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Abstract

Introduction The diagnosis of psychogenic nonepileptic seizures (PNES) is a common clinical dilemma. We sought to assess
the diagnostic value of four ictal signs commonly used in differentiating PNES from epileptic seizures (ES).

Methods We retrospectively reviewed consecutive adult video-electroencephalogram (VEM) studies conducted at a single
tertiary epilepsy center between May 2009 and August 2016. Each event was assessed by a blinded rater for the presence
of four signs: fluctuating course, head shaking, hip thrusting, and back arching. The final diagnosis of PNES or ES was
established for each event based on clinical and VEM characteristics. All ES were pooled regardless of focal or generalized
onset. We analyzed the odds ratio of each sign in PNES in comparison to ES with adjustment for repeated measures using
logistic regression. Additionally, we calculated the sensitivity, specificity, predictive values, and likelihood ratios of each
sign to diagnose PNES.

Results A total of 742 events from 140 VEM studies were assessed. Fluctuating course (odds ratio (OR) 37.37, 95% confi-
dence interval (CI) 13.56-102.96, P <0.0001), head shaking (OR 2.95, 95% CI 1.26-6.79, P=0.012), and hip thrusting (OR
4.28,95% CI 1.21-15.18, P=0.02) were each significantly predictive of PNES. Fluctuating course had the highest sensitivity
(76.16%). Back arching (OR 1.06, 95% CI 0.35-3.20, P=0.92) was not significantly associated with PNES.

Conclusion Fluctuating course, head shaking, and hip thrusting are semiological features significantly more common in
PNES than ES. Fluctuating course is the most reliable sign. Back arching does not appear to differentiate PNES from ES.
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Introduction

Psychogenic non-epileptic seizures (PNES) are a common
diagnostic challenge. PNES is commoner in females and
coexists in 2-15% of patients with epilepsy [1-4]. Psychiat-
ric disorders and social stressors are frequent comorbidities
[3—6]. Patients with PNES are frequently on at least one
antiseizure medication (ASM) at the time of their diagnosis
[3-5] and may receive inappropriate medical interventions,
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which can lead to deleterious health and financial impli-
cations for patients and health systems [7]. Mortality is
increased relative to the general population [8], underscor-
ing the importance of early and accurate diagnosis.
Video-electroencephalography monitoring (VEM) is con-
sidered the gold standard test for differentiating PNES from
epileptic seizures (ES), but it is not widely available. The
recent COVID-19 crisis has further exacerbated the shortage
of this technology in some regions [9]. As such, assessment
of semiology may be the best readily available diagnostic
test available to clinicians in many cases, which may include
video footage from handheld electronic devices or witness
accounts [10-12]. A diagnosis of PNES is often made by
clinicians without VEM based on semiology. In isolation
this approach has been shown to be poorly discriminatory [6,
13-15], although diagnostic accuracy increases with expe-
rience and training of the observer, particularly where the
observer is a neurologist or epileptologist [13, 16].
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Most patients with PNES exhibit stereotypy in semiology,
which can include characteristic and reproducible artefactual
EEG findings [17-21]. The plethora of signs described in
PNES includes fluctuating course, ictal eye closure, crying,
duration exceeding two minutes, non-stertorous postictal
breathing pattern, lack of amnesia or postictal state, and
several motor signs [11, 22-28]. Patients with PNES have
more variable seizure durations in comparison to ES [21].
High specificities and lower sensitivities have been reported
for many of these signs, although reported values are widely
variable, possibly reflecting small cohort sizes. Ictal eye clo-
sure, prolonged seizure duration and non-stertorous postictal
breathing each have relatively high sensitivity and specificity
for PNES [6, 22, 24, 25].

We conducted a retrospective analysis of sequential stud-
ies in a single-tertiary epilepsy center to assess four motor
signs commonly used in distinguishing PNES from ES.
These were head shaking, a fluctuating seizure course, hip
thrusting, and back arching. The selected signs have been
discussed previously in the literature [11, 23, 26, 29] and are
readily observed by bystanders, emergency care providers
and in videos, even with suboptimal resolution. We sought
to evaluate the utility of these signs in differentiating PNES
from ES in a larger cohort. We hypothesized these four signs
have high specificity for diagnosing PNES.

