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ABSTRACT – We report the first patient to die from refractory convulsive sta-
tus epilepticus (SE) after the removal of a stimulator. The removal occurred
after a two-year period of successful control of super-refractory convulsive
SE with deep brain stimulation of the bilateral anterior nucleus of the thala-
mus (ANT-DBS). The female patient, born in 1990, suffered from high fever
and seizures, and was diagnosed with viral encephalitis in 2005. After four
weeks of medical treatment, she recovered with no neurological disabilities,
but suffered from monthly seizures. Ten years later, the patient presented
with convulsive SE, while four months pregnant in February of 2015. Her SE
remained super-refractory to drugs despite the termination of pregnancy.
Therefore, ANT-DBS was performed in March of 2015. The patient became
SE-free following activation of an ANT-DBS stimulator. However, the stimu-
lation treatment was terminated according to the family’s request when a
tremor developed two years after the treatment had begun. Subsequently,
four SE episodes occurred and the tremor did not improve. The stimula-
tor and electrodes were removed in August of 2017. The patient died of

This case demonstrates the effective-
er-refractory convulsive SE with both

us, deep brain stimulation, epilepsy
pticus
an uncontrolled SE two months later.
ness of ANT-DBS for emergency sup
positive and negative outcomes.
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Status epilepticus (SE) is a condition
resulting from failure of the mecha-
nisms responsible for either seizure
termination or initiation which lead
to abnormally prolonged seizures
(after time point t1) with long-term

consequences (after time point t2),
including neuronal death, neuronal
injury, and alteration of neuronal
networks, depending on the type
and duration of seizures (Trinka et
al., 2015). SE becomes refractory if
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rst- and second-line treatments with anti-epileptic
rugs (AEDs) fail to terminate the seizure. SE is defined
s super-refractory if SE continues for more than 24
ours after the first administration of general anaes-

hesia (Shorvon and Ferlisi, 2012).
n serious cases, super-refractory convulsive SE can
nduce cerebral anoxia, brain dysfunction, and death.
CU patients with refractory SE experience a 41% mor-
idity rate and a 23% mortality rate. For ICU patients
ith super-refractory SE, these rates are 55% and

5%, respectively (Kantanen et al., 2017). SE treatments
nclude maintaining the stability of vital signs and inter-
al environment, administration of intravenous AEDs,
nd anaesthetic drugs with respiratory support for
efractory or super-refractory SE. Surgery is impor-
ant when medicinal interventions fail for refractory
E (Greiner et al., 2012; Bhatia et al., 2013; Bradley
t al., 2015; Zeiler et al., 2015), and neuromodula-
ion treatments have been reported in some cases
ith refractory SE (Valentín et al., 2012; Moseley and
egiorgio, 2014; Zeiler et al., 2015). However, deep
rain stimulation of the anterior nucleus of the tha-

amus (ANT-DBS) as a treatment for super-refractory
onvulsive SE has seldom been reported.

ase study

eizure history

right-handed female patient, born in 1990, suffered
rom high fever and a generalized tonic-clonic seizure
or one to two minutes, and was comatose for three
ays in 2005. She was diagnosed with viral encephali-

is and treated with phenobarbital and mannitol for
4 days, dexamethasone for seven days, and acyclovir
nd monosialoteterahexosyl ganglioside for 21 days.
he subsequently recovered without obvious neuro-

ogical disabilities. Since then, she has experienced
onthly seizures with aura of palpitation and agi-

ation, followed by loss of consciousness, bilateral
yelid spasms, and secondary generalized tonic-clonic
eizures, lasting one to two minutes. The patient did
ot experience incontinence during the seizures, but
omplained about postictal headaches and tiredness.
rain MRI examinations did not reveal any obvious
bnormality (figure 1A). The patient became pregnant
nd was taking both carbamazepine 600 mg/d and
80

