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INVITED REVIEW

An EEG Voyage in Search of Triphasic WavesdThe Sirens and Corsairs
on the Encephalopathy/EEG Horizon: A Survey of Triphasic Waves
Peter W. Kaplan,* Philippe Gélisse,† and Raoul Sutter‡§
*Department of Neurology, Johns Hopkins Bayview Medical Center, Baltimore, Maryland, U.S.A.; †Department of Neurology, Epilepsy Unit Montpellier,
Montpellier, France; ‡Intensive Care Units and Department of Neurology, University Hospital Basel, Basel, Switzerland; and §University of Basel, Basel, Switzerland.

Summary: Generalized periodic discharges with triphasic wave
(TW) morphology, long referred to as TWs, are typical of many
toxic, metabolic, infectious, and cerebral structural problems,
often in concert. Identifying TWs has been challenging for the
electroencephalographer and clinician, as has been their cause,
significance, prognosis, and treatment. This review highlights the
many different patterns of TWs with commentary on their
various causes and etiologies, characteristics, different

morbidities, differentiation from nonconvulsive status
epilepticus, and their prognosis. The articles in this Journal of
Clinical Neurophysiology special issue on TWs will review the
many challenges the clinician face when TWs are sighted.

Key Words: Encephalopathy, Delirium, Triphasic waves, Progno-
sis, Liver failure, Toxicity, Epileptiform activity.

(J Clin Neurophysiol 2021;38: 348–358)

Setting sail from the ragged shores of seizures, avoiding the
deep ocean trenches of coma, and then steering clear of the

abrupt cliffs of brain death, the good ship Electroencephalography
will pass through the largely well-charted seas of wakefulness and
sleep. This electrophysiological instrument of deep brain explora-
tion now may face the relatively uncharted waters of encephalop-
athy and delirium. In these choppy waters, voyagers have made
many measurements of wave frequencies and amplitudes with often
little to differentiate the various causes of these ripples and waves;
bigger and slower were more dangerous. But lo! On the horizon,
there sails one of the few dreaded markers of active encephalopathy
or delirium, beyond that of mere waves: the morphological sail of
triphasic waves (TWs), heralding dangerous shoals ahead. They are
the unique and mysterious shapes seen on the high seasdsirens or
piratical flags warning of encephalopathic deep troubles that lie
ahead and about. This menacing shape might only surface on
stimulating these troubled waters or conversely quickly sink below
the surface when challenged with a barrage of benzodiazepines
(BZPs). Triphasic waves, now referred to as “generalized periodic
discharges (GPDs) with triphasic morphology” in the American
Clinical Neurophysiology Society classification,1 will be referred to
here by the older and shorter term “TWs” for simplicity.

These warning signs and menacing profiles heralding enceph-
alopathic squalls ahead have long been recognized. Where they come
from, why they appear, and what they signify remain less clear.

Foley et al.2 and Bickford and Butt3 recognized the striking
and shapely TW in patients with liver failure, delineating a typical
three-phased form constituted of a small-blunted upward first
phase, a larger and steeper descending second phase, and finally
a slow-rising and more enduring third phase which then returned to
baseline. The wave morphologies were seen bilaterally and
typically synchronously and were found to increase (or less
frequently decrease) with stimulation and typically subside with
BZP. The sighting of these morphologies, generally recognized as
TWs, spread with time and observation across the seas of EEG.

Less frequently, TWs were reported as being asynchronous,
multifocal, and with more prominent and sharper upgoing first
phases. These two forms of TWs were now broadly categorized
as representing “typical” and “atypical” forms.3,4

Early theories on how TWs were generated included postu-
lating that a traveling wave seen at the cortical surface originated at
the thalamic/subcortical level from the unstable sequential firing of
midline thalamic reticular nuclei. This is portrayed in Fig. 1.

Differentiation of TWs from seizure patterns also rests on
differentiating rhythmic versus periodic activity. Rhythmic activities
are characterized by a fairly regular succession of paroxysmal
waves (Fig. 2A). By contrast, periodic activities are characterized
by paroxysms or bursts of a clearly different morphology or
amplitude separated by nonparoxysmal activity (Fig. 2B).

