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INVITED REVIEW

Atypical or Typical Triphasic WavesdIs There a Difference? A Review
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*Clinical Neurophysiology Department, Marqués de Valdecilla University Hospital, Santander, Cantabria, Spain; †Biomedical Research Institute (IDIVAL),
Santander, Cantabria, Spain; and ‡Department of Neurology, Johns Hopkins Bayview Medical Center, Baltimore, Maryland, U.S.A.

Summary: The entity of triphasic waves (TWs) and TW
encephalopathy has derived from the subjective art of EEG
interpretation. Indeed, there are few if any guidelines regarding
many different aspects of TWs. The authors seek to shed light on
the nature and the diagnostic characteristics of various types of
TWs, differentiating “typical” from “atypical” forms. The authors
conclude that morphologies in the form of bursts of well-formed,
smoothly contoured, negative–positive–negative, bilateral, sym-
metrical and synchronous, regular, reactive, periodic or rhythmic,
1.5 to 2.0 Hz, fronto-central, triphasic complexes with fronto-
occipital lag meet the criteria for typical TWs and are highly
suggestive of toxic–metabolic encephalopathies. These are most
frequently hepatic, uremic, or sepsis-associated encephalopathies
with multi-organ failure. In such cases, atypical TWs (frontopolar
or parieto-occipital maximum, negative–positive or negative–
positive–negative, asymmetric and asynchronous, unreactive,
irregular, multifocal, continuous with spatiotemporal evolution,
sharper and without fronto-occipital/occipito-frontal lag, or
triphasic delta waves) are rarely seen. Atypical TWs are

encountered in Angelman syndrome, toxic encephalopathies,
hyperthyroidism/hypothyroidism, Hashimoto encephalopathy,
nonconvulsive status epilepticus, dementia, sepsis-associated
encephalopathy, cerebrovascular disorders, and certain boundary
syndromes. Investigations describing TWs with uncommon
etiologies revealed few with typical TWs, suggesting that the term
“TWs” has been overused in the past. Triphasic waves arise from
the interaction of multiple factors including toxic, metabolic,
infectious, and structural disorders that affect circuits between
thalamus and cortex. The patient’s metabolic status, presence of
potentially neurotoxic drugs, cerebral atrophy, white matter
disease, dementia, or seizures help differentiate typical from
typical TWs. Future studies will determine whether this dichotomy
is heuristically and clinically helpful.

Key Words: Triphasic waves, Typical triphasic waves, Atypical
triphasic waves, Encephalopathy, Causes, Nonconvulsive status
epilepticus.

(J Clin Neurophysiol 2021;38: 384–398)

Triphasic waves (TWs), now referred to as generalized periodic
discharges (GPDs) with triphasic morphology in the American

Clinical Neurophysiology Society (ACNS) classification and the revised
glossary and updated proposal for EEG terms,1,2 will be referred to as
the older and shorter term TWs for simplicity. After the delineation of
TWs by Bickford and Butt in 1955,3 there has been a steady increase in
the causes and clinical settings in which this EEG morphology has
been described. Initial reports in association with hepatic failure and
hyperammonemia have been followed by case reports and case series
with other organ failures, including renal, respiratory, endocrine, and
other conditions. The entity of TWs and TW encephalopathy has
derived from the subjective art of EEG interpretation because it is the
EEGer who decides when this entity is present on the EEG, often
without the benefit of other EEG interpreters, and with the TW
designation arising from the identification of the typical three phases.
The three phases have consisted of a minimal and often blunted
negative first phase, a dominant and somewhat less steep descending
positive second phase (less steep than the second phase of a spike-wave

discharge), and finally followed by a slowly rising but prolonged third
phase that then returns to the electrical baseline producing amorphology
that is usually in the order of half a second. There are few if any
guidelines, however, regarding other aspects of TWs, for example,
duration, bilaterality, location, relative prominence of the different
phases, symmetry, and synchronicity, and it is possible or even likely
that waves forms with the three typical phases but varying in detail,
location, and one or more of the above aspects have been called TWs
and been published as such.

One large case series sought to differentiate a so-called “typical”
TW from “atypical” forms,4 but as publications on the subject have
appeared, there has been little attention to this differentiation and
indeed “TWs” have been (mis)applied to forms of nonconvulsive
status epilepticus (NCSE) and a number of toxic encephalopathic
conditions, such as with lithium, baclofen, cefepime, cefuroxime,
ifosfamide, morphine, tiagabine, gabapentin, and pregabalin.5–34

There the field has remained with metabolic causes intermingled
with seizure and toxic etiologies under the umbrella of TWs.
Moreover, TWs have been found during postictal stupor in subjects
with idiopathic generalized epilepsy.35 Because of the often visually
different appearance of these forms of TWs, we seek to attempt to
further provide characteristics of this “catch-all” entity and shed some
light on the nature and the diagnostic characteristics of various types
of TWs, differentiating “typical” from “atypical” types.

