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Objective: Epileptic seizures (ES) are often seen as a medical emergency, and their immediate and accurate rec-
ognition are pivotal in providing acute care. However, a number of clinical situations may mimic ES, potentially
leading tomisdiagnosis at the emergency room and to inappropriate prescription of antiepileptic drugs (AED) in
the acute and chronic settings. Psychogenic nonepileptic seizures (PNES) play a major role in this scenario and
often delay the correct diagnosis and increase treatment morbidity and cost. First responders often conduct
the initial assessment of these patients, and their impression may be decisive in the prehospital approach to sei-
zures.We sought to investigate and improve the accuracy of PNES diagnosis among professionals involved in the
initial assistance to patients with seizures.
Methods: Fifty-three registered nurses, 34 emergency physicians, 33 senior yearmedical students, and 12 neurol-
ogy residents took a short training program consisting of an initial video-based seizure assessment test (pretest),
immediately followed by a 30-minute presentation of a 6-item bedside diagnostic tool and then a video-based
reassessment (posttest). Baseline status and learning curves were determined.
Results: The distinct professional categories showed no significant differences in their ability to diagnose PNES on
both pretests and posttests. All groups improved diagnostic skills after the instructional program.
Significance: The findings helped determine the best identifiable PNES clinical signs and to provide initial valida-
tion to a novel diagnostic instrument. In addition, our results showed that educational measures might help in
the identification of PNES by first responders, which may decrease the treatment gap.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

Epilepsy is currently defined as a disease of the brain diagnosed on
the bases of a single unprovoked seizure plus a probability of further
seizures similar to the general recurrence risk (~60%) after two unpro-
voked seizures [1]. This updated conceptualization has increased
the relevance of a correct diagnosis of the nature of a first seizure,
particularly the differentiation of epileptic seizures (ES) from
logy Department, Hospital de
arneiro, 181, Curitiba 80.060-

la).
psychogenic nonepileptic seizures (PNES). We have evolved from Hip-
pocrates' description of convulsions “similar to those of epilepsy” [2]
to recently reported minimum requirements for the diagnosis of PNES
[3]. Still, unrecognized PNES not only delay correct diagnosis by a
mean of 7 years, but also increase treatment cost and morbidity [4,5].

As convulsions are often considered an emergency, ambulance per-
sonnel and emergency room (ER) staff are frequently involved in the
primary assessment [6,7]. Diagnostic errors in this setting may bias
the next steps in the evaluation and treatment, including unnecessarily
aggressive treatment of prolonged PNES mistaken as status epilepticus
[8,9]. Thus, it is important to train ‘first responders’ in the clinical hall-
marks of PNES and to develop tools to aid these professionals in the
suspicion of a diagnosis of PNES. Here, we report first responders'
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diagnostic performance on a suspicion of PNES and present a novel in-
strument designed to improve accuracy in the initial approach. We hy-
pothesized that this instrument would considerably enhance first
responders' awareness of PNES, aswell as their ability to identify clinical
clues that may lead to this diagnosis. This study was designed with two
components to be carried out together: one, to identify a useful diagnos-
tic instrument and two, to assess the value of an educationalmeasure. In
this paper, we describe the findings as they inform both parts.