Methods
Setting and participants

We reviewed all consecutive VEM records at a single
center (Monash Medical Centre, Australia) from May 2009
to August 2016. Patients were frequently monitored while
sleep-deprived and with reduced or withheld ASM. Patients
underwent continuous inpatient VEM for 2—8 days. No addi-
tional seizure provocation methods such as placebo injec-
tions or photic stimulation were used. Adult (>18 years of
age) records that captured seizures were included in the anal-
ysis. Patients and events were excluded where incomplete
demographic or clinical data were available, if no events
occurred during the period of monitoring, where both ES
and PNES were captured in the same recording, or where
the video recording of an event was of poor quality. All con-
secutive events were analyzed regardless of the presence or
absence of motor semiology, to maximize real-world appli-
cability and to limit selection bias.

This study was approved by the Human Research Ethics
Committee of Monash Health, Victoria, Australia.

Data acquisition

The Compumedics digital EEG system (Compumedics
Ltd., Melbourne, Australia) was used for EEG acquisi-
tion and review, utilizing the international 10-20 scalp
electrode schema. The VEM was reviewed in a multidisci-
plinary meeting including two epileptologists with access
to clinical and imaging data. At this meeting, the final
diagnosis of PNES or ES was made. All captured events
from each VEM admission were analyzed. For the pur-
pose of the current study, each video was reviewed for the
presence or absence of the four signs of interest by two
investigators (AD, IP) independently, who were blinded
to the final diagnosis.

The signs of interest for the present study were defined
as follows: (1) fluctuating course (waxing and waning in
amplitude, or non-continuity of motor manifestations); (2)
head shaking (side-to-side ‘no—no’ motion); (3) hip thrust-
ing (alternating anteroposterior pelvic motion); and (4)
back arching (obvious and sustained concave posturing
with elevation from the bed surface).

Clinical data were collated, including ES subtype based
on the ILAE operational classification [30], and the PNES
subtype, according to a published schema [17].

Data analysis

Logistic regression analysis was performed using the Stata
statistical software package Version 16.1 (StataCorp LLC,
TX, USA). As multiple events were recorded from most
subjects, we employed a subject-based clustered robust
variance estimation option to offset potential heterogenei-
ties in conjunction with estimation.

P values of < 0.05 were considered significant. We cal-
culated the specificity, sensitivity, positive predictive value
(PPV), negative predictive value (NPV), positive likeli-
hood ratio (PLR) and negative likelihood ratio (NLR) to
broadly quantify each sign for diagnosing PNES.

Results

Of 288 consecutive studies screened from May 2009 to
August 2016, 140 VEM studies from 138 patients met our
eligibility criteria. There were 755 captured events, of
which 13 occurred off-camera and were excluded from the
assessment, although other events from the same patients
were included. In total, 742 captured events were analyzed
(ES 419; PNES, 323). The number of events per VEM
recording did not significantly differ between patients with
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Table 1 Epileptic and psychogenic non-epileptic seizure types in the cohort

Seizure type Frequency (%)

Epileptic 419 (56.5%)
Focal onset, aware
Focal onset with impaired awareness 270 (64.4%)
Focal to bilateral tonic—clonic 15 (3.6%)

Generalized onset, non-motor
Generalized onset, motor

323 (43.5%)

Psychogenic non-epileptic

Rhythmic motor 88 (27.2%)
Hypermotor 4 (1.2%)
Complex motor 101 (31.3%)
Dialeptic 39 (12.1%)
Psychogenic nonepileptic aura 41 (12.7%)
Mixed 50 (15.5%)

18 (4.3%)—16 nonmotor onset, 2 motor onset

31 (7.4%)—>5 typical absence, 7 atypical absence, 19 eyelid myoclonia with absences

80 (19.1%)—7 tonic—clonic, 59 tonic, 11 myoclonic, 3 myoclonic-atonic

PNES and ES (P =0.459). Table 1 provides a breakdown
of seizure types captured.

