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lotrol, a New Myelographic Agent: 2. Comparative 
Electroencephalographic Evaluation by Spectrum Analysis 
M. Sovak,' R. Ranganathan,' C. W . Kerber,' R. Bickford ,' and J. F. Alksne2 

lotrol, a non ionic dimer isotonic with cerebrospinal fluid at 
300 mg I/ ml, was evaluated against metrizamide, iopamidol, and 
iohexol by electroencephalography (EEG) in non anesthetized 
cynomolgus monkeys. Each of four monkeys was injected in
trathecally with 0.5 ml / kg of 300 mg I / ml of each contrast 
medium. EEG was obtained before, 45 min, and 3 hr postinjec
tion. EEG spikes, motor disturbances, convulsions, and behavior 
changes were observed. The EEG from C3 channel was also 
computer-analyzed. Average percentage differences between 
control and test energy content of the entire EEG and of the EEG 
spectrum subdivided into five frequency bands were calculated . 
With metrizamide, three animals suffered seizures, and all were 
lethargic and irritable. With iopamidol , two animals convulsed; 
all animals were lethargic. Transient apathy and motor distur
bances were observed in the iohexol animals. No motor or 
behavior changes were produced by iotrol. Metrizamide and 
iopamidol increased the spectrum energy in all bands. Neither 
iohexol nor iotrol affected the EEG significantly. On the basis of 
these findings, iotrol holds promise as a clinical contrast material 
for the subarachnoid space. 

A biologically inert contrast material for visualization of the sub
arachnoid space is not yet available. In the United States, Pan to
paque is still used by those who are impressed by its high radi
opacity and lack of acute neurotoxic ity. The latter stems from its 
slow biologic interaction caused by its immiscibility with cerebro
spinal fluid (CSF), which property also causes it to globulize and 
thus to obscure fine detail. But Pantopaque may manifest late 
neurotoxicity through inducing chronic inflammation of the central 
nervous system envelopes [1]. 

Ionic contrast agents have proved to be strongly epileptogenic 
and have also elicited chronic late arachnoiditis which , paradoxi
cally, is potentiated by concurrently administered intrathecal ste
roids [2]. Neurotoxicity of ionic media (attributable to the charge, 
hydrophobicity of the molecule, and hyperosmolality of the solu
tions) has been lessened with the non ionic concept, first realized in 
metrizamide. In this molecule, the charge has been removed and 
hydrophobicity decreased by covalently attaching a highly hydro
philic substituent, a sugar residue. Consequently, osmolality has 
been more than halved. Yet metrizamide has its drawbacks: it is not 
stable in aqueous solutions, which necessitates its lyophilizat ion; 
and its osmolality is equal to the CSF only at the relatively low 
iodine concentration of 180 mg / ml. At the more diagnostically 
useful 300 mg I/ ml, metrizamide 's osmolality is about 70% higher 
than the CSF. 

Although some arachnoid iti s has been produced experimentally 
with more concentrated metrizamide [3], no c linical arachnoiditis 
has been reported so far [4]. But metrizamide has been shown to 
have a considerable acute neurotoxic ity that correlates with the 
dose and ingress into the cranial space. Side effects occur with 
varying frequency , and range from headache, neck pain, and stiff
ness to nausea, vomiting, dizziness, tinnitus, hypotension, fever, 
collapse, radicular pain, paresthesias , psychoorganic syndromes, 
and epileptic seizures [5-8]. 

In an effort to produce a medium superior to metrizamide, new 
compounds have been developed: ioglunide (P-297) , Guerbet, Aul
nay-sous-Bois, France; iopamidol , Bracco, Milan, Italy; MP 101 3, 
Mallinckrodt; and iohexol, Nyegaard , Oslo, Norway. Comparative 
neurotox ic ity studies of these compounds, somet imes conflicting, 
have been summarized elsewhere [9]. Although some improvement 
has been achieved, none of these media appears to be biologically 
inert . The first contro lled c linical studies indicated the incidence of 
side effects of iopamidol similar to those of metrizamide [7]; results 
for MP1 01 3, ioglunide, and iohexol are not yet available. 