LIMITATIONS AND CONSIDERATIONS
When one talks about typical or atypical TWs, a differen-

tiation must be made based on objective and analyzable EEG
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characteristics that can be measured and quantified. Some
authors have suggested using the terms “triphasic-like waves”
for epileptic waveforms and “true TWs” to describe TWs
occurring with nonepileptic encephalopathies.36,37 However,
the dichotomy of typical versus atypical TWs seems simpler
and understandable. The conundrum in this issue is how one
differentiates interictal or seizure morphologies from non-
epileptic TWs.

Typical interictal epileptiform discharges are also triphasic
and, therefore, well-established EEG criteria are important for
a correct interpretation.38 Morphology, location, an appearance
in bursts or runs, frequency, amplitude, unilaterality/bilaterality,
synchrony, symmetry, dipole configuration, presence of a fronto-
occipital or occipito-frontal lag, spatiotemporal evolution, reac-
tivity to sensory stimuli and sleep, and response (clinical plus
EEG) to rapid intravenous antiseizure drugs are important aspects
to consider when interpreting TWs. Obviously, some of these
characteristics can be seen differently with different montages
(bipolar, common average, source origin) and, therefore, the
description of these aspects requires a common methodology of
analysis, not often pursued in the literature. Although TWs
usually have a stereotyped appearance in a particular patient, the
general morphology of the waveform may vary from patient to
patient and, at times, may vary in a single recording.39 To make
matters more difficult, both typical and atypical TWs may be
seen in the same recording. Using the ACNS classification,1

a biphasic (positive–negative) waveform may also be categorized
as “triphasic.” Early reports in fact included negative–positive
biphasic waves in hepatic coma.40,41

Morphology and Amplitude
Foley et al.42 early on demonstrated the similarity between

TWs and epileptic spike–wave complexes. Silverman40 highlighted
the fact that TWs might mimic the EEG pattern of petit mal status.
Similarly, Sundaram and Blume41 found 40 of 100 EEGs contained
TWs in a group of 67 mentally retarded patients with epilepsy.

Smoothed, negative–positive–negative, bilateral, symmetrical
and synchronous, regular, periodic or rhythmic, 1.5 to 2.0 Hz, fronto-
central, triphasic complexes (or triphasic GPDs) with fronto-occipital
lag and, more often reactive, met the criteria for typical TWs (Figs.
1–3 and see Figures 1 to 3, Supplementary Digital Contents 1–3,
http://links.lww.com/JCNP/A94, http://links.lww.com/JCNP/A95,
http://links.lww.com/JCNP/A96).43 Boulanger et al.44 found maxi-
mal involvement of the frontopolar electrodes (35%) in the TW
group versus NCSE patients (2%). However, they included 71
patients with TWs and only 13 with generalized NCSE.

The presence of atypical TWs (frontopolar or parieto-occipital
maximum, negative–positive or negative–positive–negative,
asymmetric and asynchronous, unreactive, irregular, multifocal,
continuous with spatiotemporal evolution, sharper and without
fronto-occipital/occipito-frontal lag) should make us question
a metabolic etiology (liver failure, kidney failure, etc.) and alert
us to others possible causes (epileptic, irritable–toxic, dementia,
vascular, etc). In contrast, the appearance of TWs in runs or
clusters at 2.0 Hz or slower, with a fronto-central maximum,
a slow background and modified by arousal suggests more of
a metabolic etiology. In contrast again, an initial spiky or
sharper negative phase or a higher and shorter third negative
phase should suggest also a possible epileptic etiology (Figs. 4

FIG. 1. Patient with hepatic cirrhosis and stupor. The serum ammonium level was raised (200 mmol/L). Note the well-formed periodic
patterns of typical TWs. LF: 0.53 Hz; HF: 70 Hz; NF: 50 Hz. LF, low frequency filter; HF, high frequency filter; TW, triphasic wave.
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FIG. 2. A, Generalized periodic discharges of triphasic morphology in a subject with hepatic failure and high serum ammonium levels (115
mmol/L). B and C, Note that the GPDs with triphasic morphology occurred at 0.90 Hz. Note that triphasic morphology varies. LF: 0.53 Hz; HF:
70 Hz; NF: 50 Hz. HF, high frequency filter; LF, low frequency filter; NF, notch filter.
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FIG. 3. A and B, A 60-year-old man with septic encephalopathy and kidney failure. Note the bursts of typical TWs (C) and the presence of
a mild slowing of background activity (theta rhythms at 5 Hz) (dashed line square) and the generalized electrodecremental events (solid line
square). LF: 0.53 Hz; HF: 70 Hz; NF: 50 Hz. HF, high frequency filter; LF, low frequency filter; NF, notch filter; TW, triphasic wave.
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and 5 and see Figures 8, 10, and 12, Supplementary Digital
Contents 8, 10, and 12, http://links.lww.com/JCNP/A101,
http://links.lww.com/JCNP/A103, and http://links.lww.com/JCNP/A105).

