Are your cost-effective? \\\ FRESENIUS

KABI
Learn more about generic Gadolinium-Based Contrast Agents. caring for life

Critical Assessment of Myelography

Practices: A Call for Rational Guideline
Revision

L.M. Shah, P.G. Kranz, Y. Anzai, T.A. Hutchins, W.N.
Gibbs, N. Pierson, B.W. Aldred and R.H. Wiggins

i ian i AINR Am J Neuroradiol 2018, 39 (12) 2378-2384
of Aol 1y 20 LT ® G hitpsifdol.org/10.3174/ajn. ASE67
’ http://www.gjnr.org/content/39/12/2378


http://www.ajnr.org/cgi/adclick/?ad=57533&adclick=true&url=https%3A%2F%2Flinkprotect.cudasvc.com%2Furl%3Fa%3Dhttps%253a%252f%252fwww.genericcontrastagents.com%252f%253futm_source%253dAmerican_Journal_Neuroradiology%2526utm_medium%253dPDF_Banner%2526utm_c
https://doi.org/10.3174/ajnr.A5867
http://www.ajnr.org/content/39/12/2378

ORIGINAL RESEARCH
SPINE

Critical Assessment of Myelography Practices:
A Call for Rational Guideline Revision

L.M. Shah, "¥P.G. Kranz, “”Y. Anzai, ““T.A. Hutchins, “*W.N. Gibbs, ““N. Pierson, ““B.W. Aldred, and “*R.H. Wiggins

ABSTRACT

BACKGROUND AND PURPOSE: Patient preparation for myelography and postprocedural monitoring varies widely between practices,
despite published guidelines. Our aim was to examine the current practice variations in discontinuing reportedly seizure threshold—
lowering medications before myelography and to assess the reported incidence of postmyelographic seizures.

MATERIALS AND METHODS: An e-mail survey was sent to American Society of Neuroradiology members concerning the number of
postmyelographic seizures experienced in the past 5 years, the presence of an institutional policy for discontinuing seizure threshold—lowering
medications, and the type of myelographic contrast used. We compared the postmyelographic seizure frequency in the responses.

RESULTS: Of 700 survey responses, 57% reported that they do not discontinue seizure threshold—lowering medications before myelog-
raphy. Most (97%) indicated never having a patient experience a seizure following myelography. The number of postmyelographic seizures
between those who discontinue seizure threshold-lowering medications and those who do not was not statistically significant (OR = 2.13;
95% Cl, 0.91-4.98; P = .08). Most (95%) reported using nonionic hypo-osmolar agents.

CONCLUSIONS: Survey results revealed widely variable practices for patient myelography preparation and postprocedural monitoring.
We found no difference in reported seizures between those who discontinued seizure threshold—lowering medications and those who did
not. In light of our findings, we propose that discontinuing reportedly seizure threshold—lowering medications is not warranted with the
current nonionic water-soluble contrast agents and may be potentially harmful in some instances. This work supports revision of existing
recommendations to withhold such medications before myelography.

ABBREVIATION: STLM = seizure threshold—lowering medications

M yelography with intrathecal injection of iodinated contrast re-
mains a valuable imaging test for patients with neurologic def-
icits, particularly those having contraindications to MR imaging.'
Potential complications of myelography include infection, hemor-
rhage, nerve injury, and, reportedly, postmyelographic seizures in
patients taking certain medications. Published' and pending” Amer-
ican College of Radiology—American Society of Neuroradiology—So-
ciety of Pediatric Radiology (ACR-ASNR-SPR) clinical practice pa-
rameters, which are based on myelographic contrast agent package
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inserts™* and case reports,”*” recommend screening of the patient’s
medication list and discontinuation of those medications that re-
portedly lower the seizure threshold (phenothiazine derivatives,
monoamine oxidase inhibitors, tricyclic antidepressants, CNS stim-
ulants, and psychoactive drugs) to reduce the theoretic risk of post-
myelographic seizures.

