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lopamidol and iohexol, the new nonionic low-osmolality contrast agents, have both 
been shown to be safe, effective, and better tolerated than conventional ionic agents 
for cerebral angiography. In this randomized, double-blind study involving 40 patients, 
these two agents were compared for adverse effects, radiographic quality, and patient 
tolerance. No significant differences were observed in 220 injections. 

Because we found iopamidol and iohexol to be equally safe and effective for cerebral 
angiography, the choice of which contrast agent to use should be based on other 
considerations. 

lopamidol and iohexol are two new nonionic, low-osmolality contrast agents that 
recently were approved for intravascular and intrathecal use in North America. 
Extensive research in Europe and North America has established the safety and 
efficacy of both agents [1, 2] compared with ionic contrast media. They have been 
shown to cause fewer adverse effects and less patient discomfort than ionic agents 
in cerebral angiography [3, 4]. No studies have directly compared these two agents 
in angiography, and our randomized, double-blind study was designed to compare 
and evaluate the patient tolerance, incidence of adverse reactions, and radiographic 
quality produced by iopamidol and iohexol in cerebral angiography. 

Subjects and Methods 

Forty patients undergoing routine cerebral angiography at our institution were admitted to 
the study. The patients were all 18 years old or older except for one who was 14 years old . 
Reasons for exclusion from the study included pregnancy, bleeding disorders, significant 
renal or hepatic dysfunction, abnormal fluid and electrolyte balance, severe debilitation, known 
hypersensitivity to contrast material , or prior administration of intravascular or cholangio
graphic contrast material within 3 days of the procedure. The patients were otherwise 
randomly selected from our inpatient population , and the clinical indications for angiography 
included atherosclerotic cerebrovascular disease, subarachnoid hemorrhage, aneurysms, 
arteriovenous malformations, and tumors. Informed consent was obtained in all cases. In this 
double-blind, parallel comparison study, patients were assigned to either the iopamidol or 
iohexol group in accordance with a predesigned, balanced random schedule . 

Cerebral angiography was performed in the usual manner [5] by using the Seldinger 
technique from the right femoral artery in most cases. Usually 5-French catheters and 
occasionally 4-French catheters were used for selective injections into common, internal , and 
external carotid ; vertebral; and subclavian arteries. In some cases 6.5-French Torcon cathe
ters were used for selective injections and 6.3-French pigtail catheters were used for aortic 
arch injections. All patients were premedicated with 10 mg diazepam orally . Unless contrain
dicated (i.e., recent hemorrhage) an intraarterial bolus of 2000 U heparin was given at the 
beginning of the procedure and reversed with 20 mg protamine sulfate at the end . A 
combination of careful double-flush technique and constant heparinized saline infusion (3000 
U/500 ml normal saline) was used. 

A complete history was taken and a physical examination made of all patients within 24 hr 
before the procedure , and the neurologic examination was repeated 24- 72 hr after the 



1164 PELZ ET AL. AJNR:9, November/December 1988 

angiogram by the same examiner. Heart and respiratory rates , blood 
pressure, and temperature were measured just before the procedure, 
and repeat measurements were obtained at 1 and 5 min after each 
injection, 10 min after the last injection, and every hour for 4 hr after 
the procedure. Serum creatinine was measured before the study and 
24-72 hr after angiography. 

Objective determination of patient discomfort or distress was made 
after each injection as absent, mild, moderate, or severe. Film quality 
and contrast opacification were graded as superior, adequate, poor, 
or nonvisualization. Patients were observed for adverse reactions for 
72 hr whenever possible. The nature and duration of the adverse 
effect and its relationship to the contrast medium were recorded . The 
severity of any adverse reaction was graded as (1) mild-disappear
ing spontaneously or no need for therapy, (2) moderate-necessitat
ing therapy but responding immediately, or (3) severe-alarming or 
life-threatening, responding poorly or slowly to therapy. 