Rhythmicity and Periodicity
When TWs occur in bursts or runs, a more or less constant

quantifiable interdischarge interval can be identified. In these
cases, TWs behave like a periodic pattern of activity (Figs. 1 and
2). However, when the activity is continuous or almost
continuous, it is frequently difficult or impossible to determine
the interval between complexes, and the activity becomes
rhythmic or quasi-rhythmic with a constant frequency. Hence,
some authors have used the term periodic TWs when the EEG
figure provided showed rhythmic or pseudo-rhythmic activity
(see for example Bahamon-Dussan et al.45). This may have led to
confusion among readers. Of note, when this interval is difficult
to identify (rhythmic vs. periodic), further help may be provided
by looking at the spatiotemporal evolution looking for dynamic
changes with evolution in time versus a monomorphic or
monotonous pattern.

Polarity and Fronto-occipital/Occipito-frontal Lag
Analysis of phase polarity does not always clarify the

picture. This has been particularly striking in the EEG
interpretation of confusional conditions associated with

potentially neurotoxic drugs. For example, EEG activity that
is associated with intoxication with cefepime, tiagabine,
lithium, or baclofen has been interpreted as encephalopathy
by some authors, or NCSE by others. Thus, in the article
published by Jallon et al.13 the presence of rhythmic, negative–
positive high amplitude sharp waves was interpreted as those
of a typical TW metabolic encephalopathy. Conversely, Mar-
tínez-Rodríguez et al.14 drew attention to the negative com-
ponent of the waves, interpreting these findings as NCSE (Fig.
4), although they admitted that the discharges alternated with
atypical TWs with a posterior predominance. Interestingly, two
of their patients (patients 2 and 4) had an immediate clinical
improvement supporting the diagnosis of NCSE, a finding
described by others.15

Some authors have used a method of source localization for
studying the generators of typical TWs of metabolic and
nonmetabolic etiologies.46 Although the number of patients
included was small, the authors found that current sources of
TWs were located in the medial aspect of the frontal area
(maximum positivity between electrodes Fp1 and Fp2). More-
over, a fronto-occipital and occipito-frontal lag was frequently
seen in typical TWs.43 In addition, a phase lag was rarely seen in
cases of atypical TWs.37

The ACNS accepts that positive–negative biphasic waves
may also be classified as TWs. However, in some articles,

FIG. 4. A lung transplant patient under treatment with intravenous cefepime (2 g/8 hours) had a decreasing level of consciousness and coma.
A and B, Note the continuous rhythmic 1.7 to 2.0 Hz biphasic spikes and sharp waves with a prominent first negative phase. C, After 5 mg of
intravenous diazepam, rhythmic activity regressed without clinical immediate improvement. Posterior alpha rhythms did not return. D, In view
of these elements (sharper, maximum negativity in the frontopolar derivations), a diagnosis of generalized NCSE (frequency ,2.5 Hz) was
made. Note the different polarities between typical TWs and spikes and sharp waves during the treatment with cefepime. LF: 0.53 Hz; HF: 70
Hz; NF: 50 Hz. HF, high frequency filter; LF, low frequency filter; NCSE, nonconvulsive status epilepticus; NF, notch filter; TW, triphasic wave.

J. L. Fernández-Torre and P. W. Kaplan Atypical and Typical Triphasic Waves

Copyright © by the American Clinical Neurophysiology Society. Unauthorized reproduction of this article is prohibited.

388 Journal of Clinical Neurophysiology Volume 38, Number 5, September 2021 clinicalneurophys.com

http://links.lww.com/JCNP/A101
http://links.lww.com/JCNP/A103
http://links.lww.com/JCNP/A105


negative–positive, biphasic waveforms have also been included
within GPDs of triphasic morphology (i.e., TWs). This does not
meet ACNS criteria and is confusing to readers.1 GPDs with or
without triphasic morphology can be the EEG substrate of
generalized NCSE. Therefore, one must be very careful in
analyzing wave polarities. A negative–positive complex should
not be considered TW (neither typical nor atypical).

Background Activity and Reactivity
A moderate or severe slowing of the background is typically

associated with encephalopathy.40,47 Fish and Klass47 analyzed
56 consecutive EEGs with TWs that had been collected over
a 12-year period. The EEGs were interpreted blindly to determine
the specificity of TWs. They found that severe background
slowing was statistically associated with hepatic encephalopathy.
Atypical TWs include a wide range of variations (Figs. 5 and 6;
and see Figures 4–19, Supplementary Digital Contents 4–19,
http://links.lww.com/JCNP/A97, http://links.lww.com/JCNP/A98,
http://links.lww.com/JCNP/A99, http://links.lww.com/JCNP/A100,
http://links.lww.com/JCNP/A101, http://links.lww.com/JCNP/A102,
http://links.lww.com/JCNP/A103, http://links.lww.com/JCNP/A104,
http://links.lww.com/JCNP/A105, http://links.lww.com/JCNP/A106,
http://links.lww.com/JCNP/A107, http://links.lww.com/JCNP/A108,
http://links.lww.com/JCNP/A109, http://links.lww.com/JCNP/A110,
http://links.lww.com/JCNP/A111, http://links.lww.com/JCNP/A112).
A normal or quasi-normal background with random, bilateral,

occasional spiky, asymmetric or asynchronous, frontal or parieto-
occipital TWs should alert us to a nonmetabolic etiology.41,48

