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S u m m a r y  

When conventional treatment for status epilepticus fails, general 
anaesthesia is recommended. We present our experience with iso- 
flurane, an inhalational anaesthetic, in the management of four pa- 
tients with status epilepticus which occurred soon after surgery for 
motor area lesion. The seizures were controlled with relatively small 
concentrations of isoflurane. Hypotension, the only adverse effect 
of isoflurane, was managed easily with the use of dopamine in phys- 
iological saline. Although status epilepticus occurring soon after 
surgery is transient, it carries a risk of persistent brain damage if 
active treatment is not instituted promptly. Isoflurane general an- 
aesthesia may be recommended to control it in the intensive neu- 
rosurgical care. 

Keywords." Isoflurane; status epilepticus; motor area; postoper- 
ative complication. 

I n t r o d u c t i o n  

Status epilepticus is a neurological emergency. 
When conventional intravenous agents prove unsuc- 
cessful, general anaesthesia is advocated 3. It has been 
shown that both thiopental and isoflurane produce a 
dose-related decrease in cerebral function as detected 
by the electroencephalogram (EEG), with an attendant 
decrease in cerebral oxygen metabolism (CMRO2), 
with maximal metabolic depression occurring with on- 
set of an isoelectric EEG 17' la. Although barbiturate 
anaesthesia is good treatment for status epilepticus ~2' 
25, 31 it is often difficult to keep the serum level steady, 
and to maintain the blood pressure without performing 

Fig. 1. Electroencephalography demonstrated spike discharges from 
the hemisphere with the lesion preoperatively (A). But, status epi- 
lepticus occurred in spite of pre-operative administration of anti- 
convulsants soon after removal of the lesion and termination of 
anaesthesia (B) 
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a continuous dopamine infusion2L Judging from these 
shortcomings of barbiturate anaesthesia, isoflurane an- 
aesthesia may be the best treatment for patients with 
status epilepticus resulting from surgery for cerebral 
organic lesions. 

We report four cases whose status epilepticus oc- 
curred soon after surgery for cerebral lesions around 
the motor area and treated effectively with isoflurane 
general anaesthesia. We describe the effectiveness of 
isoflurane, an inhalational anaesthetic, in the manage- 
ment of this condition to alleviate attacks and to protect 
the brain from ischaemic damage during the attack. 

Patients and Methods 

Four patients had status epilepticus soon after the operation for 
a lesion around the motor area (Fig. 1) and were subjected to iso- 

flurane anaesthesia, because the seizure did not respond to the 
prompt administration of therapeutic doses of phenobarbital or 
phenytoin. Although intravenous diazepam administration allevi- 
ated the attacks, the effect was only transient. An administration of 
thiopental was also effective, but marked hypotension occurred, 
whenever the dose reached burst-suppression of the EEG pattern. 
For these reasons, it was decided to administer isoflurane general 
anaesthesia. Continuous isoflurane general anaesthesia was per- 
formed using a vaporizer (Isoflurane vaporizer 952, Siemens-elema, 
Sweden) attached to the gas supply of the ventilator (Servo 900C, 
Siemens-elema, Sweden). EEG activity was monitored continuously 
until electroencephalographic suppression occurred (Fig.2), and 
thereafter monitored every thirty minutes. Intracranial pressure 
(ICP) was also monitored continuously using spinal drainage ap- 
paratus. The isoflurane was easily titrated to maintain burst suppres- 
sion, but an increased volume of intravenous fluid and a transient 
increase in the dopamine were given to maintain an adequate blood 
pressure, if necessary. The patient was given concentration of 0.5 to 
1 percent of inspired isoflurane. The end-tidal isoflurane concentra- 
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Fig. 2. The remarkable spike discharges (A) 
were suppressed completely after isoflurane 
general anaesthesia (B) 
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tion and endexpiratory CO2 were monitored continuously (M 1025A, 
Hewlett Packard, U.S.A.). An anaesthetist and a neurosurgeon were 
always present. 

If the ICP exceeded 200 mmH20, instillation of mannitol or 
glycerol was started in addition to the administration of steroid. 

In all patients, seizures were controlled long term with oral ad- 
ministration of conventional anticonvulsants, and the prognosis of 
the patients was excellent. 

Case Reports 

Case I 

A 39 year-old woman was transferred on April 1, 1988 to our 
hospital with generalized tonic-clonic convulsions which were soon 
alleviated by the intravenous administration of diazepam. CT scan 
performed on admission, demonstrated a large meningioma at the 
left motor area without perifocal cerebral oedema (Fig. 3). Left ex- 
ternal and internal angiography demonstrated a convexity menin- 
gioma indenting the brain between prerolandic and vein of Trolard's. 
Surgical removal of the meningioma was performed on 18th April 
1988, and she woke up from anaesthesia without neurological deficit. 
But partial seizures of right upper extremity occurred two hours after 
the surgery and developed into generalized status epilepticus in spite 
of the intravenous administration of diazepam or thiopental. A li- 
docaine infusion at 4mg/min for 3 hours and 10% paraldehyde 
solution in physiological saline infusion 30ml/h for 6 hours had no 
effect. Therefore they were discontinued. Considering that maximal 
therapy with conventional anticonvulsants had not controlled the 
status epilepticus, it was decided to administer isoflurane general 
anaesthesia. With the start of anaesthesia, suppression of epilepti- 
form discharge was observed without blood pressure reduction. 12 
hours later, valploic acid was administered at a dose of 4 mg/kg/6 
hour transenterally through the nasal tube. Although the anaesthesia 
was gradually withdrawn 24 hours after administration of isoflurane, 
epileptiform discharges were seldom recognized in the EEG. The 
patient regained consciousness slowly but steadily and showed mo- 
noparesis of the right upper extremity and motor aphasia at first. 
These signs cleared after 2 days completely. The seizures were well 
controlled by oral intake of valploic acid thereafter. 

