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Increased Permeability of the Blood-Brain Barrier after 
Carotid Renografin-76 
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and Dennis R. Osborne 1 

Increased permeability or " breakdown " of the blood­
brain barrier following the carotid injection of various con­
trast media has been previously documented [1 -6]. Tran­
s ient opening of the blood-brain barrier may also be pro­

duced by injecting hyperosmotic mannitol or arabinose into 
th e interna l carotid artery [7 -12]. CT scanning has recently 
been appli ed to the definition and quantitation of this barri e r 
breakdown [1 3 , 14]. This case report documents , with cra­
nia l c omputed tomography (CT) , disruption of the blood­

bra in barri e r after th e intracarotid injection of a hyper­
osmotic iodinated contrast media. 

Case Report 

A 43-year-old woman was admitted for reevaluation of poorly 
controlled hypertension and renal artery stenosis. While in the 
hospital she had the acute onset of left hemiparesis and sensory 
loss with complete resolution within 4 hours. She reported several 
similar episodes over the preceding few months. 

Arch aortography using Renografin-76 (two injections of 60 ml 
each) defined a narrowing at the origin of the right internal carotid 
artery . To obtain better visualization of this abnormality, the angiog­
rapher chose to exchange catheters for selective catheterization of 
th e right common carotid artery. By acc ident , 10 ml of Renografin-
76 (rather than Renografin-60) were injected at a rate of 7 ml / sec. 
Abou t 10 min after injection and after the cath eter had been 
removed from the carotid artery, the patient developed a left body 
focal motor seizu re with secondary generalization lasting for about 
2 min. Her blood pressure was stable and no seizure medication 
was administered . Neurolog ic examination about 15 min later re­
vealed only a mild lett central fac ial weakness that had disappeared 
by 3 hr later. 

CT was performed about 40 min after the intracarotid injection of 
Renografin-76. No intravenous contrast medium was injected. 
Prominent enhancement of the gray matter was demonstrated in the 
right brain in the distribution of the anterior and middle cerebral 
arteries (fig. 1). There was no enhancement in the distribution of 
the right posterior cerebral artery or the left brain vasculature, 
which had not been injected with contrast material. Diffuse de­
creased attenuation consistent with generalized vasogenic edema 
was evident throughout the white matter of the right hemisphere. 
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. An electroencephalogram 2 hr after th e carotid angiogram was 
grossly abnormal with anterior delta activity involving the right 
frontal and temporal regions . The background activity in the left 
hemisphere consisted of normal alpha with occasional interspersed 
low voltage theta. Occasional irregular delta rhythms occurred 
bilaterally and synchronously , being maximal in voltage anteriorally 
over the right hemisphere. An electroencephalogram 2 months 
before admission was normal. A follow-up electroencephalogram 
was not obtained, but the patient was discharged a few days after 
angiography with a normal neurologic examination except for the 
previously noted bilateral carotid (as well as femoral and abdominal) 
bruits and hypertensive fundoscopic abnormalities. 

Discussion 

CT scanning provides an anatomically precise means for 
defining the extent and distribution of many brain abnor­
malities in vivo. In our case, the inadvertent injec tion of 
Renografin-76 resulted in disruption of the blood-brain bar­

ri e r . The persistence of the abnormal gray matter enhance­

ment for 45-60 min after the intracarotid contrast media 

infusion is consistent with damage to the barrier and leakage 
of the iodinated contrast media into the extracellular brain 

space. If the enhancement were due to increased cerebral 
perfusion as may occ ur with a seizure, the abnormal en­

hancement would not persist for 1 hr and would likely have 
been bilateral , rather than precise right middle and anterior 
cerebral artery distribution , as the seizure rapidly became 

generalized after its focal motor onset. In addition, the 
pers iste nce of e lectroencephalogram changes is consistent 
with reversible opening of the blood-brain barrier [1 5]. 

The permeability properties of the cerebral capillaries 
differ from those of other tissues, resulting in the conc ept of 

a blood-brain barrier. Tight junctions between nonfenes­
trated endothelial cells have been demonstrated [16] and 
appear to prevent the passage of high molecular weight 

substanc es from the capillary lumen into the brain paren­

c hyma. The endothel ial cells of the brain also have a paucity 

of mic ropinoc ytotic vesicles [17], a further structural pecul­
ia rity of the barrier. 
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Fig. 1.- Renografin-76-induced 
blood-brain barrier disruption. A , En­
hancement (arrows ) of right caudate nu­
c leus, g lobus pa llidum, and putamen. 
Deep gray nuclear structures are in d is­
tribution of right anterior and middle 
cerebral arteries and have a high capil­
lary density similar to cortical gray mat­
ter. B, At level of bodies of lateral ventri­
c les. Caudate nuc leus enhancement (ar­
row). Enhancement in frontal and parie­
tal gray matter (arrowheads) prominent 
when compared w ith mild capillary bed 
blush in right occipital lobe and left hem­
isphere gray matter. C, At more ceph­
alad level. Abnormal gyral enhancement 
again apparent in frontal and parietal 
convex ity regions. Diminished density o f 
right hemisphere white matter compared 
with left centrum semiovale is consistent 
with vasogenic edema. 