Adherence to these recommendations varies; some centers
discontinue seizure threshold—lowering medications (STLMs)
before myelography, while others do not. At many institutions,
only anticoagulants are discontinued, and no extended postpro-
cedural patient monitoring is performed. However, the common
practice in many institutions is to stop STLMs up to 48 hours
before and 24 hours after the myelogram and monitor patients at
least 4 hours postprocedure. These recommendations are based
on anecdotal evidence and literature based on the use of older
iodinated contrast agents, now outdated, given the current wide-
spread use of nonionic myelographic contrast agents.>® There has
been considerable clinical experience in safely performing myelogra-
phy without complications using the newer, less neurotoxic iodin-
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Summary of survey results®

30-Min to 2-Hr Nonionic Hypo-
Observed Postmyelographic ~ Postmyelographic Osmolar >15 Yr in
Type of Practice Discontinue STLMs Seizure Monitoring Contrast Practice
Academic (n = 28]) 59% (167) 4% (12) 69% (193) 93% (260) 46% (129)
Private practice (n = 316) 52% (163) 22%(7) 55% (175) 97% (304) 66% (207)
Hybrid (n = 100) 67% (67) 4% (4) 54% (54) 92% (92) 47% (47)

? Percentage (No.) of practitioners in different practice group settings and whether they discontinued STLMs, observed a postmyelographic seizure, performed 30-min to 2-hr
postmyelographic monitoring, used nonionic hypo-osmolar contrast, and have been in practice >15 yr.

ated contrast agents.”” Although there are a few case reports of com-

6192125 it is not clear whether the

plications, particularly seizures,
seizure was an unrelated, idiosyncratic reaction due to the myelo-
graphic agent itself or due to a drug interaction with a reportedly
STLM. There is no strong evidence supporting an increased risk of
seizures after exposure to the current, nonionic myelographic con-
trast agents while the patient is on these medications.

Hundreds of commonly used medications fall into this cate-
gory of STLMs, and the task of identifying and discontinuing
these medications at least 24 hours before the myelography and
then resuming them to the therapeutic levels after the procedure
is challenging clinically and potentially harmful to the patient.
Often the procedure has to be rescheduled after the patient arrives
at the hospital if these STLMs have not been discontinued. This
rescheduling causes direct and indirect financial burdens to the
patients, and the potential for undertreating comorbid conditions
while these medications are withheld. Cancelling and reschedul-
ing procedures can also have a negative impact on the health care
institution.”” The patient may have emotional stress and a nega-
tive perception of the quality of care.

The purpose of this investigation was to study the practice
variability of discontinuing STLMs before myelography by means
of a survey of the ASNR membership. We compared the number
of reported seizure events by practitioners who withhold these
medications with the number of reported seizure events by those
who do not withhold these medications. In addition, we reviewed
the literature on which recommendations are based, to critically
assess the risks and benefits of this practice.’

MATERIALS AND METHODS

The myelogram survey was e-mailed to 6300 members of the
American Society of Neuroradiology (with approval from the
American Society of Neuroradiology Board of Directors) in De-
cember 2017 and was open until May 2018. The survey introduc-
tion stated the goals of this project: “The current clinical practice
for myelography, including patient preparation and postproce-
dural monitoring, seems to vary widely among institutions. Al-
though the ACR-ASNR-SPR clinical practice parameters suggest
careful evaluation of the risk-benefit assessment, there is no clear
evidence to support the discontinuation of the reported STLMs
before myelography, particularly with the newer contrast agents.
The purpose of this survey is to obtain the current practice pat-
terns of neuroradiologists in different practice settings with the
goal of updating practice parameters that help guide practitioners
who perform these procedures.” The survey was designed to be
brief to increase the likelihood of completion and response. We
estimated that this would take <2 minutes. It included questions
on the number of reported postmyelographic seizures in the past

5 years, their practice of discontinuing STLMs (phenothiazine
derivatives, monoamine oxidase inhibitors, tricyclic antidepres-
sants, CNS stimulants, and psychoactive drugs), and the type of
myelographic contrast used (On-line Table 1). We compared the
number of reported postmyelographic seizures by members who
routinely discontinued STLMs versus those who did not routinely
discontinue STLMs.

Statistical Analysis

A 2 X 2 cross-tabulation table of the number of patients in an
institution with postmyelographic seizures whose medications
were stopped and the number of patients in an institution with
postmyelographic seizures whose medications were not stopped
was formulated. This was then tested for statistical significance

*% Contingency tables with x* tests were also per-

using a x” test.
formed among types of practices, years in practice, the method of
patient preparation, and whether the practitioners observed a
postmyelographic seizure. P < .05 was considered a statistically
significant difference between groups, and analysis was con-

ducted using STATA 15.1 (StataCorp, College Station, Texas).