alproate 750 mg/d in October of 2014, while still expe-
iencing seizures. On February 7th, 2015, the patient
resented with tonic-clonic SE, while four months
regnant. She responded poorly to intravenous

njections of methylprednisolone, immunoglobu-
in, antibiotics, sodium valproate, and diazepam.
n intramuscular injection of phenobarbital was

t
s
q
1
b
c
u

lso ineffective. General anaesthesia with tracheal
ntubation and intravenous propofol, midazolam, and
isatracurium besilatea were administrated on the
hird day after the onset of SE. This continual super-
efractory tonic-clonic SE lasted for 12 days. An MRI
howed hypoxic-ischemic changes in the right fronto-
arietal lobes and bilateral cerebella (figure 1B). The
regnancy was terminated.
he patient suffered two episodes of refractory
onic-clonic SEs for three to five days, and daily gen-
ralized tonic-clonic seizures during inter-SE, under
he oral administration of valproate at 1,750 mg/d,
xcarbazepine at 1,500 mg/d, and levetiracetam at
,000 mg/d, and continuous intravenous injections of
ropofol and diazepam were administrated during

onic-clonic SE. She also presented with severe neu-
ological dysfunction, including inability to answer
rienting questions or follow commands, dysphagia,

eft hemiparesis with level III+ muscle strength of
pper limbs and level IV of lower limb, and other func-

ional losses. A super-refractory SE reappeared and
asted for 15 days, starting on March 1st, 2015.

reoperative evaluation

RI revealed multiple hypoxic-ischaemic brain lesions
n the bilateral cerebella and fronto-parietal lobes
figure 1B). Multiple hypermetabolic foci were also
ound in the bilateral cerebella and cerebral hemi-
pheres on 18F-fluorodeoxyglucose-positron emission
omography (figure 1D). An interictal scalp EEG
evealed generalized low-voltage slow waves with scat-
ered sharp and sharp-slow discharges, and an ictal
EG showed a generalized, very-high-amplitude spike
r polyspike wave mixed with fast wave discharges

figure 1E-H). Intelligence quotient, memory quotient,
nd quality of life could not be tested. The laboratory
ests conducted on blood and cerebral spinal fluid did
ot reveal any related antibody to viral encephalitis or
utoimmune encephalitis.

urgical treatment and outcome

ilateral ANT-DBS was performed under general
naesthesia and in the prone position on March 27th,
015 when the patient was 25 years old (figures 1I, L). A
tereotaxic head frame was used to insert a quadripolar
lectrode (1.5 mm in length with an inter-contact dis-
ance of 1.5 mm) (PINZ-L302; Pinz Inc., China). After the
Epileptic Disord, Vol. 21, No. 4, August 2019

imulator was activated with 130-Hz stimulation fre-
uency, 1.0 V for bilateral stimulation voltage on April
3th, 2015, the patient experienced monthly seizures
ut recovered from SE (figure 2). The patient regained
onsciousness with slow reaction time and was grad-
ally able to walk on her own with left-sided, mild
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emiparesis. The epileptiform discharges decreased
ccording to the scalp EEG results (figure 1J).
he patient began presenting with a bilateral upper

imb tremor in June of 2015; therefore, valproate
as gradually withdrawn and the stimulating voltage
ecreased. Nevertheless, the tremor became more
rominent and, in addition, the seizure frequency
pileptic Disord, Vol. 21, No. 4, August 2019

nd epileptiform discharges increased with a decrease
n the stimulating voltage to 1.0 V in March of 2016
figure 1K). The seizure frequency decreased after the
timulating voltage was increased to 1.5 V in August of
016. The stimulator was turned off in March of 2017
ccording to the request of her parents, who insisted
hat the tremor was a result of the DBS.
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igure 1. Preoperative (A-H) neuroimaging and EEG findings of the pa
bnormality in the brain (A). After the SE, ictal positron emission to
rain MRI showed multiple abnormal signals during the early stage (B
ischarges with maximal amplitude over bilateral frontal lobes duri
eriod.
ANT-DBS for super-refractory SE

