, Harvard Med­
ical School, Brigham and Women's Hospital , and 
Beth Israel Hospita l, Boston, MA 02115, 

AJNR 3 :631-634, November/ December 1982 
0195-6108/ 82 / 0306-0631 $00,00 
© Ameri can Roenlgen Ray Sociely 

Permeability of the Blood­
Brain Barrier to Different 
Doses of Diatrizoate 
Meglumine-60 

631 

High doses of diatrizoate meglumine-60 were administered intravenously in varying 
concentrations to determine what effect they might have on the blood-brain barrier. In 
dogs, doses of 4 ml / kg and above appeared to disrupt parts of the blood-brain barrier, 
disruption being manifested on computed tomographic scans as enhancement and on 
corresponding brain sections as Evans blue stains. Disruption of the blood-brain barrier 
was variable from animal to animal. Limited transmission electron microscopic studies 
suggested that this disruption was accompanied by swelling of the perivascular astro­
cytic foot processes. 

The use of high doses of radiographic contrast agents for both angiography 
and contrast-enhanced computed tomography (CT) has been advocated with 
increasing freq uency [1-5). For CT, intravenous injections of diatrizoate meglu­
mine-60 or its equivalent have been given in doses approaching and even 
surpassing 4 ml / kg (1 ,13 g I/ kg) body weight. The trend toward the more liberal 
use of contrast material is based on the presumption that inc reased diagnostic 
accuracy is achieved with little or no added risk to the patients at these higher 
doses , 

Contrast agents can have potentially adverse effects on the central nervou s 
system through their impact on the blood-brain barrier (SSS) [6, 7] . It has been 
shown that high-osmolar solutions, such as contrast material , can shrink the 
capillary endothelial ce lls and thereby open tight junctions [8, 9). The opening of 
these junctions allows leakage of contrast material from the vascular compart­
ment into the parenchyma, where the contrast material is neurotoxic [10). In 
addition, contrast material may pass through the membranes of the intact 
endothelial cells where its movement is primarily dependent on its lipid solubility 
[6). Other less well understood mechanisms that might allow contrast materi al to 
cross the SSS include pinocytosis and active transport systems. 

It has generally been assumed that intravenous inject ions of contrast materi al 
are almost non neurotoxic, and, therefore , stud ies on the effects of contrast 
agents on the permeability of the SSS have concentrated on intracarotid [10-1 2] 
or intracisternal injections [13). However, some reports have indicated that 
intravenous contrast materi als, espec ially in individuals with focal brain disorders, 
might result in seizures [14 , 15). This study was undertaken to assess the effects 
that various high doses of intravenous contrast agents might have on the integrity 
of the SSS in young , healthy mongrel dogs. 

Materials and Methods 

Th irteen healthy mongrel dogs, each weighing about 15 kg , were used in this study, The 
dogs were divided into four groups, The first group of three dogs received 3 ml of contrast 
material (diatrizoate meg lumine-60: iod ine conten t 282 mg / ml , osmolarit y 1,500 mOsm / L) 
per kilogram body weight (0 ,85 g I/ kg); a second group of four dogs received 4 ml / kg of 
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contrast material/kg (1 .13 g I/ kg) ; a third group of three dogs 
received 6 ml of contrast material /kg (1.7 g I/ kg); and a fourth 
group of three dogs acted as controls. In each group, a vital dye 
(Evans blue) was also injected so that areas of BBB d isruption 
observed in brain specimen could be correlated with the corre­
sponding CT scans. 

All the dogs were anesthetized with intravenous pentobarbital 
(30 mg /kg), intubated, and control-ventilated with 100% oxygen. 
The animals were then immobi lized supine on a CT table. Electro­
card iographic leads were placed and an intraarterial line was es­
tablished to permit constant monitoring of blood pressure and 
arterial blood gases. Arteria l blood gases were maintained at phys­
iolog ic levels to avoid the inadvertent effects of hypoxia, hypercap­
nia, and acidosis on the BBB [16-19). 

