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Purpose: Generalized periodic discharges (GPDs) with a triphasic
morphology have been associated with nonepileptic
encephalopathies. We conducted the study to assess the
reliability in which electroencephalographers can differentiate
triphasic from nontriphasic periodic discharges and to evaluate
for the presence of electroencephalogram and clinical
characteristics that are associated with a higher risk of seizures.

Methods: We studied prospectively 92 patients between May
2016 and February 2017. Each pattern was analyzed by two
readers, who were blinded to clinical data.

Results: The interrater agreement was “substantial” (Kappa
0.67). The following features significantly increased the risk of
developing seizures: the absence of triphasic morphology,
focality on electroencephalogram, interburst suppression,
a history of epilepsy, and an abnormal scan. The “GPD score”

includes a history of epilepsy, focality on
electroencephalogram, and the absence of triphasic
morphology. A GPD score of 0 has 13% risk of seizures,
whereas a score of 5 to 6 has a 94% risk.

Conclusions: Triphasic morphology GPDs confer less risk of
seizures when compared with patients with GPDs without
triphasic morphology. Features with a higher risk of seizures
include focality on electroencephalogram, interburst
suppression, a history of epilepsy, and an abnormal scan. The
GPD score can be used to assess the risk of developing seizures
in patients with GPDs.
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HIGHLIGHTS

• Generalized periodic discharges of triphasic morphology have
less risk of seizures (28%) compared with patients without
triphasic morphology (93%).

• Features with a higher risk of seizures in patients with
generalized periodic discharges include focality on electroen-
cephalogram (EEG), interburst suppression, a history of
epilepsy, and an abnormal scan.

• The “GPD score” includes a history of epilepsy (1 point), focality
on EEG (2 points), and the absence of triphasic morphology (3
points). Higher scores are associated with more risk of seizures in
patients with generalized periodic discharges.

In 1950, Foley described triphasic waves (TWs) in associ-
ation with hepatic encephalopathy.1 Generalized periodic dis-
charges (GPDs) without triphasic morphology patterns are
described traditionally in patients with nonconvulsive status
epilepticus2 and have been associated with a higher risk of
seizures compared with generalized TWs.3 Generalized periodic
discharge can also be seen in anoxic brain injury (post cardiac

arrest), creutzfeldt jakob disease, subacute sclerosing panence-
phalitis, and other metabolic encephalopathies.

It is often challenging for electroencephalographers to
differentiate between TWs and GPDs without triphasic morphol-
ogy,4–6 and there are no clear criteria to distinguish TWs from
other GPDs.4,7,8 Some authors have reported seizure activities in
patients with TWs.9,10

Foreman et al. reported in 2016 that patients with TWs were as
likely to develop seizures as those without (25% vs. 26%).11

Electroencephalographers often are requested to distinguish between
TWs and GPDs without triphasic morphology and to estimate the
risk of epileptogenicity in patients with GPDs. This differential
diagnosis is important because it may lead to inappropriate either use
or avoidance of antiepileptic drugs (AEDs). There are no systematic
studies trying to differentiate GPDs with and without TWs besides
a study by Foerman who found that the interrater agreement (IRA)
was only “fair” for triphasic morphology (Kappa ¼ 0.33).11

Our study objectives are to assess the reliability of electro-
encephalographers to differentiate triphasic from nontriphasic peri-
odic discharges, as well as to report seizure association with the two
EEG patterns and to evaluate the presence of other EEG and clinical
characteristics that are associated with a higher risk of seizures in
patients with GPDs with and without triphasic morphology.

METHODS

Clinical and EEG Data Acquisition
We collected prospectively 92 patients with generalized

patterns between May 2016 and February 2017 at University
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Hospitals Cleveland Medical Center. The study was approved by
our institutional review board. Inclusion criteria included all
adult patients with generalized periodic patterns (GPDs). Exclu-
sion criteria included (1) patients who are younger than 18 years
and (2) generalized patterns as a result of cardiac arrest with
anoxic brain injury (Table 1).

