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Risk of Seizures After
Myelography: Comparison of lohexol
and Metrizamide

A parallel, double-blind, randomized study comparing iohexol and metrizamide—both
180 mg I/ml—in lumbar myelography was carried out in 60 consecutive patients. Eight
to 15 ml of contrast medium were administered with the upper level at the middle
thoracic column. A detailed neurologic examination was performed before and 24 hr
after myelography. EEG recordings—evaluated visually and with fast Fourier transfor-
mation analysis—and somatosensory evoked responses were registered before, 6 hr
after, and 24 hr after myelography. All patients were observed for adverse reactions for
24-48 hr. lohexol did not produce any epileptiform activity but epileptiform activity was
detected in five patients receiving metrizamide. lohexol produced significantly less
frequent and less severe EEG changes than did metrizamide both at visual evaluation
(p < .0025) and at fast Fourier transformation analysis (p < .04). No significant changes
occurred in the early components of the somatosensory evoked potentials after either
contrast medium.

lohexol caused significantly (p <.002) less frequent and less severe adverse reac-
tions than did metrizamide. The neurologic examination revealed no changes of clinical
importance with either contrast agent.

Adverse reactions after subarachnoid injection of metrizamide in humans have
been reported extensively during the last decade. The most serious reactions
include signs of CNS excitation, seizures in particular. The low epileptogenic effect
of metrizamide in humans predicted from animal experiments [1] has been con-
firmed during the widespread clinical use of this substance. Animal experiments
have demonstrated a significantly lower epileptogenic effect of subarachnoid injec-
tion of nonionic contrast media developed after metrizamide, such as ioglunide [2,
3], iotrol [3], and iopamidol [2-7]. A low epileptogenic effect of iopamidol has been
found in humans [8-11].

To date, several animal experiments [2, 4, 6, 7, 12, 13] have failed to demonstrate
any excitative effect on the CNS after subarachnoid injection of iohexol even after
lowering of the seizure threshold with chlorpromazine [13]. In the first four “open
clinical studies” utilizing EEG in lumbar myelography with iohexol no spike activity
was detected, but seven of 145 patients displayed slow-wave activity [14-17].

The aim of the present investigation was to find out if the epileptogenic effect of
iohexol used in lumbar myelography is as small and rare as the previous animal
experiments predicted. Therefore, we investigated a small number of patients (60)
under rigorously standardized conditions—including EEG, evaluated both by an
experienced electroencephalographer and by fast Fourier transformation (FFT)
analysis, and somatosensory evoked potentials. The patients were also questioned
for subjective complaints. Metrizamide served as the reference substance for
checking the sensitivity of the chosen methods.

Materials and Methods

This parallel, double-blind, randomized study included 60 hospitalized adult patients
successively referred to the X-ray department for lumbar myelography. They had all given
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informed consent. Emergency cases were not included. After en-
trance, no patient was excluded. Their age and gender distribution is
given in Table 1. The clinical diagnoses were sciatica, low back pain,
or lumbar spinal stenosis. Six of the patients examined with metriz-
amide and four examined with iohexol had a history of previous
hypersensitivity reaction (to penicillin, nitrofurantoin, adrenaline,
nickel, and pollen).

Twenty-three of the patients in the iohexol group and 15 in the
metrizamide group continued to take what medication they had before
the myelography, such as analgesics, benzodiazepines, diuretics,
cardiac glycosides, and antiinflammatory agents; but no medications
known to lower the seizure threshold—such as phenothiazine deriv-
atives, tricyclic antidepressants, MAO inhibitors, CNS stimulants, or
certain antimicrobial agents—were allowed. Fluid intake was permit-
ted until the morning of myelography. No premedication for the
myelography was given. A 22-gauge needle was used to withdraw
4-6 ml (median, 4 ml) of CSF. The type of myelographic contrast
medium was chosen according to a predetermined, randomized list.
Fifteen milliliters of iohexol or metrizamide, both with a concentration
of 180 mg I/ml, were administered under fluoroscopic observation to
all but one patient. This patient, with severe spinal stenosis cranially
to the site of the puncture, received only 8 ml of metrizamide because
of increasing pain during the injection. The upper level of contrast
medium was recorded (Fig.1 ). During and after myelography, active
movements by the patients were restricted to a minimum. The
patients were kept in bed for the next 24 hr with the cranial end of
the bed elevated 10-15° for the first 6-8 hr.