TABLE 1: Comparison of Renografin-76 with Pure Meglumine Salts Used in Neuroangiography 

Solul;on (mg / ml) Osmolality Osmolarit y 
Contrast Medium Anion Cation (mosmol/ kg (mosmol / 1 

Iodine Sodium H, O) solution) 

Renografin-76 Diatrizoate Meglumine, 66%; so- 370 4 .48 1,940 1,270 
dium 10% 

Hypaque-60 Diatrizoate Meglumine 
Conray-60 lothalamate Meg lumine 

Substances with a high lipid solubil ity , low ionization at 
physiologic pH , and poor plasma protein binding have the 
greatest permeation through the normal blood-brain barrier. 
On the other hand , hyperosmolar substances have been 
shown to increase the permeability properties of the cere­
bral capillaries and thus disrupt the protective barrier in a 
reversible fash ion [7 -14). 

Breakdown of the blood-brain barrier after the carotid 
injection of contrast media has been reported in experimen­
tal animals [1 -6] and the neurotoxicity of such med ia may 
be related to th is effect. The osmolality of contrast media 
(table 1) is a definite factor in neurotoxicity [18, 19], pre­
sumably by increasing the permeability of the blood-brain 
barrier to the iodinated contrast media. For this reason 
Renografin-76 should not be used for direct cerebral an­
giography [2). Hypertonic glucose and sodium chloride so­
lutions produce similar, but less pronounced, effects [20). 

The specific molecular structure of various contrast media 
also determines their effects on the blood-brain barrier. 
However, iodine content of contrast media is not crucial , 
since similar noniodinated compounds also produce blood­
brain barrier disruption [21). The sodium salts of particular 
contrast media cause a greater disruption of the blood-brain 
barrier [1, 4] and greater neurotoxicity [19 , 22 , 23] than 
equivalent solutions of methylglucamine salts . On the other 
hand , there is insufficient evidence to suggest a significant 
difference between the various anions such as diatrizoate, 
iothalamate, or metrizoate [23-25). Because of th is, meth­
ylglucamine salts of low concentration and osmolality have 
been recommended for direct cerebral angiography . Re­
cently developed contrast media (sodium and meglumine 

282 0 .20 1,340 960 
282 0 .03 1,440 1,030 

ioxaglate [26]; metrizamide [27]; NyegaardC-29 [28]) ap­
pear even less toxic to the blood-brain barrier than the 
conventional monomeri c methylglucamine salts. 

The mechanism involved in abnormal permeability of the 
blood-brain barrier remains controversial. Perh aps there is 
shrinkage of cerebral capillary endothelial cells and asso­
c iated loosening of the tight junctions [3 , 11 , 12] ; however, 
contrast med ia also have a direct chemotactic effect on 
endothelial cell membranes. Golman [28] speculated that 
both mechanisms may playa rol e and the dominant factor 
may instead relate to the contrast medi a studied. For ex­
ample, a water soluble nonionic contrast medium might 
increase pinocytoti c activity in cerebral endothelial ce lls 
while a more osmotically active meglumine may act by 
opening tight junctions. Others suggest that stimulation of 
pinocytoti c vesicular transport across the capill ary endothe­
lium may be the key factor [5, 6). 

REFERENCES 

1. Harrington G, Michie C, Lynch PR , Russell MA, Oppenheimer 
MJ . Blood-brain barrier changes associated with unilateral 
cerebral angiog raphy. In vest Radio/1966 ; 1 : 43 1 - 440 

2 . Jeppsson PG , Olin T. Neurotox ic ity of roentgen contrast media. 
Study of the blood brain barrier in the rabbit followi ng selective 
injection of contrast media into the internal carot id artery. Acta 
Radiol [DiagnJ (Stockh) 1970; 1 0 : 1 7 - 34 

3. Rapoport SI, Thompson HK, Bidinger JM. Equi-osmo lal open­
ing of the blood-brain barrier in the rabbi t by d ifferent contrast 
med ia. Acta Radio l [DiagnJ (Stockh) 1974; 15 : 21 - 32 

4 . Salvesen S, Nilsen PL, Ho ltermann H. Effects of ca lc ium and 
magne5>ium ions on the systemic and local toxic ities of th e N-



274 SAGE ET AL. AJNR:2 , May / June 1981 

methyl-glucamine (meglumine) salts of metrizoic acid (lso­
paque) . Acta Radiol [Suppl] (Stockh) 1967;270 : 180-193 

5 . Waldron RL, Bridenbaugh RB, Dempsey EW. Effect of angio­
graphic contrast media at the cellular level in the brain : hyper­
tonic vs chemical action . AJR 1974; 122 : 469-476 