Continuous EEGs were recorded for clinical purposes using
the International 10 to 20 System by certified EEG technologists.
We defined generalized periodic patterns (GPDs) as a bilateral,
bisynchronous, periodic activity as defined by the American
Clinical Neurophysiology Society (ACNS) and the Critical Care
EEG Monitoring Research Consortium (CCEMRC).12,13 Gener-
alized periodic discharge patterns included “generalized spike (or
polyspikes) with and without slow wave,” “spike (or polyspikes)
with and without slow wave,” “burst suppression” and “other
patterns” when it doesn’t fit the defined patterns. We classified an
EEG as of triphasic morphology if the periodic discharges had
one of the following morphologies: pattern 1 consisting of
a small negative phase, then a positive phase, followed by a large
negative phase, and pattern 2 consisting of a large negative
phase, followed by a positivity, followed by a relatively small
negativity. The presence of polyspikes excluded the patients from
being classified as TWs. Electroencephalographers were asked to
describe the most prominent pattern in the recording. Interburst
suppression was defined as an amplitude of ,10 mV in between
bursts. Anterior–posterior lag or posterior–anterior lag was
defined as a delay of 100 milliseconds or more from anterior to
posterior or posterior to anterior. Electroencephalogram leads in
a bilateral “banana” montage. Focality on EEG was defined as
any focal patterns including focal epileptogenic activity, asym-
metry in amplitude, focal slowing, or lateral periodic discharges.
We included both continuous and routine “spot” EEG recordings.

The EEGs were reviewed for the presence of TW morphol-
ogy, interburst suppression, anterior–posterior lag or posterior–
anterior lag (PA), focal patterns, change with stimulation, change
with sleep/awake cycle, any abnormal patterns, EEG seizures
(lateralization and localization), duration of recording, and the
presence of posterior dominant rhythm during the generalized
patterns. The time of recording was decided by the clinicians
taking care of the patient and the electroencephalographers who
had read the EEG (not by our study raters).

We reviewed the patients clinical data including age, sex,
laboratory tests (white cell count, ammonia, liver tests, kidney
function, and calcium), the use of antiepileptic or sedative
medications, brain imaging findings (abnormal scan was
defined as an acute or chronic focal abnormality on a computed
tomography head or a brain MRI that could be a source of
a seizure focus), Glasgow Coma Scale score on admission,
modified Rankin scale on discharge and on follow-up, the
history of epilepsy, discharge disposition, the presence of
sepsis, and finally whether the patient had a clinical seizure
with clear description to seizure semiology (Table 1).

Study Design and Statistical Analysis
Each EEG recording was assigned prospectively to two

electroencephalographers (two of the first five authors) to assess
the reliability in which electroencephalographers can differentiate
triphasic from nontriphasic periodic discharges. This was

evaluated through IRA; kappa ratio. Interrater agreement is
classified by range: 0 to 0.2, slight agreement; 0.21 to 0.40, fair
agreement; 0.41 to 0.60, moderate agreement; 0.61 to 80,
substantial agreement; and 0.81 to 1.00, near perfect agreement.
Patterns with disagreement were reviewed by a senior author (Dr.
G. Fernandez-Baca Vaca). The electroencephalographers were
blinded to clinical data. Two researchers who were blinded from
the EEG data collected the clinical information. The study did not
alter patients’ course of management.

Statistical analysis was performed using commercially
available statistical software (SPSS). Chi-square and Fisher
exact test were used for comparisons of proportions. For
continuous variables, a Shapiro–Wilk test was used to dis-
tinguish between normal and abnormal distributions. Nor-
mally distributed variables were analyzed using the Student
t-test and nonnormally distributed variables using the Mann–
Whitney U test. Patients were dichotomized into seizures and
no seizures. The one-way analysis of variance (ANOVA) was
used to determine whether there are any statistically signifi-
cant differences between the mean values of three or more
independent groups. We used logistic regression to predict
seizures for one and more variables. We built a score based on
the logistic regression to assess the risk of seizures in patients
with GPDs. Levels for statistical significance were set at two-
tailed P-value of ,0.05.

