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Yield of Emergent CT in Patients With
Epilepsy Presenting With a Seizure

Kathryn A. Kvam, MD'®, Vanja C. Douglas, MDZ,
William D. Whetstone, MD3, S. Andrew Josephson, MD?,
and John P. Betjemann, MD?

Abstract

Background: Studies of emergent neuroimaging in the management of patients presenting with a breakthrough seizure are
lacking. We sought to determine how often emergent computed tomography (CT) scans are obtained in patients with known
epilepsy presenting with a seizure and how often acute abnormalities are found. Methods: This multicenter retrospective cohort
study was performed in the emergency department at 2 academic medical centers. The primary outcomes were percentage of
visits where a CT scan was obtained, whether CT findings represented acute abnormalities, and whether these findings changed
acute management. Results: Of the 396 visits included, CT scans were obtained in 39%, and 8% of these scans demonstrated
acute abnormalities. Patients who were older, had status epilepticus, a brain tumor, head trauma, or an abnormal examination
were all significantly more likely to undergo acute neuroimaging (P < .05). In the multivariable model, only history of brain tumor
(odds ratio [OR] 5.88, 95% confidence interval [CI], 1.33-26.1) and head trauma as a result of seizure (OR 3.92, 95% ClI,
[.01-15.2) reached statistical significance in predicting an acutely abnormal scan. The likelihood of an acute imaging abnormality in
visits for patients without a history of brain tumor or head trauma as a result of the seizure was 2.7% (2 visits). Both of these
patients had abnormal neurological examinations. Conclusion: Obtaining an emergent CT scan for patients with epilepsy
presenting with a seizure may be avoidable in most cases, but might be indicated for patients with a history of brain tumor or head
trauma as a result of seizure.
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altered mental status (with or without intoxication), fever,
recent trauma, persistent headache, or history of cancer, antic-
oagulation, or HIV all considered to be suggestive of an
underlying structural lesion.®

We sought to determine how often patients with known
epilepsy presenting with a seizure undergo emergent neuroi-
maging and the yield of imaging in changing acute manage-
ment. We hypothesized that a large percentage of patients
with seizures would undergo computed tomography (CT), and
that in the majority of cases, the imaging results would not

Introduction

There are an estimated 3.4 million people with epilepsy in the
United States.' The estimated annual direct medical cost of
epilepsy in the United States is $9.6 billion,> with emergency
department (ED) visits making up a substantial portion of this
cost at 1.15 billion dollars.® Patients with epilepsy average
0.98 to 1.12 visits to the ED annually.*>

Studies of emergent neuroimaging in the acute manage-
ment of patients presenting with a breakthrough seizure are
lacking. Recent guidelines recommend performing neuroima-
ging in the ED in patients with a first unprovoked seizure.®’
American Academy of Neurology guidelines concluded that
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the evidence is inadequate to support or refute emergent ima-
ging for patients with epilepsy presenting with a breakthrough
seizure while the American College of Emergency Physicians
guidelines do not address this issue at all.*’ Previous guide-
lines recommended considering emergent neuroimaging when
the provider suspects a serious structural lesion—with features
such as a new seizure type, new focal deficits, persistent
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lead to a change in acute management. Patients with medically
refractory epilepsy may undergo a multitude of unnecessary
scans over their lifetime, which represents a potentially sub-
stantial cost, inconvenience, and radiation burden.

Methods
Study Design and Setting

We performed a retrospective review of all ED visits for adults
(age >18) who presented with a seizure between October 1,
2012, and September 30, 2013,at 2 academic hospitals, Stan-
ford University (hospital A, a level 1 trauma center) and the
University of California, San Francisco (hospital B).