With the passage of time, myriad associations with an
assortment of medical conditions were associated with these
striking two- and three-phased wave forms, often involving
multiple co-occurring underlying conditions (Fig. 3 and Table 1).

In the 1960s and 1970s, the literature was rife with these
observations. Despite earlier efforts at classifying the various TW
incarnations and appearances into typical and atypical forms, the
authors concluded at the time that there were no clearly differen-
tiating characteristics.3–5 An article in this Journal of Clinical
Neurophysiology (JCN) issue enlarges on this controversy. In larger
case series, investigators explored the morphological characteristics,
the clinical settings, and the effects of stimulation but found no
conclusive diagnostic differences.4–6

Given the many sporadic TW sightings often in isolated
reports and sometimes even without visual representation or
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pictures in the publications, we have set out to survey and chart
the conditions under which the TWs occur, their appearance,
and most particularly, to provide visual samples and sightings
of their various forms for the reader (Figs. 4–7, 8, 9, 10, 11, and
12; see Figures 13, 14, 15, 16, 17, 18, 19–24, Supplemental
Digital Contents 1–13, http://links.lww.com/JCNP/A80,
http://links.lww.com/JCNP/A81, http://links.lww.com/JCNP/A82,
http://links.lww.com/JCNP/A83, http://links.lww.com/JCNP/A84,
http://links.lww.com/JCNP/A85, http://links.lww.com/JCNP/A86,
http://links.lww.com/JCNP/A87, http://links.lww.com/JCNP/A88,
http://links.lww.com/JCNP/A89, http://links.lww.com/JCNP/A90,
http://links.lww.com/JCNP/A91, http://links.lww.com/JCNP/A92,
http://links.lww.com/JCNP/A93). In the literature, the downstream
findings and conclusions made about TWs all depend on a correct
diagnosis of their presence. Because many publications have few,
if any, figures, we wish to offer here a compendium for the various
types of TWs and an introductory guide to how toxic/metabolic
patterns on EEG may be differentiated from nonconvulsive status
epilepticus (in this and other articles in this issue).

We will try to shed light on the nature of TWs, their
characteristics, and their response to stimuli. Let us now embark.

HOW TWs EMERGED?
Early sightings of TWs were recorded in single case reports

and small case series. For these, many possible causes were listed,
but principally those of hypoxia (Fig. 4), hepatic and renal
insufficiencies, sepsis or septic shock, and postictal states.4–8 Over
time, these etiologies were enlarged to include structural problems
such as tumors, cerebral abscesses, hypertensive encephalopathy,
infarcts, Mollaret’s meningitis, and white matter disease to name
some. Psychiatric conditions, dementias, and subcortical enceph-
alopathy were also reported.9–11 Rarely, other metabolic causes
were seen, such as hypernatremia, hyponatremia, hypoglycemia,
hypercalcemia, and hyperosmolarity.6,7 New territory was
breached, however, when TWs were associated with increasing
serum levels of ammonia,12 the toxic effects of centrally acting
drugs, and curiously, the concurrence of neurostructural, meta-
bolic, toxic, and infectious pathologies12–15 (Table 1). This
compendium provides examples of many of these etiologies and
clinical scenarios (Figs. 4–7, 8, 9, 10, 11, and 12; see Figures 13,
14, 15, 16, 17, 18, 19–24, Supplemental Digital Contents 1–13,
http://links.lww.com/JCNP/A80, http://links.lww.com/JCNP/A81,
http://links.lww.com/JCNP/A82, http://links.lww.com/JCNP/A83,
http://links.lww.com/JCNP/A84, http://links.lww.com/JCNP/A85,
http://links.lww.com/JCNP/A86, http://links.lww.com/JCNP/A87,
http://links.lww.com/JCNP/A88, http://links.lww.com/JCNP/A89,
http://links.lww.com/JCNP/A90, http://links.lww.com/JCNP/A91,
http://links.lww.com/JCNP/A92, http://links.lww.com/JCNP/A93).
Various drugs including ifosfamide, lithium (Fig. 5), baclofen
(Fig. 6), and more recently cefoperazone, cefepime (Fig. 7), and
aztreonam (see Figure 13, Supplemental Digital Content 1,
http://links.lww.com/JCNP/A80) are increasingly described in asso-
ciation with TWs.16–22