Of 74 patients with ES captured, the mean age was
42.3 years (standard deviation (SD) 17.7, range 18-87.4).
The mean number of events per patient was 4.9 (range
1-49). Twenty-six patients (35.1%) with ES were females.

Of 66 patients with PNES captured, the mean age was
38.9 years (SD 15.3, range 18-84.6). A mean of 5.8 (range
1-29) events occurred per patient. Forty-six (69.7%) were
females.

Fluctuating course, head shaking, and hip thrusting were
each significantly more likely to be seen in PNES, while the
presence of back arching (OR 1.06; 95% confidence interval
(CD 1.21-15.2; P=0.92) did not differ significantly between
PNES and ES. A fluctuating course was the most reliable
sign in differentiating PNES from ES (OR 37.4; 95% CI
13.6-102.6; P <0.0001), with high sensitivity (76.2%) and
specificity (92.1%). Table 2 summarizes the odds ratio, sen-
sitivity, specificity PPV, NPV, PLR and NLR for each of the
studied semiologic features.

Probabilities of accurate classification of events with
logistic regression were found to be: (1) with a fluctuating

course, 85.15%; (2) with head shaking, 60.65%; (3) with hip
thrusting, 63.07%; (4) with back arching, 56.47%.

Of 96 patients with back arching, 43 had PNES and 53
ES. The ES with back arching group was predominantly
composed of tonic seizures (19), and seizures with focal
onset impaired awareness (26), while the remainder com-
prised focal aware seizure with motor onset (1), and gener-
alized onset tonic—clonic or focal to bilateral tonic—clonic
seizures (7). Back arching in the PNES cohort was seen with
complex motor (18), rhythmic motor (12), hypermotor (3),
and mixed (10) events.

Discussion

We assessed the discriminatory value of four signs com-
monly used in differentiating ES and PNES in a large inpa-
tient VEM cohort from a single-tertiary center. A fluctuat-
ing (waxing and waning) ictal course, head shaking, and
hip thrusting were all significantly more likely to be seen in
PNES than ES, with high specificities. Fluctuating course
had a relatively high sensitivity, PPV, and NPV, whereas
the other studied signs had low sensitivities (Table 2). Back

Table 2 Odds ratio, significance, negative predictive value, and positive predictive value of semiologic signs favoring the diagnosis of PNES

OR (95% CI) P value Sensitivity (%) Specificity (%) PPV (%) NPV (%) PLR NLR
Fluctuating course 37.37 (13.56-102.96) <0.0001 76.16 92.12 88.17 83.37 9.67 0.26
Head shaking 2.95 (1.26-6.79) 0.012 19.50 92.36 66.32 59.81 2.55 0.87
Hip thrusting 4.28 (1.21-15.18) 0.02 24.15 93.08 72.90 61.42 3.49 0.81
Back arching 1.06 (0.35-3.20) 0.92 13.31 87.35 44.79 56.66 1.05 0.99

OR odds ratio, CIconfidence interval, PPV positive predictive value, NPV negative predictive value, PLR positive likelihood ratio, NLR negative

likelihood ratio
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arching was not significantly associated with PNES, and on
logistic regression, the probability of correctly diagnosing
PNES using this sign was little better than random chance.

