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a b s t r a c t
Background and objective: Patients with psychogenic nonepileptic attacks (PNEA) sometimes receive
aggressive treatment leading to intubation. This study aimed to identify patient characteristics that
can help differentiate PNEA from status epilepticus (SE).
Methods: We retrospectively identified patients with a final diagnosis of PNEA or SE, who were intubated
for emergent convulsive symptoms and underwent continuous electroencephalography (cEEG) between
2012 and 2017. Patients who had acute brain injury or progressive brain disease as the cause of SE were
excluded. We compared clinical features and laboratory values between the two groups, and identified
risk factors for PNEA-related convulsive activity.
Results: Over a six-year period, 24 of 148 consecutive patients (16%) intubated for convulsive activity had
a final diagnosis of PNEA rather than SE. Compared to patients intubated for SE, intubated PNEA patients
more likely were <50 years of age, female, white, had a history of a psychiatric disorder, had no history of
an intracranial abnormality, and had a maximum systolic blood pressure <140 mm Hg (all P < 0.001).
Patients with 0–2 of these six risk factors had a 0% (0/88) likelihood of having PNEA, those with 3–4
had a 15% (6/39) chance of having PNEA, and those with 5–6 had an 86% (18/21) chance of having
PNEA. Sensitivity for PNEA among those with 5–6 risk factors was 75% (95% CI: 53–89%) and specificity
was 98% (95% CI: 93–99%).
Conclusions: In the absence of a clear precipitating brain injury, approximately one in six patients intubated for emergent convulsive symptoms had PNEA rather than SE. Although PNEA cannot be diagnosed
only by the presence of these risk factors, these simple characteristics could raise clinical suspicion for
PNEA in the appropriate setting. Urgent neurological consultation may prevent unnecessary intubation
of this at-risk patient population.
Ó 2020 Published by Elsevier Inc.

1. Introduction
Psychogenic nonepileptic attacks (PNEA) are defined as paroxysmal movements or abnormal behaviors that resemble epileptic
seizures that are not accompanied by epileptiform activity on electroencephalography (EEG), and are caused by psychogenic factors
[1,2]. In order to definitely diagnose PNEA, video-continuous EEG
(cEEG) is required to confirm that paroxysmal movements or
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abnormal behaviors are occurring without accompanying epileptiform activity, as no individual clinical signs alone can distinguish
PNEA from epileptic seizure [2,3]. Prolonged episodes of PNEA
are sometimes mistaken for and inappropriately treated as status
epilepticus (SE), leading to aggressive antiepileptic treatment and
endotracheal intubation, which can be fatal [4–6]. In most circumstances, these treatments are given to patients in the emergency
department (ED) prior to EEG monitoring. In this study, we aimed
to identify patient characteristics and clinical features that can
help differentiate PNEA from SE.
2. Methods
This study was approved by the Henry Ford Institutional Review
Board. As the study was retrospective and posed no significant

https://doi.org/10.1016/j.yebeh.2020.107679
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lents, with 5 mg of diazepam being equivalent to 1 mg of lorazepam and 2 mg of midazolam (dosage of continuous infusion
midazolam was not included) [8,9]. Continuous infusion of midazolam, propofol, pentobarbital, and ketamine was classified as
cIV-AEDs.

risks, the requirement for written informed consent was waived.
The data that support the findings of this study will be made available by the corresponding author upon reasonable request.
2.1. Study population
We retrospectively reviewed our electronic medical record
(www.EPIC.com) for all adult patients (age  18 years) who underwent video-cEEG monitoring at Henry Ford Hospital from January
2012 to October 2017. Patients who had a discharge diagnosis of
‘‘nonepileptic” or ‘‘psychogenic” seizures or spells, ‘‘pseudoseizures,” ‘‘seizure”, or ‘‘status epilepticus” were identified. In all
cases, the diagnoses of PNEA and status epilepticus were reconfirmed by retrospective chart review. The diagnosis of PNEA was
confirmed if the patient had characteristic clinical signs of PNEA
witnessed by the attending neurologist during admission, supported by video-cEEG demonstrating no epileptiform activity during convulsive activity when available [2]. The diagnosis of genetic
or localization-related epilepsy as the cause of SE was documented
by an attending neurologist in all cases, again using video-cEEG to
support the diagnosis. Only patients who were intubated due to
PNEA or SE in the ED or on the hospital floor were included in
the analysis. Patients with multiple intubations for convulsive
symptoms during the study period were included, but we analyzed
only the first admission. We excluded patients who had an uncertain cause of their convulsive activity (epileptic seizure versus
PNEA); patients who had a new diagnosis of acute brain injury or
a progressive brain disease as a cause of SE, including acute stroke,
traumatic brain injury, central nervous system infection, hypertensive encephalopathy, metabolic encephalopathy, hypoxic ischemic
encephalopathy, drug withdrawal or intoxication, or brain tumor;
patients who were admitted directly to the epilepsy monitoring
unit (EMU) or admitted for titration of antiepileptic drugs or epilepsy surgery; and those who were intubated due to causes other
than severe convulsive activity.