A blood sample (3 ml) and a coronal CT scan through the 
posterior part of the frontal lobes, anterior part of the temporal 
lobes, and the body of the lateral ventricles were obtained imme­
diately before the intravenous injection of 3% Evans blue (4 ml / kg) 
and at 0, 3, and 7 min after the injection . Ten minutes after the 
injection of Evans blue the prearranged dose of contrast material 
was intravenously administered over 90 sec . Add itional blood sam­
ples and CT scans at 3, 7, 10, 20, 30, 40, 50, and 65 min were 
taken after the injection of contrast material. CT scans were ob­
tained on a Technicare 2020 using a 512 x 512 format. The scans 
were obtained with a 4 mm coll imator at 120 kVp, 50 mA, and 8 
sec. 

In order to challenge the BBB with a concentration of contrast 
material, an attempt was made to maintain a constant blood-iodine 
level throughout the last 45 min of the study . This was achieved by 
beginning an infusion of diatrizoate meg lumine-60 20 min after the 
initial bolus of contrast material. The infusion was based on the 
dilution curve for that part icular group of animals, the weight of the 
animal, and the concentration of contrast material. For example , in 
a 15 kg dog whose initial bolus was 4 ml / kg , the perfusion was 
performed at a rate of about 0.4 ml/ min [17). The dog thus received 
another 18 ml of contrast material during the final 45 min of the 
study. The abi lity to maintain steady-state blood-iodine levels was 
evaluated by CT scann ing the blood samples and noting the varia­
tions in attenuation values. By this it was insured that blood-iodine 
levels obtained after infusion remained relative ly constant and did 
not exceed the levels obtained by bolus injections. At the conclusion 
of the experiment , the dogs were sacrificed and their brains were 
removed , fi xed, and examined . 

To simplify quantitative analys is and eliminate bias in the evalu­
ation of CT attenuation changes the process was automated [20). 
Each brain scan was automatically divided into a left and a right 
hemisphere. Each hemisphere was in turn divided into four concen­
tric rings; each ring was th en divided into 10 subcompartments. 
The mean attenuation value for each subcompartment and its stan­
dard deviation was then record ed in a printout. The initial and the 
fin al infusion printouts were compared to determine which subcom­
partment showed maximal enhancement. The intervening time 
printouts during the last 45 min of the experiments were also 
identified, recorded, and graphed . Thus, in each experiment , the 
attenuation value obtained at 20 min was used as a baseline value 
with which subsequent values were compared. Th e values during 
the initial 20 min after the injec tion of contrast material were omitted 
because of th e rapid changes in the attenuation values that corre­
sponded to th e dilution of contrast material in the body. Excluded 
from this study were the midline subcompartments that contained 
vessels and the lateral ventric les. 

The CT images were compared with the gross brain specimens 
and to brain sect ions studi ed by light microscopy. In selected cases, 
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Fig . 1 .-Curves of maximal enhancement in 4 ml / kg group. Note inter­
animal variabi lity. 

transmission electron microscopy was also carried out. The dogs 
that were studied by electron microscopy received horseradish 
peroxidase as a marker of BBB breakdown . 

Results 

The dogs that received 3 ml/ kg of contrast material and 
the control dogs showed no BBB breakdown , either on the 
CT scans or in their brain specimens. In the 4 ml / kg group, 
two of the four dogs showed a rise in attenuation values 
after contrast administration (fig . 1). One of these (dog 19) 
showed areas of focal enhancement in the cortex that 
correlated well with areas of Evans blue staining in the gross 
specimens; there were also small areas of staining in the 
thalamus (f ig. 2). The other dog showed one small area of 
stain ing in the cortex. One of the three dogs in the 6 ml/ kg 
group showed a marked rise in attenuation values after 
contrast adm inistration (fig. 3). The disruption of the BBB in 
th is 6 ml / kg dog was more generalized than in the 4 ml / kg 
dogs. 