RESULTS

There were 700 responses to the survey during 6 months, with a
response rate of 11.1%. The summary of the survey results is listed in
the Table. Of note, a few responders did not answer some of the
questions, so the subsets of the questions combining these answers
have fewer total numbers of responses. Most of those responding
(398; 57%) reported that they do not routinely discontinue medica-
tions before myelography. Most (677; 97%) responders reported that
they never had a patient who experienced a seizure following myelog-
raphy. Most (422; 61%) respondents indicated that they monitored
patients between 30 minutes and 2 hours following the myelographic
procedure. Most (656; 94%) also reported using a nonionic hypo-
osmolar agent (ie, Isovue-M [iopamidol; Bracco, Princeton, New
Jersey] or Omnipaque [iohexol; GE Healthcare, Piscataway, New Jer-
sey]). The iso-osmolar agent Visipaque (iodixanol; GE Healthcare)
was used less frequently (37; 5.3%). Regarding the types of practice,
316 responders (45%) indicated that they were in private practice,
while 282 responders (40%) reported that they were in an academic
practice. Most respondents also reported being in practice for >15
years (383; 55%).

Twenty-three (3.3%) respondents indicated that they had ob-
served atleast 1 patient having a seizure after myelography in the past
5years. Of these 23 practitioners reporting atleast 1 seizure, 14 (61%)
specified that they had stopped any seizure threshold—lowering med-
ications before the procedure, and 9 (39%) did not stop those med-
ications before the myelographic procedure. There was a 2.13 odds
ratio (95% confidence interval, 0.91-4.98; P = .08) of a practitioner
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reporting a seizure when STLMs were withheld compared with a
practitioner who did not withhold medications, though the differ-
ence was not statistically significant. Most (15/23, 65%) of these re-
spondents monitored patients for 30 minutes to 2 hours.

There was no statistically significant difference between the
reported number of postmyelographic seizures and the type of
nonionic contrast used—that is, hypo-osmolar or iso-osmolar
(P = .48). No statistically significant difference was observed in
the following comparisons: practice type and STLM discontinu-
ation (P = .14), practice type and postmyelographic seizure ob-
servation (P = .34), years in practice and STLM discontinuation
(P = .62), and years in practice and postmyelographic seizure
observation (P = .28) (On-line Table 2).

DISCUSSION

The use of myelography has declined dramatically in the past 3
decades, but it remains a vital imaging technique for assessing
patients with contraindications to MR imaging, for preoperative
orthopedic surgical planning, for radiation treatment planning,
and for possible demonstration of a cerebrospinal leak.”> Physi-
cians must weigh the benefits of performing myelography with
the theoretic risk of seizures in patients who must temporarily
discontinue STLMs. A survey of the ASNR membership allowed
us to collect data on the current practice variations among diverse
practice settings and estimate the reported incidence of postmy-
elographic seizure among those practitioners who withhold these
medications and those who do not. Our review of the literature
provided insight into the origin of withholding STLMs.

Metrizamide (Amipaque; Nyegaard and Company, Oslo,
Norway), the first nonionic water-soluble contrast medium for
myelography, was introduced in the early 1970s.”"** It was the
first such agent to gain wide acceptance, replacing oil-soluble con-
trast agents such as iodophenylundecylic acid (Pantopaque
(Lafayette Pharmacal Company); GlaxoSmithKline, Brentford,
UK) and allowing examination of the entire spinal subarachnoid
space with much less chance of subsequent arachnoiditis. The
adverse effects of metrizamide were milder than those with the
ionic water-soluble agents, consisting of mainly nausea and vom-
iting (10%—-20% of cases), though there were reports of more
serious adverse effects, including seizures (0.2%—-0.6%), halluci-
nations, and aseptic meningitis.””>* Complications from metriz-
amide are often dose-related, resulting from excessive intracranial
concentrations of the drug.'>'®°~® The mechanism of metriz-
amide neurotoxicity is postulated to be cerebral glucose metabo-
lism interference.'">”*? The recognized risk factors for metriz-
amide myelography were seizure disorder, STLMs, dehydration,
diabetes, and age,4° and these risk factors were not dose-depen-
dent.>>*' Given such neurologic complications, withholding
STLMs for at least 48 hours before metrizamide myelography was
recommended.*?

