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Abstract

Electroencephalography (EEG) remains an important complementary
tool to diagnose neurologic diseases, including encephalitis. The ob-
jectives of this short review are to show the electroencephalographic
findings in different types of encephalitis and to highlight the chang-
ing outlines during and after the specific treatment. In our study, we
did a non-systematic review of literature on the role of EEG in in-
fectious and autoimmune encephalitis. We concluded that EEG can
be very useful in the diagnosis and follow-up of different types of
encephalitis. Early changes during the illness can have an impact on
prognosis.
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Introduction

Electroencephalography (EEG) is an important diagnostic tool
to evaluate and treat different types of epilepsy and other neu-
rological conditions [1]. The surface EEG shows electrophysi-
ological recordings of the cerebral cortex activity at any given
time. Continuous information can be obtained with modern
EEG monitoring techniques especially in acute and critical
conditions [1]. In the context of encephalitis, in addition to
detecting seizure activity, EEG helps to establish diagnosis [2,
3]. In most cases, findings are nonspecific and denote global
compromise of the brain funtion, but certain patterns are as-
sociated with certain etiologies. In addition, EEG provides in-
formation about prognosis and therapeutic response [2, 3]. In
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this brief review, we will review the usefulness and correlation
between the main causes of encephalitis and their respective
electroencephalographic findings.

Definitions

According to the guidelines of the International Encephalitis
Consortium, the diagnosis requires the presence of encepha-
lopathy (major criterion), two minor criteria for possible en-
cephalitis and three or more for confirmation of encephalitis
[4].

Encephalopathy is characterized by alterations in the level
of consciousness, or changes in personality or behavior for
more than 24 h without an obvious justifiable cause.

Minor criteria include the following: 1) fever > 38 °C
(100.4 °F) within the 72 h before presentation; 2) generalized
or partial seizures not attributable to a pre-existing seizure dis-
order; 3) focal neurological deficit; 4) white blood cell count
> 5/mm? in cerebrospinal fluid (CSF); 5) abnormality of brain
pa‘enchyma on neuroimaging suggestive of encephalitis; and
6) changes in EEG that are consistent with encephalitis and not
attributable to another cause.

Etiology

It is often difficult to establish the exact cause of encephalitis,
but the most common cause is a viral infection. Encephalitis
can be divided into primary and secondary. Primary encephali-
tis occurs when a virus or another agent directly colonizes the
brain parenchyma. Infection can be localized in a specific geo-
graphic area or region or be widespread and globally spread
throughout. Among the known and most common viruses
that cause encephalitis, we can mention: herpes simplex virus
(HSV) type 1 and 2, Epstein-Barr virus and enterovirus. Ret-
rovirus are a large and important family of causative agents,
including West Nile virus (WNV), chikungunya, dengue and
tick-borne encephalitis viruses [2-5]. Secondary encephalitis
results from an abnormal reaction of the immune system to
an infection in another part of the body. These are called non-
infectious or autoimmune encephalitis. They usually follow a
subacute course, and generally symptoms start a few weeks
after the initial infection and have detected several specific
markers or antibodies.
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The most frequent autoimmune encephalitis is the anti-N-
methyl-D-aspartate (NMDA) receptor encephalitis [2-5], gen-
erally associated with an unknown neoplasm (ovary). It is also
described within other entities such as paraneoplastic enceph-
alitis. In around 60-75% of patients, neurological symptoms
precede the diagnosis of malignant neoplasm [2-5].

Risk Factors

Extreme old age, defects or alterations of the immune system,
neoplasms, specific geographical regions and certain seasons
of the year are the main risk factors described for the develop-
ment of encephalitis [2-5].

Clinical Picture and Images

Fever, alteration in the level of consciousness and seizures
make up the classic triad of acute viral encephalitis; however, it
is not always presented as such [2-5]. Acute confusional state-
or atypical personality disorders are common. In autoimmune
and limbic encephalitis, there are variations with respect to the
diagnostic criteria [2-7]. In the case of autoimmune origin, at
least three of the following criteria must be met: 1) subacute
presentation of memory compromise, impaired conscious-
ness, or psychiatric symptoms; 2) seizures in the absence of
epilepsy; 3) a CSF pleocytosis > 4 cells/mm?; 4) neuroimag-
ing suggestive of encephalitis, preferably magnetic resonance
imaging (MRI) (high signal intensity in T2 or fluid attenuated
inversion recovery (FLAIR) MR images, located mainly in
medial temporal lobes together with multifocal compromise
of gray and/or white matter, compatible with demyelination or
inflammatory process) [6, 7].