Selection of Participants

Visits were identified using a query of ED encounters with an
International Classification of Diseases, Ninth Revision, Clini-
cal Modification (ICD-9-CM) diagnosis of seizure or status epi-
lepticus anywhere in the chart (ICD-9-CM codes 345.X,
780.3X). These charts were reviewed by 2 authors (KAK and
JPB) and only patients with a history of seizure noted in the ED
encounter documentation and currently on or previously recom-
mended to be on antiepileptics were included. Patients with a
first-time seizure, second lifetime seizure never placed on anti-
epileptics, exclusively alcohol withdrawal seizures, and those
patients with spells of unclear etiology who were never placed
on an antiepileptic were all excluded. For those patients meeting
our definition of epilepsy, all ED encounters during the study
period were reviewed and those where the patient presented with
an acute seizure were included. Visits where the seizure occurred
greater than 24 hours prior to presentation, the patient presented
with aura alone, left prior to being fully evaluated or went
straight to magnetic resonance imaging (MRI) were excluded.
To determine the consistency of visit selection, 50 charts were
reviewed for inclusion by both authors (KAK and JPB).

Methods of Measurement

Charts for included encounters were reviewed for demo-
graphic information, seizure semiology, antiepileptic history,
past medical history, current medications, physical examina-
tion findings, laboratory results, neuroimaging results, dis-
charge antiepileptic medications and doses, and whether
neurology or neurosurgery consult was obtained. All variables
to be collected as well as their definitions were determined a
priori and entered into a standardized electronic data collec-
tion form. There were no missing data as it relates to the
primary outcome measures. If the ED encounter documenta-
tion did not explicitly indicate a relevant medical problem
(eg, cancer, HIV) or medication, it was assumed that the
patient did not have these. If trauma was not recorded in the
history but was found on examination, this was coded as
trauma secondary to seizure unless otherwise specified in the
chart. If the history and examination did not reveal any

historical or clinical evidence of trauma, it was assumed there
was no head trauma as a result of seizure. There were no other
missing data fields.

Outcome Measures

The primary outcomes were (1) was acute neurologic imaging
with a CT obtained during the visit? (2) was the neuroimaging
finding deemed to be acute? and (3) did the neuroimaging
finding result in an acute change in clinical management? Radi-
ology reports were reviewed to determine results of any ima-
ging obtained. We defined acute neuroimaging abnormalities
broadly to include the following: traumatic intracranial hemor-
rhage (subarachnoid, intraparenchymal, subdural, or epidural)
or skull or facial fracture, nontraumatic intracranial hemorrhage
(subarachnoid, intraparenchymal, subdural, or epidural), stroke,
new or enlarging tumor, new or worsening hydrocephalus, and
brain abscess. Acute changes in management were defined as
emergent referral or consultation, nonantiepileptic medication
change (eg, prescription of steroids to reduce edema or blood
product transfusion for intracranial hemorrhage), surgery,
urgent/emergent radiation, observation and follow-up scan, or
admission for further workup. We also reviewed charts for
evidence of potential harm from obtaining an unnecessary scan,
including incidental or artifactual findings that led to additional
monitoring or testing. Using the data from hospital B, we mea-
sured the interrater agreement for the determination of which
scans demonstrated an acute finding as well as which findings
led to an acute change in management. For the single case
where there was disagreement, a third author (VCD) reviewed
the chart and the outcomes were adjudicated by discussion.

Primary Data Analysis

We examined whether any clinical variables were predictive
of detecting an acute finding on neuroimaging in the ED. We
also calculated the rate at which neuroimaging was obtained
for encounters with each of these clinical variables. We chose
the encounter as the unit of analysis rather than the patient,
because the clinical situation can vary for a single patient
presenting on different occasions with breakthrough seizures
(eg, they may have head trauma on one occasion but not the
other). However, there is also correlation between encounters
for the same patient. To account for correlation between
encounters for the same patient, we used generalized estimat-
ing equations with the patient as the group variable. Since the
dependent variables (whether or not imaging was performed,
and whether or not the scan showed acute findings) were
categorical, we used the binomial family with a logit link
function and exchangeable correlation. The threshold for sta-
tistical significance was set using a 2-tailed o at .05. Correc-
tions for multiple comparisons were not made, since with the
exception of demographics, each of the variables examined
were chosen intentionally and a priori, since they might be
predicted on a clinical basis to be associated with an acute
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Total ED visits
(n=2358)

No history of unprovoked seizure (n = 886)
*  First seizure (n=157)
e Syncope (n =20)
e Spells (n=120)
e Other chief complaint (n = 589)

