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Triphasic waves in electr
oencephalogram as a
possible early marker of carcinomatous
meningitis: a case report
Chang Liu, MDa, Shihuan Cheng, MDb, Yue Ma, MDc, Caiyun Liu, MDa, Yudan Lv, PhDa,∗

Abstract
Rationale:Carcinomatous meningitis is a rare neurological complication. This condition is difficult to diagnose, and misdiagnosis is
common because the clinical manifestations are variable. Cerebrospinal fluid (CSF) cytology is the gold standard for diagnosis.
Repeated lumbar puncture is required because of the low positive rate. Our case showed triphasic waves (TWs) in an
electroencephalogram (EEG) before cancer cells were detected in cytology. We report this case to demonstrate that TWs in EEGmay
be a prognostic marker in patients with carcinomatous meningitis.

Patient concerns: A 76-year-old Chinese male displayed incremental headache, nausea, emesis, and intermittent fever for
2 months. A routine scalp EEG showed mild slow background activity. The CSF analysis demonstrated a slight increase in protein,
and the white blood cell count was in the normal range. Cytology did not show any atypical cells. Viral meningitis was considered for
the first time.

Diagnosis: After admission, a long-term EEG was performed because of his fever and mild abnormalities in the routine EEG. The
second EEG showed asymmetric TWs in the frontal brain regions. Lung adenocarcinoma was found after systemic investigation.
Finally, the patient was diagnosed with carcinomatous meningitis based on repeated CSF cytology.

Interventions: The patient received systemic chemotherapy in the Department of Oncology.

Outcomes: The patient was followed up monthly, and he was lost to follow-up in the sixth month after carcinomatous meningitis
was diagnosed.

Lessons: It is difficult to make a diagnosis in the early stage of carcinomatous meningitis because the clinical manifestations lack
specificity. Repeated lumbar puncture is time consuming and is painful for the patients. In our case, TWs in EEGwere detected before
cancer cells were found in cytology. EEG should be performed when carcinomatous meningitis is under consideration.

Abbreviations: CSF = cerebrospinal fluid, EEG = electroencephalogram, MRI = magnetic resonance imaging, TWs = triphasic
waves.
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1. Introduction

Carcinomatous meningitis is a neurological complication that
occurs in cancer patients. It is difficult tomake a diagnosis because
the clinicalmanifestations are variable and include varying degrees
of headache, cognitive symptoms, speech disorders, and con-
vulsions.[1] This condition may be misdiagnosed because some of
the manifestations are atypical and lack specificity. A reliable
method of diagnosis is cancer cells that are found in the
cerebrospinal fluid (CSF).[2] A single CSF examination of cytology
has a low positive rate, so early diagnosis is difficult.
Triphasic waves (TWs) are form descriptions in electroen-

cephalogram (EEG). Classical TWs show widespread synchroni-
zation and are composed of 3 parts: the first part is a small
negative sharp wave, the second part is an obvious positive sharp
wave, and the third part is a negative slow wave. These waves are
found in metabolic encephalopathy, especially hepatic or renal
diseases.[3] The probable pathogenesis is the dysfunction of the
oscillatory system between the cortex and thalamus. This
phenomenon is also reported in other diseases, such as toxic
encephalopathy, anoxic encephalopathy, Creutzfeldt-Jakob dis-
ease, and stroke.[4] However, TWs have rarely been reported in
carcinomatous meningitis.
We reported a case of TWs on EEG that was diagnosed as

carcinomatous meningitis. Finally, we aimed to highlight TWs as
a probable early diagnostic marker of carcinomatous meningitis.