RESULTS

The Reliability in Which Electroencephalographers
Can Differentiate Triphasic From Nontriphasic
Periodic Discharges

We identified 92 patients between May 2016 and February
2017 with GPDs. Our IRA for triphasic morphology was
“substantial” with a Kappa of 0.67. Fourteen of ninety-two
patterns with disagreement were analyzed by the senior author.
We had a total of 64 patients with triphasic morphology, and 28
patients with GPDs without triphasic morphology (Table 2).
Generalized periodic discharges without triphasic morphology
included 6/28 patients with spike and wave, 6/28 patients with
polyspike and wave, 7 patients with burst suppression patterns,
and 9 patients with “other” GPDs patterns. Twenty-eight percent
of patients with triphasic morphology had at least 1 seizure,
whereas 93% of those without triphasic morphology had at least
1 seizure. For patients with TWs, 12/18 had TW first, then
seizure versus 6/18 had seizure then TWs. Anterior–posterior lag
or posterior–anterior lag was present in 87.5% of the 64 patients
with TWs (Fig. 1).

Seizure Association and Patients’ Characteristics
We categorized patients into two groups, regardless of their

main EEG patterns: (1) patients with seizures (44 patients) and
(2) patients without seizures (48 patients). There was a statistical
significant difference in age between the two groups. Patients
without seizures had a mean age of 73 years (48% women, 52%
men), whereas patients with seizures had a mean age of 64 years
(60% women). There were no statistical significant differences
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between the two groups for the following variables: White
Blood Cells, ammonia, liver enzymes, kidney function, and
electrolytes. Ninety-eight percent of the seizure group patients
underwent brain imaging versus 94% in the nonseizure group
(P ¼ 0.35). The dominant clinical etiology was metabolic in
the nonseizure group (63%) and structural etiology (ischemic
stroke, subdural hematoma, subarachnoid hemorrhage, intra-
cerebral hemorrhage, etc.) in the seizure group 72.7%.
Glasgow coma scale was 10 in the seizure group versus 12
in the nonseizure group (P ¼ 0.22). Antiepileptic drugs were
used in 98% of patients in the seizure group versus 35% in the
nonseizure group (P ¼ 0.0001). More sedative medications
were used in the seizure group (59%) than in the nonseizure
group (37.5%) (P ¼ 0.03). The duration of EEG recording was
6.9 days in average in the seizure group but only 1.6 days in
the nonseizure group (P ¼ 0.0001). There was no statistical
significance between the two groups in terms of sepsis,
respiratory failure, and drug or alcohol intoxication. Mortality
was 22% in the seizure group versus 23% of the nonseizure
group. There was no statistical significant difference in the
discharge disposition outcome (Table 1).

EEG and Clinical Features With Higher Risk of
Seizure in Patients With GPDs

We dichotomized our patients into two groups (patients with
and without seizures) and analyzed the risk of developing
seizures as a function of several EEG and clinical features. The
following variables were associated with a statistically signifi-
cantly higher risk of having seizures: generalized pattern without
triphasic morphology, focality on EEG, interburst suppression,
a history of epilepsy, and an abnormal scan. The following
variables had less risk of seizures: EEG reactivity (pattern change
with stimulation), the presence of posterior dominant rhythm,
and EEGs with a sleep/awake cycle. None of these variables
showed a statistical significance for a decreased risk of seizures.
Generalized periodic discharges with triphasic morphology,
however, had a statistically significant decreased risk of seizures
(P ¼ 0.0001) (Table 3).

To develop a seizure predictive model in patients with
GPDs, we analyzed the statistically significance data sets using
a multivariate logistic regression model for generalized patterns
without triphasic morphology, focality on EEG, interburst
suppression, a history of epilepsy and an abnormal scan. Patients

TABLE 1. Patients’ Characteristics

Data
Generalized Patterns With Seizures,

44 Patients, Mean (SD)
Generalized Patterns Without Seizures,

48 Patients, Mean (SD) P

Age, years 64 (17) 73 (14) 0.003*
Sex 21 F (48%); 23 M (52%) 29 F (60%); 19 M (40%)
WBC 17.8 (9.26) 14.8 (8.3) 0.1†
Ammonia 60 (28) 62 (55) 0.95†
AST 141 (557) 98 (165) 0.64†
Bilirubin 2.3 (5.7) 2.2 (3.1) 0.9†
BUN 35 (22) 43 (22) 0.08†
Creatinine 2.4 (3) 2.2 (2.2) 0.66†
Calcium 7.5 (1) 7.7 (0.6) 0.21†
Brain imaging (CT or MRI) 43 (98%) 45 (94%) 0.35‡
Etiology