Nonionic contrast media, such as iohexol (Omnipaque), iop-
amidol (Isovue-M), and iodixanol (Visipaque)**** have replaced
metrizamide and are less neurotoxic than ionic, water-soluble
contrast agents, causing fewer adverse effects than agents previ-
ously used to evaluate the spine and intrathecal contents.>” The
reported cases of postmyelographic seizure with nonionic, water-
soluble contrast in the past decade have been very rare. Although
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animal studies have shown iopamidol to be more epileptogenic
than metrizamide®® and the excitative neurotoxic potential of io-
dixanol,*® clinical trials of these newer nonionic agents have
shown them to be safe and effective, with fewer adverse effects

8162247 The risk of seizure with the currently

than metrizamide.
used contrast media is reported to be in the range of 0.093%-—
0.847%."'”"*® Review of the literature revealed only case reports of
seizure activity after myelography with iopamidol'*»*' and io-
hexol (On-line Table 3).”7>'*2° In patients with epilepsy, the risks
and benefits of myelography, even with the newer agents, must be
weighed against the risk of inducing seizures or status epilepticus
because there have been reports of seizures induced by nonionic
contrast myelographic agents in patients with epilepsy.'>'**°
Given the rare incidence of postmyelographic seizures with the
newer contrast agents, it is difficult to perform a prospective ran-
domized controlled study. In a 2005 survey of the ASNR mem-
bership on myelography practice patterns and complications,
88% of 351 respondents reported no seizures postmyelographic
and 12% reported 1-2 seizures in the past 5 years.*” In our ASNR
survey, 23 (3.3%) of 700 respondents indicated that they had ob-
served at least 1 patient having a postmyelographic seizure in the
past 5 years.

Case reports have described seizures occurring <12 hours after
the myelographic procedure.'**° Nonionic, water-soluble radio-
graphic contrast agents such as iohexol and metrizamide penetrate
the CNS spaces and are eliminated from the subarachnoid space dur-
ing 2—8 hours.” Most of the subjective reactions have occurred in the
first 8 hours after cervical and thoracic myelography,”" while in a
study on lumbar myelography, half of all subjective reactions oc-
curred in the first 9 hours.”> Almost all electroencephalography
changes after cervical and thoracic myelography occurred within 6
hours®' and at 24 hours after lumbar myelography. The Nakstad et
al’' study describing electroencephalography changes did not indi-
cate whether the patients were on STLMs, but the authors stated that
patients continued to take other medications.”’ More than half
(61%) of the survey respondents indicated that they monitored pa-
tients for between 30 minutes and 2 hours following the myelo-
graphic procedure, which was the length of time that most (65%) of
those reporting postmyelographic seizures described monitoring pa-
tients postmyelography.

Some case reports offered different rationales for postmyelo-
graphic seizures. In most reported cases of major motor seizures
with nonionic myelographic media, =1 of the following factors
was present: deviations from the recommended procedure, use in
patients with a history of epilepsy, over-dosage,'* intracranial en-
try of a bolus or premature diffusion of a high concentration of
the medium, failure to maintain elevation of the head during or
postprocedure, and/or excessive patient movement or strain-
ing.”” In 1 case report of iopamidol 300 mol/L-induced seizures,
the authors proposed that the patient’s underlying alcoholism
resulted in an increase in blood-brain barrier micropinocytic ac-
tivity, with associated increased permeability to the myelographic
iodinated material, and resulted in postmyelographic seizures."”
Some investigators have suggested that the incidence of compli-
cations such as meningeal and radicular irritation may be related
to the dose of the contrast medium.'®>* On the other hand, Lip-
man et al*' reported 2 cases of seizure after iopamidol myelography



in a retrospective series of 236 consecutive patients with recom-
mended doses.”' There may be a correlation between the upper level
of visible contrast medium and the incidence of adverse reactions."’
Klein et al'® found a lower incidence of seizure induction for lumbar
myelography than for myelography that included the cervical sub-
arachnoid space. In a retrospective review of cervical myelograms
performed with iopamidol-300 mol/L (~12 mL) between 2011 and
2016, however, we had no documentation of seizure activity within
24 hours of the procedure.” The higher incidence of neurologic
complications with cervical myelography compared with lumbar
myelography has been postulated to be caused by changes in the
transmitter metabolism, resulting in overexcitability of the neu-
rons,”* and may not require breakdown of the BBB because contrast
media may enter the extracellular space by passive diffusion through
the pia mater.'®