TABLE 1: Gender and Age Distribution

Gender Age
Contrast Medium

Men Women Median (Range)

lohexol (n = 30) 16 14 52 (29-70)

Metrizamide (n = 30) 14 16 46 (22-64)

Total (n = 60) 30 30 48 (22-70)
IOHEXOL METRIZAMIDE

Upper level

8 7 6 5 4 3 2 1 0 01 2 3 4 5 8 7 8
Number of patients

Fig. 1.—Upper level of contrast medium as seen on films. Black columns
represent patients with adverse reactions and/or EEG changes.
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A detailed neurologic examination was performed within 48 hr
before myelography and repeated at 6 and 24 hr after myelography.

Before myelography and 6 and 24 hr after myelography the follow-
ing electrophysiological recordings were made: (1) standard 16-chan-
nel EEG with hyperventilation and photic stimulation; (2) tape record-
ing of four of these EEG channels (F3-C3, P3-01, F4-C4, P4-02)
for off-line frequency (FFT) analysis; and (3) somatosensory evoked
response with stimulation of one median nerve and recording over
the contralateral somatosensory area (C3 or C4 with FZ as reference).
The EEG was recorded on tape together with trigger impulse for off-
line analysis.

When obvious changes in the EEG pattern were observed, further
recordings were made at 24-hr intervals whenever this was possible
until the EEG pattern was back to the baseline recorded before
myelography.

The FFT and evoked potential analysis were performed on a PDP
11/23 computer using the BRAINLAB program (DEC). On visual
interpretation of the EEGs the background activity was scored as
unchanged, slight slowing, or moderate-severe slowing. The occur-
rence of paroxysmal-epileptiform activity was noted. Slowing that
could be accounted for by drowsiness was not considered abnormal.

The patients were observed for any sign of adverse reactions
during the examination and for 24-48 hr afterward. Patients display-
ing any adverse reaction were observed until the reaction disap-
peared. The subjective reactions were graded as mild (1), moderate
(2), or severe (3). Radiographic quality was evaluated and graded as
poor, good, or excellent.

The investigators performing the individual moments in this study
were the same for all patients and were blinded to the type of contrast
medium used in individual patients until all data had been analyzed
and scored.

A two-sided binominal test was used to decide whether differences
between the two media were statistically significant at the 5% level.
For continuously variable parameters, the median, the interquartile
range, and the range were used as indexes of location and dispersion.

Results
Visually Scored EEG

The visually scored EEG was completely unchanged in 27
(90%) of the patients in the iohexol group and in 15 (50%) of
the patients in the metrizamide group.

Slight slowing of background activity occurred in three
(10%) of the patients in the iohexol group and in nine (30%)
of the patients in the metrizamide group. None of the patients
receiving iohexol displayed moderate or severe slowing of the
background activity whereas six (20%) of the patients receiv-
ing metrizamide had such changes.

Paroxysmal-epileptiform activity was not detected in any
patient in the iohexol group whereas in the metrizamide group,
one patient with slight slowing and four patients with severe
slowing of the background activity (together, 17% of patients)
also displayed paroxysmal-epileptiform activity (irregular
spikes and sharp slow waves), most often bilateral.

The difference in the frequency of the occurrence of EEG
abnormalities between the iohexol and metrizamide groups
was significant (p < .0025). EEG changes when present were
generally more pronounced at 24 hr than at 6 hr.
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FFT Analysis of EEG

FFT analysis showed that the peak frequency in the alpha
(8-13 Hz) band was reduced, with 0.38 Hz at 6 hr and 0.56
Hz at 24 hr in the iohexol group and 0.56 Hz at 6 hr and 1.18
Hz at 24 hr in the metrizamide group. The difference was only
significant at 24 hr (p < .04). There were no consistent
differences in the other parameters of the FFT analysis (ab-
solute power and relative power in the alpha, theta, or delta
band).