2. Methods

2.1. Developing a bedside seizure semiology identification tool

We reviewed video-EEG recordings of documented PNES from the
archives of epilepsy monitoring units (EMU) of two tertiary epilepsy
centers (Hospital de Clínicas, Federal University of Paraná and
EPICENTRO, Hospital Nossa Senhora das Graças, Curitiba, Paraná,
Brazil), between 2004 and 2014. Cases in which the PNES had motor
features resembling generalized tonic–clonic epileptic seizures (ES)
were selected, and PNES with pure immobility, subtle random move-
ments, or hypotonia and unresponsiveness were excluded. Fifty pa-
tients were selected, 30 with “lone” PNES and 20 “mixed”, with
documented coexistence of PNES and ES. A mean of 3 (ranging from 1
to 12) PNES were recorded per patient. All seizures were analyzed,
and one representative sample per patient was selected and edited,
based upon the quality of both the video and the interaction with the
patient during the episode. Semiology in patients with lone and mixed
PNES was analyzed, compared, and proven similar. The 50 patients
with PNES were comparedwith 20 patients with video-EEG document-
ed ES, randomly assigned from the samedatabases. Amean of 2.8 (rang-
ing from 1 to 10) ES were recorded per patient, and one representative
episode was selected and edited. All 70 videos were then reviewed for
the presence or absence of 27 semiological signs considered as potential
discriminators between PNES and ES according to the pertinent litera-
ture [3,10–12]. Comparison between PNES and ES allowed us to select
Fig. 1. Cartoon figures shown during the teaching sessions
six practical semiological features with potential to distinguish PNES
from ES and to build a rapid assessment instrument. We aimed to in-
clude signs thatwere easily and promptly identifiable at the emergency
site, assuming that, if present, theywould not bemissed, even in the dis-
tressful environment of seizure-like events. Recognition of these signs
and consequent consideration of PNES into the differential diagnosis
may prevent the “error on the safe side” effect that leads to starting an-
tiepileptic drugs for any event resembling an epileptic seizure. To opti-
mize recognition, these signs were plotted on cartoon figures
displaying the positions or features of each chosen sign, favoring either
PNES or ES. This layout was loosely inspired by Gates' [2] classical paper
on “ictal characteristics of pseudoseizures” (Fig. 1).

2.2. Testing and validation of PNES diagnostic tool among first-responders

We tested and validated the usefulness of this rapid seizure assess-
ment instrument by analyzing performance on a group of first re-
sponders. In our setting, ‘first responders’ encompass distinct
categories of professionals, as opposed to the exclusive emergencymed-
ical technicians (EMTs) seen on other countries. Subjects were 53 nurse
clinicians (RN), 34 emergency physicians (MD), 33 senior medical stu-
dents (MS), and 12 neurology residents (NR), all related to emergency
care. TheRNandMDwere recruited fromapool of professionalsworking
at the city public emergencymedical ambulance system. TheMSwere at
their senior year of medical school, attending subinternship activities
and routinely taking calls at emergency rooms under staff supervision.
The NR group encompasses both neurology and child neurology resi-
dents. All participants signed an informed consent form and were pre-
sented with a random selection of 6 videos, 3 of PNES and 3 of ES.
Before any specific training, participants were pretested by watching
each video and selecting either “PNES” or “ES” as a primary diagnosis.
Accuracy of responses was established for all responders and for each
professional category. Following the pretest, subjects immediately
attended a 30-minute live slide- and video-based group educational ac-
tivity covering concepts of PNES, the importance of their recognition,
displaying the 6 signs used as ES/CNEP discriminators.
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and the 6-item bedside diagnostic instrument for practical discrimina-
tion between PNES and ES. Subsequently, they took a posttest, i.e., a
new round of videos with 6 seizures, 3 PNES and 3 ES, different from
the first test and presented randomly. Participants were requested to
once again check “PNES” or “ES” and also to acknowledge the presence
or absence of each of the 6 signs previously discussed. Answer sheets
had the six signs listed for each seizure and the subjects could mark ei-
ther its presence or absence or leave it blank if not recognized or unsure.
Participants were unaware of the test–retest nature of this activity to
avoid previous preparation, thus, achievingmaximumbaseline legitima-
cy. Baseline knowledge, learning curves, and overall performance were
analyzed, as well as the signs that were more consistently identified,
and therefore, deemed most useful in teasing out PNES and ES.

2.3. Statistical analysis

Student's t-test for independent samples was used to compare the
clinical sign identification in lone PNES, mixed PNES–ES, and ES-only
cases. Nonparametric Mann–Whitney test was used for the analysis of
seizure durations, Wilcoxon signed-rank test for performance in pre-
and post-instruction tests, and Spearman's coefficient of correlation
for the analysis of correct answers based on correct recognition of
each clinical sign. The different professional groups had their perfor-
mances compared by Kruskal–Wallis nonparametric test. For all statisti-
cal analyses, p values of less than 0.05 were considered significant. All
data were analyzed with IBM’s SPSS Statistics v.20 Program.

