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Abstract

Background: Herpes simplex virus encephalitis (HSVE) is the most morbid
clinical syndrome associated with the human herpes virus. Despite treatment
with appropriate dosages of acyclovir, neurologic relapse of HSV infection have
been reported after cranial surgery. Rarely, neurological deterioration due to
postinfectious inflammatory response without demonstrable HSV reactivation may
recur following cranial surgery.

Case Description: We report a case of a 17-year-old girl who presented with a
HSVE relapse on the 6" postoperative day following resective surgery for medically
refractory epilepsy and review the literature. Postinfectious inflammatory reaction
may be the underlying mechanism in cases with no HSV identified on cerebrospinal
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fluid (CSF) or brain polymerase chain reaction (PCR), such as in the current case. Website:
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and postoperative fever associated with an altered state of consciousness and/
or seizures. Considering the high mortality and morbidity rates associated with
HSVE, an adequate prophylactic administration of acyclovir should be considered
for patients with previous history of HSVE undergoing neurosurgical procedures,
especially when surgery involves the site of a previous herpetic lesion.
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INTRODUCTION

Herpes simplex virus encephalitis (HSVE), mostly caused
by herpes simplex virus type 1 (HSV-1), is the most
morbid clinical syndrome associated with the human
herpes virus. Mortality rates of this condition approach
19% in treated patients!'! and rise to 70% in untreated
patients.[****)  Despite treatment with appropriate

dosages of acyclovir, neurologic relapse of HSVE has
been reported frequently, especially in children, in whom
relapse rate may approach 26%.I'22°?7l The mechanisms
of these relapses remain unclear. Common hypotheses
include reactivation of a latent herpes virus!'>** and
postinfectious immuno-inflammatory response. 16:15.25.26.28]
Rarely, HHSVE may occur following cranial surgery. A total
of 10 adults!! 7811133253031 and 6 pediatric cases have
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been reported in the literature.P71051920 We report a

case of a 17-year-old girl who presented with presumed
postinfectious immune-inflammatory relapse following
resective  surgery for medically refractory epilepsy,
review the literature and provide recommendations for
management.

CASE REPORT

History and examination

A 17-year-old immunocompetent girl presented to
our service for pharmacoresistant epilepsy. She had
a history of HSVE at the age of 6 when she presented
with seizures. She was treated with a complete course
of acyclovir. She underwent an uneventful recovery and
returned to baseline and did not have seizure recurrence
until 6 years later. At the age of 12 years, she developed
intractable seizures consisting of staring, confusion, face
droop, and flushing. Seizures persisted despite multiple
antiepileptic drugs (AEDs) and she was brought in for
evaluation. Preoperative magnetic resonance image (MRI)
showed an area of encephalomalacia involving the
anterior and mesial aspect of the right temporal lobe,
right frontal operculum, and right insula [Figure 1],
which correlates with concordant hypometabolism on
F-18  fluorodeoxyglucose (FDG) positron emission
tomography (PET). Video electroencephalogram (VEEG)
showed seizure onset originating predominantly from the
right frontal lobe. Functional MRI showed left expressive
and receptive language activation and bilateral primary
visual cortex and supplementary motor area activation.

Operation

A nght frontotemporal craniotomy was performed,
followed by intraoperative recording using a strip
over the temporal lobe, a grid over the frontal
lobe, and a depth eclectrode, which was inserted
in the insula under magnification. Intraoperative
clectrocorticography (ECoG) showed that the temporal
lobe was extremely active and the frontal lobe also had

Figure |: Preoperative axial T2ZWI MRI showing encephalomalacia
involving the anterior and mesial aspect of the right temporal lobe,
right frontal operculum, and right insula
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frequent epileptic discharges. A tailored right temporal
lobectomy, amygdalo-hippocampectomy and right frontal
lobe disconnection were performed. No intraoperative
steroids were used.

Postoperative course

Postoperative  MRI  showed expected  postoperative
changes with no complication [Figure 2]. The patient
was discharged home 4 days after surgery, afebrile, with
baseline exam and free of seizure on oxcarbamazepine,
lamotrigine, and tapering doses of steroids.