2.3. Outcome assessment
Outcome assessments included inhospital mortality; GCS at
hospital discharge; and intensive care unit (ICU) and hospital
length of stay. Inhospital complications included hypotension
requiring vasopressors, nosocomial infections, deep vein thrombosis (DVT), arrhythmia, decubitus ulcer, and rhabdomyolysis,
defined as creatine phosphokinase 1000 IU/L or more than 5
times of upper limit of normal [10]. We also recorded rehospitalization within 30 days of discharge at any EPIC Care Everywhere
Network hospital in Southeast Michigan, which includes the 5hospital Henry Ford Health System.
2.4. Statistical analysis
To identify predictors of PNEA among patients with severe convulsive activity requiring intubation, we compared clinical features, laboratory values, and treatments between patients who
were intubated for PNEA as opposed to SE. For practical use, we
analyzed only clinical data that can be assessed immediately in
the ED before intubation. Continuous data were described using
means, standard deviations, medians, and interquartile range as
appropriate, while categorical data were described using counts
and column percentages. Univariate two-group comparisons were
carried out using independent t-tests for normally distributed continuous variables, Mann–Whitney U tests for non-normally distributed continuous variables, Pearson’s chi-square tests for
categorical variables with expected cell counts >5, and Fisher’s
exact tests for categorical variables with expected cell counts <5.
Odds ratios and 95% confidence intervals (95% CI) for each individual variable were calculated. Multivariable analysis was not performed due to the small sample size. Sensitivity, specificity, and
positive and negative predictive values for PNEA depending on
the number of risk factors present were calculated. All analyses
were performed using PASW Statistics version 18 [11]. Statistical
significance was set at P < 0.05.

2.2. Data collection
Relevant clinical data were abstracted and recorded in a
Research Electronic Data Capture (REDCap) database (www.project-redcap.org) [7]. Clinical data that we collected included demographics; diagnosis of epilepsy, and PNEA prior to admission; prior
history of psychiatric disorders and remote intracranial abnormalities including ischemic stroke, intracerebral hemorrhage, cerebral
aneurysm, cerebral arteriovenous malformation, and traumatic
brain injury; prior history of intellectual disability or developmental delay; source of hospital admission; location of convulsive
events; duration of convulsive symptoms; clinical signs of
epilepsy-related seizures categorized as (a) generalized tonicclonic seizure (GTC), (b) focal motor seizure with retained awareness, (c) focal motor seizure with impaired awareness or nonconvulsive seizure (subtle or unresponsiveness without prominent
motor activity); Glasgow Coma Scale (GCS) score on hospital
admission; coma on hospital admission (defined as GCS score  8);
highest and lowest vital signs before intubation, if data for times of
intubation and vital sign measurement were available; highest and
lowest vital signs on the first day of admission, if data for times of
intubation and vital sign measurement were not available; the first
laboratory parameters on day 1 of admission; and antiepileptic
(AEDs) and continuous infusion antiepileptic (cIV-AEDs) drugs
and dosages administered during the index convulsive event. We
did not have access to data regarding the use of benzodiazepines
or other AEDs in the prehospital setting. Data on benzodiazepines
given during the event included only bolus intravenous or intramuscular administration of lorazepam, diazepam, or midazolam.
Dosage of benzodiazepines was calculated as diazepam equiva-

3. Results
Of 1735 patients who underwent cEEG monitoring at Henry
Ford Hospital (HFH) between January 2012 and October 2017,
662 patients had a discharge diagnosis of seizure, status epilepticus, or PNEA. Of these, 493 patients had a discharge diagnosis of
epilepsy-related seizures or SE, 144 patients had PNEA as a principal diagnosis, and 25 patients with an uncertain diagnosis of convulsive activity were excluded (Fig. 1). Among the 493 patients
with a diagnosis of seizure or SE, we excluded 274 patients who
either did not have SE, who had acute brain injury as the cause
of SE, or who were admitted directly to the EMU or hospital floor
for medication adjustment or planned epilepsy surgery. After
excluding patients who met exclusion criteria and who did not
require intubation, 148 patients were intubated for severe convulsive symptoms: 24 (16%) for PNEA, and 124 (84%) for SE (Fig. 1). Of
the 24 patients intubated for PNEA, 17 patients (71%) had the diagnosis confirmed on subsequent video-EEG monitoring (convulsive
symptoms without epileptiform activity), whereas 7 patients
(29%) were diagnosed based on history and directly observed clinical signs alone.
2
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Fig. 1. Study Population.

not significantly different between the two groups. Patients with
PNEA also had lower median CPK levels on day 1 of admission than
those with SE (97 vs 265 IU/L, P < 0.001) (Table1). Other admission
laboratory parameters are reported in Supplementary Table 2;
patients with SE had slightly higher blood glucose, serum creatinine, and anion gap values than those with PNEA.