Visits for patients with recurrent seizures
(n=1472)

Alcohol withdrawal seizures only (n = 179)

Visits for patients with epilepsy
(n=1293)

Other chief complaint (n = 853)
Visits for seizure, left AMA (n = 16)
Visits for seizure, went direct to MRI (n=7)

Included visits for seizure
(n=396)

|

Visits where head CT obtained
(n=154)

(n=13)

Visits where head CT demonstrated acute finding

Figure |. Emergency department visit inclusion algorithm.

abnormality on neuroimaging in patients with recurrent sei-
zures. We constructed a multivariable model using all vari-
ables from the univariate analysis where the level of
significance was P < .10. All statistical analysis was per-
formed using a licensed copy of STATA, version 13 (Citation:
StataCorp. 2013. Stata Statistical Software: Release 13. Col-
lege Station, Texas: StataCorp LP).

Standard Protocol Approvals, Registrations, and Patient
Consents

The Stanford University and University of California, San
Francisco, institutional review boards independently approved
the study and a waiver of informed consent was granted.

Results

Our ICD-9-CM query revealed 436 unique patients for
hospital A and 527 unique patients for hospital B with a

total of 2358 ED visits between October 1, 2012, and Sep-
tember 30, 2013. Among those encounters, 396 met our
inclusion criteria. Details of patient selection are outlined
in Figure 1. There was 100% agreement on inclusion and
exclusion in the 50 charts reviewed by 2 authors at hospital
B. Hospital A was not included for interrater agreement for
convenience (only one study author had access to the med-
ical record at this site).

Characteristics of Study Patients

Of all the reviewed encounters, a total of 396 visits met the
study inclusion criteria across 276 unique patients (196 visits
from hospital A and 200 visits from hospital B). The mean age
at the time of ED presentation was 43 (range 18-99); 157 visits
were for females (40%) and 239 were for males (60%). A CT
scan was obtained in 154 of the 396 (39%) encounters. Over-
all, 126 patients (46%) had at least one scan and 12 patients
(4%) had more than one scan, 3 (2%) had 3 scans and 1 patient
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Table I. Comparison of Clinical Characteristics for Visits Where a
CT was Obtained Compared to Those Where It was Not.

No CT, CT, P
n =242 (%) n= 154 (%) Value
Mean age (SD) 40 (16) 48 (17) <.001
Male sex 145 (60) 94 (61) .87
Race .95
White 129 (53) 82 (53)
Black 53 (22) 37 (24)
Hispanic 32 (13) 17 (11)
Asian 22 (9) 13 (8)
Other 6 (2) 5@3)
Seizure semiology .66
Generalized tonic clonic 160 (66) 108 (70)
Focal aware 31 (13) 20 (13)
Unknown 51 (2l) 26 (17)
Change in semiology 8 (3) 12 (8) .06
Seizure duration .02
Single, self-limited 166 (69) 92 (60)
Multiple 66 (27) 44 (29)
Status epilepticus 10 (4) 18 (12)
Status epilepticus (by ICD-9-CM) 2(1) 8 (5) .02
Cancer (current or prior)
Systemic malignancy 5() 7 (5) A7
Brain tumor 16 (7) 29 (19) <.001
HIV+ 10 (4) 8 (5) A48
Medications
Antiplatelet 20 (8) 18 (12) 24
Anticoagulation 8 (3) 8 (5) .34
Immunosuppression 2(1) 5@3) .10
Persistent headache 45 (19) 29 (19) 91
Fever or meningismus 3 () 3(2) .55
Head trauma
As a result of seizure 22 (9) 49 (32) <.00I
Other recent head trauma 2(1) 10 (6) .007
Physical examination
Normal or baseline 195 (81) 87 (56) <.001
Encephalopathic but nonfocal 40 (17) 44 (29) .005
Focal neurological findings 7(3) 23 (15) <.001
Recent neuroimaging (<| month) 32 (13) 38 (25) .006
Nonadherence by self-report or 122 (50) 77 (50) .80

low AED levels

Abbreviations: AED, antiepileptic drug; CT, computed tomography;
SD, standard deviation.