Perhaps a reason for the more recent reports of toxic drugs and
TWs was that the drugs have only more recently been invented and
used in treatment. Furthermore, TWs have appeared in the elderly
with borderline or abnormal renal clearance and function and with
increasing uremia.12 In these cases, relatively greater numbers of
encephalopathic patients with TW have been seen in some centers
with cefepime (Fig. 7), for example (see the articles in this JCN
issue), than with pure organ failure (renal failure) (see Figure 14,
Supplemental Digital Content 2, http://links.lww.com/JCNP/A81),
but other medications and conditions are now appearing as
associations in the setting of renal compromise, including
pregabalin, lithium, baclofen use, and myxedema (Figs. 7 and 10;
see Figures 13–15, Supplemental Digital Contents 1–3,
http://links.lww.com/JCNP/A80, http://links.lww.com/JCNP/A81,
and http://links.lww.com/JCNP/A82).16–22

WHAT ARE TWs?
The nature of TWs now over 60 years after their delineation

remains poorly understood. Early reports describe a distant “pro-
jected” rhythm related to thalamocortical sleep or epileptic relay

FIG. 1. Figure showing the triphasic wave traveling waves projected
from the antero-posterior thalamic surface toward the cortex.

FIG. 2. Rhythmic (A) versus periodic (B) activity. The numbers (1,
2, and 3) indicate the three phases of triphasic waves.
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systems. Triphasic waves were purportedly generated by a traveling
wave of positivity that swept across the cortex from the frontal to
the occipital regions at 1.5 m per seconds with the primary
disturbance occurring at the subcortical (thalamic) level with
changes in the potential field on the cortical surface reflecting the
disturbance of thalamocortical relays3 in a sequential firing (usually
antero-posterior) of the midline thalamic reticular nuclei with
a “slow” firing rate and oscillatory systems with spindle waves
(Fig. 1).23 These projected slow rhythms might be facilitated by
white matter disease or atrophy that deafferents the overlying cortex
and impairs the reverberating or reentrant corticothalamic inputs.
Stimulation with arousal via the ascending reticular activating
system then increases thalamocortical activation from the thalamic

reticular “slow-firing” mechanism.6,24 Modeling for the generation
of GPDs also appears in this special issue.

Activation or stimulation of the patient is what largely helps
differentiate TWs from many other types of GPDs. Reactivity to
noxious stimuli is variable, and although Bickford and Butt found
no effect of arousal,3 Fisch and Klass5 showed an increase in TWs
in some patients on stimulation. In our unpublished cohort of 109
patients, TWs increased inw30% and decreased in approximately
42% with no change in 19 patients. Up to 85% of patients with
TWs are reactive.13 In 105 patients with TWs, almost 50% had an
increase with stimulation, 35% a decrease, and 16% had no
change. Some examples of such changes in our patients are
illustrated in Figs. 9 and 10; Supplemental Digital Contents 4
and 5 (see Figures 16 and 17, http://links.lww.com/JCNP/A83,
http://links.lww.com/JCNP/A84). There was no respective associ-
ation with mortality in contrast to changes of EEG background
activity on stimulation.

Source localization of TWs has been attempted using a dipole
source and distributed source models which show a radial single frontal
dipole.25 The current density vector was directed toward the medial
frontal region. Source analysis on generalized spike-waves in primary
epilepsy showed bilateral frontal, parietal, and temporal dipoles
producing a current source in the midsagittal region and dipoles
centered in the fronto-orbital and fronto-medial regions.26 More data on
this technique are available in an article in this JCN issue.