3.1. Baseline characteristics
Patients who were intubated for PNEA as opposed to SE were
younger and more likely to be female and white (Table 1). Prior
history of PNEA and psychiatric disorder documented in the medical record were more frequent in those intubated for PNEA,
whereas a prior history of intracranial abnormality or epilepsy
was more common in patients intubated for SE (Table 1). More
patients with PNEA than SE were transferred from an outside hospital, and the majority of intubations (96% and 84% respectively)
occurred in the ED. The duration of convulsive symptoms with
PNEA was shorter compared with that of SE (20 vs 88 minutes,
P < 0.001). In patients with SE, 57% had generalized tonic-clonic
SE, 13% had focal motor SE with impaired consciousness, 3% had
nonconvulsive SE without prominent motor activity, 2% had focal
motor SE with retained awareness, and 25% did not have clinical
signs of seizure described in the medical record. Among patients
with PNEA, 79% had convulsion resembling generalized tonicclonic seizures, and 21% did not have convulsive symptoms documented. Compared with SE patients, PNEA patients were more
likely to have GCS of 15 (71% vs 11%, P < 0.001) and less likely to
be in coma (GCS score  8, 8% vs 52%, P < 0.001) on hospital admission (Table 1).

3.3. Antiepileptic treatment
Antiepileptic treatment was not different between the two
groups (Supplemental Table 3). The median number of AEDs used
during the convulsive event was 2 in both groups; benzodiazepine
was the most common AEDs used in both groups (96% and 91% of
patients with PNEA and SE, respectively), followed by levetiracetam, phenytoin, lacosamide, sodium valproate, and phenobarbital. Median dosage of benzodiazepine used during the event was
30 mg of diazepam equivalent in both groups. Continuous infusion
antiepileptic were used in 52% and 61% of patients with PNEA and
SE, respectively; propofol and midazolam are most commonly used
cIV-AEDs in both groups (Supplemental Table 3).

3.2. Vital signs and laboratory parameters

3.4. Outcomes

Regarding the most extreme vital signs prior to intubation,
patients who were intubated for PNEA had significantly lower
median maximum and minimum recorded systolic blood pressures
compared with those who were intubated for SE (Table 1). Regarding all vital signs on the day of intubation, patients who were intubated for PNEA had lower maximum systolic blood pressure (SBP)
and maximum heart rate than those who were intubated for SE
(Supplemental Table 1). Other highest and lowest vital signs were

Mortality was 6% in patients intubated for SE, while none of the
patients intubated for PNEA died (P = 0.599). Compared with
patients with PNEA, those who were intubated for SE had longer
median ICU (4 vs 2 days, P < 0.001) and hospital length of stay (9
vs 3 days, P < 0.001), were less likely to have GCS score of 15 at discharge (61% vs 100%, P < 0.001), and had more inhospital complications (52% vs 17%, P = 0.002), primarily hospital acquired infections
(24% vs 4%, P = 0.027; Table 2).
3
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Table 1
Patient Characteristics.
Characteristics

Intubated PNEA
(N = 24)

Intubated SE
(N = 124)

P Value

36 [27–42]
19 (79)

54 [42–65]
48 (39)

<0.001
<0.001
<0.001

20 (91)
1 (5)
0 (0)

35 (29)
82 (69)
2 (2)

Comorbid diseases
Prior history of intracranial abnormality
Intellectual disability/Developmental delay
Epilepsy
PNEA
Psychiatric disorders

2 (8)
0 (0)
5 (21)
5 (21)
21 (88)

77 (62)
11 (9)
101 (82)
0
31 (25)

Admission sources
Emergency department
Transferred from other hospital

4 (17)
20 (83)

55 (44)
69 (56)

Location of convulsive activity
ED
Inhospital
Generalized convulsive symptoms a
Duration of convulsive symptoms, minutes
GCS on day 1 of admission
Patients with GCS of 15 on admission
Coma (GCS  8) on admission

23 (96)
1 (4)
19 (79)
20 [2–45]
15 [13–15]
17 (71)
2 (8)

104 (84)
20 (16)
70 (57)
88 [54–181]
8 [6–10]
13 (11)
64 (52)