Detection of Specific Markers in Non-Infectious
Encephalitis

Different types of antibodies responsible for autoimmune en-
cephalitis have been detected. These can be directed against
intracellular antigens, especially when they are associated
with neoplastic disease, or they can attack surface proteins,
in which case the prognosis is more favorable [5-8]. Among
the neoplasms involved in the development of autoimmune
encephalitis, we can highlight: small cell lung carcinoma
(anti-Hu  antibodies,  anti-a-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic acid, anti-AMPAR, anti-collapsin,
CRMPS), anti-amphiphysin; testicular germ cell tumors (anti-
Ma2/Ta), thymoma (anti-CRMPS), breast cancer (anti-amphi-
physin) and Hodgkin lymphoma [5-8]. Often the tumor has not
been previously diagnosed [5-8].

EEG in Encephalitis

Finding a specific electroencephalographic pattern for en-
cephalitis remains a challenge, taking into account the various
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existing etiologies [1]. In HSV encephalitis, perhaps the most
analyzed encephalitis in the literature, EEG can show unilat-
eral or bilateral periodic discharges together with the presence
of focal or generalized slow waves, and electrical discharges,
which shows that usually there is no specific pattern that iden-
tifies it as such [1-3]. During herpetic encephalitis, periodic
high-voltage acute waves can be observed, together with the
presence of complex and sharp wave potentials or also at the
point of periodic appearance [1-4]. In general, the changes are
not global but are located on the side where the engagement
occurs, usually the temporal lobes.

Figure 1 shows EEG characteristic but nonspecific chang-
es in herpetic encephalitis. The first arrow (a) shows periodic
wave point complexes from the right side to temporal pre-
dominance (circle). The second arrow (b) shows a slow base
rhythm (theta-delta) together with synchronous bilateral po-
tentials formed by acute waves with a predominance on the
right side (arrow).

The presence of three-phase waves is common but non-
specific. They occur in multiple encephalopathies and meta-
bolic alterations of various conditions, such as hepatic, uremic
and septic encephalopathies, but may also be present during
the course of viral encephalitis or another etiology [1, 9].

Figure 2 shows the presence of bilateral slow thriphasic
waves in a patient affected by West Nile encephalitis. This
trace is similar to referenced in literature [10].

Another situation where we can find the presence of three-
phase waves is during the invasion of the brain parenchyma by
prions as in the case of Creutzfeldt-Jakob disease [11].

In autoimmune encephalitis, the most studied type is en-
cephalitis due to anti-NMDA antibodies. The presence of ex-
treme delta brush pattern in the EEG strongly suggests a di-
agnosis [12, 13]. The EEG record in Figure 3 demonstrates
a generalized activity of rhythmic and semi-rhythmic delta
frequency at 1 Hz with superimposed bursts, predominantly
frontal of rhythmic beta frequency activity [12, 13]. This find-
ing reinforces the diagnosis of NMDAR encephalitis, but its
real value is still unknown.

Multiple autoimmune encephalitis, either seropositive or
negative, show different types of unspecific EEG alterations
such as: frontal intermittent rhythmic delta activity (FIRDA),
periodic lateralized epileptiform discharge (PLED), periodic
epileptiform discharges (PED), generalized rhythmic delta ac-
tivity (GRDA), excess beta activity (EBA) and triphasic waves
[14-18]. An example is showed in Figure 4.

Continuous EEG Monitoring

This is a modality of non-invasive monitoring of brain func-
tion, especially in critically ill patients or under deep sedoan-
algesia [1]. Its utility is increased day by day and is not limited
to the detection of seizure activity. Continuous EEG monitor-
ing in its quantitative modality (QEEG) provides real-time in-
formation [1]. The qEEG is a digitalized alternative of EEG
analysis that allows the graphic exposure of changes in brain
frequencies over time. This system is based on mathematical
algorithms, which transform the conventional EEG into a com-
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Figure 1. The presence of three-phase waves are common but nonspecific. They occur in multiple encephalopathies and meta-
bolic alterations of various conditions, such as hepatic, uremic and septic encephalopathies, but may also be present during the
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course of viral encephalitis or another etiology [1, 9].

pact one, representing the different waves graphically using
colors [1]. Thus, several hours of regular EEG can be reduced
by just a simple screen view.