Metabolic 11 (25%) 30 (63%)
Structural 32 (72.7%) 15 (31%)
Other/unknown 1 (2.3%) 3 (6%)

GCS on presentation 10 (4) 12 (4) 0.22*
AED use 43 (98%) 17 (35%) 0.0001‡
Sedative medications use 26 (59%) 18 (37.5%) 0.03‡
Duration of recording, days 6.9 (5.75) 1.6 (2.18) 0.0001
Sepsis 26 (59%) 24 (50%) 0.38‡
Drug or alcohol intoxication 7 (16%) 2 (4%) 0.58‡
Discharge disposition 0.85‡

Good discharge outcome 8 (18%) 8 (17%)
Home 6 (14%) 3 (6%)
Rehab 2 (5%) 5 (10%)

Poor discharge outcome 36 (82%) 40 (83%)
SNF 16 (36%) 17 (35%)
LTAC 4 (9%) 5 (10%)
Hospice 6 (14%) 7 (15%)
Death 10 (22%) 11 (23%)

*Mann–Whitney U test.
†Student t-test for continuous variables.
‡Chi-Square test for categorical data.
AED, antiepileptic drug; CT, computed tomography; GCS, Glasgow Coma Scale; LTAC, long-term acute care facility; SNF, skilled nursing facility; WBC, White Blood Cells.
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without triphasic morphology had 22 times greater odds to
develop a seizure (P ¼ 0.0002). Focality on EEG had 12 times
greater odds (P ¼ 0.0004), and the history of epilepsy had 9

times greater odds (P ¼ 0.0276) to have seizures. The results
were not statistically significant for interburst suppression and
structural abnormality on a scan (Table 4).

FIG. 1. Generalized periodic discharges (GPDs). A, Triphasic morphology pattern in a 74-year-old man with metabolic encephalopathy.
Patient had a normal computed tomography head, no history of epilepsy, and no focality on electroencephalogram (EEG). Patterns resolved
spontaneously, and the patient never had seizures. B, Generalized periodic discharges (GPDs) without triphasic morphology in an 81-year-
old woman with a history of epilepsy and a normal scan. The patient had right facial twitching. She was given a trial of Lorazepam with
significant improvement in the EEG and mental status.
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Using the three statistically significant features based on our
logistic regression model to patients with seizures, we came up
with a score to evaluate the risk of seizures in GPDs patients.
Based on the odds ratio, we gave three points for GPDs without
triphasic morphology, two points for focality on EEG, and one
point for the history of epilepsy. The score is the result of
summation of these three features’ points (Table 5). Minimum
score is 0 with the least risk of seizures (13%), then 1 to 2 with
a risk of 52%, then 3 to 4 with 79%, and the highest score is 5 to
6 with the highest risk of seizure development (94%) (Fig. 2).

DISCUSSION
We conducted this study to evaluate the reliability of

electroencephalographers in identifying triphasic versus non-
triphasic GPDs, to determine the epileptogenicity of triphasic and
nontriphasic GPDs and to identify clinical and EEG features that
increase the likelihood of epileptic seizures.

Agreement on the triphasic morphology term was “sub-
stantial” (Kappa 0.67). One possibility of a substantial agreement
for the TWs is defining the triphasic morphology clearly into two
patterns, as demonstrated in our methods. The IRA study by
Foreman et al. for “triphasic” was only “fair agreement” with an

IRA of 0.33; however, it was across 11 raters. Gaspard et al.14 in
2014 study, had a moderate agreement rate with an IRA of 0.58
across 49 raters. For two raters’ studies, the IRA reported was
0.81 and 0.84.3 Different EEG centers and EEG reading
background are the likely explanation for multiple rater system’s
IRA because they might have different criteria to classify GPDs.
We had a prolonged recording time as compared to previous
studies. Patients under the seizure group were recorded for 6.9
days versus 1.6 days for the nonseizure group. In a study by
Foreman et al., only two 30-minute segments of each continuous
EEG recording were selected: one included a sample of
background including the GPD pattern and the second included
any possible or definite seizure activity.