In many of these case reports describing postmyelographic
seizures, it was either not specified whether the patients were on a
reportedly STLM or no association was discussed. Two case re-
ports of seizure activity with metrizamide and iohexol included
the concomitant use of an agent that lowers the seizure thresh-
old.”'” However, several animal experiments*>*>*>~>” have failed
to demonstrate any excitative effect on the CNS after subarach-
noid injection of iohexol, even after lowering of the seizure
threshold with chlorpromazine.”” Small scale, open-label, observa-
tional investigations, though flawed, did not show an association be-
tween the concomitant administration of contrast agents and STLMs
and an increased risk of seizures.”*° In a prospective, placebo-con-
trolled trial, Standnes et al®” evaluated the potentiation of seizures
with neuroleptic drugs (ie, levomepromazine) in conjunction with
metrizamide myelography and found electroencephalography dete-
rioration in 22% of the patients, with no difference in electroenceph-
alography results between the 2 groups. In a retrospective review of
cervical myelography performed with iopamidol-300 mol/L, at the
University of Utah, 40% (73/185) had documentation of at least 1 of
the reportedly STLMs; however, no seizures were observed in either
group.”

Although there have been no well-designed studies to confirm
anincreased seizure risk in patients undergoing myelography who
take STLMs, some practitioners recommend that such medica-
tions be avoided 48 hours before and 24 hours after administra-
tion of myelographic contrast medium.®' Many institutions have
initiated protocols to withhold these medications preprocedure
despite no high-level evidence to advocate this practice. A litera-
ture review by Fedutes and Ansani*® recommended that any med-
ication associated with seizure threshold lowering may potentially
increase the risk of seizures with metrizamide or iohexol. How-
ever, they stated that the available data are anecdotal. The authors
made this recommendation based on the studies showing that the
nonionic, water-soluble contrast media agents themselves may
lower the seizure threshold, and therefore, that there may be a
potential increase in seizure risk when these contrast agents are
administered concomitantly with medications that carry the same
risk. Without providing any data, the authors recommended dis-
continuing medications associated with seizure activity before
and immediately following myelography.*®

Expert opinions and practice patterns vary. Neurologists spe-
cializing in epilepsy management in some institutions consider

the current myelographic contrast agents to have a very low epi-
leptogenic potential and do not prescreen for or withhold
STLMs.%” They modify the procedure (eg, use a smaller volume of
contrast material or avoid direct intracranial passage) when the
patient reports being on such medications during the informed
consent discussion.®” There is institutional variability in policies
regarding discontinuing STLMs, with some having no published
guidelines and others having internal or individual experiential
policies. Together with community standards, these define re-
gional standard of care. The authors in our study represent 3
institutions with varying practices regarding discontinuing
STLMs. The 2005 ASNR myelography survey revealed that most
of the seizures (88%) were in patients who were not taking poten-
tially epileptogenic drugs and most (78%) occurred in practices
that screen for such drugs.”” The trend has changed in the past
decade because more than half (57%) of the respondents in our
recent ASNR survey indicated that they do not routinely discon-
tinue these medications before myelography. Of the respondents
in the 2005 survey whose patients experienced seizures, 40% in-
dicated that these patients had a history of seizures and 14% re-
ported that the patients had been taking potentially epileptogenic
drugs. In our recent ASNR survey, there was no statistically sig-
nificant difference between the reported number of postmyelo-
graphic seizures by those who discontinued STLMs and by those
who did not. There were no greater odds of a practitioner report-
ing a seizure when STLMs were not withheld compared with
when they were withheld (OR = 2.13, P = .08). That the number
of postmyelographic seizures were reported more frequently (14/
23, or 61%) when STLMs were withheld runs counter to the idea
that holding such medications reduces the risk of seizures. Rather,
it indicates that the seizure risk is the same regardless of the dis-
continuation of the STLMs and is supported by the lack of statis-
tical significance in the difference between the groups.