On the 6™ postoperative day (POD) she presented with
two consecutive episodes of generalized tonic-clonic
seizures and three episodes of mouth twitching with
unresponsiveness, associated with postictal left facial
weakness and fever. The computerized tomography (CT)
of the brain performed at another medical center did
not show significant findings. The following day, she was
transferred to the pediatric intensive care unit of our
center for further management. Physical examination
revealed mild left facial palsy and fever. Rest of the
neurological examination was otherwise unremarkable.
There were no signs of wound infection. A new brain
MRI confirmed no significant changes compared with
prior postoperative  MRI. There were no extra-axial
collections  suggestive of empyema. The patient
continued with persistent fever and partial seizures
involving the face despite AEDs that included her usual
medication with the addition of clobazam, levetiracetam,
phenytoin, benzodiazepine drip, and corticosteroids. The
patient was placed on continuous VEEG and a lumbar
puncture was performed. Cerebrospinal fluid (CSF)
testing showed 2 white blood cells/ml (differential: 2
lymphocytes, 0 polymorph), 26.9 mg/dl of protein, normal
glucose levels and a negative gram stain. CSF, blood, and
urine samples were sent for culture (all were eventually
negative) and empiric treatment with vancomycin and
ceftazidime was started. On the 10" POD, the patient’s
condition gradually worsened. A repeat CSF study was
normal but follow-up MRI showed extensive cytotoxic
edema with restricted diffusion in the right fronto-orbital,
insular, and posterior frontal cortex [Figure 3a and b].
The cause of the fever and seizures was unclear, but

Figure 2: Immediate postoperative axial T2ZWI MRI revealing right
temporal lobectomy,amygdalo-hippocampectomy and right frontal
lobe disconnection with no evidence of complications
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clinical suspicion of HSVE relapse was considered,
especially in the setting of a prior history of IISVE and
clinical evolution. On CSF analysis, HSV, CMV, EBV, HV
6-7-8 polymerase chain reaction (PCR) were negative
and the viral and fungal CSI' culture remained negative
as well. Acyclovir treatment was started at 40 mg/kg/day.
On the 12" POD, the patient became hemodynamically
and respiratory unstable, requiring sedation, intubation,
and ventilator support for 6 days. Thereafter, she had
with progressive improvement of fever and seizures, but
cognitive deterioration and new onset left hemiparesis
persisted. Serial MRI showed progression of the signal
changes revealing at the end extensive gray and white
matter disease with patchy enhancement in both cerebral
hemispheres, worse in the right side extending into the
right basal ganglia, thalamus and pons [Figure 3¢ and d].
After antiviral therapy for 21 days the patient recovered
enough to follow commands, however, aphasia, dysphagia
and left upper weakness remained. MRI performed
l-month following surgery revealed persistent changes of
the right hemisphere and left frontal lobe [Figure 4].

The final pathology report from surgical resection
revealed encephalomalacia of cortex characterized by
cystic  degeneration/cavitation, astrocytic gliosis  with
gemistocytic  astrocytes and perivascular lymphocytic
monocyte cuffing. There were no viral inclusion
bodies and in situ hybridization for HSV DNA was
negative. These findings were consistent with chronic
encephalitis [Figure 5].

At follow-up 1 year after surgery in an outpatient
clinic, the patient is seizure-free. However, she has left
hemiparesis, severe difficulty in swallowing requiring
jejunostomy tube, dysphasia, and flat affect. She also
has mild behavioral impairment and emotional lability

Figure 3: (a-b) Postoperative axial MRI on the 10th POD showing
extensive cytotoxic edema with restricted diffusion in the right
fronto-orbital, insular, and posterior frontal cortex. (c-d) Serial
postoperative axial MRl showed extensive cytotoxic edema
involving the right fronto-parietal-temporal and insular cortex,
right thalamus, and left fronto-insular cortex
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manifested by fluctuations in level of cooperation from
quict and smiling to marked irritability.

DISCUSSION

Six prior cases of postcraniotomy HSVE in children
have been reported in the literature, of which
four have occurred following resective surgery for
medically refractory epilepsy and two followed tumor
resection [Tables 1 and 2]. The diagnosis of IISVE
relapse following cranial surgery relies on clinical, CSE,
and radiological findings. Usually, a history of IISVE
infection can be identified in the history. However, there
are some reports that tiny amounts of IISV DNA can be
detected in the brain of many adults without neurological
disease,® which would explain why a relapse has been
proposed, even without previous history of HSVE. The
four patients who underwent epilepsy surgery presented
with a previous history of IISVE, therefore in those cases
HSVE was considered to be a relapse. Although the
two patients operated for tumor resection did not have
previous history of HISVE, a relapse secondary to virus
reactivation was likely the cause. In all cases, symptoms
appeared within 10 days of surgery. The most common
presenting sign was fever, which was present in all of
cases, followed by focal or generalized seizures, reported
in three cases [Table 1].