0.037
<0.001
<0.001
<0.001
<0.001

36.6 [36.4–37.0]
36.6 [36.4–37.0]
127 [108–140]
100 [97–102]
82 [73–100]
64 [58–69]
110 [98–121]
93 [74–102]
24 [20–30]
15 [12–19]
99 [98–100]
94 [89–99]

36.9 [36.6–37.5]
36.8 [36.5–37.2]
169 [148–206]
132 [107–149]
93 [79–112]
78 [67–91]
125 [107–143]
97 [74–114]
24 [20–31]
17 [14–20]
100 [98–100]
96 [94–99]

0.054
0.203
<0.001
<0.001
0.143
0.014
0.061
0.442
0.805
0.378
0.322
0.447

97 [67–164]
3 (18)

265 [115–607]
38 (54)

<0.001
0.008

Demographics
Age, years
Female
Race
White
African-American
Others

0.039

0.200

b

Vital signs documented before intubation
Maximum temperature, °C c
Minimum temperature, °C c
Maximum SBP, mmHg d
Minimum SBP, mmHg d
Maximum DBP, mmHg d
Minimum DBP, mmHg d
Maximum heart rate, beats per minute e
Minimum heart rate, beats per minute e
Maximum respiratory rate, per minute f
Minimum respiratory rate, per minute f
Maximum SpO2, % g
Minimum SpO2, % g
Laboratory parameters on admission
CPK, IU/L
CPK more than 250 IU/L

<0.001
0.212
<0.001
<0.001
<0.001

h

Data are n (% of total available data within each column) or median [IQR].
P values in bold are statistically significant (P < 0.05).
PNEA = psychogenic nonepileptic attacks; SE = status epilepticus; EEG = electroencephalogram; ED = emergency department; GTC = generalized tonic clonic seizure;
GCS = Glasgow Coma Scale; SBP = Systolic Blood pressure; DBP = Diastolic Blood Pressure; SpO2 = peripheral oxygen saturation; CPK = Creatine Phosphokinase.
a
Data on clinical signs of convulsive activity were not documented in 5 (21%) patients with intubated PNEA and 31 (25%) patients with intubated status epilepticus.
b
Data are available for 65 patients (7 with intubated PNEA and 58 with intubated status epilepticus).
c
Data are available for 82 patients (7 with intubated PNEA and 75 with intubated status epilepticus).
d
Data are available for 93 patients (11 with intubated PNEA and 82 with intubated status epilepticus).
e
Data are available for 94 patients (12 with intubated PNEA and 82 with intubated status epilepticus).
f
Data are available for 89 patients (12 with intubated PNEA and 77 with intubated status epilepticus).
g
Data are available for 93 patients (12 with intubated PNEA and 81 with intubated status epilepticus).
h
Data are available for 88 patients (17 with intubated PNEA with and 71 intubated status epilepticus).

(Table 4). Sensitivity for PNEA among those with 5–6 risk factors
was 75.0% (95% CI, 53.0%–89.4%), specificity was 97.6% (95% CI
92.6%–99.4%), positive predictive value was 85.7% (95% CI 62.6%–
96.2%), and negative predictive value was 95.3% (95% CI 89.6%–
98.1%; Table 4).

3.5. Risk factors for PNEA-related convulsive activity
Risk factors for PNEA that can be assessed immediately before
intubation included age < 50 years, female gender, white race,
presence of psychiatric disorder, absence of prior intracranial
abnormality, and maximum SBP < 140 mmHg (Table 3). The cutoff
of <50 years of age was used because this value is close to the median of the SE group, and the SBP cutoff of <140 mmHg was used
because this value is close to the 75% percentile in the PNEA group
and the 25th percentile in the SE group. Odds ratios for risk factors
for PNEA based on these variables are reported in Table 3. Patients
with 0–2 of these risk factors had a 0% (0/88) likelihood of having
PNEA, those with 3–4 had a 15% (6/39) chance of having PNEA, and
those with 5–6 had an 86% (18/21) chance of having PNEA

4. Discussion
Intubation for PNEA-related convulsive activity is associated
with an increased risk of medical complications, prolonged hospital stay, and a high rate of readmission within 30 days [12]. In this
single-center study we found over a period of over six years that
16% of patients who were intubated for severe convulsive
4
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Table 2
Outcomes.
Outcome

Mortality
ICU length of stay, days
Hospital length of stay, days
GCS of 15 at discharge
Inhospital complications
Hypotension requiring vasopressor
Hospital acquired infections
HAP/VAP
Urinary tract infection
Catheter-related bloodstream
infection
Other infection
Deep vein thrombosis
Arrhythmia
Decubitus ulcer
Rhabdomyolysis
Rehospitalization within 30 days

Table 4
Observed PNEA Risk based on Number of Risk Factors.
Intubated
PNEA
(N = 24)

