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Abstract

Background: Triphasic waves (TWs) on electroen-
cephalograms (EEGs) have predominantly been observed
in adults, often associated with Creutzfeldt‒Jakob disease
and metabolic encephalopathy. However, TWs have also
been linked to various nonmetabolic and structural abnor-
malities. Additionally, reports of TWs in children are rare.

Case Presentation: We present the case of an 8-year
and 5-month-old boy with basal ganglia lesion who ex-
hibited TWs in the local C3 lead on electroencephalogra-
phy. Subsequent EEGs revealed no additional abnormali-
ties. During the follow-up at 1 year and 8 months, there was
no significant change in the patient’s condition.

Conclusion: Triphasic waves can occur in children
with basal ganglia lesions, but their underlying causes may
differ from those previously reported. Further research is
needed to elucidate the mechanisms and clinical signifi-
cance of TWs in pediatric patients.
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Introduction

Electroencephalographic triphasic waves (TWs) are
abnormal waveforms now recognized in theAmerican Clin-
ical Neurophysiology Society (ACNS) classification and
revised glossary of electroencephalographic terminology
and updated recommendations [1]. TWs consist of three
distinct phases: a high-amplitude positive wave followed
by a slow negative wave, occurring periodically at 1.5 Hz
to 2 Hz [2]. They are typically bilaterally and widespread,
with 60% predominantly in the frontal cortex and 40% pos-
teriorly distributed or diffuse. Localized TWs have also
been observed, especially in the frontal and central regions
[3,4].

Foley et al. [5] initially reported that triphasic waves
were observed in patients with hepatic encephalopathy and
were described in 1950 as “blunted spikes and waves” in
patients with hepatic encephalopathy. Subsequently, it was
shown that this phenomenon can be detected in a vari-
ety [4] of metabolic encephalopathies, for example, Re-
nal encephalopathy, hyponatremia, Creutzfeldt-Jakob dis-
ease, etc. [6]. Although the precise mechanism behind TW
generation remains unclear, it is thought to be related to
metabolic disorders. The specificity of TWs in etiological
diagnosis remains debated. While some researchers believe
that typical triphasic waves have diagnostic significance for
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Fig. 1. BrainMagnetic Resonance Imaging (MRI) on February 4, 2022 (8 years and 5 months). Abnormal signal (blue arrow) in the
posterior left lenticular nucleus: small abnormal signal on slightly high on T2 Weighted Imaging (T2WI), T2-Fluid Attenuated Inversion
Recovery (T2-FLAIR), and T1 Weighted Imaging (T1WI), and slightly low on Diffusion Weighted Imaging (DWI), with unrestricted
diffusion. (From left to right is T2W1, T2-FLAIR, T1WI, DWI.)

Hashimoto Encephalopathy (HE), most agree that typical
and atypical TWs can appear in various toxic metabolic en-
cephalopathies without distinguishing characteristics.

Triphasic waves are increasingly reported in diverse
pathological conditions, predominantly in adults. How-
ever, these conditions are rarely observed in children, and
the occurrence of TWs in pediatric electroencephalogram
(EEG) recordings is seldom reported.

Case Presentation

Patient Information

An 8-year and 5-month-old male presented on Febru-
ary 4, 2022, with a two-month history of abnormal gait, ac-
companied by dizziness and hypoesthesia in the right foot.
Over time, he developed blurred vision in his right eye and
weakness in the middle, ring, and little finger of his right
hand. There were no additional symptoms.

Clinical Findings

Physical examination revealed an abnormal gait, tip-
toe walking, and limited dorsiflexion in the right fingers.
The specialist physical test revealed the following: The
muscle tone of the limbs was expected, the muscle strength
of the right upper limb and right lower limb was level 4, the
muscle strength of the left upper limb and left lower limb
was level 5, the patellar reflex was slightly active.

Auxiliary Examination

An Magnetic Resonance Imaging (MRI) of the brain
performed on February 4, 2022 (Fig. 1) revealed an abnor-
mal patchy signal shadow in the left basal ganglia region.
No abnormalities were detected on Magnetic Resonance
Angiography (MRA) or Magnetic Resonance Venography
(MRV). A follow-up MRI with contrast enhancement and
spectral analysis on February 23, 2022 revealed abnormal
signal shadows in the left basal ganglia, a slight increase in
the Choline/Creatine (Cho/Cr) ratio, and a decrease in the
N-acetyl-L-aspartic acid/Creatine (NAA/Cr) ratio, suggest-
ing brain damage.

There were no abnormalities in blood ammonia, lac-
tate, pyruvate/β-hydroxybutyric acid, thyroid function,
complete blood transfusion immune system, erythrocyte
sedimentation rate, blood α-fetoprotein (AFP), or human
chorionic gonadotropin (HCG). Tests for central nervous
system demyelination (conducted on February 19, 2022)
and autoimmune encephalitis antibodies were negative.

