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Abstract
Background: Electroencephalogram (EEG) is an important tool for the diagnosis of herpes simplex virus
encephalitis (HSE). However, the diagnosis of non-convulsive status epilepticus (NCSE) in HSE is challenging without
the help of continuous video EEG (CVEEG), and whether EEG is a predictor of outcome remains controversial.
Case presentation: A 63-year-old woman presented with a 5 day history of fever, coma and seizures. Results of
EEG, magnetic resonance imaging and polymerase chain reaction (PCR) in cerebrospinal fluid (CSF) were suggestive
of herpes simplex encephalitis-1 (HSE-1). Preliminary EEG showed periodic discharges at the prefrontal and
temporal lobes, which were particularly synchronized with intermittent lip smacking movements, and the
discharges were terminated by diazepam. After 2-week treatment with acyclovir, high-dose hormone pulse therapy
and high-dose immunoglobulin therapy, the CSF was improved, but the patient’s consciousness became worsen,
consistent with the diffuse slow waves in the delta range and low voltage of EEG activity. In the following 1 month,
the patient had non-responsiveness to pain and sound as shown by CVEEG with diffuse slow waves. Sometimes
paroxysmal very slow waves (0.5–1 Hz) were synchronized with intermittent paroxysmal eye movements, pupil
abnormality, and sweating in the frontal area. After 2 months of treatment, the EEG abnormalities improved to have
alpha rhythm.
Conclusion: The CVEEG not only helps identify NCSE but can also be used to monitor HSE progression.
Keywords: Herpes simplex virus encephalitis, Video electroencephalogram, Non-convulsive status epilepticus,
Periodic lateralized epileptiform discharge, Complications

Background
Herpes simplex encephalitis (HSE) is the most common
cause of sporadic fatal viral encephalitis [1], which has a
mortality rate of ~ 70% in untreated patients and 19% in
those treated with acyclovir. Moreover, more than 50%
have moderate to severe neuropsychiatric sequelae [2]. The
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complications of HSE can involve both peripheral and
central nervous systems. They include pneumonia and
hepatitis, which are commonly seen, and rhabdomyolysis,
which is rare in HSE. Recently, with the help of video
electroencephalogram (VEEG), non-convulsive status epilepticus (NCSE) can be diagnosed in encephalitis but its
diagnosis is often missed in HSE [3]. EEG abnormality is
common in HSE. In fact, EEG has been applied in the diagnosis of HSE in as early as 1970 [4–6]. In 1988, Lai CW
et al. analyzed the role of EEG in HSE diagnosis [7]. They
considered that EEG is more sensitive than other
approaches such as computed tomography (CT) and
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Fig. 1 Dynamic alterations of CSF and blood biochemical indexes during treatment. a On the first day of admission, CSF cells were increased.
After two weeks of treatment with acyclovir, hormone shock therapy and immunoglobulin shock therapy, the cell count was decreased to
normal level. After 3 weeks of treatment, the cell count increased again. After repeated treatment with prednisone and ganciclovir, it gradually
decreased to normal level. b On the first day of admission, the CSF protein content was increased, and then decreased slowly after treatment. c
On the first day of admission, the CSF IgG index was increased progressively, peaked at 4 weeks after admission, and decreased gradually after
treatment. d On the first day of admission, CSF HSV-1 IgG was increased progressively, peaked at 4 weeks after admission, and decreased
gradually after treatment. e The level of blood CK increased 2 weeks after admission, was maintained at a high level in the following 1 week, and
decreased to normal level in the following 2 weeks. f The level of urine myosin increased obviously 2 weeks after admission, was maintained at a
high level in the following 1 week and decreased to normal level in the following 2 weeks

cerebrospinal fluid (CSF) analysis. A recent study in 379
HSE patients has reported the presence of abnormal EEG
activity in 91.0% of them [8]. The patterns of EEG are diverse rather than specific, commonly including lateralized
periodic discharges (LPDs), slow waves, sharp waves, focal
seizures, and generalized seizures in the acute period [4–7].
However, how do the patterns of EEG change with the progression of disease? Are these patterns related to the outcome of HSE? How to recognize NCSE with the help of
VEEG? To address these questions, we report a case of
HSE with serious complications (including rhabdomyolysis)

and the use of continuous VEEG (CVEEG) to monitor the
progression of HSE, and review the EEG patterns in HSE.
We believe that CVEEG is a useful tool to detect NCSE,
predict the outcome and monitor the progression of HSE.