Intubated
SE
(N = 124)

P
Value

0 (0)
2 [1–2]
3 [2–4]
24 (100)
4 (17)
2 (8)
1 (4)
1 (4)
0
0

7 (6)
4 [2–10]
9 [5–17]
71 (61)
64 (52)
27 (22)
30 (24)
17 (14)
10 (8)
3 (2)

0.599
<0.001
<0.001
<0.001
0.002
0.166
0.027
0.308
0.367
>0.999

0
1 (4)
0
0
0
4 (17)

5 (4)
9 (7)
6 (5)
2 (2)
13 (11)
16 (13)

>0.999
>0.999
0.590
>0.999
0.128
0.744

Number of risk factors

Total patients, n (%)

PNEA, n

PNEA risk, %

0
1
2
3
4
5
6

17 (11.5)
40 (27.0)
31 (20.9)
24 (16.2)
15 (10.1)
16 (10.8)
5 (3.4)

0
0
0
2
4
14
4

0.0
0.0
0.0
8.3
26.7
87.5
80.0

For patients with 5–6 risk factors, sensitivity for PNEA was 75.0% (95% CI, 53.0%–
89.4%), specificity was 97.6% (95% CI 92.6%–99.4%), positive predictive value was
85.7% (95% CI 62.6%–96.2%), and negative predictive value was 95.3% (95% CI 89.6%–
98.1%).

intubated, and white race was over-represented in this group as
well [12]. Other risk factors for intubation among hospitalized
PNEA patients included prolonged duration of convulsive symptoms, depressed level of consciousness, and overly aggressive
treatment with benzodiazepines [12].
A prior history of psychiatric illness was identified as a risk factor for PNEA among intubated patients with convulsive activity,
which parallels the high frequency of mental health disorders
among PNEA patients in general [19,22–24]. Chronic intracranial
abnormalities (such as stroke or traumatic brain injury) consistent
with localization-related epilepsy identified patients in our study
who were more likely to have SE than PNEA. Of the vital sign data
that we recorded, lower maximum SBP prior to intubation best differentiated PNEA from SE (Table 1); similar trends in DBP and heart
rate were also observed (Table 1 and Supplemental Table 1).
Increases in blood pressure and heart rate in patients with SE are
well-known to be caused by sympathetic hyperactivity and surges
in catecholamine levels [25–27]. Increases in SBP also occur during
episodes of PNEA [28,29], but our findings indicate that the magnitude of this hypertensive response is not as extreme as that seen in
SE. Seventy-five percent of PNEA patients had a maximal SBP prior
to intubation below the cut-point of <140 mm Hg, whereas 75% of
SE patients had a maximal SBP above this value.
Elevated serum creatine phosphokinase (CPK), a result of myocyte breakdown and rhabdomyolysis, is a common systemic complication of convulsive SE [30]. A prior study comparing 9 patients
with prolonged episodes of PNEA and 10 patients with refractory
generalized convulsive SE also found that CPK was lower in
patients with PNEA than in those with SE, consistent with our finding [31].
Most episodes of PNEA in our study lasted longer than 5 minutes, resembling not a brief epileptic seizure, but status epilepticus,
which requires aggressive treatment that can lead to complications. While the frequency of inhospital complications was lower
in PNEA than in SE patients, 17% had complications possibly

Data are n (% of total available data within each column) or median [IQR].
P values in bold are statistically significant (P < 0.05).
PNEA = psychogenic nonepileptic attacks; SE = status epilepticus; HAP = hospital
acquired pneumonia; VAP = ventilator associated pneumonia; GCS = Glasgow Coma
Scale.

symptoms (primarily in the ED) had PNEA rather than SE.
Age < 50 years, female gender, white race, history of a psychiatric
disorder, absence of prior intracranial abnormality, and maximum
SBP < 140 mm Hg identify patients with convulsive symptoms
resulting from PNEA rather than SE. Patients with convulsive
symptoms who had 5 or 6 of these risk factors have an 86% likelihood of having PNEA, with 75% sensitivity and 98% specificity.
Although PNEA cannot be diagnosed based solely on the presence
of these clinical characteristics, when these risk factors are recognized in patients presenting with convulsive activity, together with
appropriate clinical suspicion, clinicians can consider emergent
neurological consultation and rapid-response EEG before proceeding with intubation.
The 16% incidence of PNEA among patients intubated for severe
convulsive symptoms is comparable with that of patients admitted
for inpatient video-EEG monitoring for suspected epilepsy (15–
32%) [13,14]. The predominance of younger female patients among
those intubated for PNEA in our study is similar to the demographics of PNEA in general, in most [15–18], but not all studies [19].
Although racial disparities have been reported in epilepsy care
related to surgical access and medication adherence [20,21], to
our knowledge white race has not previously been identified as a
risk factor for PNEA. In a study of 80 consecutive PNEA admissions
at HFH during the same time period as the present study, 15% were