The package inserts for iohexol and iopamidol do not recom-
mend the concomitant use of the contrast agent and “drugs which
lower the seizure threshold, especially phenothiazine derivatives,
including those used for their antihistamine properties ...” and
allow clinicians to make decisions for each patient individually,
“while the contributory role of these medications has not been
established, the use of such drugs should be based on physician
evaluation of potential benefits and potential risks.””* Such state-
ments also do not make it easy to formulate a succinct list of
medications to discontinue before myelography, which is partic-
ularly exasperating because new drugs that potentially decrease
the seizure threshold are frequently introduced by the pharma-
ceutical industry. From informal discussions with radiologists at
other institutions and survey responders, we believe the STLM list
is not uniform. Adherence to thelist may be impractical, and there
may be health risks related to discontinuing medications used to
treat comorbid conditions.®” For example, abruptly discontinu-
ing antipsychotic medications can cause abnormal motor syn-
dromes and greater mood instability. Difficulty in compliance
leads to many patients being rescheduled, resulting in delay of
care, poor use of resources, and decreased patient and referring
physician satisfaction.

Our study has a few limitations. With survey research, there
may be a self-reporting bias because respondents may not feel
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encouraged to provide accurate answers or responses that present
them in an unfavorable manner. There may also be a recall bias,
with responders not accurately recalling incidences of postmyelo-
graphic seizures. We had a relatively low response rate of 11% to
the survey, which may be due to a limited number of ASNR mem-
bers routinely performing myelograms. The members with my-
elography experience who did not respond may introduce a

nonresponse bias.®*

Those responders to the survey may have
different practice characteristics, which may not be representative
of the ASNR membership or neuroradiologists in the community.
This coverage error of discrepancy between all physicians per-
forming myelography and the sampling frame may invalidate in-
ferences about all myelographers. The average response rate for
external surveys is 10%—15% and that of on-line surveys is 30%.°°
The response rate of our survey (11%) hasa 95% * 10% statistical
accuracy. A further limitation of surveys is that respondents may
not answer all questions, which we encountered. Although survey
responders may perform a premyelography medication review, it
is also conceivable that the patient’s medication list is incomplete
so that the radiologist may have been misled as to the use of
STLMs. Another variability in practice is the postmyelographic
observation time, which limits long-term follow-up in those who
were not followed for >2 hours.

Given the rare occurrence of postmyelographic seizures, it is im-
practical to execute a randomized controlled trial or a prospective
observational cohort study. The survey methodology of this study is
asurrogate for an observational cohort study because it considers the
experience of multiple practitioners from multiple institutions. An
additional limitation of this study is the inaccuracy of estimating the
real incidence of postmyelographic seizures. In our recent ASNR sur-
vey, 3.3% of the responders reported having observed a postmyelo-
graphic seizure in at least 1 patient. However, the total number of
myelographic procedures that each respondent performs to estimate
the true incidence is lacking. On the basis of data from the University
of Utah where we performed 955 myelograms during 5 years (recog-
nizing that this varies among institutions), we can estimate that the
700 survey respondents performed a total number of 668,500 myelo-
graphic procedures. Thus, we estimate that the incidence of postmy-
elographic seizures would be approximately a 0.003% incidence in a
5-year period.

The lack of high-level evidence in the literature combined with
the objective analysis of data from the University of Utah and that
from the multi-institutional survey leads us to propose that the the-
oretic increased seizure risk when a patient is on these reportedly
STLMs does not outweigh the potential harm from temporary med-
ication interruption. Furthermore, a revision of these recommenda-
tions would allow more patients access to diagnostic myelography,
which is often important for clinical management. The results of this
investigation will help guide local clinical practices.

CONCLUSIONS

Practice patterns for patient preparation and postmyelographic
monitoring vary widely. Many practices screen for and withhold
any of the hundreds of common medications that reportedly
lower the threshold for seizure with concomitant myelographic
contrast administration and perform extended postprocedural
monitoring. This practice is based on anecdotal experience, case
reports, and older contrast agents that are no longer used in most
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institutions. There is no compelling evidence to support this prac-
tice. We challenge the recommendation to withhold these medi-
cations: a practice with potential to harm to the patient and insti-
tution without proved benefit. We base this challenge on the
results of our recent multi-institutional ASNR survey, compre-
hensive review of the literature, and our extensive experience per-
forming myelographic procedures in patients on STLMs without
experiencing postmyelographic seizures. We propose that discon-
tinuing reportedly seizure threshold—lowering medications is not
warranted with the current nonionic water-soluble contrast
agents and that these results support an examination and revision
of the current guidelines and local practices.
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