WHY THE TRIPHASIC MORPHOLOGY?
The triphasic morphology itself was suggestive of an

excitation/inhibition sequence; hence, some authors speculated that
TWs represented epileptic discharges that had been blunted by
toxicity or an encephalopathy. Others wrote that the EEG pattern
was pathognomonic for specific encephalopathies such as hepatic
(Fig. 11 and see Figure 18, Supplemental Digital Content 6,
http://links.lww.com/JCNP/A85) or renal insufficiency (see Figure 14,
Supplemental Digital Content 2, http://links.lww.com/JCNP/A81)27

and speculated on the potential perturbation of the underlying
gamma aminobuteric acid ergic circuits.28 Confusing the
picture further was speculation that TWs could represent
nonconvulsive status (for example, an alternate interpretation
of Fig. 9 and see Figure 16, Supplemental Digital Content 4,
http://links.lww.com/JCNP/A83) epilepticus in earlier reports
by Granner and Lee,29 and Kaplan,30 a concept that was later
investigated in a larger case series by Boulanger et al.31 One
distinction between the possible epileptic versus a metabolic
nature for TWs occurred when one patient with a lifelong
genetic epilepsy and interictal generalized spike-waves with
episodes of generalized absence status epilepticus developed
hepatic metastases, jaundice, and hepatic failure. This later
condition generated the new appearance of TWs on his EEG.
Both morphologies were now present in the same tracing,
enabling the two different morphologies and entities to be
qualified and quantified.32 The differentiating findings between
the two were that the generalized epileptic spike-waves were
narrower and briefer (and hence “spikier”), with more fronto-
polar distribution (Fp1-F3; Fp2-F4), versus the broader com-
plexes with less steep angles between the phases, a duration at

TABLE 1. Clinical Substrates for TWs

Without white matter disease or subcortical atrophy and with or without renal
impairment

Hepatic encephalopathy
Hyperammonemia
Uremia
Marked electrolyte abnormalities
Hypoxia

Toxins and medications (e.g., baclofen, lithium, pregabalin, cefepime,
aztreonam, and ifosfamide)
CNS infections, encephalitis
With white matter disease/subcortical or diffuse atrophy

Mild infections (e.g., urinary tract infections or upper respiratory tract
infection)

Lesser degrees of electrolyte imbalance
Toxins and medications (see above).

Most cases are multifactorial, including cerebral atrophy, toxic, metabolic derange-
ments and intercurrent infection.

TW, triphasic wave.

FIG. 3. Proportional distribution and concurrence of infections,
metabolic derangements, and structural brain abnormalities in patients
with triphasic wave encephalopathy (from Sutter and Kaplan).13
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or above 0.5 seconds, and a fronto-central predominance (F3-
C3; F4-C4) with state-dependent or stimulus-sensitive occur-
rence in the case of TWs.

Many of these earlier studies with the possible lack of
consistency among them were arguably affected by the inherent bias
in “the art” of EEG interpretation, the lack of clearly standardized

FIG. 4. Anoxia in a 57-year-old man with PEA arrest ROSC , 30 minutes. CT head: minimal atrophy. ARF from shocked kidneys: urea 96
mg/dL and creatinine 4.5 mg/d/L EEG show “metronomic” regularity of the triphasic waves that were not altered by stimuli and which
regressed despite ongoing uremia. CT, computerized tomography; PEA, pulseless electrical activity; ROSC, return of spontaneous circulation.

FIG. 5. Lithium toxicity in a 55-year-old man with 2 days of shaking, tremor, blurred vision, hyperreflexia, and myoclonus; polyuria; and on
lithium for a psychiatric disease. Serum osmolarity 333 mg/dL and Na 160 mg/dL. MRIdminimal atrophy. Resolved when lithium stopped.
Lithium 3.4 mg/dL. TWs/clinical picture resolved on stopping lithium. EEG shows high-amplitude TWs; variable antero-posterior and postero-
anterior lag, some TWs are asymmetric, some sharply contoured; and alpha/theta background evident. TW, triphasic wave.
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characteristics to be used before diagnosing TWS, and the lack of
complete EEGer (electroencephalographer) blinding to the etiology or
to other clinical details. Small panels of EEGers would decide which
morphologies were TWs and which were epileptic discharges subject

to the aforementioned classification challenges. One larger study with
blinded EEGers concluded that there was no clear interpreter
consistency when the panel of experts were asked to differentiate
between GPDs with or without triphasic morphology.33 See the article