Noxious or auditory stimulation more frequently modified
(increase or decrease) typical TWs and have little effect on
atypical TWs of nonmetabolic or epileptic etiology.44 Of note, in
105 patients with acute encephalopathy and typical TWs, the lack
of background reactivity was demonstrated to be a predictor of
poor prognosis.43

Clinical Bias
All these EEG considerations are strongly influenced by

clinical bias. Interpretation difficulties are fewer when there are
known severe metabolic disturbances (e.g., liver or kidney
failure, lithium intoxication). In these cases, the detailed analysis
of the TWs requires less effort and there is often agreement with
the criteria classically described in the literature. The real
problem arises when one must interpret the EEG of a patient
with a mild metabolic disorder or without, who does not take
potentially neurotoxic drugs and whose differential diagnosis
includes epileptic conditions such as NCSE.

Nonepileptic TWs with sharply contoured morphology may
resemble epileptic patterns encountered in NCSE, thus leading to
misinterpretation and overinterpretation of this pattern as a seizure
or status epilepticus when the EEG is considered in isolation. The
clinical setting is crucial (Fig. 5)da highly evolving, time-
dynamic EEG pattern most likely supports NCSE.

FIG. 5. A 86-year-old woman had generalized tonic–clonic movements and stupor during the COVID-19 pandemic. Routine laboratory tests were
within normal limits. The test for COVID-19 was negative. A–C, Note the presence of generalized periodic TWs sometimes with a sharper first negative
phase (arrows). Observe that, on occasions, TWs were asynchronous (B). Moreover, note the presence of marked generalized electrodecremental
events. EEG findings were considered to be in keeping with generalized NCSE, with additional concern for metabolic problems (D) EEG after 48 hours
from the onset of treatment with levetiracetam and clonazepam. At the moment of the EEG, the patient was consciousness, alert, and oriented. The
EEG showed a normal background with superimposed diffuse fast activity and frequent bursts of frontal intermittent rhythmic delta activity. LF: 0.53
Hz; HF: 70 Hz; NF: 50 Hz. HF, high frequency filter; LF, low frequency filter; NCSE, nonconvulsive status epilepticus; NF, notch filter; TW, triphasic wave.
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FIG. 6. Elderly patient with dementia. She was admitted because of worsening in mental state, was found to have a urinary tract infection treated
with ceftriaxone. A and B, Note the presence of continuous well-formed GPDs with triphasic morphology (positive–negative–positive) with fronto-
occipital lag (arrows). Observe that polarities were different than those described in typical TWs. C, Laplacian montage. A picture of NCSE was
suspected, ceftriaxone was stopped, and levetiracetam was initiated. A week later, mental state was mildly better but the EEG remained unmodified.
Finally, she was discharged and EEG features were considered to be secondary to her dementia. LF: 0.53 Hz; HF: 30 Hz; NF: 50 Hz. GPD, generalized
periodic discharge; HF, high frequency filter; LF, low frequency filter; NCSE, nonconvulsive status epilepticus; NF, notch filter; TW, triphasic wave.
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Level of Consciousness
The correlation between changes in the EEG and changes in

the impairment of consciousness may be key. Bickford and Butt3

noted that a “triphasic stage” is associated with the onset of
a deeper coma. Conversely, with absence status epilepticus
(especially in the cases of “de novo” absence status epilepti-
cus),49 the epileptiform discharges may be continuous, and the
patient is not comatose; in contrast, when the level of conscious-
ness is lower and without much fluctuation, an encephalopathy
(metabolic, toxic or both) becomes more likely.

Boundary Syndromes
The term of boundary syndromes (BSs) was initially

introduced by Shorvon50 for those situations in which it is
difficult or impossible to determine what role epileptiform
discharges have in causing the clinical manifestations. Boundary
syndromes included electrographic status epilepticus with subtle
clinical signs, prolonged postictal confusional states, and epilep-
tic behavioral disturbances or psychosis. However, the concept of
BSs has evolved in recent years. In the Epilepsy Research
Foundation Workshop Reports on NCSE held in London in
2005, the concept of BSs was updated, and cases with
encephalopathy and acute brain injury, in whom it is not clear
to what extent electrographic seizure activity was contributing to
the clinical impairment, were added to the list.51 This was
probably becasue of the emergence of new clinical situations and
diagnostic and management challenges seen with continuous
EEG monitoring in intensive care patients. The category of
epileptic behavioral disturbances or psychosis was maintained,
but the ambiguous term of electrographic status epilepticus with
subtle clinical signs was removed. More recently, Sutter and
Kaplan52 reviewed the clinical phenotypes and EEG features of
different types of NCSE and proposed a more generic and
practical classification categorizing coma and drug-induced or
metabolic confusional states with epileptiform EEG changes, as
new types of BSs. The epileptic behavioral disturbances or
psychosis category was retained. In these clinical situations,
TWs, atypical rhythmic activity, or GPDs may be an isolated