CSF analysis reveals variable findings in cases of HSVE.
Although CSF in HSVE usually has a raised white cell
count with lymphocyte predominance and raised protein,
findings can be variable and protein or white cell counts
have been reported as normal. This supports the idea that
CSF PCR testing should not be restricted to patients with
abnormal basic CSF findings (glucose, cell count, protein
level).l®l The sensitivity of CSF PCR for detecting HSV
DNA is about 96%, and the specificity in experienced

Figure 4: (a-d) Axial MRI performed 4 weeks after surgery revealing
extensive gray and white matter disease with patchy enhancement
in both cerebral hemispheres, worse in the right side, extending
into the right basal ganglia, thalamus and pons
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Figure 5: Pathology revealing encephalomalacia of cortex
characterized by cystic degeneration/cavitation (a),astrocytic gliosis
with microglial nodules (b), perivascular lymphocytic monocyte

cuffing (c) and reactive gliosis (d).There are no viral inclusion bodies.

There is pyramidal neuronal loss in hippocampus

laboratories is about 99%,1"**!I but in a significant number
of relapse cases PCR can remain negative.[2>1226272936] Ipy
our review, CSF PCR was positive for IHISV-1 in the five

patients where it was reported [Table 2].

Neuroimaging is of great diagnostic importance in cases
of suspected HSVE, specially MRI P At the carly stages
of HSVE, lesions result from damage to the blood-brain
barrier with consequent cerebral edema, characterized by
low signal changes on Tl-weighted and increased signal
on T2-weighted imaging. The typical pattern involves one
or both temporal lobes and occasionally the insular cortex
and the gyrus rectus of the frontal lobes, involvement of
the pons has also been described.™ The lesions evolve
toward hemorrhagic and necrotic lesions.!”*? Of the five
reported cases of postcraniotomy HSVE in which MRI
findings were reported, only one did not show changes
on imaging. In the other four patients, MRI revealed
new changes consisting in edema, diffusion restriction,
and/or abnormal enhancement in one or both temporal
and frontal lobes, the insular cortex, and the angular

gyrus [Table 2].

Although the above-mentioned diagnostic tests all highly
suggest postcraniotomy HSVE as the underlying process
in our patient, other diagnoses must be considered
in the setting of new onset neurological deterioration
In association with persistent scizures and fever.
Postoperative bacterial central nervous system (CNS)
infection was considered, but laboratory test and images
findings did not support that theory. In addition, the
patient’s condition worsened despite antibiotic treatment.
The diffusion-weighted MRI changes may have been
secondary to status epilepticus, however, this would not
have explained the fever nor the radiological progression
and persistence for months despite improvement of
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seizures. Although the lesions may theoretically have
been caused by arterial ischemia, the presence of fever
and the lesion location involving multiple vascular
territories (right Middle Cerebral Artery, right Posterior
Cerebral Artery, left Middle Cerebral Artery) render
this unlikely. Finally, clinical presentation with rapid
progression of fever, seizures and functional deterioration,
the previous history of HHSVE, the improvement following
acyclovir therapy all support postcraniotomy HSVE
diagnosis. In addition, thalamus involvement had been
previously reported in HSVE. 2

Regarding pathology findings in the brain tissue,
microscope appearance of HSVE differs between the
acute to chronic phase. In the acute phase, earliest lesions
contain scanty parenchymal inflammation but at a more
advanced stage lesions usually contain sheet of necrotic
cells, foci of hemorrhage and an intense perivascular and
interstitial infiltrate of lymphocytes and macrophages.
Nuclear inclusions are sparse at this later stage and
viral DNA can usually be detected in frozen or paraffin
sections by in situ hybridization or PCR. In the chronic
phase, the normal gray and white matter is replaced
by cavitated glial scar tissue and occasional cluster of
lymphocytes are still scen in the meninges and brain
parenchyma.l Pathology reports from surgical epilepsy
resection were presented in three of these HSVE relapse
cases, and all of them showed characteristic findings
consistent with previous viral infection. In one case, a
postmortem examination was performed and findings
were consistent with acute necrotizing encephalitis due
to herpes virus [Table 2].