Results 

The 20 patients in each group were comparable statistically 
with regard to age, height and weight, gender, number of 
contrast injections, and total volume of contrast material 
administered (Tables 1 and 2). 

Statistical analysis of physiologic data demonstrated no 
significant differences in vital signs or serum creatinine either 
before or after angiography in either group or between the 
two groups. There was no significant difference in radio
graphic quality between the two groups. Mild discomfort after 
contrast injection was experienced in three patients in the 
iohexol group (one left common carotid and two vertebral 
arteriograms) and in one patient in the iopamidol group (one 
right internal carotid injection). 

Nine patients experienced adverse reactions, four in the 
iohexol group and five in the iopamidol group (Table 3). In the 
iohexol group, one patient developed mild generalized urti
caria after the last injection that lasted 24 hr and responded 
slowly to oral antihistamines. This reaction probably was 
related to contrast administration; however, the relationship 
of the other three iohexol reactions was uncertain. One patient 
with a giant fusiform vertebrobasilar aneurysm developed 
moderate worsening of her preexisting respiratory difficulty 
after the procedure. This probably was related to brainstem 

TABLE 1: Summary of Variables in Patients Undergoing 
Routine Cerebral Angiography with lohexol or lopamidol 

Variable 
lohexol lopamidol 

(n = 20) (n = 20) 

Gender: 
Female 8 9 
Male 12 11 

Mean age (years) 48 .6 48.8 
Mean weight (kg) 68.5 68.4 
No. of injections: 

Mean 5.6 5.4 
Range 1-10 2-9 

Volume of contrast material (ml): 
Mean 71.9 77 .4 
Range 9-127 16-137 

TABLE 2: Vessels Injected and Contrast Material Used in 
Patients Undergoing Routine Cerebral Angiography 

Artery 
No. of Injections 

lohexol lopamidol Total 

Aortic arch 8 9 17 
Innominate 0 3 3 
Right common carotid 32 36 68 
Left common carotid 33 28 61 
Right internal carotid 2 5 7 
Left internal carotid 0 6 6 
Right external carotid 1 1 2 
Left external carotid 0 4 4 
Right subclavian 2 3 5 
Left subclavian 0 1 1 
Right vertebral 7 1 8 
Left vertebral 26 12 38 

Total 111 109 220 

TABLE 3: Adverse Reactions in Patients Undergoing Routine 
Cerebral Angiography with lohexol or lopamidol 

lohexola lopamidolb 

Adverse Effect 
Related Uncertain Uncertain Unrelated 

Dizziness 0 0 0 
Syncope 0 0 0 
Limb numbness (with 

transient is-
chemic attack) 0 0 2 

Reversible ischemic 
neurologic deficit 0 0 1 0 

Rash 1 0 0 0 
Respiratory arrest 0 0 0 1 
Respiratory difficulty 0 1 0 0 
Tinnitus 0 0 0 1 

Total 3 3 2 

• No adverse reactions in this group were known to be unrelated to the 
contrast material. 

b No adverse reactions in this group were found to be definitely related to 
the contrast material. 

compression by the aneurysm and she responded to oxygen 
by mask. Another patient being investigated for possible 
aneurysm experienced a 1-min loss of consciousness imme
diately after injection in the left vertebral artery. This resolved 
spontaneously, and the cause was uncertain, possibly vaso
vagal in origin. One patient experienced transient dizziness 
after a left vertebral artery injection that resolved sponta
neously. 