epiphenomenon, be a partial cause of the symptoms, or be the
sole cause of the patient’s clinical manifestations. Therefore, the
interpretation of the EEG is crucial in considering the initiation of
antiseizure drug therapy, using general anesthesia and determin-
ing the prognosis and intensity of treatment (Fig. 7). Coma in
patients with acute brain injury frequently presents interpretation
difficulties (see Figures 4, 5, 7, 8, and 17, Supplementary
Digital Contents 4–8, 17, http://links.lww.com/JCNP/A97,
http://links.lww.com/JCNP/A98, http://links.lww.com/JCNP/A99,
http://links.lww.com/JCNP/A100, http://links.lww.com/JCNP/A101,
http://links.lww.com/JCNP/A110).

METHODS
Literature review of articles in English with EEG illustrations

of reports of TWs, clinical associations, and correlations with
purported underlying causes were included. Literature search was
carried out in three steps: First, we searched the term “atypical
TWs” in PubMed. Second, we did a search with the term
“triphasic waves and EEG” and selected all those articles that
used the term “atypical TW” or “triphasic delta waves” within the
text or in the figures Third, we selected all those articles that
described TWs and critically analyzed their characteristics using
the text and the figures provided. From this analysis, we excluded
those studies that described TWs for metabolic (liver, kidney,
hypocalcemia, etc.), endocrine, genetic, toxic, and autoimmune
causes (Hashimoto encephalopathy), and anoxia and sepsis. The
aim was to review the characteristics of TWs (typical vs. atypical)
associated with uncommon causes. Articles were rejected either
because there was no EEG figure or no etiology was provided.

RESULTS
Literature search in PubMed revealed 21 articles on the term

“atypical TWs”. After removing articles that did not study
atypical TWs, we found only eight articles that fulfilled our
criteria (Table 1).31,53–59

Subsequently, we obtained 230 results searching the terms
“triphasic waves and EEG.” We added 13 other articles.60–72

Therefore, we analyzed a total of 21 investigations.31,53–72

Bibliographic characteristics and description of the EEG features
reported in this studies can be found in Table 1. Finally, we
included 20 articles in which atypical TWs was not a key word but
appeared in the text of the figure legend, for the third step of the
analysis (Table 2).48,73–91

The presence of atypical TWs or triphasic delta waves
occurred in entities of different etiologies, including Angelman
syndrome56,58,68 (3), Hashimoto encephalopathy69,70 (2), hyper-
thyroidism61,62 (2), NCSE31,59 (2), Alzheimer disease54 (1),
neuroleptic malignant syndrome64,67 (2), cerebral fat embolism63

(1), myxedema66 (1), pentobarbital coma57 (1), sepsis-associated
encephalopathy65 (1), West Nile virus infection71 (1), and
bialaphos poisoning55 (1). Only two publications mentioned this
category of TWs, in the context of liver failure.53,60 Although an
investigation did not use the terms mentioned above, the authors
analyzed GPDs with and without triphasic morphology

FIG. 7. The interpretation of the EEG is crucial in deciding
whether to initiate antiseizure drug therapy, use general
anesthesia, and in determining the prognosis and intensity of the
treatment in BSs. BSs, boundary syndromes.
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TABLE 1. Articles Found in PubMed With the Terms “Atypical TWs” and “Delta Triphasic Waves”

Authors and Year Etiology/Syndrome Description Comments

Kojima et al., 197160 Portal–systemic
encephalopathy

Atypical TWs were those in which first or third phase
was not clearly observed

These authors studied the effect of photic
stimulation and activation with bemegride
in TWs

Scherokman, 198061 Hyperthyroidism Triphasic delta waves maximal in the
frontal regions

Hirano et al., 198262 Hyperthyroidism Triphasic delta waves The patient had psychotic symptoms
Jacome, 198363 Cerebral fat embolism Generalized, irregular, random delta slowing with frontal

atypical triphasic waves
Kramer and Locke, 198764 Neuroleptic malignant

syndrome
Anteriorly dominant triphasic delta waves

Yasuda et al. 198853 Fulminant hepatitis Periodic discharges, atypical TWs, and spikes and sharp
waves

Primavera and Traverso (1990)54 Alzheimer disease Isolated or in short runs, occipital
predominance, bilateral but asymmetric

In only one patient occurred in long runs
resembling a pseudoperiodic pattern

Matsukawa et al. 199155 Bialaphos poisoning Frontopolar runs of atypical TWs The authors did not describe TWs;
characteristics were noted in the EEG figure

Young et al., 199265 Sepsis-associated
encephalopathy

They included atypical or typical TWs in
their study

Criteria for atypical or typical TWs are
not mentioned

River and Zelig, 199366 Myxedema coma Bishyncronous or asynchronous with broad base at
0.5–2 Hz TWs

The authors recognized that TWs has
atypical features; without frontal
predominance, anterior–posterior lag and
rhythmic recurrence; pleomorphic morphology