Accurate PNES diagnosis, essential to guide clinical man-
agement, may be challenging where VEM does not capture
typical events or is unavailable. Smartphone video review,
coupled with clinical history and examination, increases
the odds of correct diagnosis, providing clinicians with a
valuable resource in this setting [31]. Hence, there is a need
to identify robust semiological signs for the identification
of PNES through video assessment. These signs should be
highly specific, to avoid misdiagnosis, while high sensitiv-
ity is also required to maximize their applicability. Of the
many published PNES signs that may be appreciated in a
smartphone video, many are highly specific but have a lower
sensitivity [11, 22-28]. Absent postictal deep, heavy breath-
ing (stertor) and ictal eye closure, however, are both highly
specific and relatively sensitive findings [22-26, 28]. A fluc-
tuating course is both specific and sensitive for PNES [11,
21, 23], as confirmed in this study, with comparable value
to ictal eye closure and absent postictal stertor. It is a sign
relatively easy to appreciate in a video even with suboptimal
resolution. We found pelvic thrusting and head shaking to be
useful signs for diagnosing PNES, but their relatively low
sensitivity in our cohort rendered them less applicable than
fluctuating course. Therefore, fluctuating course, ictal eye
closure and absent postictal stertorous breathing should be
considered reliable PNES features during smartphone video
assessment to arrive at a diagnosis.

A fluctuating course was the most reliable of the signs we
assessed in diagnosing PNES, with a high OR (37.37), PPV,
NPV, and PLR; it was also the most sensitive sign studied
(76.16%) by a wide margin. Logistic regression correctly
classified 85.18% of patients based on this finding alone.
Fluctuating or discontinuous ictal motor manifestations
have been previously demonstrated to have high specific-
ity for PNES; there is also a relatively high sensitivity in
comparison to other semiological features [11, 23, 26], par-
ticularly where there are two or more pauses during an event
(Table 3) [21].

Ictal head shaking is a well-established PNES feature,
with a range of reported sensitivities from 25 to 66% and
specificities from 61 to 100% [11, 25, 26, 28, 32]. In our
cohort, head shaking was slightly less sensitive than com-
parable studies at 19.5%, although specificity was relatively
high at 92.4%, in keeping with previous literature.

Hip thrusting has previously been reported to have a
sensitivity of 8-44% for PNES. Specificities reported in or
calculated post-hoc from these papers range from 88 to 98%
(Table 3) [11, 25, 28, 32, 33]. Our findings are consistent
with published literature in this regard, with a sensitivity of
24.15% and a specificity of 93.08%.

We found a low sensitivity (13.31%) and a higher speci-
ficity (87.35%) for back arching in PNES, similar to previ-
ous reports [28, 34], with a low PPV and NPV; the sign was
seen with a similar frequency in both PNES and ES and did
not approach significance in differentiating PNES from ES
(P=0.92). Despite appearing in descriptions of PNES as
far back as the nineteenth century, back arching has seldom
been critically appraised in the modern scientific literature.
A study published in 2011 described sensitivity of 8% and
specificity of 96%. The sign was not internally defined and
did not significantly differentiate between PNES and ES
(P=0.894) [28]. Another study described back arching in
4 of 53 patients with PNES, but combined ES with organic
seizure mimics when comparing to PNES, limiting inter-
pretation [34]. An uncontrolled study reported a sensitivity
of 28.6% [35] and another suggested that back arching is
common, without providing quantification [36]. One ret-
rospective analysis suggested a strong PNES association
[26], however, the PNES cases were specifically selected to
exemplify motor features for a training program, introduc-
ing significant selection bias that may have overrepresented
back arching, limiting applicability in other settings [26].
Our study represents the largest published cohort assessing
this sign. Despite its application in medical teaching as a
means of diagnosing PNES, we did not find evidence that
this feature reliably differentiates PNES and ES. This may
relate to the definition of the sign—arc de cercle posturing,
described by Richer and Charcot in 1881 [37], entails arch-
ing of the entire body including back, neck and lower limbs;
the index patient lifted her entire trunk and pelvis high into
the air during events. This degree of arching was not seen in
any of our patients, while ‘back arching’ and ‘opisthotonos’
are not internally defined by other studies. We found that
tonic seizures, particularly, can exhibit back arching. Table 3
summarizes comparable literature for each sign. We suggest
that back arching should be defined as clear, sustained arc
de cercle posturing in future studies, which may improve the
utility and accuracy of this sign in diagnosing PNES.