(0.8%) had 11 scans during the 1-year study period (Supple-
mental table 1).

Table 1 describes the demographic and clinical features of
the visits with head CTs compared to those where none was
performed. Patients who were scanned were older (P < .001),
more likely to have a known history of brain tumor (P <.001),
have a history of seizure-related or other recent trauma
(P < .001 and P = .001, respectively), a change in seizure
semiology (P = .05), multiple seizures or status epilepticus
(P = .02), have focal findings on examination or encephalo-
pathy without focal findings (P <.001 and P = .004, respec-
tively), or have recent neuroimaging (P = .004). Patient sex,
race, and primary language did not differ significantly

Table 2. Findings on CT.

Number of Scans,

Neuroimaging Finding n = 154 (%)
Normal 52 (34)
Diffuse atrophy 10 (6.5)
Focal atrophy (ie, old stroke or trauma) 47 (31)
Other nonacute finding 31 (20)
Traumatic ICH or skull fracture 7 (4.5)
Nontraumatic ICH 3(1.9)
Expanding tumor or spread 3(1.9)

Abbreviations: CT, computed tomography; ICH, intracranial hemorrhage.

between the 2 groups. The HIV status, antiplatelet, anticoagu-
lation or immunosuppressant use, persistent headache, pres-
ence of fever or meningismus, and medication adherence also
did not differ significantly between the 2 populations.

Main Results

Results of the CT scans are outlined in Table 2. None of the
scans had more than one abnormal finding reported. Interrater
agreement for determining which scans had an acute finding
and which led to an acute change in management was 98% for
both outcomes, with a k¥ 0f.91. The majority of the scans were
either normal (34%) or demonstrated nonacute findings
(58%). Acute abnormalities were found in 13 cases (8.4%)
and included traumatic intracranial hemorrhage or fracture
(4.5%), expanding tumor or spread (1.9%), and nontraumatic
intracranial hemorrhage (1.9%).

Male patients and those with a history of brain tumor or
head trauma as a result of seizure were the most likely to show
an acute abnormality although only male sex reached statisti-
cal significance (OR 9.42, 95% CI, 1.19-74.6). These results
are summarized in Table 3. A multivariable model was con-
structed using male sex, history of brain tumor, and head
trauma as a result of seizure to determine whether these 3
variables were independent predictors of acute neuroimaging
findings, of which only brain tumor or head trauma were
(Table 4). History of brain tumor or head trauma as a result
of seizure predicted 11 out of the 13 acutely abnormal scans,
and in 75 of the 154 visits where scans were obtained, the
patient had one or both of these characteristics. Conversely,
acute abnormalities were found in only 2 of the 79 visits
(2.5%) where scans were obtained and the patient did not have
either of these 2 characteristics.

In the additional 2 patients with acute CT abnormalities,
the neurological examination was abnormal. One patient had
metastatic lung cancer, was encephalopathic, and was found to
have a subarachnoid density that was consistent with either
hemorrhage or possible artifact, but no follow-up imaging was
obtained as this was not concordant with the patient’s goals of
care. The other patient presented in convulsive status epilep-
ticus with a third nerve palsy and was found to have a large
subdural hematoma.
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Table 3. Predictors of Acute Neuroimaging Findings.