6. Waldron RL, Bryan RN: Effect of contrast agents on the blood­
brain barrier. An electron microscopic study . Radiology 
1975; 116 : 1 95-1 98 

7. Chiueh CC, Sun CL, Kopin IJ, Fredericks WR, Rapoport SI. 
Entry of [3H] norepinephrine , [ ' 251] albumin and Evans blue from 
blood into brain following unilateral osmotic opening of the 
blood-brain barrier . Brain Res 1978;145:291-301 

8. Hasegaiva H, Allen JC, Mehta BM, Shapiro WR, Posner JB. 
Enhancement of CNS penetration of methotrexate by hyperos­
molar intracarotid mannitol or carcinomatous meningitis. Neu­
rology (NY) 1979; 29 : 1 280-1286 

9 . Pappius HM, Savaki HE, Fieschi C, Rapoport SI, Sokoloff L. 
Osmotic opening of the blood-brain barrier and local cerebral 
glucose utilization . Ann Neuro/1979 ;5 : 211-219 

10. Pollay M. Effect of hypertonic solutions on the blood-brain 
barrier . Neurology (NY) 1975; 25 : 852-856 

11. Rapoport SI , Hori M, Klatzo I. Reversible osmotic opening of 
the blood-brain barrier. Science 1971 ; 173: 1 026- 1 028 

12 . Rapoport SI, Ohno K, Fredericks WR , Pettigrew KD. Regional 
cerebrovascular permeabi li ty to ['4G] sucrose after osmotic 
opening of the blood-brain barrier . Brain Res 1978; 150 : 653-
657 

13. Drayer BP, Coleman ER, Schmeckel 0, et al. An in vivo analysis 
of transient osmotic opening of the blood-brain barrier. Pre­
sented at the annual meeting of the Radiologic Society of North 
America , Dallas, Texas, November 1980 

14. Neuwelt MD, Maravilla KR , Frenkel EP, Barnett P, Hills S, 
Moore RJ . Use of enhanced computerized tomography to 
evaluate osmotic b lood-brain barrier disrupt ion . Neurosurgery 
1980;6 :49-56 

15. Flodmark S, Steinwall O . Reversible blood-brain barrier alter­
ation induced by certain organic acids and indicated by means 
of EEG and dye tests. Ac ta Physiol Scand 1963; 58: 368-374 

16. Brightman MV, Reese TS. Junctions between intimately op-

posed cell membranes in vertebrate brain. J Cell Bioi 1969; 40 : 
648-677 

17 . Reese TS, Karnovsky MJ . Fine structure localization of blood­
brain barrier to exogenous peroxidase. J Cell Bioi 1967 ;34 : 
207-217 

18. Doust BD, Fischer HW. Comparison of cerebral toxicity of 
monomeric and trimeric forms of sodium iothalamate. Br J 
Radio/1971 ;44 : 764-766 

19. Hilal SK. Hemodynamic responses in the cerebral vessels to 
angiographic contrast media . Acta Radiol (Stockh) 1966; 5 : 
211-231 

20. Bassett RC, Rogers JS, Cherry GR, Gruzhit C. The effect of 
contrast media on the blood-brain barrier. J Neurosurg 
1953; 1 0: 38-47 

21. Bloor BM, Wrenn FR Jr, Margolis G. An experimental evalua­
tion of certain contrast media used for cerebral angiography. 
J Neurosurg 1951; 8: 585-594 

22 . Cornell SH, Fischer HW. Comparison of metrizoate and iothal­
am ate salts with their methylglucamine solutions by the carotid 
injection technique. Invest Radiol 1967; 2: 41 -47 

23 . Greitz T, Tornell G. Bradycardial reactions during cerebral 
angiography . A comparison of Isopaque sodium, Isopaque B, 
Hypaque, and Wografin . Acta Radiol [Suppl] (Stockh) 
1967;270: 75-86 

24 . Fischer HW, Cornell S. Toxicity study of sodium metrizoate 
containing calc ium and magnesium . Acta Radiol (Stockh) 
1967;6:126-132 

25 . Tornell G. Bradycardial reactions in cerebral angiography in­
duced by sodium and methylglucamine iothalamate (Conray). 
Comparison with Wografin in a contro lled study in man . Acta 
Radiol (Stockh) 1968; 7: 489-501 

26. Grainger RG . A clinical trial of a new low osmolality contrast 
media . Br J Radio/1979;52: 781-786 

27 . Salvesen S. Local toxicity of metrizamide on intravascular 
injection. Effect on kidney, liver, and blood-brain barrier. Acta 
Radiol [Suppl] (Stockh) 1973; 355: 166-1 70 

28 . Golman K. The blood-brain barrier: effects of non ionic contrast 
media with and without addition of Ca2+ and Mg2+ . Invest 
Radio/1979; 14: 305-308 