2.4. Ethics committee approval

All patients signed informed consents regarding to the use of their
videos for research and teaching purposes. All subjects in this study
signed informed consents allowing the interpretation of results on
their pre and post tests. This study was approved by the local ethics
committee (approval number CAAE47899715.5.000.5689).

3. Results

3.1. Semiology samples

Demographic and medical features of PNES and ES groups did not
differ concerning age, gender (in spite of a trend towards predominance
of women in the group with PNES), or medication profiles (Table 1).
Moreover, no significant differences were found regarding any of the
27 clinical signs when comparing patients with lone PNES and mixed
PNES–ES. Thus, these 50 patients with PNES could be combined and
systematically compared with the 20 patients with ES on the presence
Table 1
Main demographic and clinical characteristics of the seizure semiology groups.

Demographic
or clinical
feature

Pure PNES
N = 30

Mixed PNES
N = 20

ES N = 20 p value
(1)

p value
(2)

Age (years) 16–52
(m: 35.2)

20–58
(m: 36.4)

17–49
(m: 31.8)

0.7 0.18

Gender (M/F) 8/22 5/15 10/10 1.0 0.08
On AEDs (Y/N) 26/4 20/0 20/0 0.2 0.3
On AD (Y/N) 13/17 9/11 1/19 1.0 0.02⁎

On AP (Y/N) 1/29 2/18 2/18 0.5 0.6

Pure PNES — patients presenting with psychogenic nonepileptic seizures only.
Mixed PNES — patients presenting with both psychogenic nonepileptic seizures and
epileptic seizures.
ES— patients presenting with epileptic seizures only.
AEDs (antiepileptic drugs), AD (antidepressants), AP (antipsychotics).
p value (1): variable comparisons between group with Pure PNES and group with Mixed
PNES.
p value (2): variable comparisons between combined groups with PNES (Pure PNES plus
Mixed PNES) and group with ES.
⁎ Statistical analysis: Student's t-test significance (p b 0.05).
or absence of the 27 clinical signs (Table 2). Eight signs did not prove
useful in differentiating PNES and ES: eye fluttering, mouth position
(opened/closed), ictal crying/weeping, rigidity throughout the seizure,
persistently clenched fists, ictal hyperventilation, and stereotypy of
the attacks. The remaining 19 clinical signs were valid discriminators
and deserved further analysis. Given that the aim of this study was to
provide a quick, objective, and easily identifiable set of clinical signs to
be used at the emergency site, six signs best suited these requirements
and therefore defined the clinical diagnostic instrument. Table 2 also
summarizes the inclusion and exclusion criteria for the short-listing
process. Sensitivity, specificity, and accuracy were determined for each
clinical sign (Table 3) and compared with data from papers using simi-
larmethodology [10–12]. These comparisons showed similar sensitivity
and specificity for fluctuating course, forceful eye closing, asynchronous
movements, and side-to-side head movements between our study and
others. Opisthotonus and rotation in bed showed excellent specificity
for PNES (100%), but, respectively, low sensitivity of 38% and 26%, and
overall accuracy of 55.7% and 47%. A combination of opisthotonus and
rotation in bedwas seen in 22% of patients with PNES, leading to a diag-
nostic accuracy of 55.7%. Psychogenic nonepileptic seizures averaged
10.8 min in duration, whereas ES were significantly shorter (average
1.1 min). Although this feature constitutes a highly significant discrim-
inator (p b 0.001) and is consistentwith the literature [3], we did not in-
clude it in this study, as we focused on immediate recognition, as
opposed to longer clinical observation.

3.2. Clinician sample testing

We then determined the accuracy for the PNES diagnosis among a
group of first responders in conjunction with preseizure and postseizure
PNES identification training. Nine participants (5 MD and 4 RN) were ex-
cluded because of incorrect filling of the test forms. The remainder 132
showed similar diagnostic skills for PNES and ES with no statistically sig-
nificant differences between pretest and posttest results among the pro-
fessional categories (Table 4). Although absolute numbers for
identification of signs suggest poorer performances for RN, the difference
did not reach statistical significance. The groups of MD, MS, and NR had a
remarkably similar performance. About 65–70% of the seizures were cor-
rectly diagnosed on pretest. Overall excellent effort of the participants in
trying to identify and check the clinical sign boxes during posttest was
noted, with filling of 86 to 100% of these requested boxes in the test
cards, across different professional categories. The vast majority (78.8–
94.1%) of responders improved their diagnostic skills (Table 4). There
were differences between professional categories on the accuracy of in-
terpretation of each clinical sign individually (Table 5), which did not af-
fect the overall diagnostic accuracy for PNES or ES.