No Acute Findings, n (%) Acute Findings, n (%) P Value OR for Positive Scan (95% CI)
n= 14| n=13
Mean age (SD) 48 (18) 51 (13) .57 1.01 (0.98-1.04)
Male sex 82 (58) 12 (92) .03 9.42 (1.19-74.6)
Race .23
White 76 (54) 6 (46) |
Black 35 (25) 2 (15) 0.84 (0.16-4.41)
Hispanic 13 (9) 4 31) 3.85 (0.95-15.6)
Asian 12 (9) I (8) 1.03 (0.11-9.33)
Other 5(4) 0 (0)
Seizure semiology .89
Generalized tonic clonic 97 (69) 11 (85) |
Focal 18 (13) 2 (15) 0.92 (0.19-4.49)
Unknown 26 (18) 0 (0)
Change in semiology Il (8) I (8) 94 0.92 (0.11-7.69)
Seizure duration .89
Single self-limited 85 (60) 7 (54) |
Multiple 40 (28) 4 31) 1.19 (0.34-4.15)
Status epilepticus 16 (11) 2 (15) 1.44 (0.28-7.38)
Status epilepticus (by ICD-9-CM) 7 (5) I (8) 71 1.50 (0.17-13.1)
Cancer (current or prior)
Systemic malignancy 6 (4) I (8) .62 1.75 (0.19-15.7)
Brain tumor 24 (17) 5(38) .08 2.93 (0.88-9.74)
HIV+ 7 (5) I (8) .67 1.61 (0.18-14.3)
Medications
Antiplatelet 16 (11) 2 (15) .69 1.38 (0.28-6.83)
Anticoagulation 6 (4) 2 (15) 12 3.94 (0.71-22.0)
Immunosuppression 54 0 (0) 49
Persistent headache 26 (18) 3(23) 72 1.28 (0.33-4.88)
Fever or meningismus 3(2) 0 (0) .60
Head trauma
As a result of seizure 41 (29) 8 (62) .05 2.99 (0.99-9.07)
Other recent head trauma 10 (7) 0 (0) 32
Physical examination .63
Normal or baseline 81 (57) 6 (46) |
Encephalopathic but nonfocal 40 (28) 4 (31) 1.48 (0.41-5.36)
Focal neurological findings 20 (14) 3(23) 1.96 (0.46-8.43)

Abbreviations: Cl, confidence interval; OR, odds ratio; SD, standard deviation.

Using our broad definition of a change in management, all
of the scans with acute findings changed acute management.
Eight led to an admission (5%), 4 led to a follow-up scan (3%),
5 led to urgent referral (3%), 2 led to a medication change
(1%), and 1 led to a surgery (0.7%).

Among the 13 patients with acute neuroimaging abnorm-
alities, 3 had nondisplaced fractures that prompted an otolar-
yngology consult and antibiotics but required no further
inpatient workup. Two others were patients already being
followed by neurooncology with surveillance outpatient
imaging who had findings of worsening leptomeningeal dis-
ease and progressive radiation treatment effect respectively
and required urgent but not emergent treatment decisions.
One patient with active metastatic lung cancer had a CT with
possible scant subarachnoid hemorrhage or artifact for which
repeat imaging was recommended but not pursued due to a

change in the patient’s goals of care. In total, we counted
only 7 patients (4.5%) where the acute findings might have
led to an acute neurological decompensation: 5 traumatic
intracranial hemorrhages, 1 patient with glioblastoma on
therapeutic enoxaparin with an intratumoral hemorrhage,
and 1 patient with melanoma and brain metastases with intra-
tumoral hemorrhage.

In our study population, 3 scans led to overutilization and
potential harm. In 2, the preliminary CT read suggested an
acute finding which upon further consideration the final read
of the initial CT was ultimately deemed normal. The prelim-
inary interpretation led to hospitalization for observation in
both patients and a follow-up scan in one. In the third, a
possible cortical vein thrombosis was read on the final report,
so the patient was called back to the ED the next day for an
MRI/magnetic resonance venography, which was normal.
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Table 4. Multivariable Analysis of Predictors for Positive Head
Imaging.

Patient Characteristic OR for Positive Scan (95% ClI)

Male sex 7.84 (0.95-65.0)
Brain tumor (current or prior) 5.88 (1.33-26.1)
Head trauma as a result of seizure 3.92 (1.01-15.2)

Abbreviations: Cl, confidence interval; OR, odds ratio.