The utility of gEEG monitoring is not limited to the de-
tection of seizure discharges but provides very useful infor-
mation when assessing the evolution of the disease, its re-
sponse to the instituted treatment including the graduation
of the sedation level and the detection of undesirable effects
of certain drugs including antibiotics. It also has prognostic
value [1] (Fig. 5).

Conclusion

EEG is an important diagnostic and monitoring tool to consid-
er in the management of different types of encephalitis. There
is no pathognomonic EEG pattern for any type of encephali-
tis. In general, viral encephalitis has slow background rhythms
along with the presence of focal epileptogenic discharges. Au-
toimmune encephalitis due to anti-NMDA receptor antibod-
ies characteristically, although not constantly, has an extreme
delta brush pattern (EDB) frequently located in the frontal re-
gion. The EEG provides information that helps in determining
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the prognosis. Additionally, the EEG allows monitoring and
response to therapy.
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Figure 2. The presence of bilateral slow thriphasic waves in a patient affected by West Nile encephalitis. This trace is similar to
referenced in literature [10].
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Figure 3. Generalized activity of rhythmic and semi-rhythmic delta frequency at 1 Hz with superimposed bursts, predominantly
frontal of rhythmic beta frequency activity.

Articles © The authors | Journal compilation © | Neurol Res and Elmer Press Inc™ www.neurores.org 35



EEG in the Acute Phase of Encephalitis J Neurol Res. 2020;10(2):32-37

36

f ~ =R | S e « A 2
A N/ .'\, r| N a7 \A) 1"‘ s M N N W A 1 AN
\/ ™ ‘j/ 1§ S\ LR VAR 4\ \ | \ ~ vL‘l \/ v VY
~ —_—— - | fa A AL » A\ Al L \ A
e e Bl A NS A A NN i e NN
maly A AN AANAN A AN KA AN Sy
: "\ R Y W AR h, Y
Fdes b ey’ ~ N AL f v W v v fl s gy o N NS
’*:f;\:' v /\L ~4 A N :j A “,_:‘,L\j‘ A V._“, \/ J
ik L A 7 G £ W W../ t A PN
TANTASTAGER A A A
f ™ Vi, J NV N “ e M
o&l 1 APV S WL AN WA S~ A l

Y2 0 T g By
B A/ M p A
:

AV 7

I S At
R AT

- \ / ‘g WY AL VN -
A A A VY A W BN g
v«o W ‘-'."\f"\_\/ LV R N

PP ‘.U, B W e e e s Tl e | s S S P P W o

, .
SO A V Al A o Ao m A N | P L S | T N | D
"’{_’;“ “l.h/ T ‘.j/\'JU Vi~ W NAanY \\l g ! B fﬂ \.' [ \[ W \L'f o’

I A
PO o \,\ f\"\ m‘-‘-"\,—f

f
Va.all * ;\&L - ' .
RPN ™M A Y e AN S\ ,V." —

— o - ~ N - 4 / - - A — .
T A -\.\‘_’f\-;‘_*ﬁdﬂl“ T Y e NS A LS, ey
v

V -
WY N TN AR A A A AL A SIS A o Pt [N NN A
A - A AN A Al pndl A v ANA O
AW " | WA A/ W | AW WV

\

, w"\-~’xr’\'uJ\7‘v\f\:}>\--:\_.n,.m.r”\v\,vvvv/x, A A A ooy
ke AN \'7\/""N MANANANATNN TNANS A S

Figure 4. Anti-NMDA receptor encephalitis. Generalized irregular activity of 1.5 to 2 Hz peak and predominant wave in the
previous regions of the hemisphere and slow and diffuse background activity. The record shows that the extreme delta brush
pattern is not pathognomonic or unique sign of EEG in anti-NMDA receptor encephalitis. NMDA: N-methyl-D-aspartate; EEG:
electroencephalography.
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Figure 5. (a) gEEG monitoring showing the electrical activity in status epilepticus due to traumatic brain injury. (b) EEG showing
no electroencephalographic seizure. (¢) EEG showing diffuse electroencephalographic seizures. gEEG: quantitative electroen-
cephalography.
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