4. Discussion

We provided data on the use of a seizure semiology identification
tool for bedside differentiation of ES and PNES. To the authors'
knowledge, this represents the first study of its kind to develop a bed-
side 6-sign diagnostic tool, test the tool, and validate a seizure differen-
tiation education program specifically designed for clinicians, nurses,
and senior medical students, all involved in acute care delivery. This
study is borne out of the great need for accurate diagnosis, which direct-
ly informs intervention in the acute care setting.

Fifteen years ago, an iconic editorial by John Gates praised 20 years
of work in the PNES field and called for multicenter population-based
studies, an effort that would uncover the economic impact of PNES
and justify more aggressive research programs [13]. An international
PNES workshop in 2005 sponsored by the NINDS, NIMH, and AES
established the research benchmarks for PNES [14]. While significant
progress has been made both in PNES diagnosis and treatment [15],
this borderland disorder remains misdiagnosed, wrongly treated, and
even actively avoided by many health-care providers [16]. The antidote



Table 2
Incidence and significance of each clinical sign as a discriminator between Pure PNES, Mixed (PNES and ES), and pure ES.

Clinical sign Pure PNES
(N = 30)

Mixed PNES
(N = 20)

p value PNES
(N = 50)

ES
(N = 20)

p value Inclusion/
exclusion

Rationale

Occurrence from sleep 0 (0) 0 (0) 1.00 0 (0) 6 (30) b0.001 Excluded Requires EEG for sleep assurance
Fluctuating course 27 (90) 20 (100) 0.26 47 (94) 0 (0) b0.001 Included Ictal feature/easily identified
Closed eyes/opened eyes/both 19 (63.3)/7

(23.3)/4 (13.3)
16 (80)/3
(15)/1 (5)

0.42 35 (70)/10
(20)/5 (10)

0 (0)/20
(100)/0 (0)

b0.001 Included Ictal feature/easily identified

Eye fluttering 3 (10) 0 (0) 0.26 3 (6) 0 (0) 0.55 Excluded Not significant
Closed mouth 25 (100) 19 (95) 0.38 44 (88) 15 (75) 0.27 Excluded Not significant
Asynchronous (limb) movements 24 (80) 18 (90) 0.45 42 (84) 0 (0) b0.001 Included Ictal feature/easily identified
Side-to-side head movements 21 (70) 12 (60) 0.54 33 (66) 0 (0) b0.001 Included Ictal feature/easily recognized
Pelvic thrusting 12 (40) 9 (45) 0.77 21 (42) 0 (0) b0.001 Excluded Sometimes unclear/not easily

identified
Opisthotonus 10 (33.3) 9 (45) 0.55 19 (38) 0 (0) b0.001 Included Ictal feature/easily recognized
Rotation in bed 6 (20) 7 (35) 0.32 13 (26) 0 (0) b0.001 Included Ictal feature/easily recognized
Responsiveness during attack
(Y/N/partially)

8 (26.7)/21
(70)/1 (3.3)

5 (25)/11
(55)/4 (20)

0.15 13 (26)/32
(64)/5 (10)