Although most compounds of the second generation of non ionic 
contrast media have lower chemotoxic ity and, with the exception of 
loglunide, greater stability than metrizamide, they all have higher 
osmolality . Yet, in the intrathecal space, hyperosmolality has been 
shown to be a toxicologic factor [1 0]. To induce iso-osmolality , high 
hydrophilicity, and water solubility, non ionic oligomers containing 
six iodines and new asymmetric polyhydroxyalkyl substituents were 
designed and synthesized [11]. From a series of compounds, DL-3-
117 (fig . 1) was chosen for further development. This became lotro l. 
At a concentration of 300 mg I/ ml, lotrol is isotonic with the CSF, 
a 3rC has a viscosity of 9.1 cps, is hydrolytically stable, and 
infinitely water soluble . Studies of systemic toxici ty and neurotox
icity have indicated superiority of lotrol to lopamidol, metrizamide, 
and / or lohexol [12], justifying preclinical evaluation in nonanes
thetized monkeys. 

Materials and Methods 

Ten quarantined cynomolgus (Macaca fascicularis ) monkeys 
were prepared for the study by placing a catheter for intrathecal 
injections in the thoracic subarachnoid space. Under ketamine 
anesthesia (20 mg / kg) and sterile conditions, a partial hemilami
nectomy was performed at L 1 level. A 2 mm OD Silastic cath eter 
was introduced intrathecally to the midthorac ic level, the arachnoi
dal opening was sealed with cyanoacrylate su rgical glue. and the 
muscles were closed in layers. Unimpeded CSF fl ow was ascer-
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tained before connecting the catheter to a 2 ml Ommaya reservoir, 
placed subcutaneously above one of the sacroiliacal jOints. A heal
ing period of at least 10 days was allowed. 

Testing the media followed standard protocol: light transient 
tranquilization was achieved with 0 .3 ml ketamine with atropine. 
The animal was placed prone on a padded cradle and mechanica lly 
restrained. An hour after return to full consciousness (ascertained 
by reactivity), EEG was recorded from eight scalp elec trodes in
serted into F, C, P, and 0 posi tions. Earlobe electrodes were used 
as a reference bi laterally. Th e amplifiers were ca librated ind ivid
ually. At the same time, th e data were recorded on an eight-channel 
tape recorder, and later processed by a computer system designed 
for EEG spectrum analys is. 

A baseline EEG was established by at least 2 min of recording . 
The contrast medium (0 .5 ml of 300 mg I/ ml) was injected into the 
Ommaya reservoir, which was depressed and flushed with 0 .5 ml 
of saline. The an imal was inverted on the board for 5 min, until 
contrast material was seen by fluoroscopy to be spread over the 
hemispheres . EEG was recorded at 4 5 min and at 3 hr. During and 
after the experiment the animals were observed continuously for 

o 
CoR 

Fig. 1 .-Formula of lotrol, a nonionic dimer. 

changes in behavior, locomotion , feeding, and reactivity patterns. 
At least 10 days had to elapse before a monkey could be reinjected . 
Eight different monkeys were used, and each was exposed to the 
med ia interchangeably, so that each medium was tested on fou r 
different monkeys. 

Evaluation of EEG 

The EEG record ings were first evaluated visually for the presence 
of spikes. The EEG recorded from C3 channel was also analyzed in 
frequency ranges of 0-20 Hz, 0-4 Hz, 4-8 Hz, 8 - 12 Hz, and 12-
20 Hz. For th is analysis , the EEG segments during and after 
epileptic discharges were exc luded , and the energy content of the 
EEG spectrum was expressed in arbitrary units. For the purpose of 
comparison we calculated percentage differences from the prein
jection levels of the averages of four injections. Eac h animal, and 
each injection, thus served as its own control. The statistica l signif
icance at the 98% level of confidence was obtained by Student t 
test . 

Results 

Visual inspection of EEG and observations of the injected animals 
are summarized in table 1. In the metrizamide group, gross signs 01 
neurotoxicity were a rule. Of the four animals, all had motor distur
bances and three suffered seizures that, in one case , developeo 
into a persisting epileptic status culminating in death , despite intra
venous diazepam therapy. During the fi rst 24 hr, the animals in
variably showed irritability and l or depression, although at 48 hr 
they were found to be normal. 