Discussion

The CT scans were performed in 39% of encounters for
breakthrough seizure. Only 8% of the scans obtained,
accounting for 3% of all encounters, demonstrated an acute
neuroimaging abnormality, all of which led to a change in
management. The incidence of acute CT abnormalities found
in our study is less than that seen in prior studies evaluating
utility of neuroimaging in first-time seizure or mixed popu-
lations. In the evaluation of first-time seizure, 34% to 56% of
patients had an abnormal CT scan,”'* but only 9% to 17% of
these resulted in a change in acute management.'®'"'? In the
2 previous studies with mixed populations that included
patients with established epilepsy, the rate of acute imaging
abnormalities was 21% to 25%.">"'® To our knowledge, there
is only one other published study evaluating incidence of
acute neuroimaging findings in patients with epilepsy pre-
senting with seizure. The authors found that 3% of the 381
scans demonstrated a finding that led to an acute change in
management with definition of acute change in management
defined more narrowly than in our study.'” In one study of
children with epilepsy and breakthrough seizure, 17% had a
CT scan and none showed any acute abnormalities.'® A
priori, we chose to define acute neuroimaging abnormalities
conservatively to ensure all patients with an acute finding
were captured. However, this likely led to an overestimate of
the true utility of emergent CT in the evaluation of seizures
in our population of patients with epilepsy.

This study has some important limitations. As a retrospec-
tive chart review, we were reliant on information documented
in the chart. Information about the indication for obtaining a
neuroimaging scan was not always apparent and therefore not
coded. Although it may be common practice to wait for labs,
including drug levels, prior to ordering neuroimaging, we
were unable to capture this medical decision-making process
retrospectively. Abstractors were not blinded to the study
hypothesis which may have led to some bias in variable
abstraction. To minimize this effect, variables were defined
a priori. Additionally, interpreters of neuroimaging studies
were not blinded to the clinical situation, which might have
led to bias regarding whether the result was acute or acutely
changed management. For the variables that predicted an
abnormal scan, we should note that due to the small numbers,
the study was likely underpowered to detect the significance
of several variables—particularly HIV status, antiplatelet,

anticoagulant or immunosuppressant use, or infectious symp-
toms in predicting an acutely abnormal scan. By contrast,
because our study was performed at 2 tertiary centers with a
neurooncology practice, our population was likely more
enriched with brain tumors than a community hospital setting
and this likely influenced both the frequency of CTs obtained
and the likelihood of an abnormal CT. In addition, not all
patients underwent scans, and we are unable to be certain that
some acute findings were missed in patients who were not
scanned. For patients who had trauma as a cause or conse-
quence of their seizure, we could not determine whether clin-
icians were using a validated tool, such as the Canadian Heat
CT rules, to determine need for neuroimaging. These scores
were not reported explicitly in the chart and some of the
necessary clinical information to calculate these scores was
missing (duration of amnesia, mechanism). Accordingly, we
were unable to validate these tools in our cohort.'” The more
recently validated Nexus II criteria for neuroimaging in blunt
trauma similarly could not be applied to our retrospective
population as the necessary clinical information was variably
documented. Abnormal level of alertness is a consistent vari-
able in both prediction rules, but how this applies to patients
with seizure who may have loss of awareness due to seizure
itself and postictal impairments has not yet been studied.*

This study has important implications for the evaluation of
patients with epilepsy presenting to the ED with a seizure.
Epilepsy is a common disorder and many patients with epi-
lepsy present to the ED repeatedly and undergo multiple scans
over time. Unnecessary scans are costly to the health-care
system and result in unnecessary radiation exposure for
patients. Additionally, unnecessary scans can also lead to
harm if incidental findings are discovered that require addi-
tional testing. In our study, this led to unnecessary observation
stays in 2 patients and an additional emergency room visit for
follow-up imaging in another.