The pathogenic mechanisms underlying HSVE relapses
in general include reactivation of a latent herpes virus
and postinfectious immune inflammatory response.
Reactivation from a herpes virus that has previously
established latent infection within the CNS affected
by herpes encephalitis is the most commonly proposed
mechanism after surgery and this is supported by the
detection of DNA HSV in CSF or in brain tissue, along
with the appearance of a new typical herpetic cortical
lesion. 121026291 On  the other hand, postinfectious
immune inflammatory process has been postulated in
cases of relapse in which HSV DNA was undetected in
the CSF by PCR or in brain tissue and diffuse white
matter involvement or diffuse edema are present in
MRIL.B1618260 - Choreoathetoid  movements  have also
been reported, but its absence does not exclude a
postinfectious immune inflammatory process.! In 2006,
Skoldenberg et al.®’! proposed that in the absence of
widespread focal damage caused by replication of the
LISV, it scems possible that immunological cytotoxicity
plays a major role in the pathogenic events occurring
during encephalitic relapse. This interpretation was
supported by the measurement of elevated CDS levels
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Table 1: Clinical data in children with herpes simplex virus encephalitis after brain surgery

Case Ref Age Previous  Prophylactic Type of surgery Period to Clinical

no. no. history of  acyclovir therapy relapse after presentation
HSVE after surgery surgery

1 1 11 years No No Bifrontal craniotomy and adenoma resection 8" POD Fever, seizures

2 3 8years Yes No Selective left amygdalo-hippocampectomy for MTS 6" POD Fever, aphasia
(16 months) and drowsiness

3 19 13 years No No Anterior interhemispheric and subfrontal approach ~ <6% POD Fever and

for craniopharyngioma resection drowsiness

4 10 23 months Yes 20 mg/kg every  Right functional hemispherectomy for medically 1t POD Fever and
(7 months) 8 hour refractory epilepsy irritability

5 21 19 years Yes No Frontal topectomy for medically refractory epilepsy 10" POD Fever, headache,
(3 years) seizures

6 15 11 years Yes No Left parietal corticectomy 5t PO Fever, lethargy,
(5 years) seizures

7 Current 17 years Yes No Temporal lobectomy+amygdala-hippocampectomy 6™ POD Fever, seizures

case (6 years) and right frontal lobe disconnection for medically

refractory epilepsy

POD: Postoperative day, HSVE: Herpes simplex virus encephalitis, MTS: Mesial temporal sclerosis

Table 2: Radiological and biological data in children with herpes simplex virus encephalitis after brain surgery

Case Ref HSV-1 Pathology report from surgical CSFWBC  CSF protein New radiological Suggested
no. no. CSF PCR resection (% lymph) (mg/dl) brain lesion pathogenesis
1 7  Not Perivascular polymorphonuclear 10 WBC/ml 45 A carotid angiogram shows Possible
available infiltrates and Intranuclear inclusion 6 lymph/ml (60%) displacement of the right ACA to the reactivation
bodies (postmortem examination) left, suggesting an intracerebral lesion
2 3 Positive Microglial nodules, and perivascular Pleocytosis 600 MRI: Edema in Left temporal lobe Reactivation
lymphocyte infiltrates 95% lymph spreading toward the rest hemisphere
involving cortical gyri and sulci
3 19  Positive Not reported 5 WBC/ml 113,9  MRI: Cerebral infarction on the left Possible
3 lymph/ml (60%) frontal lobe and insula reactivation
4% 10 Positive Multiple remote infarctions and 0 <6 MRI: No new lesions Reactivation
(8" POD) microglial nodules. Not viral inclusions
5% 21  Positive Not reported 10 WBC/ml 49 MRI: Multilobar infarctions in Reactivation
(2" POD) 8% lymph watershed distribution. In right
occipital, temporal lobes, left frontal
and bilateral parietal lobes
6 15  Positive Microglial cell nodules Perivascular 105 WBC/ml 90,01  MRI: Swelling and hyperintensity in  Reactivation
lymphocytic infiltrations 99% lymph the left temporoparietal region on
T2-weighted images
7 Current Negative Encephalomalacia of cortex (cystic 2 WBC/ml 26,9 MRI: Diffusion restriction in the Postinfectious
case degeneration/cavitation), astrocytic 100% lymph grey and white matter with patchy ~ inflammatory
gliosis, perivascular lymphocytic enhancement in both cerebral response