0 (0) 0.01 Excluded Requires interaction

Ictal crying/weeping 2 (6.7) 3 (15) 0.38 5 (10) 0 (0) 0.31 Excluded Not significant
“Epileptic cry” (classic) 0 (0) 0 (0) 1.00 0 (0) 16 (80) b0.001 Excluded Not sustained/mostly at onset
Ictal rhythmic grunting 0 (0) 0 (0) 1.00 0 (0) 20 (100) b0.001 Excluded Not sustained/mostly at offset
Persistent rigidity 5 (16.7) 2 (10) 0.68 7 (14) 0 (0) 0.18 Excluded Not significant
Persistent clenched fist 5 (16.7) 5 (25) 0.49 10 (20) 0 (0) 0.053 Excluded Not significant
Persistent ictal hyperventilation 6 (20) 1 (5) 0.21 7 (14) 0 (0) 0.18 Excluded Not significant
Stertorous breathing 1 (3.3) 0 (0) 1.00 1 (2) 20 (100) b0.001 Excluded Post ictal feature
Urinary incontinence 0 (0) 1 (5) 0.40 1 (2) 0 (0) 1.00 Excluded Not significant
Sialorrhea/hypersalivation 5 (16.7) 1 (5) 0.38 6 (12) 20 (100) b0.001 Excluded Draws attention & prevents

recognition of other signs
Cyanosis 0 (0) 0 (0) 1.00 0 (0) 20 (100) b0.001 Excluded Draws attention & prevents

recognition of other signs
Duration in minutes
(min/max/average)

0.2/120/10.9 0.2/60/10.7 0.94 0.2/120/10.8 1.0/1.6/1.1 b0.001 Excluded Requires timing

Stereotyped attacks 30 (100) 20 (100) 1.00 13 (26) 20 (100) b0.001 Excluded Requires clinical history
Postictal confusion 5 (16.7) 2 (10) 0.68 7 (14) 20 (100) b0.001 Excluded Post ictal feature
Postictal unresponsiveness 0 (0) 0 (0) 1.00 0 (0) 20 (0) b0.001 Excluded Post ictal feature
Postictal flaccidity 8 (26.7) 1 (5) 0.06 9 (18) 20 (100) b0.001 Excluded Post ictal feature
Recall for the period when
patient appears unconscious

15 (50) 15 (75) 0.14 30 (60) 0 (0) b0.001 Excluded Post ictal feature

Statistical analysis: Fisher's exact test or Chi-square test (categorical variables), Mann–Whitney nonparametric test (for duration), significance p b 0.05, Pure PNES— patients presenting
with psychogenic nonepileptic seizures only,Mixed PNES— patients presentingwith both psychogenic nonepileptic seizures and epileptic seizures, ES— patients presentingwith epileptic
seizures only.
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to this adverse scenario largely relies on a change of attitude, ultimately
based on education. We aimed to aid bedside PNES diagnosis, targeting
selected professionals who are indeed the people most frequently
confronted with patients with PNES in emergency situations. Consider-
ing that setting, we prioritized ictal semiology, as it constitutes the foun-
dation for an initial suspicion of the diagnosis when confronting
putative PNES. We acknowledge that video-EEG remains the gold stan-
dard of PNES diagnosis.

Well-conducted studies have addressed semiological features of
PNES, endorsing their cross-cultural nature and similar clinical presen-
tations [2,16–25]. In order to establish a local database, we collected
clinical data on 50 PNES cases and compared ictal semiology with 20
ES cases. Evidence suggests that clinical history, taken either during a
formal interview or through structured questionnaires, may be useful
Table 3
Comparison of sensitivity, specificity, and accuracy of selected clinical seizure signs among diff

Clinical sign Avbersek & Sisodiya [10]

Sensitivity/specificity (%)

Fluctuating course 69 (events)/96
Closed eyes 34–88 (events)/74–100

52–96 (patients)/97
Asynchronous (limb) movements 44–96 (events)/93–96

9–56 (patients)/93–100
Side-to-side head movements 25–63 (events)/96–100

15–36 (patients)/92–100
Opisthotonus Insufficient
Rotation in bed n/a

Abbreviation: n/a — not applied.
Sensitivity/specificity/accuracy refers to ‘patients’, unless otherwise discriminated.
⁎ Fisher's exact test, p b 0.05.
as an adjunctive discriminator between PNES and ES [26–28]. We pur-
posefully did not use clinical history and focused exclusively on ictal fea-
tures, systematically comparing the presence or absence of 27 clinical
signs, ranging from classic overt signs to more subtle presentations, all
listed among the most commonly reported [2,3,10–12,29].