Cerebrospinal fluid (CSF) analysis on February 18,
2022, showed no abnormalities in cell count, biochem-
istry, or smears. However, oligoclonal banding (Type II)
was positive. Further CSF tests, including cytology, bio-
chemical analysis, smear, fungal G, Galactomannan (GM)
test, and tuberculosis infection T-cell assays, were all nor-
mal. CSF levels of HCG (2.5 mlU/mL) and AFP (<1.3
ng/mL), alongwith pathogen nucleic acids and tumormark-
ers, tested on February 23, 2022, were all within normal
ranges.
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Fig. 2. EEG on February 16, 2022 (8 years and 5 months). Localized triphasic waves are visible in the C3, F3, and P3 leads, notably
on C3. (EEG, electroencephalogram; blue arrow indicates triphasic waves.)

Fig. 3. EEG on July 22, 2022 (8 years and 10 months). Three-phase waves can be seen in lead C3. (EEG, electroencephalogram; blue
arrow indicates triphasic waves.)

Diagnosis

The exact nature of the lesion in the left basal ganglia
remains undetermined, though immune-related causes are
highly suspected. The cerebrospinal fluid (CSF) showed
oligoclonal banding (Type II), often associated with con-

ditions like multiple sclerosis or autoimmune encephalitis.
However, clinical and laboratory examinations do not sup-
port a diagnosis of multiple sclerosis. No abnormality in
the head MRA and MRV makes the diagnosis of stroke
unlikely. The four tests of demyelination of the central
nervous system (Anti-Aquaporin 4 (Anti-AQP4) antibody,
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Fig. 4. EEG on April 25, 2023 (9 years and 7 months). Three-phase waves were visible in the lead C3. (EEG, electroencephalogram;
blue arrow indicates triphasic waves.)

Fig. 5. Brain MRI on July 22, 2022 (8 years and 10 months). a, T2WI; b, T2-FLAIR; c, T1WI; d, DWI. Small abnormal signal (blue
arrow) in the left posterior lenticular nucleus on (d, DWI), slightly high on T2WI, T2-FLAIR, and T1WI, slightly low on DWI, with
unrestricted diffusion. Compared to February 4, 2022, the area of abnormal signal in the left posterior portion of the lenticular nucleus
reduced.

Anti-myelin oligodendrocyte glycoprotein (Anti-MOG) an-
tibody, Anti-Myelin basic protein (Anti-MBP) antibody,
Anti-Glial Fibrillary Acidic Protein (Anti-GFAP) antibody)
are negative. Inflammatory demyelinating disease of the
central nervous system is not supported.

Inflammation and infection are considered improba-
ble due to the lack of abnormalities in related examinations.
There is no abnormality in the examination of cerebrospinal
fluid HCG, AFP and tumor markers, and the lesions in the
left basal region have a tendency to reduce in a follow-
up brain MRI, which does not support the diagnosis of tu-
mors. The patient received treatment with B vitamins, Mi-
coba, and Xinkelai for neuroprotection, though the efficacy

of these interventions remains uncertain. At 1 year and 8
months follow-up, there was no significant change in the
condition of the patient.

Timeline

The patient underwent three routine electroencephalo-
gram examinations at 8 years and 5 months, 8 years and
10 months, and 9 years and 7 months. The international
10–20% system standard 19-lead was used to collect the
awake electroencephalogram for 30 minutes. The first C3
lead was visible. Localized triphasic waves can be seen in
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C3-A1, F3-A1, and P3-A1 leads, as shown in Fig. 2. The
second and third EEG signals showed triphasic waves in
lead C3, as shown in Figs. 3,4. Brain MRI was reviewed
on July 22, 2022 (8 years and 10 months, Fig. 5). On T2
Weighted Imaging (T2WI), T2-Fluid Attenuated Inversion
Recovery (T2-flair), T1 Weighted Imaging (T1WI), and
Diffusion Weighted Imaging (DWI), there are abnormally
small signals at the left posterior part of the lens nucleus
(blue arrow), slightly higher signals at T2 Weighted Imag-
ing (T2WI), T2-flair, T1WI, and slightly lower signals at
DWI, with unrestricted diffusion. Compared to February 4,
2022, the area of abnormal signals at the left posterior part
of the lens nucleus is smaller than the former.

Discussion

Triphasic waves (TWs) on electroencephalograms
(EEGs) have primarily been observed in adults, with lim-
ited reports in children. We present the case of an 8-year
and 5-month-old boy with basal ganglia lesion who exhib-
ited TWs localized to the C3 lead on EEG. No other abnor-
malities were detected across A series of EEGs.

Basal ganglia lesions are typically associated with de-
generative diseases but can also arise from cerebrovascular
disease, inflammation, poisoning, or tumors. In the present
case, the lesion is likely immune-related. Given the deep lo-
cation of the basal ganglia, imaging is crucial for diagnosis.
Previous experience has suggested that electroencephalog-
raphy (EEG) does not play an important role in the diagno-
sis and treatment of simple basal ganglia lesions.