fter this, the AEDs were adjusted in a local hos-
ital and the patient expressed agitation and a
hort temper. An ictal scalp EEG showed generalized
pileptiform discharges and the focal epileptogenic
one could not be localized (figure 1M-N). From
arch to August of 2017, the patient suffered

our episodes of SE and 14 generalized tonic-
lonic seizures, yet the tremor did not improve.
381

he implanted bilateral stimulators were removed
nder general anaesthesia on August 25th, 2017, but

he tremor was not alleviated. The super-refractory
E recurred on October 8th, 2017, and the patient
ied after 10 days of emergency treatment in the

CU.
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tient. Before the SE, the patient’s MRI did not reveal an obvious
mography (PET) showed multiple hypermetabolic foci, and the
, C). A preoperative scalp EEG showed generalized epileptiform
ng the interictal period and generalized onset within the ictal
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igure 1. (Continued). Postoperative (I-N) neuroimaging and EEG
uring the early stage (I) and diffusive brain atrophy (L) in the la
ere present after ANT-DBS treatment (I, L). A post-operative in
ecreased after the stimulator was turned on and increased afte

iscussion

he patient in this case report suffered repeated events
f tonic-clonic SE for two months, with the longest SE

asting for 15 days. Some of her SE was controlled by
ntravenous injections of propofol, sodium valproate,
nd diazepam, but the SE recurred after cessation
f these drugs. Therefore, the diagnosis of super-
efractory SE was confirmed. She had a possible history
f viral encephalitis as a 15-year-old (without examina-

ion for viral antibodies) and had a history of monthly
82

eizures for 10 years. Nevertheless, neither related
ntibodies nor autoimmune indications were found in
he blood or cerebral spinal fluid after the latest SE,
herefore the exact aetiology of the SE remains unclear.
emispherectomy is a well-known approach in the

reatment regimen of Rasmussen encephalitis-related

c
c
l
h
b
e

-PZ

ings of the patient. Brain MRI showed multiple abnormal signals
ge. Electrode signals in the ANT and frontal lobes on brain MRI
tal scalp EEG showed that the diffusive epileptiform discharges
stimulator was turned off.

pilepsia partialis continua. Hemispherectomy is also
sed as an emergency surgery for other pathologi-
al hemispheric changes or laterializable MRI-negative
emisphere epilepsy-related refractory convulsive SE

Moseley and Degiorgio, 2014; Bradley et al., 2015).
pileptogenic and pathological zone removal can
top focal lesion-related refractory SE. Cuello-Oderiz
t al. (2015) performed resective surgery (two func-
ional hemispherectomies) in three patients (two of
hom were children) with emergency refractory SE or

uper-refractory SE, and reached favourable seizure
Epileptic Disord, Vol. 21, No. 4, August 2019

ontrol without postoperative death or serious
omplications. Bick et al. (2016) reported emergency
obectomies in patients with refractory SE related to
erpes simplex encephalitis and NMDA-receptor anti-
ody encephalitis, respectively. Bhatia et al. (2013)
mployed ictal positron emission tomography or
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igure 2. Stimulation voltage and seizure and SE frequency (u
remor (lower panel) at different times after ANT-DBS. The SE w
he stimulator was turned off. The patient’s tremor did not impro
ulse width (SE: status epilepticus).