Blatt and Brenner, 199667 Psychiatric population Sporadic, asymmetric, without fronto-occipital
lag triphasic complexes were included in
the study

Dementia was the common diagnosis

Laan et al. 199756 Angelman syndrome Rhythmic triphasic 2–3 Hz, high-voltage activity mixed
with spikes and sharps waves with a maximum over
frontal regions;
triphasic delta waves

Lancman et al. 199757 Pentobarbital coma Generalized, asymmetric and reactive TWs with anterior
predominance

Asymmetry was interpreted as being secondary
to scalp edema

Minassian et al. 199858 Angelman syndrome Bifrontally dominant high amplitude 1–3 Hz triphasic
delta slowing

Laan et al., 199868 Angelman syndrome Typical triphasic delta waves with a maximum over the
frontal regions

Schäuble et al., 200369 Hashimoto encephalopathy
(SREA)

Nondefined Atypical TWs were seen in two patients
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establishing two patterns. These authors included pattern 1 as
those with 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. In practical terms, a pattern 1 definition
coincided with that of typical TWs and pattern 2 with that of
atypical TWs.72

The analysis of the investigations describing TWs with rare
etiologies included hypothermia73–75 (3), infectious diseases76–80

(5), tumors81–84 (4), vascular disorders85–89 (5), and intracranial
hypertension90,91 (2) (Table 2). In this group, few articles showed
typical TWs73,74,76,77; conversely, the data in the text or figures
showed atypical TWs.75,78–91 Indeed, epileptiform discharges
were sometimes interpreted as TWs.48,83,85

DISCUSSION
Morphology with two or three identifiable phases was noted

in all reports, along with some degree of bilateral representation.
There was a shortage of articles that analyzed TW characteristics
using a rigorous method. Although there are research articles and
numerous case reports describing TWs in a wide variety of
disorders, in most cases, authors did not differentiate between
typical and atypical TWs. Likewise, there are research articles or
descriptions of clinical cases that use the term triphasic delta
waves, in a descriptive way but based fundamentally on the
subjectivity of the authors (Table 3).

Fish and Klass investigated the diagnostic specificity of
TWs.47 They analyzed if a typical TW pattern was more
characteristic of hepatic encephalopathy. However, they found
no evidence to suggest this assertion. Reiher4 further extended
the correlation to hepatic coma. From a study of 67 patients with
TWs, he concluded that “typical” TWs (i.e., those occurring in
groups and long runs are bilateral, symmetrical, synchronous,
maximal anteriorly with an anterior–posterior lag with a slow
background) were pathognomonic for hepatic coma. In contrast,
he found “atypical” TWs, i.e., those without all the features of
“typical” TWs, in a variety of conditions, including hepatic
encephalopathy and other metabolic encephalopathies, degener-
ative disorders, cerebrovascular lesions, and tumors. This is one
of the first attempts to establish the specificity of TWs, and this
work introduces the term “atypical TWs” as those that do not
have all the features of the typical TWs. In addition, this author
highlighted the importance of distinguishing typical from
atypical TWs to avoid erroneous interpretations.

Our review shows that atypical TWs occur in different
etiologies, including genetic (Angelman syndrome), metabolic
(hyperthyroidism, mixedema), autoimmune (Hashimoto enceph-
alopathy), toxic (pentobarbital coma, neuroleptic malignant
syndrome, bialaphos poisoning), epileptic (NCSE), degenerative
(Alzheimer disease), infectious (sepsis-associated encephalopa-
thy, West Nile virus), and cerebrovascular (cerebral fat embo-
lism) causes. Only two articles mentioned atypical TWs with
hepatic disease53,60 (Table 1).

Rhythmic triphasic 2 to 3 Hz high-voltage delta waves
mixed with spikes and sharps were the most frequent EEG
patterns among 36 patients with Angelman syndrome.56 TheTA
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authors considered it a typical EEG feature in this genetic
disorder, findings later confirmed by others.58 Toxic–metabolic
causes were also a frequent cause of atypical TWs and triphasic
delta activity. Metabolic etiologies included hyperthyroidism and
myxedema.61,62,66 In two cases of hyperthyroidism presenting
with delirium and psychotic symptoms, triphasic delta waves
were recorded.61,62 Interestingly, synchronous and asynchronous
atypical TWs were seen in a nonagenarian patient who presented
with myxedema coma.66 Typical and atypical TWs have been

reported in 2 of 17 subjects (12%) with Hashimoto encepha-
lopathy, an autoimmune disorder.69 Moreover, delta biphasic
waves and TWs were reported in an adult with psychotic-like
symptoms.70 Therefore, six patients with thyroid disorders had
atypical TWs or triphasic delta activity on EEG.