FIG. 6. Baclofen toxicity in a 75-year-old woman with white matter atrophy on MRI, normal metabolic panel, and pneumonia. Baclofen overdose of
. 30 tablets. EEG: TWs are on occasion, asymmetric and asynchronous; at others, more synchronous and symmetric; and some with antero-posterior
or postero-anterior lag. Note: sensitivity 10 uV/mm. TWs asymmetric, high voltage, continuous, some A-P others P-A lag. TW, triphasic wave.

FIG. 7. Cefepime in an 89-year-old woman started on cefepime for UTI in a confused patient with chronic renal insufficiency. The EEG
shows triphasic waves symmetrically, maximal in the fronto-central rather than fronto-polar regions, and some with antero-posterior lag.
Background with theta . alpha frequencies. UTI, urinary tract infection.
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by the same author in this JCN issue. The future of such TW research
arguably lies in using larger and blinded panels of EEGers provided with
predetermined EEG characteristics to define what TWs-proper are and
possibly to categorize TWs into typical and atypical forms. Alternately,
machine learning or neural nets might be used to better categorize or
differentiate among the different types. However, the coding algorithms
provided might in turn be biased in one particular direction or another,
merely endorsing the bias of the coder. The ultimate help of such
distinctions for clinical management remains unclear.

Some recent help in understanding the neural inter-relationships
that might underlie the cortical/scalp appearance of TWs has been
produced by novel neural computational models of GPDs in acute
hepatic encephalopathy (AHE).34. In this study, a model parameter
optimization method was developed using the results from patients
with AHE. This computer model was derived from patients with
AHE (AHE–CM) and was able to reproduce significant aspects
typical of the EEG seen in AHE, namely, the periodicity of TWs.
Furthermore, it was helpful in suggesting the mechanisms underlying
the variability of the AHE EEG. The authors postulate an underlying
unstable state in AHE of increased excitability, impaired synaptic
transmission, and enhanced postsynaptic inhibition. See the article in
this JCN issue on modeling hepatic encephalopathy.

MORBIDITY AND MORTALITY
Of course, the underlying odyssey for TWs sought their

morbidity and mortality, in addition to their etiologies. It was soon
understood that mortality in large part lay with the reversibility or not

of the underlying causes. Hepatic failure without prospect for
transplant was fatal, as usually was hypoxia. Renal insufficiency
which could be improved with dialysis or renal transplantation
conferred no more morbidity than the underlying renal insufficiency
varying with treatment or not. Similarly, reversible toxins such as
antibiotics ostensibly had a favorable outcome, lithium less so
(Figs. 5 and 12D; see Figures S13 and S17, Supplemental
Digital Contents 1 and 5, http://links.lww.com/JCNP/A80 and
http://links.lww.com/JCNP/A86). In the case series, mortality
ranged from 30% to 100%, from renal insufficiency to hypoxia,8,35

with a 1 month mortality of 50%, rising to 77% at 2 years. The
severity of TW disease did not correlate with disease progression and
mortality. A study of 154 patients with multiorgan failure or liver
disease showed an increase in TWs with increasing serum ammonia
(Fig. 11; see Figure S18, Supplemental Digital Content 6,
http://links.lww.com/JCNP/A85).12,14 In matching 95 cases of TW
with 95 encephalopathy cases without, univariable and multivariable
analyses revealed no significant differences regarding the odds for death
and the emergence of TWs, although mortality tended to be higher in
patients with TWs (19% with TWs vs. 11% without TWs).15 In
another study of 105 encephalopathic patients with TWs, multivariable
analyses revealed the need for mechanical ventilation and unreactive
EEG background activity to be associated with increased odds for death
(odds ratio for death 6.5 and 3.7, respectively) independent of possible
confounders including increasing age, decreasing Glasgow Coma Scale
rating, and progressive metabolic derangements.13