ingle photon emission computer tomography com-
ined with intra-operative cortical EEG to localize the
pileptogenic zone in 15 ICU patients with refrac-
ory SE. All patients fully recovered from SE after the
esective operations. However, resective surgery is not
uitable for patients without focal epileptiform dis-
harges on EEG, focal seizures, or positive findings
ased on neuroimaging. Total-section corpus calloso-

omy was used in a nine-year-old patient to control the
uper-refractory SE related to acute viral encephalitis
Greiner et al., 2012).
euromodulation surgery is a rational, minimally-

nvasive therapy for refractory SE patients without a
ocalizable epileptogenic zone. Zamponi et al. (2008)
erformed vagus nerve stimulation (VNS) in three
oung children who were six to seven months old
nd hospitalized in the ICU for refractory SE. All
atients reached SE freedom and experienced an

mprovement in their quality of life during postop-
rative follow-up. Zeiler et al. (2015) reviewed 28
pileptic Disord, Vol. 21, No. 4, August 2019

efractory SE cases treated with VNS and found that
6% recovered from refractory generalized SE. The
uthors therefore recommend VNS for refractory
eneralized SE (Grade D evidence). Moseley and
egiorgio (2014) reported a patient with RSE who was

uccessfully treated with external trigeminal nerve
timulation. Centromedian thalamic nuclei DBS was

i
g
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panel) and pulse width, drugs administered, and presence of
ntrolled after the stimulator was turned on, but recurred after
llowing decreased valproate dosage or stimulation voltage and

lso used to resolve refractory SE in a 27-year-old man
(Valentín et al., 2012) and a 17-year-old boy (Lehtimäki
t al., 2017). Furthermore, electroconvulsion therapy
ECT) is reported in patients with refractory SE, and SE
essation was obtained in 80% of cases, and complete
ecovery was achieved in 27% of patients (Lambrecq
t al., 2012; Yang and Wang, 2015).
he SANTE study demonstrated the efficacy of ANT-
BS in controlling seizures and improving patient
uality of life based on prospective, controlled
esearch and long-term follow-up (Salanova et al.,
015). Moreover, ANT-DBS is reported to induce
nti-apoptotic and anti-inflammatory effects in epilep-
ic rats (Ferreira et al., 2018). Accordingly, ANT-DBS
ould be useful to control SE and protect the brain
rom secondary injury in patients with SE. Lee et al.
2017), successfully treated a 17-year-old female patient
ith refractory SE using ANT-DBS. Furthermore, we
ave performed DBS in a patient with bilateral tem-
oral lobe epilepsy, hypothalamus hematoma, and
383

ntractable epilepsy without a localizable epilepto-
enic zone. However, an external trigeminal nerve
timulator was not available in China at the time,
nd centromedian thalamic nuclei DBS and ECT
ave not been used for intractable epilepsy in our
entre. Therefore, we performed ANT-DBS in this
atient.
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ur patient is the first reported case with super-
efractory SE who was SE-free for two years with
NT-DBS and subsequently died as a result of repeated
uper-refractory SE after the removal of the simulator.
herefore, this case shows the effectiveness of ANT-
BS with both positive and negative outcomes. The
atient presented with preoperative interictal and ictal
eneralized discharges on scalp EEG, and these gen-
ralized discharges disappeared when the ANT-DBS
timulating parameters reached 1.9 V on the left side
nd 1.5 V on the right side, which was accompanied
y SE freedom and obvious seizure reduction. How-
ver, the generalized discharges and SE reappeared
fter the power of the stimulator was switched off or
fter removal of the stimulator. It was inferred that
NT-DBS can prevent the synchronization and diffu-
ion of the epileptic discharge which may relate to the
E control.
he surgeries conducted in previous reports, includ-

ng resective and neuromodulation surgery, were
ostly performed one to three months after the

efractory SE diagnosis. Our patient also underwent
NT-DBS two months after her SE diagnosis. She con-

inued ANT-DBS treatment until she presented with
ultiple brain injuries, hemiplegia, and a delayed

imb tremor. Therefore, early surgical intervention
hould be taken into consideration for patients with
uper-refractory SE. Nevertheless, all the previous
linical studies on surgical treatment in patients
ith acute refractory SE are either based on case

eports or retrospective case group studies with a
mall sample size. These findings indicate the urgent
eed for a prospective, large-sample, controlled
tudy. �
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