The ILAENonepileptic Seizures Task Force summarized the literature
and provided minimum requirements for the diagnosis of PNES [3].
Several notes of caution emerged: (i) individual elements of seizure
semiology are unreliable as diagnostic discriminators; (ii) traditional ta-
bles with semiologic elements and their frequency in PNES and ES gen-
erally disregard semiologic subdivisions, for instance GTC-like events vs
“swoon” events; (iii) it is not always clear whether conclusions are
drawn from video-based data or witnesses’ reports. Nonetheless, the
Task Force provided a list of signs from the literature favoring either
erent series.

Syed et al. [12] Present study (CI 95%)⁎

Sensitivity/specificity (%) Sensitivity/specificity/accuracy (%)

42/96 94/100/95.7
33/100 80/100/85.7

17/78 84/100/88.6

25/87 66/100/75.7

8/96 38/100/55.7
n/a 26/100/47.1



Table 4
Accuracy on diagnosis on baseline (pretest) and post-instruction program (posttest) according to professional category.

Category PNES (average correct answers/min: 0, max: 3) ES (average correct answers/min: 0, max: 3) Total (average correct answers/min: 0, max 6)

Pretest Posttest p-Value⁎ Pretest Posttest p-Value⁎ Pretest Posttest p-Value⁎

RN (N = 53) 1.8 2.9 b0.001 1.8 2.6 b0.001 3.6 5.6 b0.001
MD (N = 34) 1.9 3.0 b0.001 2.1 2.8 b0.001 3.9 5.8 b0.001
MS (N = 33) 1.8 2.9 b0.001 2.2 2.8 0.004 4.1 5.7 b0.001
NR (N = 12) 2.3 2.9 0.018 1.9 2.8 0.024 4.3 5.8 0.005
p-Value⁎⁎ 0.070 0.886 0.143 0.257 0.141 0.276

Abbreviations: RN, registered nurse; MD, medical doctor; MS, medical student; NR, neurology resident; PNES, psychogenic nonepileptic seizure; ES, epileptic seizure.
⁎ Comparing pretest × posttest; Wilcoxon nonparametric test, p b 0.05.
⁎⁎ Comparing professional categories; Kruskal–Wallis nonparametric test, p b 0.05.
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PNES or ES (the “good” signs), plus a list of “insufficient” signs. Our
study used very strict definitions for each sign.We limited our sampling
to events with a predominance of motor features (i.e., resembling GTC
seizures), and our database was entirely documented on video-EEG.
With these narrow criteria, our results matched those indicated by the
Task Force, with two exceptions: (i) ictal crying, considered a “good”
discriminating sign, did not reach statistical significance, in spite of its
occurrence in 5 of our cases with PNES, and (ii) opisthotonus, a Task
Force “insufficient” sign, was highly significant in our series. A plausible
explanation could rest on our inclusion criteria which required unques-
tionable crying, as opposed to soft weeping and a more classic
opisthotonus position, with sustained and forced arching, occurring at
any given moment during a seizure. Interestingly, in spite of its per-
ceived relevance, there are only two uncontrolled studies reporting on
opisthotonus, which constituted the basis for its consideration as an
“insufficient” diagnostic sign [10]. The first phase of the studywas to de-
velop the bedside diagnostic tool. Table 2 details our process of short-
listing the 19 potentially discriminant signs into the 6 that we believed
to be more appropriate for the purpose of this project. In addition to
assessing their significance, we took into account the literature consen-
sus (fluctuating course, asynchronous movements, forceful closing of
the eyes, and side-to-side head movements) and the readiness of their
recognition (opisthotonus and rotation in bed). We believe that the
closest equivalent to our ‘rotation in bed’ sign would be ‘flailing’ or
Table 5
Assessment of correct recognition of each clinical sign according to professional category on po

Clinical sign Professional category N C

M

Eyes
(opened/closed)

RN 53 1
MD 34 2
MS 33 2
NR 12 2

Head movements
(side-to-side)

RN 53 1
MD 34 2
MS 33 2
NR 12 2

Limbs movements
(synchronous/asynchronous)

RN 53 1
MD 34 2
MS 33 2
NR 12 2

Body position
(opisthotonus)