Toxins such as neuroleptics and the herbicide bialaphos (a
glyphospate that inhibits the binding of glutamine to glutamine
synthetase causing accumulation of ammonia) have been anecdot-
ally associated with triphasic complexes.55,64,67, Generalized,

TABLE 2. Rare Causes of TWs, Type of Article, Number of Described Cases, and Critical Analysis of the TW Characteristics (Typical Vs. Atypical)

Authors and Year Etiology/Syndrome
Article Type/No. of

Cases Comments

Hypothermia
Gubbay and Barwick, 196673 Accidental hypothermia in

Parkinson disease
Case report/2 They described reversible GPDs at 1.0–1.5 Hz with

triphasic morphology
Reutens et al., 199074 Accidental hypothermia Case report/1 They described typical TWs
Bouwman et al., 200975 Poikilothermia Case report/1 They described positive–negative–positive generalized

triphasic complexes
Infectious diseases

Sundaram and Siemens, 198676 Mollaret meningitis Case report/1 Short runs of frontally predominant TWs
Ghanem and Broughton, 199077 Bacterial endocarditis Case report/1 They described typical TWs; the patient was probably

septic
Thomas and Borg, 199478 AIDS–dementia complex Case report/1 Asymmetric (right predominance) rhythmic/periodic

triphasic 1.5–2 Hz sharp waves associated with
segmental myoclonus

Eriksson and Wictor, 200779 Borrelia burgdorferi
meningoencephalitis

Case report/1 Random high amplitude, asymmetric (left emphasis)
TWs

Konno et al., 201080 Tuberculous meningitis Case report/1 Frontopolar bilateral atypical TWs
Tumoral disorders

Miller at al., 198681 Cerebral carcinomatosis Case report/1 Atypical, irregular, asymmetric (left predominance),
multifocal TWs were seen in the figures

Miller and Brick, 198982 Carcinomatous meningitis Case report/1 Asymmetric periodic TWs
Aguglia et al., 199083 Gliomas and

craniopharyngioma
Case report/3 Polymorphic delta waves associated with atypical

triphasic complexes with sharp morphology
Ghanem, 199248 Glioblastoma multiforme Case report/1 The figure showed irregular delta waves intermixed with

bilateral, frontopolar maximum, spiky, asymmetric,
frontal, triphasic epileptiform discharges

Jadav et al., 201284 Carcinomatous meningitis Case report/1 Asymmetric periodic biphasic and triphasic broad
complex sharp waves with frontotemporal maximum

Vascular disorders
Aguglia et al., 199085 Cerebellar hematoma Case report/1 Rhythmic triphasic sharp waves
Towsend and Drury, 199186 Brainstem infarction Case report/1 Runs of bisynchronous negative–positive, asynchronous,

asymmetric, sharp waves with frontopolar maximum
Cherian and Radhakrishan,
200487

Brain stem hematoma Case report/1 Runs of generalized asymmetric (right predominance)
TWs

Kenangil et al., 200888 Bilateral paramedian thalamic
infarction

Case report/2 Asymmetric TWs (sometimes more prominent over the
left hemisphere, and sometimes over the right); high
amplitude typical and atypical TWs; background was
only slightly slow

Tsoures et al., 201789 Circumscribed thalamus
pathologic condition

Case series/2 High amplitude bilateral, asymmetric, frontopolar TWs
and another patient with high amplitude triphasic
GPDs

Miscellaneous
Aguglia et al., 199085 Basal ganglia calcification Case report/1 Rhythmic triphasic sharp waves
Pugin et al., 200590 Cranial hypertension Case report/1 Irregular, high amplitude, atypical TWs
Katyal et al., 201791 Cranial hypertension Case report/1 GPDs with triphasic morphology; figures are too small

for interpretation

GPD, generalized periodic discharge; TW, triphasic wave.
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periodic, asymmetric, and reactive TWs after the discontinuation of
pentobarbital during induced coma57 have been reported with the
authors noting the importance of not misinterpreting this picture as
epileptic activity. Of note, Bhatt et al.92 reported the occurrence of
de novo GPDs after pentobarbital or propofol withdrawal, which
resolved spontaneously without additional antiseizure drug therapy.

Atypical TWs have also been considered to be an EEG pattern
of NCSE.31,59 Kaya and Bingol59 described 15 patients with history
of epilepsy (5), metabolic disorders (8), and intracranial pathologic
condition (9) who exhibited atypical TWs during episodes of
altered mental status that were considered to be NCSE. Kaufman
et al.31 described a single case of off-label gabapentin use masking
ictal TWs and neuropsychiatric manifestations. Interestingly, in this
case, they reported a first EEG revealing typical TWs occurring in
clusters. Subsequently, gabapentin was tapered. The patient
experienced a worsening of mental status and EEG showed
generalized continuous rhythmic spikes and negative–positive
sharp waves (called “ictal TWs”) with frontopolar predominance
in keeping with NCSE. These authors properly pointed out that
epileptiform discharges were higher in amplitude, sharper, more
continuous, and faster than typical TWs.