2. Case report

A 76-year-old man reported incremental headache, nausea,
emesis, and intermittent fever for 2 months. He had no previous
organic brain diseases but had a long history of heavy smoking.
Neurological examination showed negative findings but cervical
rigidity. Magnetic resonance imaging (MRI) of the brain showed
unremarkable abnormalities except for some small lacunar
infarctions in the basal ganglia region (Fig. 1). Routine scalp EEG
showed mild slow background activity (basic rhythm 7–8Hz),
but neither discharge nor focal slow activity nor underlying
seizures were found (Fig. 2A). Blood tests showed a raised white
Figure 1. Patient’s axial T1 and T2 weighted images sh
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blood cells (WBC) count of 18�1012 cells/L (reference range 4–
10�1012 cells/L) and a mildly decreased hemoglobin level of 96
g/L (reference range 120–160g/L); hepatic and renal function
tests were all within the normal range. The CSF pressure was 220
mmH2O, the protein level was slightly increased at 0.76g/L
(reference range 0.15–0.45g/L), theWBC count was 6�106 cells/
L (reference range 0–6�106 cells/L, the proportion of mononu-
clear cells was 0.8, and that of multinuclear cells was 0.2), and
glucose and chlorides were within the normal range. Cytology did
not find any atypical cells. The patient was considered to have
meningitis and admitted to the Department of Neurology. Five
days after admission, a long-term EEGwas performed because of
his fever and mild abnormalities in the routine EEG. The second
EEG showed a substantially slowed background activity without
a normal rhythm, and asymmetric triphasic complex sharp waves
were found in frontal brain regions (Fig. 2B), but no underlying
seizure was detected. Subsequently, a systemic investigation was
performed, and a lung computed tomography scan showed a
nodule in the upper lobe of the right lung. Adenocarcinoma cells
were found by exfoliative cytologic examination of sputum. Non-
small cell lung cancer was diagnosed (stage IVB, T1bN2M1c). A
second cytologic examination of CSF was performed, and
abnormal cells were found. These cells had larger cell areas and
nucleocytoplasmic ratios than monocytes and enlarged and
hyperchromatic nuclei (Fig. 3). Therefore, the patient was
diagnosed with carcinomatous meningitis. The patient received
systemic therapy in the Department of Oncology. He received
whole brain radiotherapy and intrathecal injection of metho-
trexate once a week in the first month then intrathecal injection
monthly thereafter. The clinical symptom (headache and
vomiting) relieved after the third month. The patient was lost
to follow-up in the sixth month.

3. Discussion

Carcinomatous meningitis is a neurological complication that
occurs in cancer patients. This condition is difficult to diagnose
because the clinical manifestations are variable and atypical in
owing lacunar infarction in the basal ganglia region.



Figure 2. (A) The first EEG showing mild slow background activity without discharge and focal slow activity. (B) The second EEG showed a marked slow
background, with 1 to 1.5Hz periodic triphasic waves occurring in both the frontal and anterior temporal regions (HF 70Hz, LF 0.5Hz, sensitivity 10mV/mm). EEG=
electroencephalogram.
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Figure 3. CSF cytology showed that abnormal cells had a larger cell area and nucleocytoplasmic ratio than monocytes and enlarged and hyperchromatic nuclei.
Giemsa stain; �200 magnification. CSF = cerebrospinal fluid.
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some cases. They may be mistaken for meningitis because of the
symptoms of headache, fever, vomiting, and stiff neck. The
diagnostic management of carcinomatous meningitis is based on
cytology and other investigations, such as MRI of the primary
tumor or positron emission tomography-computed tomography
of the whole body. A reliable method of diagnosis is cancer cells
found in the CSF.[5]

CSF examination includes routine tests, biochemistry and
cytology. Routine tests are always nonspecific. In carcinomatous
meningitis patients, the incidence of increased CSF pressure is
50% to 70%, which is always increased slightly or substantially.
Increased protein is found in 70% to 80% of cases and decreased
glucose in 35% to 50% of cases.[6] Cancer cells found in the CSF
are the most valuable evidence for the diagnosis of carcinomatous
meningitis. The probability of finding cancer cells is approxi-
mately 50% by a single cytology analysis and up to 90% with 3
analyses.[7] MRI scan manifestations include diffuse pia mater
enhancement, obstructive hydrocephalus, or no abnormalities.
This condition can be confused with bacterial or fungal
meningitis.[8]

Our patient’s initial presentations were headache, vomiting,
and fever. He had a slightly increased CSF pressure, increased
protein, and normal glucose. The WBC count of the CSF was
within the normal range, but inflammatory cells were found. We
4

did not find any abnormal cells the first time. Routine EEG
showed a slightly slow background without epileptic discharge
and seizure. Therefore, the patient was first considered to have
meningitis. However, the previous diagnosis should be ques-
tioned because of a second EEG manifestation that showed
dominant TWs in the frontal brain regions. Based on experience,
TWs are most commonly observed in patients with metabolic or
toxic encephalopathy. Therefore, we performed a further
investigation. Cancer cells were found in the CSF in the second
lumbar puncture. In our case, TWs in EEG were detected earlier
than positive results in cytology. There are few reports of the
characteristic EEG pattern, and the relationship between the form
of TWs in EEG and carcinomatous meningitis should be
investigated.
The classical TW is 1.5 to 2.5Hz, which can be observed most