Table 3
Odds Ratios for Risk Factors for PNEA-Related Convulsive Activity.
Risk Factora

Intubated PNEA
(N = 24)

Intubated SE
(N = 124)

Odds ratio (95%CI)

P Value

Age < 50 years
Female
White b
Prior history of psychiatric disorders
Absence of prior intracranial abnormality
Maximum SBP < 140 mmHg c

22
19
20
21
22
12

49
48
35
31
47
18

16.8 (3.8–74.8)
6.0 (2.1–17.2)
24.0 (5.3–108.2)
21.0 (5.9–75.2)
18.0 (4.1–80.1)
10.6 (3.5–31.8)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

(92)
(79)
(91)
(88)
(92)
(67)

(40)
(39)
(29)
(25)
(38)
(16)

Data are n (% of total available data within each column).
PNEA = psychogenic nonepileptic attacks; SE = status epilepticus; SBP = systolic blood pressure; GCS = Glasgow Coma Scale; CPK = Creatine phosphokinase.
a
Only factors that can be assessed immediately before intubation were included.
b
Data are available for 22 of 24 intubated PNEA and 119 of 124 intubated status epilepticus patients.
c
Data are available for 18 of 24 intubated PNEA and 113 of 124 intubated status epilepticus patients.
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In conclusion, PNEA in patients presenting with emergent convulsive symptoms is not uncommon and can be predicted with a
high degree of certainty based on the presence of specific demographic, past medical, and physiologic risk factors that can be
assessed prior to making the decision to intubate. In addition to
clinical judgement, these risk factors could raise clinical suspicion
for PNEA. Since the outcome of convulsive PNEA is typically benign
and complications are increased with intubation [12], we recommend urgent neurological evaluation of at-risk patients and generation of a management plan that avoids over-sedation and
unnecessary intubation if at all possible.

related to unnecessary intubation including hypotension requiring
vasopressors, nosocomial infections, and deep vein thrombosis
(Table 2). This finding supports the result of a prior study showing
that prolonged episodes of PNEA are associated with a higher
healthcare utilization and costs [32], and emphasizes the importance of early diagnosis of PNEA. Although some semiological features may help distinguish PNEA from SE, no single clinical sign
can be relied on as a perfect diagnostic discriminator [2,3]. The
clinical diagnosis of PNEA requires that the events be observed
by an experienced neurologist in conjunction with evaluation of
the overall clinical picture [3,33]. Since our goal was to identify features that can be quickly and easily assessed by non-neurologists,
we did not include clinical motor phenomena as predictive factors.
To date, literature regarding the differentiation of convulsive
PNEA from SE in the emergency setting is limited. In this study,
we identified risk factors that can be readily assessed shortly after
ED arrival that may help identify patients with a high likelihood of
PNEA among those presenting with emergent convulsive symptoms. Though longer duration of convulsive activity, lower admission GCS score, and higher serum CPK also helped to differentiate
SE from PNEA, these data were typically recorded after intubation
in the medical record. However, a normal GCS score and CPK level
can help identify possible PNEA patients among those who have
already been intubated. A prior history of PNEA or epilepsy may
also help differentiate PNEA from SE, but these diagnoses frequently coexist: approximately 20% of patients with PNEA in our
study also had a prior history of epilepsy.
GCS scores in our study were obtained on hospital admission,
not ED arrival, primarily because the GCS is difficult to assess in
the presence of ongoing convulsive activity. Many more patients
intubated for PNEA had a normal GCS score of 15 on hospital
admission than did those intubated for status epilepticus (71% vs
11%, Table 1). This might be explained by the fact that postictal
alterations of consciousness did not occur in the patients who
had PNEA-related convulsive activity, unlike those who had status
epilepticus.
A strength of this study includes the fact that we selected
patients from a cEEG database and only included patients whose
diagnoses were confirmed by an attending neurologist; we did
not include convulsive events with uncertain diagnosis. Our study
also has limitations. First, we studied patients admitted to a single tertiary referral center in the Midwest United States, which
may limit generalizability. In particular, the over-representation
of white race among PNEA patients may be unique to this region.
Second, we cannot be certain that all convulsive symptoms in the
ED were nonepileptic among those with a final diagnosis of PNEA,
since 21% had a concurrent diagnosis of epilepsy, and 29% did not
experience convulsive symptoms on video-EEG, with the diagnosis based on history and clinical signs alone. Third, since we only
analyzed patients who underwent video-cEEG, we may have
excluded some patients intubated for convulsive symptoms during the 6-year study period who did not undergo monitoring.
Fourth, vital sign data documented before intubation were
unavailable in some cases because the precise times of intubation
and vital sign measurement were not available, since many of our
patients were transferred from referring hospitals. For this reason,
we also analyzed highest and lowest vital sign data on the entire
first day of admission. Finally, although the number of positive
risk factors indicating the probability of PNEA may be helpful in
clinical practice, the probabilities are based on small numbers
of patients. Because of the small sample size, the 95% CI for odds
ratios of those risk factors are wide, and we could not perform
multivariable analysis to identify independent predictors of PNEA.
Prospective validation is needed to determine if the PNEA risk
factors that we have identified are broadly applicable across
populations.