Somatosensory Evoked Potentials

In the analysis of the somatosensory evoked responses
only the early components P1, N1, P2, P3, and N2 were
measured. There were no significant changes of latencies or
amplitudes, either before or after myelography or between
the iohexol and metrizamide groups.

Clinical Follow-up

lohexol did not cause any adverse reactions in 20 (67%) of
the patients, whereas in the metrizamide group only eight
(27%) of the patients had no adverse reactions.

In the equally large groups of patients investigated with
iohexol or metrizamide—30 patients in each group—the num-
ber of patients that experienced some adverse reaction is as
follows (metrizamide group within parentheses): headache,
seven (17); nausea, three (13); vomiting, none (three); pain,
three (seven); vertigo, one (four); mental reaction, zero (five);
other, four (five).

No manifest seizures were observed in either group. No
muscular twitching occurred in the iohexol group, but two
patients in the metrizamide group displayed mild muscular
twitching in their legs.

Ten (33%) of the patients in the iohexol group experienced
19 episodes of subjective discomfort whereas 22 (73%) of
the patients in the metrizamide group experienced 55 epi-
sodes of subjective discomfort. The difference in frequency
of patients with adverse reactions was statistically significant
(p < .002).

The adverse reactions were classified as severe in four
patients (13%) in the iohexol group. Three patients had severe
headache, and the fourth severe sciatica. In the metrizamide
group, seven patients (23%) had severe adverse reactions
such as headache, nausea, vomiting, increased sciatica, and
mental reactions, and four of these patients experienced more
than one reaction classified as severe.

The adverse reactions appeared about 9 hr after the my-
elography (median value, range, 3-72 hr) and there was no
difference between the two contrast media concerning the
onset of the adverse reactions.

Among 10 patients with a history of previous hypersensitiv-
ity reaction, five of the six patients in the metrizamide group
and one of the four in the iohexol group experienced mild
headache.
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Neurologic examination revealed no changes of clinical
importance.

The radiographic quality was judged good or excellent in
all cases. The upper level of contrast medium as seen on the
films during myelography is given in Figure 1 and is related to
adverse reactions.

In some patients the upper level of contrast medium was
higher than that expected in lumbar myelography. In these
patients the thoracic region was examined as a secondary
part of the examination when their symptomatology could not
be sufficiently explained by the findings in the lumbar region.

Four patients in each group had postmyelographic CT in
the lumbar region to produce more detailed information about
four disk herniations and four lumbar stenoses. There was no
correlation between the upper level of contrast medium and
use of postmyelographic CT.

Discussion

The incidence of 33% adverse reactions in patients after
lumbar myelography with iohexol in our study correlates well
with the incidences of 26%, 39%, and 44% in recently pub-
lished double-blind studies on iohexol lumbar myelography
[18-20]. When compared with the scattered percentage of
adverse reactions in open studies—14% [16], 17% [17], 35%
[14], and 68% [15]—the advantages of randomized double-
blind methodology are clear. Findings similar to ours were
identified in animal experiments [2, 4, 12, 13] and in clinical
studies [18-21]: iohexol caused significantly less frequent
and less severe adverse reactions than did metrizamide.
Reports of mental disturbances after iohexol myelography are
uncommon. Although Cronqvist et al. [22] described some
psychic effects after myelography, and Ratcliff et al. [23] do
not exclude such an effect, most clinical studies [11, 14-21,
24, 25], as well as our own, do not report any mental
disturbance after iohexol.

Interestingly, our EEG results differ from other randomized
double-blind controlled studies. The slowing of background
activity in EEGs after iohexol and metrizamide was approxi-
mately three times the percentage found in a similarly de-
signed study [19]. The percentage of paroxysmal spike activ-
ity after metrizamide was also three times greater than found
in that study. The percentage of patients with slowing of
background activity after iohexol was double that demon-
strated in the open studies [14-17].