In the iopamidol group, there were five adverse reactions 
to angiography, two of which probably were unrelated to the 
contrast material. A 30-year-old patient with a large cerebellar 
hemangioblastoma experienced respiratory arrest about 8 hr 
after the procedure. This probably was related to changes in 
intracranial pressure caused by the mass effect of the tumor. 
The patient was successfully resuscitated. Another patient 
with a left thalamic arteriovenous malformation had tinnitus 
about 15 min after a right common carotid artery injection. It 
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lasted 1 0 min and resolved spontaneously without treatment. 
Two patients developed transient sensory symptoms that 
probably were of embolic origin, although the exact relation
ship to the contrast material was uncertain . A 44-year-old 
woman being investigated for transient ischemic attacks 
(TIAs) noticed numbness in her left leg after a right common 
carotid artery injection. This lasted 1 min and resolved spon
taneously. Another patient being investigated for TIAs expe
rienced mild numbness in the left hand 5 min after a right 
common carotid arteriogram; this also resolved sponta
neously after several minutes. Finally, a 55-year-old man with 
TIAs developed some numbness on the right side of his face 
after an arch aortogram, and 2 hr later he had a left hemisen
sory deficit; he completely recovered within 24 hr. This re
versible ischemic neurologic deficit (RIND) was probably re
lated to an embolic event or possibly transient hypotension, 
but the relationship to the contrast material was uncertain. 

Discussion 

The new generation of non ionic contrast agents has greatly 
benefited patients undergoing a variety of diagnostic proce
dures. Extensive research in Europe and North America has 
demonstrated the safety, diagnostic quality, and improved 
patient tolerance of the non ionic agents iohexol and iopamidol 
relative to ionic agents in peripheral arteriography [6-8] , 
cardiac angiography [9, 10], myelography [11,12], urography 
[13,14], and cerebral angiography [3 , 4, 15]. lopamidol has 
been shown to cause less experimental neurotoxicity than 
meglumine iothalamate or meglumine diatrizoate [15] and less 
patient discomfort than Conray 60 [4, 16] for cerebral angiog
raphy. 

In our study we wanted to know if any differences existed 
between the two major non ionic, low-osmolality contrast 
agents (iohexol and iopamidol) during cerebral angiography. 
Our results indicate no significant difference between the two 
agents in any of the measured physiologic or radiologic pa
rameters . Patient tolerance to the two agents was compa
rable, and there were no significant differences in the inci
dence of adverse reactions , with only one case of urticaria in 
the iohexol group considered to be directly related to contrast 
material. The only other studies directly comparing these two 
agents similarly showed no significant differences in any of 
the measured parameters in 363 patients undergoing myelog
raphy [17, 18]. 

There were three cases of TIAs or RINDs in the iopamidol 
group, and their relationship to the contrast agent was un
certain in each case. Patients with atherosclerotic cerebro
vascular disease are known to be at a higher risk during 
cerebral angiography [5, 19], and the need for a careful 
angiographic technique is well recognized. When using non
ionic contrast material , the radiologist should be aware that 
spontaneous thrombus formation can occur if the contrast 
agent remains in contact with nonflowing blood in a syringe 
or catheter for more than a few minutes [20] . This is due to 
the absence of significant inhibition of the normal blood co
agulation mechanisms by non ionic media. These media have 

less anticoagulative effect than ionic contrast media do, but 
neither has been shown to be actively thrombogenic in vivo. 
No cases of thromboembolic complications caused by non
ionic contrast media alone have been discovered; however, 
one must be aware of this potential complication . Careful 
flushing of catheters and syringes with heparinized saline and 
minimal mixing of contrast material with blood is recom
mended [20]. 

The decision to use non ionic contrast agents for cerebral 
angiography is somewhat controversial, primarily due to the 
ten- to twelvefold cost increase over conventional ionic media 
[21 , 22]. Some centers recommend using these media only 
in high-risk cases, in patients with prior reactions to contrast 
material, or for potentially painful injections [15]. Others rec
ommend using the new media in all cases, citing the much 
lower incidence of adverse reactions and improved patient 
tolerance [23] . With time it is probable that these new agents 
will replace the older ionic media in most radiologic proce
dures. 

Our blinded randomized study of 220 cerebral angiographic 
injections indicates that iopamidol and iohexol are equally 
safe and effective for cerebral angiography, and , therefore, 
the choice of one agent over the other should depend on 
price and service considerations. 
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