conspicuously on bipolar electrode lead. Amajority of TWs show
widespread synchronization. General TWs are considered to be
linked with metabolic and toxic encephalopathy, such as hepatic
or renal diseases, hyponatremia, hypercalcemia, hyperthyroid-
ism, hyperglycemia, and hypoxic-ischemic encephalopathy.
Focal TWs are present mainly in the frontal region and the
occiput.[9] Typical and characteristic EEGs in Creutzfeldt–Jakob
disease are bisynchronous periodic waves. Focal or unilateral
TWs were found in stroke, viral encephalitis, and dementia.[10]
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We reviewed a case report featuring rapidly progressive
dementia. The EEG showed periodic biphasic and triphasic
complex sharp waves at 0.5 to 1.5Hz in both frontotemporal
leads. CSF cytology showed eccentric nuclei and deeply
basophilic cytoplasm.[11] In our case, the TWs were asymmetric
in the frontal region. Dementia plays a role in the formation of
periodic and symmetric TWs in the previous case. The
mechanisms of the formation of TWs are not completely known.
The probable pathogenesis is dysfunction of the oscillatory
system between the cortex and thalamus for metabolic
encephalopathy. Extensive structural or metabolic injuries of
the brain stem, diencephalon, and subcortex may be caused by
nonmetabolic factors. Some studies have shown that TWsmay be
correlated with intracranial hypertension.[12] Changes in cerebral
brain flow may influence the frequency of EEG. Lower cerebral
brain fluid decreases fast waves and increases slow waves.[13] For
carcinomatous meningitis, cancer cells disseminate diffusely on
the leptomeninges or cerebral cortex. Synaptic connections
between neurons of the cortex are destroyed by cancer cells, and
cortex activities are inhibited. CSF dynamic changes are due
to cancer cells. These factors probably lead to a triphasic
EEG pattern.
EEG is a noninvasive tool for detecting early-stage disease due

to its high sensitivity. TWs can be found in patients with
carcinomatous meningitis, although EEG is not a routine
examination for these patients. This case suggests that TWs
can be found in the early stage of carcinomatous meningitis, and
carcinomatous meningitis should be considered when the TW
pattern is shown in EEG.
Author contributions

Conceptualization: Chang Liu, Yudan Lv.
Data curation: Yue Ma.
Software: Caiyun Liu.
Supervision: Yudan Lv.
5

Writing – original draft: Chang Liu.
Writing – review & editing: Shihuan Cheng.
References

[1] Balm M, Hammack J. Leptomeningeal carcinomatosis. Presenting
features and prognostic factors. Arch Neurol 1996;53:626–32.

[2] Chuang TY, Yu CJ, Shih JY, et al. Cytologically proven meningeal
carcinomatosis in patients with lung cancer: clinical observation of 34
cases. J Formosan Med Assoc 2008;107:851–6.

[3] Butterworth RF. Pathogenesis of hepatic encephalopathy in cirrhosis: the
concept of synergism revisited. Metab Brain Dis 2016;31:1211–5.

[4] Sutter R, Stevens RD, Kaplan PW. Significance of triphasic waves in
patients with acute encephalopathy: a nine-year cohort study. Clin
Neurophysiol 2013;124:1952–8.

[5] Le Rhun E, Ruda R, Devos P, et al. Diagnosis and treatment patterns for
patients with leptomeningeal metastasis from solid tumors across
Europe. J Neurooncol 2017;133:419–27.

[6] Francolini M, Sicurella L, Rizzuto N. Leptomeningeal carcinomatosis
mimicking Creutzfeldt-Jakob disease: clinical features, laboratory tests,
MRI images, EEG findings in an autopsy-proven case. Neurol Sci
2013;34:441–4.

[7] Rommer PS, Greilberger J, Salhofer-Polanyi S, et al. Elevated levels of
carbonyl proteins in cerebrospinal fluid of patients with neurodegenera-
tive diseases. Tohoku J Exp Med 2014;234:313–7.

[8] Tsuchiya K, Katase S, Yoshino A, et al. FLAIR MR imaging for
diagnosing intracranial meningeal carcinomatosis. AJR Am JRoentgenol
2001;176:1585–8.

[9] Bermeo-Ovalle A. Triphasic waves: swinging the pendulum back in this
diagnostic dilemma. Epilepsy Currents 2017;17:40–2.

[10] Shawcross D, Jalan R. The pathophysiologic basis of hepatic
encephalopathy: central role for ammonia and inflammation. Cell
Mol Life Sci 2005;62:2295–304.

[11] Jadav R, Sinha S, Nagarathna S, et al. Carcinomatous meningitis: yet
another cause for rapidly progressive dementia and triphasic waves in
electroencephalograph!. J Neurosci Rural Pract 2012;3:207–9.

[12] Katyal N, Sarwal A, George P, et al. The relationship of triphasic waves
with intracranial pressure as a possible prognostic marker in traumatic
brain injury. Case Rep Neurol Med 2017;2017:4742026.

[13] Schneider AL, Jordan KG. Regional attenuation without delta
(RAWOD): a distinctive EEG pattern that can aid in the diagnosis
and management of severe acute ischemic stroke. Am J Electro-
neurodiagnostic Technol 2005;45:102–17.

http://www.md-journal.com

	Triphasic waves in electroencephalogram as a possible early marker of carcinomatous meningitis: a case report
	1 Introduction
	2 Case report
	3 Discussion
	Author contributions
	References