Traditionally, GPDs of a triphasic morphology has been
associated with a metabolic encephalopathy and not with
epileptic encephalopathies. We found, however, that 28% for
those with TWs developed seizures. Most TW patients’ seizures
are focal in nature. This could be related to the underlying CNS
pathology in these patients, which is likely to be more
epileptogenic than metabolic alone and may explain the high
percentage of seizures in a traditionally described as nonepileptic
encephalopathies. In addition, most of our patients are critically
ill, and the request for EEG recording in this population is the
result of a high clinical suspicion for possible seizures or
nonconvulsive status epilepticus. In the study by Foreman

TABLE 2. Comparison of Seizures’ Characteristics With and
Without Triphasic Morphology

Data
GPDs With TWs,

64 Patients

GPDs
Without TWs,
28 Patients P

Seizure 18 (28%) 26 (93%) 0.00001
Electrographic 9 (14%) 17 (61%)
Clinical 15 (23%) 23 (82%)
Both 6 (9%) 14 (50%)

Focal EEG seizures 8 11 0.19
Generalized EEG seizures 1 6

EEG, electroencephalogram; GPD, generalized periodic discharges.

TABLE 3. Comparison of Patient Characteristics With and Without Seizures

Data
Generalized Patterns With Seizures,

44 Patients
Generalized Patterns

Without Seizures, 48 Patients
Relative
Risk; P

GPDs with triphasic morphology 18 (41%) 46 (96%) 0.3; 0.0001
GPDs without triphasic (spike, polyspikes, and
others)

26 (59%) 2 (4%) 3.3; 0.0001

Focality (asymmetry, spike, SW, CS, etc.) 28 (64%) 9 (19%) 3.39; 0.0001
Interburst suppression (,10 mV) 15 (34%) 6 (12.5%) 2.73; 0.02
History of epilepsy 8 (18%) 2 (4%) 4.36; 0.05
Structural abnormality on CT/MRI 33 (75%) 26 (54%) 1.38; 0.04
Awake sleep cycle 10 (23%) 13 (27%) 0.84; 0.63
Change GPDs patterns with awake sleep cycle 9 (20%) 13 (27%) 0.76; 0.46
Reactive patterns with stimulation 12 (27%) 22 (46%) 0.56; 0.08
Presence of posterior dominant rhythm on EEG 11 (25%) 14 (29%) 0.86; 0.65

CT, computed tomography; EEG, electroencephalogram; GPDs, generalized periodic discharges.

TABLE 4. Multivariate Logistic Regression Model Predicting
Seizures in Patients With GPDs

Term in Model
Odds Ratio
(95% CI) P

GPDs without triphasic
(spike, polyspikes, and others)

22 (4.23–113.45) 0.0002

Focality (asymmetry, spike, SW, CS, etc.) 12 (3.09–48.6) 0.0004
Interburst suppression (˂10 mV) 0.58 (0.13–2.6) 0.48
History of epilepsy 9 (1.27–61.57) 0.0276
Structural abnormality on CT/MRI 0.64 (0.15–2.66) 0.5380

CT, computed tomography; GPDs, generalized periodic discharges
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et al. in 2016, the authors found that GPDs with triphasic
morphology were no less likely to develop seizures than those
without triphasic morphology. In their study, 25% of TW patients
developed seizures.11 This observation is important as the classic
association between TWs and metabolic encephalopathy may
lead to improper management. However, of patients without
triphasic morphology only 26% developed seizures in the study
by Foreman et al. In our study, there was a substantial difference
in risk of seizures between the two groups, as GPDs without TWs
had a 93% risk of seizures. This may be related to a longer
recording and longer EEG review time in our cohort by our EEG
readers, which allow for more seizure detection. In the cohort of
Foreman et al., patients with only two 30-minute segments of
each continuous EEG recording were selected (one for GPDs and
one for possible seizure activity).

When we dichotomized the patients into two groups (with
and without seizures), there was no difference in terms of main
patients’ characteristics besides older patients in the group
without seizures. Outcomes based on discharge disposition did

not differ with and without seizures. Mortality was 22% and 23%
in both groups, as compared to 35% in the group of Foreman
et al. The slightly higher mortality in the group of Foreman et al.
can be explained with the inclusion of patients with anoxic brain
injury. In other studies, mortality was only 15%, although this
percentage was exclusively for GPDs with triphasic morphol-
ogy.8 In our cohort, the mortality was close with 19% (12/64) of
TW patients.

