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Cerebral perfusion SPECT and 18F-FDG PET/CT are commonly
performed diagnostic procedures for patients with epilepsy. In-
dividuals undergoing these tests are often inpatients with elec-
troencephalography leads. We have routinely removed these
leads because of concern that they would lead to imaging arti-
facts. The leads would then be replaced at the conclusion of the
scan. The goal of our study was to determine whether the elec-
troencephalography leads actually do cause artifacts that can
lead to erroneous scan interpretation or make the scan uninter-
pretable. Methods: 18F-FDG PET/CT and 99mTc-pertechnetate
SPECT were performed on a 2-dimensional brain phantom. The
phantom was scanned with standard leads, CT/MR-compatible
leads, and no leads. The quality of the images was ranked by 3
experienced nuclear medicine physicians, who then determined
whether they could differentiate each of the scans from a scan in
which it was known that no leads were present. Results: No
differences could be detected between scans obtained without
leads and scans obtained with either set of leads. The standard
electroencephalography leads did create artifacts in the CT por-
tion of the PET/CT images, whereas the CT/MR-compatible
leads did not. Conclusion: This phantom study suggests that
electroencephalography leads, whether standard or CT/MR-
compatible, do not need to be removed for SPECT or PET pro-
cedures. Further study evaluating the effect on actual patient
scans would be of value to support this conclusion.
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Epilepsy is characterized by an enduring predisposition
for seizures due to abnormal excessive or synchronous neu-
ronal activity in the brain (1). In most cases, the seizures
can be controlled with medication, but approximately 30%
of patients have inadequate control despite maximal med-
ical therapy (2). Some of these patients will have epilep-
togenic foci that may be amenable to surgical resection.

Approximately 60%–70% of patients who undergo sur-
gical resection have long-term improvement or become
seizure-free (3,4). Thus, in patients with medically intrac-
table epilepsy, the identification of an isolated epilepto-
genic focus can greatly improve the patient’s quality of
life.

A multimodality approach is frequently required to iden-
tify and map the extent of lesions. MRI is excellent for
identifying seizure-related structural abnormalities such as
mesial temporal sclerosis or focal cortical dysplasia (5,6).
Functional neuroimaging modalities such as SPECT and
18F-FDG PET/CT can identify morphologically inconspicu-
ous or structurally normal epileptogenic areas and thus im-
prove overall sensitivity and specificity for detecting isolated
seizure foci (7).

Interictal evaluation is important in the identification of
epileptogenic foci using both SPECT and PET/CT. Brain
perfusion scans with SPECT for epilepsy rely on a
relatively increased flow to the epileptogenic foci during
the seizure. The sensitivity of the examination for detect-
ing an area of increased perfusion is greater if interictal
scans are subtracted from ictal scans (8). The pharmacoki-
netics and logistic complications of using 18F-FDG limit
use of ictal PET scans in routine clinical practice. Rather,
PET relies on the relative hypometabolism of the epilep-
togenic foci in the interictal period for localization. Thus,
for both modalities, it is vital that the patient not be un-
dergoing a clinically silent seizure during the interictal
scan. This is ensured with electroencephalography evalua-
tion just before and after the interictal scan. At our insti-
tution, the electroencephalography leads are routinely
removed and then replaced for each scan because of con-
cern that the leads may create artifacts. In the SPECT or
PET examination, the leads themselves may lead to photon
attenuation. In addition, in the PET examination the streak
artifacts on the CT images may propagate to the attenua-
tion-corrected nonfused PET images, thus leading to arti-
factual defects. However, the process of removing and
replacing electroencephalography leads requires coordina-
tion between at least 2 departments and thus consumes
human resources and can cause significant delays in work-
flow. In this phantom study, we investigated the effect of
standard and MRI/CT-compatible electroencephalography
leads on PET and SPECT images.
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MATERIALS AND METHODS

A Hoffman 2-dimensional brain phantom (Data Spectrum) was
used for both SPECT and PET/CT scans (Fig. 1). For SPECT
(Symbia T6; Siemens), 185 MBq (5 mCi) of 99mTc-pertechnetate
were used, and 15-min scans were performed consecutively with-
out electroencephalography leads, with MRI/CT-compatible leads
(Ives Conductive Plastic Electrodes CPE 25/d; Natus), and with
standard electroencephalography leads (Genuine Grass Gold Disk
Electrodes; Natus). A noncircular orbit with 32 views (18 per
head) at 30 s per view and a continuous acquisition with a 128 ·
128 matrix were used. SPECT images were reconstructed using a
Chang attenuation correction technique.