The greatest increase in mean attenuation values of cor­
responding subcompartments was seen in the group that 
received 6 ml/kg of contrast material (fig. 4 ). The group that 
had received 3 ml / kg showed no increase, whi le the 4 ml / 
kg group showed an increase intermediate between that of 
the 3 ml / kg and that of the 6 ml/ kg groups . A limited 
comparison between the dogs that showed definite Evans 
blue staining in at least one part of their brains revealed an 
increase of 11 Hounsfield units (H) in the 4 ml / kg group 
and of 22 H in the 6 ml / kg group. 

Histologic examination of brain sections showed no evi­
dence of petechial hemorrhage that might account for the 
observed attenuation rises . Limited electron microscopic 
study showed no definite passage of horserad ish peroxi­
dase through tight junctions into the extravascu lar compart­
ment. There was, however, some swelling of astrocytic foot 
processes in the dog that received 6 ml/ kg of contrast 
material (fig. 5) . 
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Fig . 2. -Dog 19. A, Areas of en­
hancement (arrows ) in cortex close to 
vertex. Enhancement also present in 
vascular midline st ructures and choroid 
plexus of lateral ven tric le. B, Note simi­
larity between CT appearance and cor­
responding Evans blue stains on brain 
specimens (arrows). Areas of staining in 
thalamus (arrowheads) are less evident 
on CT scan. 
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Fig. 3. -Curves of maximal enhancement in 6 ml / kg group. Significant 
rise in attenuation values in one of three dogs. 
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Fig . 4. - Compari son of intensity of enhancement in three contrast groups. 
At each time, averaged enhancement in each group was graphed . 

B 

Fig. 5. -Dog 43. Electron mic rograph of cort ical neuropil shows swollen 
astrocyti c foot processes (A) adjacent to endothelial cell s (E) lining capillary. 
Mitochondria (M) are st ill identified in swollen processes. Magnificat ion 
X4,OOO. 

Discussion 

Intracarotid injections of contrast media may result in BBB 
disruption because of thei r osmotic effect [10-1 3]. In addi­
tion , intraarteri al injection of contrast media can result in 
hemodynamic and hematologi c alterations that can poten­
tially affect the BBB [21 , 22]. Finally, in prolonged or re­
peated injections , hypoxia may also result , which in itself 
may alter BBB permeab ility , 

While it has been generally accepted that contrast media 
administered intravenously pose far less risk to the central 
nervous system than doses given intraarteriall y, the effects 
of intravenous contrast media on the central nervous system 
have not been adequately studied. With the increasing use 
of high doses of intravenous contrast media for CT and 
digital studi es, the question of the neural toxic ity has be­
come of more than academic interest. Our study shows that 
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4 ml /kg (1.1 3 g I/kg), a dose level that is currently em­
ployed clinically, appears to break down the BBB in some 
dogs. These results, wh ich were obtained in animals without 
central nervous system lesions, suggest what may occur in 
the normal human brain . Wi th regard to high-dose studies 
in humans, a question might be raised as to whether some 
of the additional enhanced areas not seen with lower doses 
might have been produced iatrogenicall y. 

Advocates of high doses of intravenous contrast medi a 
for CT have suggested that high contrast levels might break 
down the BBB in areas of focal disease and , thus, improve 
the detectability of these lesions [1, 3 , 5]. Thi s advantage 
is, however, countered by the known neurotox ic ity of ionic 
water-so luble contrast agents on brain parenchyma, and 
the effects of high intravenous doses on the BBB. In pati ents 
with focal changes, the passage of contrast materi al into the 
extravascular space may occasionally result in acute 
changes such as seizure [1 4, 15, 23]. In patients with 
nonneoplasti c brai n diseases, extravasati on of ionic con­
trast material may damage brain parenchyma and adversely 
affect their long-term prog nosis [24, 25]. 
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