When we compared clinical and EEG features in the two
groups, we found no statistically significant difference in patients
with GPD with and without triphasic morphology with auditory
and/or noxious stimulation. Our results were not consistent with
Boulanger’s study,3 who reported that stimulation caused an
immediate increase of triphasic discharges in 25 patients (51%).

The presence of a sleep–awake cycle or the change of patterns
during the cycle was also not a prediction for epileptogenicity. We
observed similar results with the presence or the absence of pos-
terior dominant rhythm (PDR). The only statistically significant
protective factor was the presence of a TW morphology.

To our knowledge, no study has reported all the factors that
are associated with a higher risk of seizures in patients with
GPDs. In Boulanger’s study,3 the authors concluded that GPDs
without triphasic morphology had a higher frequency, a shorter
duration of phase one, extra-spike components, and less gener-
alized background slowing. We defined using logistic regression
the most relevant factors that included the absence of TWs,
focality on EEG, and the history of epilepsy. We then came up
with the GPD score system to evaluate for epileptogenicity based
on the odds ratio of these three factors (Table 5).

The GPD score includes a history of epilepsy (1 point),
focality on EEG (2 points), and the absence of triphasic

FIG. 2. Generalized periodic discharges (GPD) score for risk of seizure. The GPD score includes a history of epilepsy (1 point), focality on
electroencephalogram (EEG) (2 points), and the absence of triphasic morphology (3 points). The score is the result of summation of these
three features’ points. Axis x represents the score and axis y represents the percentage of patients with seizures. Minimum score is 0 with
the least risk of seizure (13%), then 1 to 2 with a risk of (52%), then 3 to 4 with (79%) and the highest score is 5 to 6 with the highest risk of
seizure development (94%).

TABLE 5. GPD Score

Variables Points

GPDs without triphasic 3
Focality on EEG 2
History of epilepsy 1

Total score (sum of individual points).
Maximum score 6.
Minimum score 0.
EEG, electroencephalogram; GPDs, generalized periodic discharges.
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morphology (3 points). We believe that the GPD score is the first
score reported to evaluate the epileptogenicity in patients with
GPDs. The score may help to determine which patients’
population would benefit from holding AEDs and observing
the pattern until resolution (score 0) or treating aggressively with
high score patients (score 6). This study can play an important
role in future studies to determine the clinical application of the
score, our score is based on a single-center data and needs
validation to apply it in clinical practice. One strength of the
study is the blinded aspects of both the electroencephalographers
and the clinicians.

Our study limitation includes a single-center study; how-
ever, we had a reasonable number of patients for analysis. One
center study has a limited external validity and unequal allocation
of resources because not all centers have similar EEG monitoring
capabilities. However, a single-center study has more potential
for agreement in GPD patterns, also has a more homogenous
patients’ population and patients’ management as compared to
multicenter studies. Only a single author (A.M.A.) was respon-
sible for data collection which may result in a selection bias
which may affect proper randomization of the samples and the
patients may not be representative of all GPD populations. Each
EEG was analyzed by two electroencephalographers only. Other
short coming of the study is that the time of EEG recording in
patients with seizures was longer than the no-seizure group as
more seizures could have been captured with longer recording.
Finally, the use of AEDs and/or sedative medications may have
altered the study results, as the AED use was not controlled in the
study. This can be resolved in future prospective studies applying
the GPD score to randomize for treatment.

CONCLUSION
Patients with GPDs of triphasic morphology confer less risk

of seizure (28%) compared with patients with GPDs without
triphasic morphology (93%). Features with a higher risk of
seizures include focality on EEG, interburst suppression, a history
of epilepsy, and an abnormal scan. The GPD score includes
a history of epilepsy (1 point), focality on EEG (2 points), and
the absence of triphasic morphology (3 points). Higher scores are

associated with more risks of seizures. Future studies are needed
for a seizure risk stratification in the future to determine the use
or the avoidance of the antiepileptic medications in patients with
GPDs. The GPD score can be used for seizure risk stratification.
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