Source of funding and support
This study was funded by Educational and Research Fund from
Department of Neurology of Henry Ford Hospital. Tanuwong Viarasilpa has received funding from Siriraj Hospital, Mahidol University, Bangkok, Thailand. The funding sources had no role in the
collection, analysis, or interpretation of the data.
Conflict of interest disclosures
S.A.M. has received consulting fees from UCB Pharma. No other
disclosures were reported.
Ethics approval
This study was approved by the Henry Ford Institutional Review
Board (IRB No. 11654).
Consent to participate
As the study was retrospective and posed no significant risks,
the requirement for written informed consent was waived.
Consent for publication
This manuscript complies with all instructions for authors. All
authors have met authorship requirements and approved the submitted manuscript. This manuscript has not been published elsewhere and is not under consideration by another journal.
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines were followed.
Availability of data and material
The data that support the findings of this study will be made
available by the corresponding author upon reasonable request.
Authors’ contributions
TV had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of data analysis, performed data collection, analysis and interpretation, drafted
and revised the manuscript. NP performed data collection, analysis
and interpretation, assisted in drafting and revised the manuscript.
GO, RGK, JM, and GB assisted in data interpretation and critically
reviewed the manuscript. SAM designed the study and data analysis, performed data review and interpretation, drafted and revised
the manuscript. All authors have read and approved the final
manuscript, and agree to be accountable for all aspects of the work.
TV takes responsibility for the paper as a whole.
6

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by Elsevier on February 15, 2021.
For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

Epilepsy & Behavior 115 (2021) 107679

T. Viarasilpa, N. Panyavachiraporn, G. Osman et al.

[15] Reuber M, Pukrop R, Bauer J, Helmstaedter C, Tessendorf N, Elger CE. Outcome
in psychogenic nonepileptic seizures: 1 to 10-year follow-up in 164 patients.
Ann Neurol 2003;53(3):305–11.
[16] Asadi-Pooya AA, Sperling MR. Epidemiology of psychogenic nonepileptic
seizures. Epilepsy Behav 2015;46:60–5.
[17] Thomas AA, Preston J, Scott RC, Bujarski KA. Diagnosis of probable psychogenic
nonepileptic seizures in the outpatient clinic: does gender matter? Epilepsy
Behav 2013;29(2):295–7.
[18] Asadi-Pooya AA, Emami Y, Emami M, Sperling MR. Prolonged psychogenic
nonepileptic seizures or pseudostatus. Epilepsy Behav 2014;31:304–6.
[19] Szaflarski JP, Ficker DM, Cahill WT, Privitera MD. Four-year incidence of
psychogenic nonepileptic seizures in adults in hamilton county, OH.
Neurology 2000;55(10):1561–3.
[20] McClelland 3rd S, Guo H, Okuyemi KS. Racial disparities in the surgical
management of intractable temporal lobe epilepsy in the United States: a
population-based analysis. Arch Neurol 2010;67(5):577–83.
[21] Bautista RE, Graham C, Mukardamwala S. Health disparities in medication
adherence between African-Americans and Caucasians with epilepsy. Epilepsy
Behav 2011;22(3):495–8.
[22] Bowman ES, Markand ON. Psychodynamics and psychiatric diagnoses of
pseudoseizure subjects. Am J Psychiatry 1996;153(1):57–63.
[23] Meierkord H, Will B, Fish D, Shorvon S. The clinical features and prognosis of
pseudoseizures diagnosed using video-EEG telemetry. Neurology 1991;41
(10):1643–6.
[24] Alessi R, Valente KD. Psychogenic non-epileptic seizures at a tertiary care
center in Brazil. Epilepsy Behav 2013;26(1):91–5.
[25] Simon RP, Aminoff MJ, Benowitz NL. Changes in plasma catecholamines after
tonic-clonic seizures. Neurology 1984;34(2):255–7.
[26] Meierkord H, Shorvon S, Lightman SL. Plasma concentrations of prolactin,
noradrenaline, vasopressin and oxytocin during and after a prolonged epileptic
seizure. Acta Neurol Scand 1994;90(2):73–7.
[27] Shimizu M, Kagawa A, Takano T, Masai H, Miwa Y. Neurogenic stunned
myocardium associated with status epileptics and postictal catecholamine
surge. Intern Med 2008;47(4):269–73.
[28] Tatum WO, Acton EK, Langston ME, Yelvington K, Bowman C, Shih JJ, et al.
Multimodality peak lctal vital signs during video-EEG monitoring. Seizure
2016;40:15–20.
[29] Badry R. Changes in vital signs during epileptic and psychogenic nonepileptic
attacks: a video-EEG study. J Clin Neurophysiol 2019;00:1–5.
[30] Sutter R, Dittrich T, Semmlack S, Ruegg S, Marsch S, Kaplan PW. Acute systemic
complications of convulsive status epilepticus-a systematic review. Crit Care
Med 2018;46(1):138–45.
[31] Holtkamp M, Othman J, Buchheim K, Meierkord H. Diagnosis of psychogenic
nonepileptic status epilepticus in the emergency setting. Neurology 2006;66
(11):1727–9.
[32] Seneviratne U, Low ZM, Low ZX, Hehir A, Paramaswaran S, Foong M, et al.
Medical health care utilization cost of patients presenting with psychogenic
nonepileptic seizures. Epilepsia 2019;60(2):349–57.
[33] Erba G, Giussani G, Juersivich A, Magaudda A, Chiesa V, Laganà A, et al. The
semiology of psychogenic nonepileptic seizures revisited: can video alone
predict the diagnosis? Preliminary data from a prospective feasibility study.
Epilepsia 2016;57(5):777–85.

Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.yebeh.2020.107679.

References
[1] Bodde NM, Brooks JL, Baker GA, Boona AJM, Hendriksen JGM, Mulder OG, et al.
Psychogenic non-epileptic seizures-definition, etiology, treatment and
prognostic issues: a critical review. Seizure 2009;18(8):543–53.
[2] LaFrance Jr WC, Baker GA, Duncan R, Goldstein LH, Reuber M. Minimum
requirements for the diagnosis of psychogenic nonepileptic seizures: a staged
approach: a report from the International League Against Epilepsy
Nonepileptic Seizures Task Force. Epilepsia 2013;54(11):2005–18.
[3] Avbersek A, Sisodiya S. Does the primary literature provide support for clinical
signs used to distinguish psychogenic nonepileptic seizures from epileptic
seizures? J Neurol Neurosurg Psychiatry 2010;81(7):719–25.
[4] Howell SJ, Owen L, Chadwick DW. Pseudostatus epilepticus. Q J Med
1989;71:507–19.
[5] Reuber M, Baker GA, Gill R, Smith DF, Chadwick DW. Failure to recognize
psychogenic nonepileptic seizures may cause death. Neurology 2004;62
(5):834–5.
[6] Dobbertin MD, Wigington G, Sharma A, Bestha D. Intubation in a case of
psychogenic, non-epileptic status epilepticus. J Neuropsychiatry Clin Neurosci
2012;24(1):E8.
[7] Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap) – a metadata-driven methodology and
workflow process for providing translational research informatics support. J
Biomed Inform 2009;42(2):377–81.
[8] Miller NS, Gold MS. Management of withdrawal syndromes and relapse
prevention in drug and alcohol dependence. Am Fam Physician 1998;58
(1):139–46.
[9] Barr J, Zomorodi K, Bertaccini EJ, Shafer SL, Geller E. A double-blind,
randomized comparison of i.v. lorazepam versus midazolam for sedation of
ICU patients via a pharmacologic model. Anesthesiology 2001;95
(2):286–98.
[10] Stahl K, Rastelli E, Schoser B. A systematic review on the definition of
rhabdomyolysis. J Neurol 2020;267:877–82.
[11] SPSS Inc. Released 2009. PASW Statistics for Windows, Version 18.0. Chicago:
SPSS Inc.
[12] Viarasilpa T, Panyavachiraporn N, Osman G, Akioyamen NO, Wasade VS,
Barkley G, et al. Intubation for psychogenic non-epileptic attacks: frequency,
risk factors, and impact on outcome. Seizure 2019;76:17–21.
[13] Benbadis SR, Agrawal V, Tatum WOT. How many patients with psychogenic
nonepileptic seizures also have epilepsy? Neurology 2001;57(5):915–7.
[14] Martin R, Burneo JG, Prasad A, Powell T, Faught E, Knowlton R, et al. Frequency
of epilepsy in patients with psychogenic seizures monitored by video-EEG.
Neurology 2003;61(12):1791–2.

7

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by Elsevier on February 15, 2021.
For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