The overall guarded prognosis for patients with TWs may lie in
the congruence of several morbid conditions rather than that of a single

FIG. 8. Pregabalin in a 41-year-old woman with pancreas transplant, chronic renal disease, and hypothyroidism. On pregabalin that had
been increased to 450 mg daily. MRI of the brain shows T2-hyperintense periventricular changes. The patient is confused but interactive,
knows name, follows commands, and intact brainstem. Mental status improved after stopping pregabalin. No other significant electrolyte
abnormalities. EEG: diffuse encephalopathy with triphasic waves that increase with arousal. Some were more anterior; others were
posterior; some were with a antero-posterior lag. UTI, urinary tract infection.
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physiological disorder (Fig. 3). Imaging associations with TWs have
revealed the most common associations to be white matter changes
(60%), and/or brain atrophy (55%), intracranial hemorrhage
(23%), and ischemic stroke (14%). Nonetheless, multiple etiolo-
gies underlie most patients, with 78% of 205 patients having two
or more conditions such as infection, organ insufficiencies or
cerebral atrophies, hemorrhage, tumors, encephalitis, ischemic
stroke, or trauma; 31% had all three; 25% had infections and
structural causes; 17% had metabolic and structural causes; 16%
only structural causes; 7% only metabolic; and 2% only infections.
No particular imaging pattern had prognostic value.13

In earlier studies, women with TWs were more numerous in
case series, with earlier studies rising as high as 5:1.9,35 A
possibility is ascertainment bias, their greater frailty or a suscep-
tibility to multisystem insults.

DIFFERENTIATING METABOLIC/TOXIC ENCEPHA-
LOPATHIES FROM NONCONVULSIVE
STATUS EPILEPTICUS

Isolated Impairment of the Consciousness Versus
Confusional State

EEGs with TWs are sometimes misinterpreted as gener-
alized nonconvulsive status epilepticus (e.g., absence status)
despite a different clinical presentation. Their appearances

may be similar.36 The clinical context is essential when
interpreting EEG: toxic/metabolic encephalopathies usually
appear subacutely with an increasing alteration of conscious-
ness ranging from somnolence to coma. Absence status
epilepticus in characterized by a variable clouding of con-
sciousness, ranging from subtle subjective impairment to
severe stupor, but the patients are not asleep. Subtle motor
signs are present in half of patients, e.g., bilateral jerks of the
eyelids or face. In most cases, the confusional symptoms
fluctuate.37 The main clinical difference between absence
status epilepticus and metabolic/toxic encephalopathies is
summarized on Table 2 and exemplified in Fig. 12.

Periodic Versus Rhythmic Activity
An epileptic seizure is a rhythmic activity, so status

epilepticus is a rhythmic activity (Fig. 2 and Table 2),
whatever the morphology of the paroxysms. Regarding
nonconvulsive (absence) status, Porter and Penry38 wrote
that “virtually any generalized continuous or nearly contin-
uous abnormality could be a substrate for this syndrome.”
The interpretation of periodic activities is more complex. In
most cases, a burst of generalized periodic activity (e.g.,
because of metabolic/toxic encephalopathies, anoxia, or
Creutzfeldt-Jakob disease (see Figure 20, Supplemental
Digital Content 20, http://links.lww.com/JCNP/A87) is not
an epileptic seizure and therefore not status epilepticus.