A three-phase electroencephalogram wave is a rel-
atively special periodic abnormal waveform. It is often
closely related to certain diseases and has suggestive sig-
nificance in clinical diagnosis and treatment. TWs are
often associated with metabolic encephalopathies, espe-
cially hepatic encephalopathies. In addition, Angelman
syndrome may exhibit TWs in their EEG during seizures.
However, recent case reports have shown that TWs can
be secondary to other conditions beyond metabolic en-
cephalopathies. These include electrolyte imbalances, such
as uremia, hypernatremia, hyponatremia, hypercalcemia,
and hyperammonemia [7]; endocrine disorders like hypo-
glycemia, hyperthyroidism, hypothyroidism, and isolated
ACTH deficiency; as well as drug toxicity, particularly
from lithium [8]; and hypoxic encephalopathy. TWs have
also been linked to stroke, tumors, Creutzfeldt-Jakob dis-
ease, autoimmune encephalitis, dementia [9,10], and low
intracranial pressure [11]. Inflammatory and infectious
encephalopathies, such as sepsis, Mohs meningitis, her-

pes simplex encephalitis, Borrelia burgdorferi meningoen-
cephalitis, tuberculous meningitis, carcinomatous meningi-
tis, and Hashimoto’s encephalopathy, have also been asso-
ciated with TWs [12–14].

While TWs are common in adults, they are relatively
rare in children. Janati and Erba [15] reported TWs in two
pediatric drowning cases, which involved repetitive focal
biphasic or triphasic waveforms. Ke Zhang et al. [16] de-
scribed a case of anti-N-methyl-D-aspartate (anti-NMDA)
encephalitis with TWs in a 9-year-old girl, and Hosain et al.
[17] found TWs in six out of 178 comatose children, sug-
gesting metabolic encephalopathy. Laan et al. [18] identi-
fied TWs in children with Angelman syndrome, a rare ge-
netic disorder. Given the broad range of causes, metabolic
encephalopathy is often considered first, but in our case, no
metabolic abnormalities were identified, effectively ruling
out this possibility. TWs have also been reported in toxic
encephalopathies caused by medications such as valproic
acid, cefepime, cefoperazone, ceftriaxone, lithium, and pre-
gabalin [19,20]. Vulliemoz et al. [21] also reported a case
of TWs in a patient with chronic renal failure after levetirac-
etam. However, none of these factors were present in our
patient, making drug-induced EEG abnormalities unlikely.

The mechanism underlying TWs remains unclear.
Bickford and Butt [22] proposed that TWs may result from
conduction waves along the cortex triggered by subcortical
disorders at the thalamocortical level. Gloor P and Fariello
RG [23] suggested that abnormal oscillatory firing between
cortical and thalamic neurons could be responsible for this
EEG pattern. Currently, TWs are thought to arise from
metabolic or structural abnormalities in thalamocortical re-
lay neurons, with abnormal glutamate metabolism poten-
tially playing a role. In our case, the electroencephalogram
of the child showed TWs associated with basal ganglia le-
sion, but the precise mechanism remains unknown and war-
rants further investigation.

The prognosis of patients with TWs varies. Bahamon-
Dussan et al. [24] studied 30 patients with TWs, reporting a
77% mortality rate after 22 months of follow-up, with only
three of the seven survivors being neurologically normal.
They concluded that the prognosis of patients with TWs
is poor [24]. Sutter et al. [25] analyzed EEGs from 154
patients with encephalopathy, finding that TWs were asso-
ciated with increased mortality and adverse outcomes. In-
deed, reports have also mentioned that patients exhibiting
TWs have experienced favorable prognoses following ac-
tive treatment [12,13]. Research reveals that TWs can be
observed in a wide range of diseases, making it nonspecific
in diagnosing the underlying cause [26]. Consequently, the
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prognosis of patients with TWs is likely to depend on the
treatability of the fundamental disease that generates them,
rather than the presence of the TWs themselves.

In our patient, the primary condition was a basal gan-
glia lesion with uncertain etiology, with no identifiable
cause associated with TWs. After more than one year of
follow-up, the condition of the patient remained stable.
Continued monitoring will be necessary to assess the pro-
gression of the disease.

Conclusion

Electroencephalograms (EEGs) in children with basal
ganglia lesions may reveal localized or sporadic TWs. The
prognosis of this patient remains uncertain, necessitating
continued follow-up. While TWs are commonly associ-
ated with conditions such as metabolic encephalopathy and
Creutzfeldt-Jakob disease, they are not specific markers.
Clinicians should consider a broader differential diagnosis
when encountering TWs on EEG. To our knowledge, this is
the first report of TWs in a child with basal ganglia lesions.
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