RN 53 0
MD 34 1
MS 33 1
NR 12 0

Seizure evolution
(fluctuating/continuous)

RN 53 1
MD 34 1
MS 33 2
NR 12 1

Rotation in bed RN 53 0
MD 34 1
MS 33 2
NR 12 1

Kruskal–Wallis nonparametric test, p b 0.05.
Abbreviations: RN, registered nurse; MD, physician (ER and GP);MS, medical students; NR, neu
dard deviation.

a Based on the number of correct answers (0 to 3 for PNES, 0 to 3 for ES).
‘thrashing’movement signs. The latter have been traditionally associat-
edwith oscillatory, side-to-side, out of phase, or just chaoticmovements
and are considered “insufficient” as a discriminator [3]. Just like rotation
in bed, these movements may be seen with frontal lobe seizures with a
rather bizarre clinical presentation and be associated with a negative
EEG [30,31]. In our report, ‘rotation in bed’, although occasionally asso-
ciated with flailing or thrashing, defines a rolling movement from belly
up to belly down orwhole bodymovements from side to side.We found
this to be a highly sensitive, poorly specific, and moderately accurate
sign, but overall very easy to distinguish. Other signs were ruled out be-
cause they (a) were not immediately recognizable, (b) were subjected
to confusion, (c) required time for definition during the seizure, or
(d) were mostly postictal phenomena. A recent review suggested that
between 56 and 81% of PNES are associated with motor events [32].
Thus, by choosing 6 readily recognizable motor signs, we hypothesized
that our instrument could efficiently be applied to themajority of cases.

The next phase of the study was assessing an education module to
identify seizure types. We tested this hypothesis on a group of first re-
sponders, who in our setting are represented by various professionals,
as previously described. Our short teaching program included a pretest,
brief instruction with presentation of the 6 signs that was taken imme-
diately following the pretest, and a posttest. Three relevant resultswere
immediately evident. First, we found a better-than-expected perfor-
mance in all professional categories, with correct interpretation of
sttest evaluation.