FIG. 9. Metabolic encephalopathy. Acute renal failure in an 84-year-old woman. Raised creatinine (154 mmol/L), high urea (14 mmmol/L),
hyperglycemia (11.5 mmol/L), and low bicarbonate (19 mmol/L). Cerebral atrophy with vascular leukoencephalopathy on MRI. A, The patient is
drowsy. Nearly continuous generalized periodic discharges with triphasic morphology at 2 Hz with predominance over the central regions. B,
Recording at 15 mm/second. The patient moves spontaneously (see the muscular artifacts over the fronto-polar derivations and electrode
movement artifacts at O2 and Pz). The triphasic waves that are present at the beginning of the EEG sample disappear. BUN, blood urea nitrogen.
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Nonetheless, lateralized periodic discharges, especially lat-
eralized periodic discharges associated with fast rhythms,
spikes, or polyspikes can be an ictal or preictal pattern.39

Monomorphic Versus Dynamic Activity
An epileptic seizure is a dynamic process as is status

epilepticus with changes in EEG patterns during the recording

FIG. 10. Metabolic encephalopathy. Acute renal failure in a 68-year-old woman. Raised creatinine (343 mmol/L) and high urea (38.7 mmol/
L). A, Generalized periodic discharges with triphasic morphology at 2 Hz. The sharp component is higher over the posterior regions. B,
Recording at 15 mm/seconds. Because of misdiagnosis of nonconvulsive status epilepticus, clonazepam (1 mg) was given IV during the EEG
and the triphasic waves present at the beginning of the plate disappear but the mental status was not improved. The patient fell asleep.

FIG. 11. Hyperammonemia in a 63-year-old man on renal dialysis; confused. Ammonia 179 mg/dL. CT head: mild atrophy, creatinine 5 mg/
dL, and BUN 26 mg/dL. CPK, creatine phosphokinase; LDH, lactate dehydrogenase; TSH, thyroid stimulating hormone.
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(e.g., a change in morphology and change in frequency). This
suggests why in absence status epilepticus, the confusional state
fluctuates. By contrast, in metabolic/toxic encephalopathies, the
pattern is highly monomorphic with generalized or diffuse TWs
at 2 Hz or less, with the confusional state usually fluctuating over
longer periods of hours to days.

Reactivity
EEG reactivity is defined as a change in EEG characteristics

with arousal or stimulation. Testing the EEG reactivity to
auditory or nociceptive stimulation is crucial to help differentiate
metabolic/toxic encephalopathies from status epilepticus. The
EEG patterns of nonconvulsive status epilepticus typically do not
react to pain and will not stop when the patient has an increase in
the level of consciousness. By contrast, toxic/metabolic

encephalopathies are reflected by EEG periodic activities that
often vary and may decrease when the patient is fully awake (Fig.
9). Triphasic waves of AHE are reduced in sleep.40 From
a practical point of view, TWs are essentially seen during drowsy
states and are not present in full wakefulness. They may disappear
during natural sleep or sleep induced by drugs (Figs. 10; see
Figures 16 and 18, Supplemental Digital Content 4 and 6,
http://links.lww.com/JCNP/A83, http://links.lww.com/JCNP/A85).
In metabolic encephalopathies, most opinion leaders would
probably state that TWs classically resolve with IV BZP. In
a recent study of 64 patients with TWs and mostly metabolic
derangements and the administration of BZP or other non-
sedating antiseizure drugs, the resolution of TW patterns
occurred in 19% treated with BZDs and 24% with other
nonsedating antiseizure drugs.41 Metabolic differences among
patients with and without resolution of TWs were statistically

