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CASE REPORT

Are Triphasic Waves Different From Generalized Spike–Wave
Discharges?
Khalil S. Husari*† and Peter W. Kaplan*†
*Department of Neurology, Johns Hopkins University; Baltimore, Maryland, U.S.A.; and †Department of Neurology, Johns Hopkins Bayview Medical Center,
Baltimore, Maryland, U.S.A.

Summary: Generalized periodic discharges with triphasic
morphology were previously referred to as triphasic waves
but have now been subsumed into the ACNS classification as
generalized periodic discharges. Although triphasic waves and
generalized spike–wave complexes may resemble each other
and hence may be incorrectly identified in comatose critically ill
patients, many authors believe that there are different entities,
with definable morphologic and clinical differences attributable
to each waveform. The occurrence of both patterns in the same
patient is extremely rare with only a single prior case report.

Here the authors report a patient with typical triphasic waves
and generalized spike–wave complexes and highlight the
morphologic and EEG differences between the two patterns.
The occurrence of both waveforms in the same EEG recording
supports the notion of different cerebral generators and
pathways, further differentiating rather than merging these
morphologies.
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(J Clin Neurophysiol 2021;38: e20–e23)

Generalized periodic discharges (GPDs) with triphasic mor-
phology,1 which for brevity we will refer to as triphasic

waves (TWs), have been considered to be one of the hallmarks
and an EEG signature in encephalopathic patients since their first
description in the 1950s.2,3 Triphasic waves are now recognized
in many metabolic, toxic, and structural pathophysiologies.4,5

Conversely, GPDs with spike morphology (or generalized spike–
wave complexes [GSWCs]) are typically seen inter-ictally as
well as in absence status epilepticus and are associated with
nonconvulsive status epilepticus in critically ill patients.6,7

The morphologic and pathophysiological distinction
between both waveforms continues to be debated among
neurophysiologists as highlighted by two articles in this special
issue of the Journal of Clinical Neurophysiology on TWs. The
inconsistencies in the literature regarding the clinical and EEG
appearances of TWs and GPDs without TW morphology raised
the notion that the two patterns might not fundamentally be
different but rather might represent variations of the same
underlying pathophysiology.8,9 We offer countervailing evi-
dence, more clearly distinguishing between the two
morphologies.

Kaplan and Schlattman10 highlighted the differences
between both patterns in a report of a patient with TWs and
GSWCs in the same EEG recording, demonstrating both
distinctly different patterns in a patient with the clinical
substrates (a genetic generalized absence epilepsy and then an

acquired hyperammonemic liver failure) with both conditions. In
this communication, we report a second patient with a history of
generalized epilepsy who developed metabolic encephalopathy
with TWs. We discuss the morphologic and EEG differences
between TWs and GSWC and focus on the clinical and
pathophysiological implications.

CASE PRESENTATION
A 72-year-old woman with pancreatic cancer was admitted to

the hospital with pancreatitis. She had a long history of generalized
epilepsy, well-controlled on levetiracetam monotherapy. She has
been seizure-free for the past 2 decades. Her hospital course was
complicated by deep venous thrombosis, gastrointestinal bleeding,
and acute kidney injury. On day 20 of admission, she developed
fever, hypoxemia, low blood pressure, and progressive encephalop-
athy and limb myoclonus. She was started on ceftriaxone and
vancomycin for pneumonia and sepsis. Head computed tomography
scan showed mild global cerebral atrophy without evidence of acute
intracranial abnormality. Lumbar puncture revealed a normal
cerebrospinal fluid analysis with negative cerebrospinal fluid
infectious studies. Kidney function and liver function tests as well
as ammonia were unremarkable. Continuous EEG monitoring
showed diffuse delta–theta slow activity with concomitant TWs
and generalized spike–waves complexes (Figs. 1A–1C). The patient
was monitored on continuous EEG for 48 hours without electro-
graphic seizures. The patient’s encephalopathy and myoclonus re-
gressed within days, with the treatment of her pneumonia and sepsis.

EEG ANALYSIS
As shown in Figs. 1A and 1B, there are clear morphologic

differences between TWs and GSWC. Triphasic waves were
maximal in frontocentral and centro-parietal leads, had initial
blunted upward deflection (phase I) followed by a long
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downward deflection (phase II), then a gradual ascent back to the
baseline “the belly of the TWdphase III.” Conversely, GSWCs
were maximal more anteriorly in the frontal and frontopolar
leads, had an initial steep downward deflection (or at times absent
phase I), followed by a steep upward waveform, and finally by a
sharp downward waveform. TWs had longer waveform complex
duration compared with GSWC (.200 ms for TWs vs. 100–150
ms for GSWCs). Importantly, TWs were significantly activated
by arousals and were notably absent in stage II sleep, while
GSWCs were present during both waking and sleep as shown in
Fig. 1C. Of note, the sole difference between the EEG in Figs.
1A–1C is the sleep/wake state of the patient.