orrect recognition for PNESa Correct recognition for ESa

ean SD p value Mean SD p value

.7 1.1 0.12 2.1 1.1 0.14

.0 1.0 2.4 0.8

.2 0.9 2.5 0.9

.3 0.5 2.6 0.8

.9 1.0 0.04 1.8 1.2 0.001

.4 0.7 2.4 1.0

.4 0.6 2.8 0.5

.3 0.7 2.3 0.8

.7 1.0 b0.001 1.9 0.9 b0.001

.6 0.7 2.7 0.6

.7 0.6 2.8 0.5

.9 0.3 2.8 0.6

.4 0.7 b0.001 0.7 1.1 b0.001

.2 1.2 1.2 1.2

.6 0.9 2.3 1.0

.8 0.9 1.5 1.2

.0 0.9 b0.001 1.4 1.1 b0.001

.6 0.6 2.2 0.9

.1 0.7 2.8 0.5

.8 0.8 2.4 1.0

.9 1.0 b0.001 0.9 1.1 b0.001

.4 1.2 1.5 1.2

.3 0.6 2.4 0.8

.5 1.1 1.4 1.3

rology residents; PNES, psychogenic nonepileptic seizures; ES, epileptic seizures; SD, stan-
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signs in 60–70% at pretest. Thatmay be secondary to the seizure sample
selection, purposefully using major motor PNES and overt ES, as op-
posed to more subtle presentations. Still, our study population missed
the correct diagnosis on nearly a third of these very representative ex-
amples. Second, there was a surprising similarity of performance
among the distinct professional categories. Althoughwe did not control
for experience, it could be intuitively expected that physicians would
outperform residents, medical students, or nurses. Finally, all categories
benefited from training, with improvement rates ranging from 79 to
94%, across different professional categories. These data suggest that a
live, video-based teaching program does improve accuracy of diagnosis
of the nature of seizure events. There are only a few studies with a sim-
ilar design but targeting different populations. A proof-of-concept
study, also video-based training, was conducted by Seneviratne and col-
leagues and aimed to improve seizure recognition skills amongmedical
students in Australia, using emergency medical trainees as controls. It
shows that targeted video-based training increases the accuracy of visu-
al discrimination of seizures. Although, prior to instruction, trainees had
a higher rate of diagnostic accuracy, the difference disappeared follow-
ing video-based training. However, as compared with ours, they used a
longer andmore detailed trainingmodule and a larger test–retest inter-
val [33]. In another diagnostic study, O'Sullivan and colleagues offered
video-based teaching to 261 subjects, including medical students and
physicians from various medical disciplines and showed that diagnostic
accuracy, clinical confidence, as well as sensitivity and specificity for di-
agnosing PNES increased for the entire group on the posttest [34]. An in-
teresting finding in our study is that in spite of similar accuracy among
responders, there have been some differences in the recognition of each
individual sign. The most uniformly recognized sign was forceful eye
closing, confirming our perception that this would be an easily identifi-
able and effective diagnostic sign. The diagnostic value of this sign has
been both supported and rejected [35,36]. This variability may be relat-
ed to the overly simplistic designation of eyes open/eyes closed. Other
studies have shown that eyes open at ictal onsetwas associatedwith ep-
ilepsy. This specific sign was not designated for this study. Short sets of
signsmake a useful tool, as recently demonstrated on a study for the va-
lidity of bedside signs for functional weakness and sensory and gait ab-
normalities in conversion disorders, which short-listed 38 into 6 “highly
reliable”, thus, practically efficient signs [37].

Patients receiving the diagnosis of PNES often report “being left in
limbo land” [38]. Regretfully, neurologists and psychiatrists sometimes
encounter the same destination [39,40]. A lack of knowledge about
PNES by patients and providers appears to be the fundamental nature
of this conundrum, which could be reversed by teaching interventions.

Limitations of the study include the following: (i) the focus was only
on generalized semiology. We did not include focal dyscognitive
(complex partial or simple partial) semiologies, which may result in
less generalizability to nongeneralized motor seizures. The latter, how-
ever, may even challenge the diagnostic skills of experienced
epileptologists. We were looking at a basic level of seizure distinction
among a nonspecialist population, that is, more exposed to error and
to inducing iatrogenicity. (ii) Eye closure sign was not designated as
being at ictal onset or during ictus,whichhave been shown to informdi-
agnosis of ES and PNES; (iii) also, our study focused on recognition of
one specific sign at a time, rather than a combination of signs. Likewise,
we did not take into account the difference between directly observed
and witness-described signs. Our goal was to assist decision making
during seizure occurrence, using minimal relevant information, not de-
pendent on clinical history, interaction, witnesses, or longer observa-
tions. We acknowledge the fact that patients still in a seizure
represent the minority of cases when medical attention is called. But
these are also the ones in which the diagnosis should definitely not be
missed, thereby avoiding unnecessary procedures, such as sedation
and intubation; (iv) the increasing availability of smartphones with
video cameras provide a number of documented events, and these less-
er quality, yet important vignettes, were not included on our study; as
for teaching purposes we aimed for best quality documentation. A spe-
cific study using home videos is currently in progress; (v) a longer inter-
vention effect was not measured in our study, as this was not the focus
on the brief education format we proposed. (vi) Finally, EMTs were not
included in the test sample but, because EMTs are the primary first re-
sponders, assessing how they evaluate seizures will be important.

5. Conclusions

Psychogenic nonepileptic seizures are indeed common,misdiagnosed,
and wrongly treated, leading to increased health-care cost andmorbidity
and less than optimal outcomes. Part of the burden relies on its borderline
status, reluctantlymanaged by insecure ER doctors at the start and some-
what uncomfortable neurologists and psychiatrists later along the care.
Changing concepts start with a good diagnosis. We presented data
supporting ictal semiology as an adjunctive approach to generalized
motor seizure differentiation for PNES diagnosis. We proposed a simple
diagnostic instrument based on easily and quickly identifiable clinical
signs that proved useful in video-based teaching programs. We hope
this provides amore solid argument tofirst responderswhen formulating
an initial diagnostic impression of a seizure-like event.We believe educa-
tion is key, not only to allow practical and safer approaches to these pa-
tients, but also to enlighten health-care providers with the overall
concept of PNES.
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