Our study has a number of strengths. It represents one of
the largest published cohorts assessing the described four
signs (Table 3), with adjustment for repeated measures from
single patients employed. We assessed consecutive VEM
patients, rather than selecting exemplar subjects, to limit
bias. Assessments were made blinded for each sign.

There are several limitations. Foremost, this is a retro-
spective single-tertiary center study, thus generalizability
is limited. It is not routine practice at our center to refer
every patient with suspected PNES for prolonged moni-
toring where a clear diagnosis has already been reached
through other means, for example, a routine EEG record
with a typical event captured. As such, the study popu-
lation may not reflect the full spectrum of PNES pres-
entations. Our consecutive recruitment methodology,
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Table 3 Frequency of described ictal signs in literature

Semiological sign

Publication

Sensitivity for PNES  Specificity for PNES  Control group/comment

Fluctuating course
Current study 76.16%* 92.12%
Chen 2008 [11] 68.75%*t 96.30%t
Syed 2011 [28] 42% 96%
Head shaking

Current study 19.50%* 92.36%
Gates 1985 [32] 36.00%* 92.00%t
Azar 2008 [25] 62.50%*t 61.36%t
Chen 2008 [11] 25.00%* 100.00%+
Syed 2011 [28] 25% 87%
Hip thrusting
Current study 24.15%%* 93.08%
Gates 1985 [32] 44.00%* 88.00%
Geyer 2000 [33] 17.00%*t 88.82%
78% in subset with
hypermotor PNES
Azar 2008 [25] 8.33%% 97.73%%
Chen 2008 [11] 31.25%* 96.30%t
Syed 2011 [28] 8% 96%
Back arching
Current study 13.31% 87.35%
Kotsopoulos 2003 [34]  7.55%* 99.43%
Syed 2011 [28] 8% 96%

ES
ES with suspected focal onset
ES

ES
BLTCS

PNES mimicking BLTCS. Non-significant difference compared to
frontal lobe hypermotor ES

ES with suspected focal onset
ES

ES
Bilateral tonic—clonic seizures versus PNES with motor features

Present in 0/11 with generalized epilepsy; 12/50 with frontal
epilepsy; 6/100 with TLE

PNES mimicking BLTCS
ES with suspected focal onset
ES

ES

Compared PNES against combined group of ES + organic seizure
mimics

ES

Results of this study are shown in bold

ESepileptic seizures, PNES psychogenic nonepileptic seizures, TLE temporal lobe epilepsy, BLTCS bilateral tonic—clonic seizures

*Denotes a finding that was reported to reach statistical significance (P <0.05 or 95% confidence interval not including 1) in differentiating

PNES and ES

ftDenotes a result that was calculated from available information in the referenced article

designed to minimize selection bias, is in keeping with
previous similar studies [28]; hence, nonmotor events
were assessed alongside events with prominent motor
manifestations. Similarly, this study design may, by
chance, have led to disproportionate representation of
unusual ES types, such as eyelid myoclonia with absence.
This study did not differentiate ES subtypes in analysis,
limiting applicability to specific situations, for example
distinguishing focal ES and PNES. Finally, we did not
perform kappa statistics to evaluate interrater agreement.

Our sample size was insufficient to assess whether the
simultaneous presence of multiple signs improved speci-
ficity. It is common in clinical practice to see multiple
PNES signs during a single event, and future research
should focus on analyses to appraise the diagnostic value
of sign combinations reflecting the real-life scenario.

@ Springer

Conclusion

In a large cohort of consecutive VEM patients from a sin-
gle epilepsy center, we found a fluctuating course to be a
highly sensitive and specific sign to differentiate PNES
from ES. Both hip thrusting and head shaking were also
specific, but with a lower sensitivity, limiting applicability
in clinical practice. In contrast to these semiologies, we
found back arching to be an unreliable sign, concordant
with previous studies. Our results provide valuable guid-
ance to differentiate PNES from ES based on semiology,
particularly in the settings where VEM is not available.
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