DISCUSSION
This study illustrates the morphologic differences between

TWs and spike–wave complexes (GSWCs) occurring in the same
patient in the same EEG recording. Such patients with both EEG
patterns are extremely rare. Our findings extend findings pre-
viously shown by Kaplan and Schlattman.10 In both cases, TWs
were maximal in the frontocentral and centro-parietal leads, had

longer complex duration, wider angles between the phases, and
less steep deflections (Table 1 and Fig. 1).

The boundaries between TWs and nonconvulsive status
epilepticus can be challenging and, in some cases, remain within
a gray zone. This is particularly applicable in patients with GPDs
with sharp rather than spike morphology and when the GPDs’
frequency approaches 2 to 2.5 Hz. In a large multicenter trial, the
interrater agreement among 11 expert EEG readers on what
“defines” TWs was only fair,11 which highlights these chal-
lenges, illustrating how subjective differentiation between TWs
and other types of GPDs can be. Historically, TWs have been
associated with a relatively low risk of acute seizures, and with
significant contributions from subcortical atrophy, toxic/
metabolic and infectious contributors, all three present in about
one third of patients.12 This was corroborated in 92 patients with
GPDs, finding striking differences between the two groups: a
28% risk of seizures in the TW group versus 93% in GPDs
without TWs.13 Foreman et al.11 had found no difference in
seizure associations between patients with GPDs with triphasic
morphology and those without. It is worth mentioning that these
two studies used different morphologic definitions for TWs that
might have possibly accounted for the large difference in the risk

FIG. 1. A, Anterior–posterior bipolar montage showing awake EEG background with diffuse delta–theta slowing, TWs (dashed rectangle)
and concomitant generalized spike–slow wave (solid rectangle). Notice the morphologic and spatial differences between both EEG patterns
as detailed in the article and Table 1. B, A referential-ear montage showing awake EEG background with diffuse delta–theta slowing, TWs
(dashed rectangle), and concomitant generalized spike–slow wave (solid rectangle), highlighting the morphologic differences between the
two waveforms. C, Anterior–posterior bipolar montage (left) and a referential-ear montage (right) with stage II sleep EEG background
showing absence of TWs and the presence of generalized spike–slow wave complex. TWs, triphasic waves.
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of seizures. In our patient, the triphasic morphology, the low
frequency (,2 Hz), and the state-dependent nature of the pattern
supported an encephalopathic EEG pattern rather than an ictal
pattern.

Source localization studies of TWs and GSWCs revealed
that TWs were generated by large bilateral cortical networks
involving the anterior frontal areas, with variable involvement of
the anterior temporal structures.14 Using source montage, the
authors showed the spatiotemporal progression of TWs: the
depolarization starting in the frontal regions and propagating to
the temporal regions.14 In an earlier study, the cortical generators
of the TWs were hypothesized to be within deep structures in the
mesial frontal cortex, along the cingulate cortices.15 This
contrasts with source analyses in patients with GSWCs, which
showed bilateral frontal, parietal, and temporal dipoles producing
a current source in the mid-sagittal region, and dipoles centered
in the fronto-orbital and frontomedial regions.16

In this special issue of JCN, Ligtenstein et al. question the
dichotomy between both patterns in a computational model. The
authors hypothesize that all GPDs (including TWs) exist along a
continuum and occur via the same final pathway. They proposed
that both GPDs and TWs arise from an interplay of increased
neuronal excitability, impaired synaptic transmission because of
defective brain energy metabolism, and increased postsynaptic
inhibition,9 but the exact interplay between these factors might be
different and account for the distinctions noted. For example,
TWs changed significantly with stimulation of the patient,
whereas GSWCs did not.

The simultaneous occurrence of both patterns in our patient
argues for the notion that TWs and GSWCs are two independent
and different EEG patterns and are possibly generated from two
different sources. Our case underscores the previously reported
features that differentiate the two patterns. Overall, in favor of
GSWCs or absence status epilepticus are a short-duration complex,
shorter duration and high amplitude of the first upward waveform,
the presence of an extra spike component, and higher frequency
(.2.5 Hz).10,17 Furthermore, TWs typically decrease with sleep
and are activated by arousals and stimulation.17 As shown in Fig.
1B, TWs tend to disappear during sleep, whereas GSWCs persist.
The differences in the EEG background between the awake and
sleep EEG backgrounds in our patient highlight the importance of
interpreting periodic and rhythmic patterns in the context of sleep/
wake state of the patient and the presence or absence of
stimulation.18,19 This can be particularly challenging in the

intensive care unit setting where patients commonly have altered
sleep/wake cycles and are being constantly stimulated.20,21

Drawbacks of this case presentation include the absence of a
baseline or follow-up EEG outside the encephalopathic state.
Moreover, not all GSWCs present as periodic discharges, which
might limit the general comparison between TWs and other types
of GPDs.

CONCLUSION
We report a patient with both typical TWs and GSWCs and

highlight the morphologic, EEG, and clinical differences dis-
tinguishing the two patterns. The occurrence of both waveforms
in the same EEG recording supports the notion of different
cerebral generators, pathways, and pathophysiologic substrates.
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