Our results may reflect a higher sensitivity of our EEG
methods. In addition, the contrast media may have been
brought to a higher level than in the previously discussed
studies. In our study, the contrast medium was brought to
the middle or upper thoracic region (Fig. 1). Although the
correlation between the upper level of visible contrast medium
and the incidence of adverse reactions is controversial in the
literature, there are indications that this correlation exists.
Nakstad et al. [21] reported in a double-blind study a per-
centage of EEG changes after cervical and thoracic iohexol
myelography that is twice that found in our study, even though
the incidence of both slow-wave activity and spike activity
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after metrizamide is similar to our results. Also the incidence
of subjective adverse reactions after cervical and thoracic
myelography [21] was exactly double our incidence after
lumbar myelography with both contrast media.

The higher the contrast medium is raised during myelog-
raphy, the sooner the adverse reactions and EEG changes
may occur. In our study no statistically significant correlation
was found between the upper level of contrast medium and
the interval between the injection and the onset of adverse
reactions. In a previous study [21] most of the subjective
reactions occurred in the first 8 hr after cervical and thoracic
myelography. In our study only half of all subjective reactions
occurred in the first 9 hr. Similarly, almost all EEG changes
after cervical and thoracic myelography occurred within 6 hr
[21], whereas in our study, most EEG changes occurred at
24 hr after lumbar myelography. To receive optimal informa-
tion about the neurotoxic effects of contrast media it is
therefore important to plan appropriate periods of EEG mon-
itoring depending on the type of myelography.

Currently, we do not know to what extent—qualitatively
and quantitatively—the shifts of EEG lower frequencies, such
as delta and theta, correspond to the clinically apparent
nonconvulsive adverse reactions. Interestingly, and with only
one exception, all of our patients with postmyelographic EEG
changes experienced one or more adverse reactions subjec-
tively (three in the iohexol group and 14 in the metrizamide
group). All five patients with mental disturbances after metriz-
amide displayed pathologic EEG changes (grades 1, 1, 3, 4,
and 4, respectively). Other investigators have reported similar
findings: three patients who displayed severe EEG changes,
including spike activity after cervical myelography, developed
multiple postmyelographic symptoms, including mental dis-
turbances [21]. Also, a highly significant correlation was found
between the degree of EEG changes and change in behavior
in rabbits after subarachnoid metrizamide injection [26].

The slowing of background activity by visual scoring of the
EEG was confirmed in FFT analyses. A greater reduction in
the peak frequency of the alpha band was found after metriz-
amide when compared with iohexol. No additional information
was gained by FFT analyses when compared with visual
evaluation of EEG recordings by an experienced electroen-
cephalographer. These findings are in contradiction to the
promising results of the quantitative computerized EEG meth-
ods in experimental contrast medium research [3, 4, 6, 7] and
should be considered in any future design of myelography-
EEG experiments.

Somatosensory evoked potentials were suggested to be a
sensitive tool in the detection of neurotoxic effects of contrast
media in animal experiments [3]. We chose to study the early
components of the somatosensory responses since the later
components are much more variable and it was not consid-
ered possible in this study to keep the experimental proce-
dures, attention level, and so on so standardized that a
meaningful study of the late components could be performed.
The early components are more stable and resistant to differ-
ent drugs. In accordance with this we did not observe any
significant changes after myelography or between the two
contrast media. However, our findings do not exclude the
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possibility that changes of the later components might occur
and that they may be sensitive tools for measuring CNS
effects of myelographic contrast media provided a strict con-
trol of the experimental conditions can be guaranteed.

lohexol is not completely devoid of an excitative effect on
the CNS; Macpherson et al. [24] reported sharp-wave activity
on EEG after iohexol cervical myelography in two patients.
Increased premyelographic sharp-wave activity occurred in
another two patients during the same study. We have not
found any epileptogenic activity on EEG after iohexol. These
findings correlate with animal experiments [4-7] and with
clinical studies [11, 14-17, 19, 21]. We believe that the
epileptogenic effect of iohexol is very low compared with the
other myelographic contrast media clinically in use.

Owing to a lower epileptogenic effect and to the lower
frequency and severity of the subjective adverse reactions
we believe iohexol should replace metrizamide in clinical
lumbothoracic myelography. No additional information about
EEG changes induced by contrast media is gained by com-
puterized EEG analysis when EEGs are evaluated by an
experienced electroencephalographer.
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