Our data help identify which patients have a higher like-
lihood of an abnormal scan that would impact acute manage-
ment and may set the stage for further prospective studies
aimed at defining potential criteria for when to consider acute
neuroimaging in patients with epilepsy presenting with a sei-
zure. This may pave the way for decision support tools to help
reduce overutilization of CT scans.?! In our cohort, neuroima-
ging was more frequently obtained in patients who were older,
had a known brain tumor, a history of seizure-related trauma, a
change in seizure semiology, multiple or prolonged seizures,
had focal findings on exam or encephalopathy or had recent
neuroimaging. However, the factors most associated with an
acute imaging finding were history of a brain tumor, head
trauma as a result of seizure, and male sex. Unlike the other
identified risk factors, it is not clear why being male would
increase the likelihood of an acute imaging finding. It is pos-
sible this is the result of overfitting the multivariable model
given the small number of outcomes, and male sex may only
be associated with acute imaging abnormalities because both
trauma and glioblastoma are also more common in males.
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Only 2 of the 13 scans with acute abnormalities did not have
either a brain tumor or head trauma as a result of the seizure;
this represented 2 of 79 (2.5%) scans obtained in patients
without these characteristics, and 2 of the 284 encounters
(0.07%) in the cohort without these characteristics. Further-
more, both of these patients had an abnormal neurological
examination. This suggests that in the absence of these histor-
ical features, acute neuroimaging in patients with epilepsy
presenting with a seizure may change management in only
0.07 to 2.5% of cases, and with the addition of a normal
neurological exam, acute neuroimaging may not be warranted.
In our population, there were 79 scans (51% of those obtained)
that did not meet any of these criteria and could be considered
as potentially avoidable cost and radiation exposure.

Focal neurological findings were not a significant predictor
of an acute abnormality. This contrasts with what has been
seen in other studies.”!"?? of first time seizure and in the
study of imaging yield in patients with known epilepsy'’ but
is similar to what was found in a previous retrospective study
of epilepsy patients with trauma and seizure.”> This may
reflect a difference in study population as many of the patients
in our study had brain tumors and may have had focal neuro-
logical findings at baseline.

Notably, the rate of obtaining neuroimaging in this patient
population was high across both centers in our study and
similar to that of Salinksly et al.'” The American Epilepsy
Society recently released a set of Choosing Wisely recommen-
dations including a recommendation to avoid brain imaging in
patients with acute seizure and established epilepsy.?* We
believe our study highlights a key opportunity for developing
a more robust evidence-based prediction tool for determining
need for acute neuroimaging in this population.

In conclusion, in ED visits for patients with epilepsy who
undergo emergent neuroimaging, acute findings are found in
8% of these scans. Obtaining an emergent CT scan for the
patient with epilepsy presenting with a seizure may be of high
yield for patients with a history of brain tumor or head trauma
as a result of seizure but it might be avoidable in others.

Authors’ Note

KAK, VCD, and JPB conceived the study, defined the study vari-
ables, and created the data collection instrument. WDW and SAJ
provided advice on study design. KAK performed the inclusion
analysis and KAK and JPB performed the chart abstraction. VCD
performed the statistics with additional input from SAJ. KAK
drafted the manuscript, and all authors contributed substantially
to its revision. KAK takes responsibility for the paper as a whole.
Statistical analysis was performed by Vanja C. Douglas, MD,
Department of Neurology, University of California, San Francisco,
CA, USA. We confirm that we have read the Journal’s position on
issues involved in ethical publication and affirm that this report is
consistent with those guidelines.

Acknowledgments

WDW reports grant money to University of California, San Fran-
cisco, to conduct research conceived and written by William D.

Whetstone from the department of defense and Neilsen foundation
for activities unrelated to this manuscript. Study data were gathered
from the Stanford University electronic medical records using
STRIDE (Stanford Translational Research Integrated Database Envi-
ronment). STRIDE is a research and development project at Stanford
University to create a standards-based informatics platform support-
ing clinical and translational research.?® The project described was
supported by the National Center for Research Resources and the
National Center for Advancing Translational Sciences, National
Institutes of Health, through grant UL1 TR001085. The content is
solely the responsibility of the authors and does not necessarily rep-
resent the official views of the NIH. Study data were obtained from
the UCSF electronic medical records using THREDs. Study data
were collected and managed using REDCap electronic data capture
tools hosted at Stanford University and University of California, San
Francisco.”® REDCap (Research Electronic Data Capture) is a
secure, web-based application designed to support data capture for
research studies, providing: (1) an intuitive interface for validated
data entry; (2) audit trails for tracking data manipulation and export
procedures; (3) automated export procedures for seamless data down-
loads to common statistical packages; (and 4) procedures for import-
ing data from external sources.
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