In the iopamidol group, two animals suffered convu lsions. In one 
animal a transient stupor developed immediately after th e inversion 
(i .e., about 5 min after injection) . In all animals, some depression 01 

TABLE 1: EEG and Behavior Changes after Intrathecal Injection of 0 .5 ml l kg, 300 mg Il ml 
Contrast Media in Nonanesthetized Cynomolgus Monkeys 

Contrast Malerial: 
Motor Disturbances Convulsions Behavior Changes EEG Spikes 

Animal No. 

Metrizamide: 
1 tremor no irritability, leth- yes 

argy 
2 tremor mu ltiple ditto numerous 
5 no single, short du- ditto yes 

ration 
6 no mult iple death yes 

lopamidol: 
1 no mult iple exhaustion, leth- yes 

argy 
3 no no irritability, leth- no 

argy 
5 agitat ion, no lethargy, tran- occasional 

tremor sient paresis 
7 no one, sing le leth argy occasional 

lotrol: 
2 no no none no 
4 no no none no 
5 no no none no 
8 no no none no 

lohexol: 
3 . . . . . . . . . transient motor no none no 

depression 
4 transient stupor no none no 
7 no no apathy no 
8 no no apathy no 
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TABLE 2: Changes in EEG Energy Content after Intrathecal 
Contrast Media 

Contrast Medium: 
Frequency Range (Hz) 

Metrizamide: 
0- 4 
4-8 
8- 12 

12- 20 
0- 20 

lopamidol: 
0 - 4 
4- 8 
8-1 2 

12- 20 
0-20 

lohexol: 
0-4 
4- 8 
8-1 2 

12- 20 
0-20 

lotro l: 
0-4 
4-8 
8-1 2 

12- 20 
0-20 

% Changes after Injection (SO) 

45 min 

253.6 (84.8) 
507 .6 (267.8) 
677.3 (177 .2) 
653.0 (78.3) 
305.2 (147.9) 

137. 1 (24 .1) 
454.9 (1 58.4) 
4 20 .3 (224 15) 
4 16.8 (362.3) 
2 17.7 (1489) 

-25.1 
-51.2 

13.8 
122.5 
-25.0 

(1 2.7) 
(6 .5) 

(21 .2) 
(97.7 ) 
(20 .7) 

1 .9 (1 8. 7) 
28.9 (50 .8) 
54 .9 (108.3) 

- 49.8 (1 8.9) 
2 .0 (33.3) 

3 hr 

254 .1 (120.9) 
243.9 (116.9) 
582.8 (34 1.7) 
235.5 (49.8) 
309.7 (58.8) 

156.4 (56.9) 
289. 4 (9 7.4) 
168.4 (1 28.7 ) 
206.3 (1 26.3) 
143.7 (47.4) 

20.6 (60.0) 
-8. 1 (1 7.5) 
63. 7 (10 .5) 

130 .0 (1 89.5) 
24 .1 (23.7 ) 

- 8 .4 (22.0) 
29.5 (40.9) 
33.4 (69. 1) 

4.4 (35.0) 
-5.6 (22. 6) 

TABLE 3 : Statistical Significance among Changes in EEG 
Content after Intrathecal Contrast Media (98% Level of 
Confidence, t test) 

Mel rizamide lopamidol lohexol lotrol 

Metrizamide: 
45 min NS SS SS 

3 hr SS SS SS 
lopamidol : 

45 min NS NS SS 
3 hr SI NS SS 

lohexol: 
45 min SI SI NS 

3 hr SI NS NS 
lotrol: 

45 min SI SI NS 
3 hr SI SI NS 

Nole. - NS = eq ual; S8 = significantly superior: 8 1 = significantly inferior. These 
apply to media listed in horizontal co lumn evaluated versus media in the vertical column. 

motor activity during the first 24 hr was observed ; th e animals also 
were extremely irritable and aggressive, but at 4 8 hr had returned 
to normal. In the iohexol group, no severe motor disturbances and 
no spikes were seen. In two animals lethargy and irritability were 
observed at 3 hr, but at 24 hr postinjection the animals behaved 
normally. The iotro l animals did not show any c hanges in behavior 
or EEG . There was no lethargy or irritabi lity. Following the experi
ments th e monkeys readily exhibited normal cage acti vity. 