For PET (Discovery ST; GE Healthcare), 185 MBq (5 mCi) of
18F-FDG were used with 8-min acquisitions, a 512 · 512 matrix,
and the same types of leads. There were 10 leads positioned on the
surface of the phantom. The positioning was the same for both the
standard and the CT/MRI-compatible leads. Each set of leads was
scanned once for SPECT and once for PET/CT. CT-based attenu-
ation correction was performed for the PET scans. The CT scan
for attenuation correction was acquired for 10 s with 120 kV and
60 mAs.

The SPECT images obtained with and without the 2 different
types of electroencephalography leads were randomized and
presented to 3 experienced nuclear medicine physicians indepen-
dently on a PACS (iSite; Philips) workstation. The readers had an
average of 21 y of evaluating SPECT and PET/CT images for
epilepsy. The same was then done for the attenuation-corrected
PET scans. For both the PET and the SPECT images, each reader
was asked to rank, from best to worst, the quality of the images for
each of the 3 scans. The readers were then given each of the 3
image sets masked to the presence of leads and were asked to
compare them with the image set known to have no leads. Finally,
the readers were asked to rank the quality of images, from best to
worst, from the CT portion of the PET examinations (Fig. 2).

RESULTS

None of the readers could detect any differences among
studies with no leads, with MRI/CT-compatible leads, and
with standard leads for either the SPECT or the PET

examinations. Even when given a scan with no leads as a
control, all 3 readers still saw no perceptible differences.
All SPECT and all PET images were ranked as equivalent.
For the CT portion of the examinations, all 3 readers
identified the standard-electroencephalography-lead scans
as degraded in quality. The scans displayed streak arti-
facts that limited visualization of a portion of the brain and
could seriously hinder the interpretation. All 3 readers also
identified the presence of MRI/CT-compatible leads on the
surface of the phantom on the CT images but saw no
differences in the image quality of the simulated intracra-
nial structures between the scan with MRI/CT-compatible
leads and the scan with no leads.

DISCUSSION

Functional nuclear imaging plays an important role in
the identification of surgically resectable epileptogenic foci
for medically refractory epilepsy. Both cerebral perfusion
imaging with SPECT and glucose metabolism imaging
with PET require accurate interictal imaging confirmed
by electroencephalography monitoring. Metallic leads are
known to cause significant streak artifacts on CT images,
raising concern about a decrease in diagnostic accuracy
because of the artifacts in the SPECT or PET images. If
artifacts occur, the impact on scan interpretation may be
significant, especially if the affected area is that of clinical
concern. Our study showed that although regular electro-
encephalography leads cause artifacts on CT images, these
leads do not result in perceptible degradation of the SPECT
or PET images. All 3 experienced nuclear medicine physi-
cians saw no differences in image quality among examina-
tions with standard electroencephalography leads, with MRI/
CT-compatible leads, and without leads. A prior report by

FIGURE 1. Photograph of 2-dimensional brain phantom demon-
strating configuration of surface leads.

FIGURE 2. Scans of brain phantom: CT images (as a com-
ponent of PET/CT), SPECT images, and PET images, each
without leads, with standard electroencephalography leads,
and with MRI/CT-compatible leads.
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Lemmens et al. found that the measurable attenuation arti-
facts from metallic electroencephalography leads could be
sufficiently reduced by metallic artifact reconstruction algo-
rithms to not affect visual assessment of the study (9).
Our findings indicate that the presence of electroenceph-

alography leads does not affect the quality of images in
studies with SPECT or 18F-FDG PET. Standard electroen-
cephalography leads do create artifacts within the CT im-
ages. The CT/MRI-compatible leads have no visible effect
on the SPECT or PET images and do not create artifacts in
the CT images.
We do recognize the limitation of performing this analysis

on a phantom study. It would be valuable to further test our
hypothesis in the clinical setting using both qualitative and
quantitative methods. For 3-dimensional images of the brain,
it may be worthwhile to add image registration, normali-
zation, and subtraction analysis. This technique has been
shown to improve detection of subtle changes between
image sets (10,11).

CONCLUSION

The results of our phantom study suggest that the pres-
ence of electroencephalography leads, whether standard or
MRI/CT-compatible, does not lead to a clinically relevant
degradation of the quality of the SPECT or PET images and
that it may not be necessary to have the leads removed
during scan acquisition. Leaving the leads in place would
lead to shorter times for study preparation, increased patient

comfort, more efficient use of resources, and thus potential
savings in cost.
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