Case presentation
A 63-year-old Chinese female was presented to a local hospital for acute fever (39 °C) and progressive disturbances of
consciousness. She had no hypertension/diabetes or other
chronic diseases. She was given antipyretic medication
(unknown) earlier in clinic. However, her condition

Lin et al. Acta Epileptologica

(2020) 2:10

became worse with progressive disturbances of consciousness. From 5 days before admission, she began to have
slurred speech, bizarre behavior and intermittent lip
smacking. Her mental status declined further and developed into a state of unconsciousness. She was then transferred to the neurological intensive care unit. Upon arrival,
she had no responsiveness to verbal and tactile stimuli, but
showed mild withdrawal response to severe pain. She also
had intermittent lip smacking movements, during which
VEEG showed quasi-periodic discharges at the prefrontal
and temporal lobes especially in the left hemisphere,
suggesting focal seizure activity. Lumbar puncture was
performed on the day of admission and every one or two
weeks. The CSF had a pressure of 240 mmH2O and
showed a moderate increase of cells (37 × 106/L, monocytes accounting for 70%) and a significant increase of
protein content (1.154 g/L), but was negative for herpes
simplex virus (HSV)-1/2 IgM (Fig. 1). A meningitis/encephalitis panel by PCR in CSF revealed the presence of
HSV-1 (2 × 104 copies) in CSF. CT scanning showed low-
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density lesions at the bilateral straight gyrus and left hippocampus. Brain magnetic resonance imaging (MRI) with
contrast demonstrated increased cortical signal intensities
in the bilateral frontal lobes and the bilateral temporal
lobes (particularly in the left side), with associated diffusion
restriction, indicating cytotoxic edema and enhancement
of lesions and meninges, which were highly suggestive of
HSE (Fig. 2). CVEEG showed diffuse slowing in the theta
and delta ranges and periodic discharges (once per 2–3 s)
in correlation with the patient’s rhythmic lip smacking
movements, which were terminated by diazepam (Fig. 3).
The patient was considered as NCSE. Sodium valproate
did not fully control the seizures, then levetiracetam was
added. A combined intravenous acyclovir, high-dose hormone pulse therapy (prednisone 0.8 qdX3; 0.5 qdX3; 0.24
qdX7) and high-dose immunoglobulin therapy (0.4/kg
qdX5) were given. CT scanning of the chest showed mild
pneumonia, so antibiotics were administered appropriately.
After 8 days of treatment, the cell and protein aberrations in CSF improved, but the patient remained

Fig. 2 CT and MRI images of the patient. Top: CT performed 3 days after admission (April 20th) showed low-density lesions at the bilateral frontal
lobe and left insula (white arrows). The lesions were enlarged and bleeding observed at 2 weeks after admission (May 2nd) (red arrow). And the
lesions did no significant change at about 5 weeks after admission (May 21st). Middle: The MRI T2 Flair showed hyper-intensity in the bilateral
frontal lobes, insula, hippocampus and amygdala (April 23rd). Bottom: DWI also showed hyper-intensity in the above lesions (red arrows)
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Fig. 3 Continuous video electroencephalography (CVEEG) presentation before and after diazepam intervention. a Video electroencephalography
(VEEG) presentation on the day of admission. CVEEG showed diffuse slowing in the theta and delta range and periodic sharp-slow wave
discharges (once/2–3S, as the red arrows showed) that correlated with the patient’s rhythmic lip smacking movements (as the red dots showed).
b VEEG presentation after diazepam intervention. The periodic discharges and rhythmic lip smacking movements were terminated after
diazepam intervention

unresponsive to pain and VEEG still showed diffuse
slowing in the delta range or a low voltage (Fig. 4). Two
weeks after admission, she developed rhabdomyolysis
with brown urine and upregulated creatine kinase (CK)
(7 000 IU/L) and myosin (> 3 000) (Fig. 1). All medications including anti-epileptic drugs (AEDs), antibiotics
and prednisone were temporarily discontinued. Treatment with intravenous fluids was performed to maintain
above 6000 ml urine production and sodium bicarbonate
was administrated to alkaline urine. But the symptoms
did not improve significantly.
Three weeks after admission, CT scanning showed
lesion progression into punctate hemorrhage (Fig. 2).
Cell and protein elevations re-emerged in the CSF,
although the copies of HSV-1 DNA decreased significantly (40 copies). VEEG showed diffuse slowing in the