The average changes of energy content of th e entire EEG range 
(i.e., 0- 20 Hz) are shown in table 2 and fi gure 2; the stati stical 
Significance of these changes among the various contrast media is 
shown in table 3. On the basis of th eir effec ts on the 0 - 20 Hz 
range, the contrast media fall into two distinct categories: metriza
mide and iopamidol, and iohexol and iotrol. Both metrizamide and 

n =4 

200 

100 

............ 
jlohex ol 

- 50 

--- -' ------.t ............ lo l rol ----~ 

4 5 ' 3 hrs . 

Fig. 2. -Percen tage differences with standard dev iations between con
trols and tests of the energy content of ent ire EEG spectrum (0-20 Hz) . 

iopamidol greatl y increased the spectrum energy after 45 min. At 3 
hr the iopamidol va lue had dec lined compared wi th metrizamide. 
Changes caused by iohexol and / or iotrol were minimal. Since 
changes in the EEG energy content can be interpreted as lack of 
inertness, it can be seen that both iohexol and iotrol were superior 
to metrizamide both at 4 5 min and 3 hr, while iopamidol was equal 
to metrizamide at 45 min and superior at 3 hr. At both observation 
periods iohexol was equal to iopamidol and iotrol was superior to 
iopamidol, although iohexol was stat istically equal to iotro l. 

The division of the EEG spectrum into ranges (tabl e 2) revea led 
that metrizamide was statistica lly inferior to iopamidol only at 45 
min in range 0 - 4 Hz, whi le it was equal in all other ranges at both 
4 5 min and 3 hr. Th e largest significant inc reases , both for metri
zamide and iopamidol, occurred in the 4 - 8 and 8-12 Hz ranges. 
Both iotro l and iohexol were su perior to metri zamide and / or iopam
idol in the 0 -4 ,4- 8 , and 8 - 12 Hz ranges, and equal at 12-20 Hz, 
both at 4 5 min and 3 hr. lohexol was found equal to iotrol in all 
ranges, both at 4 5 min and 3 hr. 

Discussion 

Several conclusions can be drawn from this study. Cynomolgus 
appears to be an extremely sensitive experi mental animal for the 
intrath ecal testing of neurotox ic ity, much more so than the rhesus 
used by Hilal et al. [1 3]. With cynomolgus, smaller doses shou ld 
probably be used in futu re experi ments. On th e other hand. there 
is some just ification fo r using excessive doses experimentally, in 
the expectation they wou ld compensate fo r a c linica l situation where 
spec ific pathology makes the pat ien t less res istant to the neurotox
icity of con trast media. 

In the preclinica l in trathecal test ing, use of a nonhuman primate 
is justified , as lower spec ies can exhibit only manifestat ions of gross 
toxicity (e.g., epi leptogenicity) . Infrequent c linical side effec ts were 
predicted for metrizam ide on the basis of stud ies in lower animals, 
but its considerable neurotoxic ity became apparent in c linica l use. 
Also, the EEG changes seen in lower spec ies can differ qual itatively 
from those in primates. Previous analysis of rabb it EEG , for exam-
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pie, revealed preponderant increase in the low frequency band 
only, indicative of formation of a transient subcort ical pacemaker 
[14] . In this study, the increase was observed in all bands. 

Analysis of the EEG spectrum , subdivided into rang es, is a 
neuropharmacologic approach superior to visual inspection or de
termination of the en tire frequency range of the EEG spectrum, 
since the latter may not reveal any abnormalities. Yet , the present 
technology of EEG analysis must be considered a comparatively 
crude method of evaluating neurotoxicity. It is obvious that certain 
side effects reported for metrizamide (i. e., headache, nausea, per
ception disturbances, halluc inations, and psychoorganic syndrome) 
cannot be evaluated by this methodology . Further, even if EEG 
detects disturbances of the electrical activity of neural tissue, it only 
rarely gives a c lue as to their origin. However, the animals ' behavior, 
although extremely difficult to quantify, can be useful, especially if 
methods of behavioral research are employed [15]. If the lack of 
interference with the electrical activity of the central nervous system 
and the unaffected behavior of cynomolgus injected with iotrol 
accurately predict clinica l experience, iotrol seems to be a prom
ising contrast material for the human subarachnoidal space. 
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