FIG. 12. Comparison of absence status epilepticus and a toxic/metabolic encephalopathy. A, Mixed absence and myoclonic status epilepticus in
a patient with juvenile myoclonic epilepsy after withdrawal of 16 mg/day of clonazepam. B, De novo absence status epilepticus in a 67-year-old
woman with a history of seizures in adolescence. C, Hyperammonemic encephalopathy in a 45-year-old man with liver cirrhosis (blood ammonia
296 mmol/L; N 11–45). D, Toxic encephalopathy in a 66-year-old woman with a history of surgery for right opto chiamastic meningioma. Plasma
level of lithium 1.42 mmol/L (therapeutic range: 0.5–0.8 mmol/L). Periodic triphasic waves at 2 Hz with a clear predominance on the right because
of a breach rhythm. To contrast confusion with drowsiness: NCSE with confusion is not a state of sleep; the patient is confused.
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insignificant, except that the 48-hour low value of serum albumin
concentrations in the BZD responder group was lower than in the
nonresponder group. The similar metabolic profiles in patients with
encephalopathy and TWs between responders and nonresponders to
anticonvulsants suggest that predicting responders a priori is
difficult and that the statement that TWs “classically” resolve with
BZP has to be questioned. The disappearance of TWs in this
context, however, is not true reactivity. In effect, the disappearance
of TWs with BZPs (Fig. 10; see Figure 16, Supplemental Digital
Content 4, http://links.lww.com/JCNP/A83) is not a direct effect of
the drug, but the effect of drug-induced sleep. This is also true
with propofol (see Figure 18, Supplemental Digital Content 6,
http://links.lww.com/JCNP/A85). This reactivity does not imply that
the periodic activity was “epileptic.” It cannot be overemphasized,
but the common mistake of interpreting this “response” to a direct
effect of the drug and inferring that the clinic-EEG state is one of
absence status epilepticus is too often encountered! In absence
status epilepticus, IV BZPs usually stop the status. The IV BZP test
is positive when both EEG and consciousness are normalized (Table
2). In metabolic/toxic encephalopathies, IV BZP or propofol may
diminish TWs but the mental status is not improveddfor example,
the patient has fallen asleep. With vigorous stimulation, the TWs
can be made to reappear (see Figure 16B, Supplemental Digital
Content 4, http://links.lww.com/JCNP/A83) or regress. This type of
reaction has been called stimulus-induced rhythmic, periodic, or
ictal discharges, or stimulus-induced rhythmic delta activity in
the revised terminology.1 It would be preferable to use the term
stimulus-induced rhythmic delta activity which is descriptive
and does not confer pathological implications. Some authors
suggest that periodic activity after arousal indicates noncon-
vulsive status epilepticus or a state along the interictal-ictal
continuum,42,43 but in the setting of a toxic/metabolic enceph-
alopathy, stimulus-induced rhythmic delta activity is an arousal
pattern without ictal pathological implications.39 In addition,
the response rates shown by O’Rourke et al.,41 however, may
swing the pendulum to the extreme by suggesting all patients
with TWs need to have a antiseizure drug trial or that all TWs
are generalized (epileptiform) periodic discharges previously
referred to as generalized periodic epileptiform discharges, now
referred to without the epileptiform modifier as GPDs.7 There
are five questions that should be considered when absence
status epilepticus is considered as a differential diagnosis in this
context (Table 2).

Finally, there are reported but less common causes that may
include multiple substrates. The EEGer may be given one or
another particularly predominant cause, such as hypercalcemia,

valproate toxicity (without hyperammonemia), neurocysticercosis,
and meningeal carcinomatosis (see Figures 21–24, Supplemen-
tal Digital Contents 9–12, http://links.lww.com/JCNP/A88,
http://links.lww.com/JCNP/A89, http://links.lww.com/JCNP/A90,
http://links.lww.com/JCNP/A91, http://links.lww.com/JCNP/A92,
http://links.lww.com/JCNP/A93).

CONCLUSIONS
The propose of this compendium was to explore and to present

typical TWs versus more or less typical TWs. Triphasic waves are
a peculiar pattern, often easy to identify but in many cases pose
significant diagnostic challenges: is it metabolic, toxic or a status
epilepticus? One of the best controversies is probably the TWs
observed with cefepime in patients with mild renal impairment;
(please see article in this issue on TWs with cefepime). There are
no universal answers to some questions. For example, TWs are not
observed in infants and in children, even in case of acute liver
failure, why? Is it a question of maturation of the brain? On the
other hand, elderly people are more vulnerable, occasionally
exhibiting TWs even in case of mild renal insufficiency and/or
white matter disease and cerebral atrophy. Clinical descriptions
with EEG illustrations are presented with relevant clinical associ-
ations. We hope this compendium will help EEGers and practi-
tioners in charge of comatose or confused patients.
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