delta range or even a low voltage (Fig. 3). These alterations were suggestive of an auto-immune condition, so
the panel of autoimmune encephalitis was tested. One
month after admission, a high-dose hormone therapy
(prednisone 0.5 qdX3; 0.24 qdX7) was continued. One
week later, blood levels of CK and myosin gradually decreased and the cell and protein levels in the CSF were
also decreased. However, the patient was still in a state
of unconsciousness and VEEG showed a low voltage.
Forty-two days after admission, the patient showed recurrent excessive sweating on the right forehead and the right
pupil enlarged to 5 cm and was not reactive to light for
about 8 h. Brain CT rescanning showed no changes. VEEG
showed paroxysmal slow waves, especially 0.5–1 Hz slow
waves, alternating with low voltage (Fig. 4). These were
considered as symptoms of autonomic seizures and AEDs
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Fig. 4 Continuous VEEG presentation before and after plasma exchange. a Video electroencephalography (VEEG) presentation before plasma
exchange 6 weeks after admission. The patient showed recurrent sweating profusely on the right forehead and enlargement of the right pupil.
Continuous VEEG showed paroxysmal slow waves, especially 0.5–1 Hz/s slow waves, alternating with low voltage with no reactivity. b VEEG
presentation after plasma exchange. After 3 times of plasma exchange, VEEG showed alpha rhythm and the patient recovered consciousness

were adjusted to further include phenobarbitone. Although
the panel of autoimmune encephalitis-related antibodies
(both by ELISA and immunofluorescence) showed negative
results, an immune response to severe virus infection was
considered. Plasma exchange was performed. After 3 times
of plasma exchange, the patient showed improvement of
awareness and VEEG activity also improved (Fig. 5). The
above phenomenon also evidenced the auto-immune responses after HSE. Six months after discharge, she can walk
with the help of stick but her cognition was impaired with
motor aphasia and poor memory.
Literature review

A literature search was made in the PubMed using keywords “EEG” and “HSE”, and 58 literatures containing
these keywords in abstract were displayed after search.
Only 4 of them reported the outcome of HSE, so they
were included in the review. Abnormal EEG is commonly seen in HSE. In 2007, Wen-Bin Hsieh et al. found

that 79% of tested patients (40 cases) had abnormal EEG
activity [9]. In addition, abnormal EEG activity was more
prevalent in patients with HSV-1 encephalitis (11/12,
92%) than in those with HSV-2 (15/21, 71%). In the
review by Tarun D. Singh et al., the abnormality of EEG
in HSV-2 encephalitis (8/9, 88.9%) was higher than that
in HSV-1 (26/33, 78.8%). In a recent study, 223 out of
245 (91%) HSE patients had abnormal EEG activity [10].
These findings consistently showed that the abnormal
EEG activity is common in HSE patients.
The application of EEG in the diagnosis of HSE was
started in as early as 1970 [4–6]. In 1988, Lai and Gragasin
analyzed the role of EEG in the diagnosis of HSE [7]. EEG
is more sensitive than other examinations such as CT and
CSF analysis, especially in neonates (100%) [6, 7]. However, the abnormal EEG patterns are usually nonspecific.
Lai et al. concluded that the EEG of HSE patients in the
acute period show a variety of abnormalities and the
appearance of a focal or lateralized EEG abnormality is
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Fig. 5 The specific clinical presentation. The patient showed recurrent sweating profusely on the right forehead and the right pupil was enlarged
to 5 cm with no reactivity to light for about 8 h. The left pupil was normal

highly suspicious of HSE [7]. Cag et al. further propose
that the EEG patterns in HSE are nonspecific, including
diffuse high-amplitude slow waves, lateralized/localized
slow waves, temporal lobe spike-and-wave activity, periodic lateralized epileptiform discharge (PLED) and other
abnormalities [8]. Notably, PLEDs are often absent in the
very early course. Temporal discharge (including PLEDs)
spreading to the contralateral temporal lobe or frontal
lobe is supportive for the diagnosis of HSE [3].
However, the occurrence of seizures has been reported
less common than EEG abnormality. About 50–75% of
patients with adult HSE were reported to have seizures
during the acute or the subacute period [11–13]. Whitley
revealed that in HSE, focal seizures are most frequent
(65%), followed by generalized seizures (23%) [13]. The increase of seizures in HSE contributes to the lesions of the
limbic system. During the acute period, one of the characteristics of EEG is the activity of spikes and slow waves
arising from the unilateral temporal lobe [7, 10, 14]. The
second type of EEG is the lateralizing epileptiform discharges [3–5, 15]. During the subacute period, abnormal
discharges spread to the contralateral temporal lobe or
even bilateral hemispheres [3]. Meanwhile, status epilepticus (SE) may also be present in HSE, especially in the
acute period. However, most of the findings were from
case reports, rather than large-population studies. In 2008,
Misra et al. reviewed SE in the central nervous system infections and found that 4 out of 14 patients with HSE
(29%) developed SE [16]. In fact, SE is under-diagnosed
among NCSE patients without the help of CVEEG. Notably, epileptic nystagmus as the only symptom of NCSE
has been reported in HSE [17]. Moreover, there is a lack
of a consensus on the criteria for NCSE EEG. Particularly,