Atypical TWs may be seen in degenerative disease and was
the most common clinical diagnosis among 37 of 63 patients
without metabolic encephalopathy.41 Primavera and Traverso54 in
an elegant and simple study analyzed the presence of TWs in 114
consecutive patients with the diagnosis of probable Alzheimer
disease. They explicitly mentioned the criteria for classifying
typical or atypical TWs. In all Alzheimer patients, the TWs were
atypical (i.e., sporadic or in short bursts [93.3%], occipital
predominance [66%], and bilateral but asymmetric [2%]). In only
one patient did they occur in long runs resembling a pseudoperi-
odic pattern. These authors highlighted the fact that atypical TWs
have no diagnostic specificity for hepatic encephalopathy. Inter-
estingly, atypical TWs occurred years before the appearance of
GPDs in a subject with Lewy body dementia.93

Young et al.65 found typical and atypical TWs in their study of
sepsis-associated encephalopathy, but the authors did not specify the
criteria used for atypical TWs. Six of 62 patients had TWs. All were
categorized as severe encephalopathy. Atypical TWs have been
reported with cerebral fat embolism.63 Triphasic waves may occur
with vascular pathologies and anoxia4,41,47,94 and with circum-
scribed thalamic lesions.89

Triphasic waves with rare etiologies are reported with
typical TWs,73,74,76,77 but in some of them, epileptiform activity
was possibly interpreted as TWs.48,83,85 None used strict
definitions for typical and atypical forms. Hence, the use of the
term “TWs” has likely been overused.

Atypical TWs, Epileptic and Nonepileptic Conditions
There is evidence that typical TWs are not epileptiform/

seizure/interictal discharges and, therefore, we suggest that cases
of probable NCSE with blunted morphologies should not be
called “atypical TWs.”95

At times, epileptiform discharges may take the form of a blunted
triphasic morphology and the reader may have difficulty distinguish-
ing epileptic from nonepileptic atypical TWs.41,42,44,60 Indeed, when
11 experts in continuous EEG scored 20 EEG samples containing
epileptic GPDs with triphasic appearance without patient information,
the interrater agreement was strikingly poor.96 Thus, atypical TWs
may represent distorted epileptiform discharges. Indeed, it is now
suggested that TWs or GPDs with triphasic morphology may share
the same underlying mechanism.96,97 Therefore, certain clinical
situations, for example, with brain injury and neurotoxic drugs that
interfere with central nervous system neurotransmission, may evolve
from an encephalopathy to generalized NCSE98 (Fig. 8).

CONCLUSIONS
Recent data suggest that there are indeed classic or typical

and atypical forms of TWs,99 and there are EEG characteristics
that differentiate them (Table 4). We conclude that bursts of
well-formed, smoothly contoured, negative–positive–negative,
bilateral, symmetrical and synchronous, regular, reactive,

TABLE 3. Generic Causes of Atypical TWs and Triphasic Delta
Waves

Etiology Syndrome/Disease

Genetic Angelman syndrome
Metabolic Hyperthyroidism

Myxedema
Hepatic disease

Autoimmune Hashimoto encephalopathy/Steroid-responsive
encephalopathy with autoimmune thyroiditis

Toxic Pentobarbital coma
Neuroleptic malignant syndrome
Bialaphos poisoning
Gabapentin off-label use*

Epileptic Nonconvulsive status epilepticus
Degenerative Alzheimer disease
Infectious Sepsis-associated encephalopathy

West Nile virus infection
Vascular Cerebral fat embolism

We only included 21 articles that used these terms along the study.
*This case described a NCSE precipitated by off-label gabapentin use.33

NCSE, nonconvulsive status epilepticus; TW, triphasic wave.

FIG. 8. Note the spectrum of typical and atypical TWs, triphasic
delta waves, and GPDs. GPD, generalized periodic discharge; TME,
toxic-metabolic encephalopathy; TW, triphasic wave.
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periodic or rhythmic, 1.5 to 2.0 Hz, fronto-central, triphasic
complexes (or triphasic GPDs) with fronto-occipital lag meet the
criteria for typical TWs and are highly suggestive of toxic–
metabolic encephalopathies. These are usually hepatic, uremic,
or sepsis-associated encephalopathies with multi-organ failure,
and atypical TWs are rare. Atypical TWs (frontopolar or parieto-
occipital maximum, negative–positive or negative–positive–
negative, asymmetric and asynchronous, unreactive, irregular,
multifocal, continuous with spatiotemporal evolution, sharper
and without fronto-occipital/occipito-frontal lag) or triphasic
delta waves are seen in Angelman syndrome, toxic encephalo-
pathies, hyperthyroidism/hypothyroidism, Hashimoto encepha-
lopathy, NCSE, dementia, sepsis-associated encephalopathy,
cerebrovascular disorders, and certain BSs.

Triphasic waves likely arise from the interaction of multiple
toxic, metabolic, infectious, and structural disorders that affect
the circuits between the thalamus and cortex.43,98 The patient’s
metabolic status (electrolytes, liver function, blood urea nitrogen,
creatinine, etc.), presence of potentially neurotoxic drugs,
cerebral atrophy, white matter disease, dementia, or seizures
help differentiate typical from typical TWs. Future studies will
determine whether this dichotomy is heuristically and clinically
helpful. By any other name is it still a rose?
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