monocyte cuffing. There are no viral
inclusion bodies

hemispheres, right basal ganglia,
thalamus and pons

Note: 4* By the time the PCR was positive, CSF showed 1050 WBC, 13% lymph, and 638 mg/dI of protein 5* By the time the PCR was positive , CSF showed 83% lymph and
108 mg/dl of protein, POD: Postoperative day, MRI: Magnetic resonance image, WBC:White blood cells, PCR: Polymerase chain reaction, CSF: Cerebrospinal fluid, HSV: Herpes

simplex virus, ACA: Anterior cerebral artery

in CSE, which is a marker of activated T-cell mediated
cytotoxicity. Increased CSF levels of soluble Fas, a
proinflammatory molecule that is involved in regulation
of apoptosis induced by Ifas ligand, can also be detected
in HSVE relapse further supporting this theory. Even
though there is no demonstrable HHSV-DNA in the CSF
of our patient, there may well be local viral replication
in the brain tissue in the absence of any leakage of virus

into the CSI; responsible for the immunological events
associated with the development of relapses. The clinical
symptom complex following a recent craniotomy in the
setting of a prior HSVE suggests consideration of this
diagnosis. The six previous cases of postoperative HSVE,
likely occurred from reactivation of a latent virus. Of
these, five had documented HSV PCR and one showed
acute HSVE on postmortem evaluation. In the current
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case, the absence of HSV DNA isolated from the CSF
and the extensive gray and white matter discase on MRI
suggest a postinfectious immune inflammatory process
as the pathogenetic mechanism involved in the relapse
instead of actual viral reactivation. Despite the fact,
our patient showed improvement of fever and seizures
on treatment, she developed left hemiparesis, cognitive
impairment, and radiological progression of lesions while
on treatment with acyclovir and steroids. Some authors
have suggested that the absence of efficacy of antiviral
treatment in preventing or improving symptoms in cases
of HSVE relapse support this immune mechanism as
well.! However, there are some series that have reported
relapses with negative IISV PCR and good outcome after
acyclovir treatment.'2) Whether or not acyclovir and/or
steroids are an effective treatment in this type of relapse
remain unclear.

The specific stimuli responsible for triggering a HSVE
relapse  remain unclear.  Associated factors include
immunodeficiency states, trauma, bacterial infections,
and radiation, but no clear evidence of surgery as trigger
factor has been proved. In the current case, relapse could
have been triggered by surgical manipulation of brain
parenchyma at the previous site of herpes infection, as
has been proposed in three of the prior postcraniotomy
for epilepsy HSVE relapse cases. However, we have to
keep in mind that these patients may have a temporary
immunodeficiency as a result of surgical stress and
corticosteroid administration, which could act as triggers
as well.1#¥!

HSVE is a highly morbid condition. Of the six reported
cases of postcraniotomy ISVE, two died and two
remained with significant neurological deficits. The other
two patients had good outcome with mild impairments.
The patient with the most benign clinical evolution
received prophylactic acyclovir therapy of 20 mgkg/
dose every 8 h starting the day of surgery. Based on the
morbidity of HSVE reactivation, we have adopted this
strategy of covering epilepsy surgery patients with a
history of encephalitis with prophylactic perioperative
acyclovir starting the day prior to surgery and continuing
for 10 days.

CONCLUSION

HSVE in neurosurgical patients is a rare but potentially
life-threatening complication that must be particularly
suspected In patients with previous history of IISVE
and unexplained postoperative fever associated with an
altered state of consciousness and/or seizures. Whether or
not prophylactic acyclovir therapy can avoid relapses or
at least minimize the expression of the disease remains
unclear. Based on this review and considering the high
mortality and morbidity rates associated with HSVE, an
adequate prophylactic administration of acyclovir should

http://www.surgicalneurologyint.com/content/6/1/47

be considered for patients with previous history of HSVE
undergoing neurosurgical procedures, especially when
surgery involves the site of a previous herpetic infection.
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