the NCSE-correlated paroxysmal high-amplitude slow
waves and PLED are often missed. Therefore, CVEEG is
required in HSE.
Since EEG examination is a sensitive tool for the diagnosis of HSE, we wondered if it could be a biomarker for the
outcome of HSE? This has been discussed in several reviews but conclusions are contradictory. In as early as 1988,
Lai and Gragasin considered that EEG findings in either the
acute stage or the long-term follow-up did not predict the
chance of survival or severity of disability, and EEG changes
appeared to lag behind the clinical changes [7]. They proposed that EEG activity could return to normal in both
adults and neonates when the acute stage is over [7]. In
2012, Sellner J et al. reviewed that not only seizures were
not associated with high mortality, but also the abnormal
EEG frequency in HSE patients did not correlate well with
clinical recovery [3]. However, there are also studies reporting that seizures especially refractory status epilepticus
(RSE) were significantly related to a poor 3-month outcome. Moreover, there are several EEG parameters associated with a poor outcome of HSE (Table 1), which are (1)
the frequency of slow wave; (2) the distribution of slow
waves; (3) special waves: PLED, bilateral PLEDs, RSE, and
burst suppression; (4) reactivity to stimulus (non-reactivity);
and (5) background of EEG (lack of posterior dominant
rhythm [PDR] or sleep architecture).

Discussion
HSV PCR in the CSF has become the gold standard for the
diagnosis of HSE due to its high sensitivity and specificity
[18]. However, sometimes it may yield false negative results
[19]. Here we found that EEG is more sensitive than other
examinations in the context of HSE. The EEG abnormality
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No reactivity

Poor

Baten A [14], Kim YS [22]

No alpha and theta reactivity

Poor

Sili U [23]

stimulus, which predicted a poor outcome or a long time
needed for recover. According to the CVEEG activity,
antivirus drugs were used for over 1 month combined
with a continuous high-dose prednisone therapy, and
plasma exchange was performed 2 months after admission. Therefore, CVEEG is a good tool to investigate the
progression of HSE.
In conclusion, the patterns of EEG abnormality in
HSE are not specific, but some are related to poor outcomes. Besides, the CVEEG can not only be used to
identify NCSE but is also an important tool for monitoring the progression of HSE.

Burst suppression

Poor

Singh TD [24]

Informed consent

Refractory status epilepticus

Poor

Baten A [14]

Alpha and theta coma

Poor

Kim YS [22]

PLED or biPLEDs

Poor

Sili U [23]

Written informed consent for publication of the patient’s
clinical details and/or clinical images was obtained from
the husband of the patient.

Absence of PDR

Poor

Singh TD [24]

Absence of sleep architecture

Poor

Table 1 Various EEG patterns associated with a poor outcome
in HSE
EEG patterns

Outcome

Reference

Poor

Baten A [14], Kim YS [22]

Spread of delta activity

Poor

Baten A [14], Kim YS [22]

Diffuse high-amplitude slow waves

Poor

Sili U [23]

Frequency of slow wave:
Delta activity
Distribution of slow wave:

Reactivity to stimulus:

Special waves:

Background of EEG:

in our case showed dynamic progression, which in the
acute period was dominated by lateral discharges especially
in the temporal lobe, and in the subacute period spread
throughout the whole hemisphere. This pattern of EEG
evolution supports the diagnosis of HSE.
CVEEG is an important tool to identify NCSE. In the
acute period, the patient showed periodic discharges in
correlation with her rhythmic lip smacking movements
and responded to diazepam intervention, which was considered to be NCSE according to the Salzburg Consensus
Criteria for NCSE [20]. In addition, 6 weeks after admission, the patient presented with paroxysmal eye gaze during synchronous delta rhythm, which was also suggestive
of NCSE. It has been reported that NCSE is common in
patients with coma [21] and immediate AED treatment is
key to the outcome of the disease. Moreover, the patient
also showed recurrent sweating profusely on the right
forehead and the right pupil enlarged to 5 cm with no response to light for about 8 h. CVEEG showed paroxysmal
slow waves especially 0.5–1 Hz slow waves, alternating
with low voltage, which could be considered as autonomic
seizures.
Abnormal EEG activity is common in HSE. EEG abnormality patterns that are related to poor outcome of
HSE patients include: (1) slower waves; (2) wider extension of slow waves; (3) emergence of special waves, such
as PLED, bilateral PLEDs, RSE and burst suppression;
(4) no reactivity to stimulus in coma; and (5) a lack of
PDR or sleep architecture. In this report, the patient at a
chronic period showed severe cortical lesions with diffuse delta rhythm or low voltage and did not respond to
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