Fig. 3. CT scan demonstrating the meningioma involving the motor 
area of the left hemisphere without perifocal oedema (A). After 
surgery, the area of surgical removal demonstrated ring-like en- 
hancement on CT scan with infusion of contrast material (B) 

Fig. 4. Angiography of Case 2 showed a small arteriovenous mai- 
formation (arrow) at the left post-rolandic gyrus (A), and it was 
completely removed surgically (B) 

Case 2 

A 24 years-old man was admitted with sudden onset of gene- 
ralized convulsions and loss of consciousness on 5th September 1989. 
CT scan performed on admission, showed a calcified lesion which 
was enhanced by the administration of the contrast material. Left 
internal carotid angiography demonstrated a small arteriovenous 
malformation at the left parietal motor area (Fig. 4). On 16th Sep- 
tember, surgical removal of the arteriovenous malformation was 
performed. Although the patient woke up from anaesthesia soon, 
slight paresis of the right upper extremity was recognized. One hour 
!ater, right hemiconvulsions occurred. These developed into status 
epilepticus in spite of aggressive intravenous administration of an- 
ticonvulsants such as diazepam, phenytoin, phenobarbital, or lido- 
cain. Although intravenous administration of thiopental was effec- 
tive, the blood pressure could not be maintained without titration 
of dopamine, and his spontaneous respiration disappeared whenever 
the dose of thiopental was increased to stop the seizure completely. 
Considering that infusion of conventional anticonvulsants was only 
partially effective, it was decided to administer isofhirane general 
anaesthesia under controlled ventilation. Anaesthesia was continued 
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for 12 hours. With gradual withdrawal of anaesthesia, 30 mg/kg/day 
of valproic acid, 120mg/day of phenobarbital, and 300rag/day of 
phenytoin were given through nasogastric tube. His seizures were 
well controlled after discontinuation of anaesthesia, and conscious- 
ness returned although the right hemiparesis which improved re- 
markably three months later, was obvious initially. 

Case 3 

A 34 year-old-woman was transferred to our hospital on 15th 
March 1990, because of moderate headache, right hemiparesis and 
speech disturbance. These symptoms and signs occurred gradually 
over months and were not remarkable. On the next day, she had a 
partial seizure involving the right upper extremity and thereafter she 
could not move her right upper extremity and speak fluently. On 
the CT scan and MRI performed at our hospital, a cystic tumour 
with partial caltification was visualized. 

On 27th March 1990, a left frontoparietal craniotomy was per- 
formed and the tumour was removed partially for histological di- 
agnosis, and an Ommaya's reservoir was set up for the purpose of 
evacuation of the tumour cyst from time to time. Soon after surgery, 
the patient was conscious although she had increased right hemi- 
paresis and speech disturbance. About three hours later, monocon- 
vulsions of her right upper extremity started, and then status epi- 
lepticus with generalized convulsions developed over several hours 
in spite of the intravenous administration of conventional anticon- 
vulsants. On the basis of our past experience, we decided to perform 
isoflurane general anaesthesia to control the status epilepticus. Al- 
though the inhalational anaesthesia was discontinued twelve hours 
after start of isoflurane administration, her convulsions were con- 
trolled well with oral intake of valproic acid and phenobarbital 
through the nasal tube. 

Case 4 

A 44-year-old woman was transferred to our hospital on 4th 
August 1990, because she had an arteriovenous malformation 
(AVM) involving the posterior part of the right frontal lobe. 

On 13th August, surgical removal of the AVM was performed. 
Aithough the patient regained consciousness soon after surgery, par- 
tial seizures of the left upper extremity started. At first the attacks 
were confined to the left extremities, however, soon they developed 
into the generalized tonic-clonic status epilepticus. In spite of the 
intravenous administration of diazepam, phenytoin, and thiopental, 
the attacks were very difficult to control. Because of our previous 
excellent experience with three cases, and afraid of dangerous post- 
operative Needing secondary to hypertension accompanying the epi- 
leptic attacks, we decided to institute isoflurane general anaesthesia 
under the EEG monitoring. 

Soon after start of the anaesthesia, the status epilepticus was 
controlled and the blood pressure got down to the normal range. 
12 hours after the anaesthesia, conventional anticonvulsant drugs 
(valploic acid 1200 rag/day, phenobarbital 150 rag/day) were admin- 
istered via the nasogastric tube. The concentration of isoflurane was 
gradually reduced and stopped 14 hours after the induction of an- 
aesthesia. The patient recovered from the anaesthesia gradually and 
did not show any epileptic attacks. After that, the seizures were well 
controlled by the oral intake of 1200 rag/day of valpolic acid alone. 

Discussion 

Convuls ions  which occur  ear ly after  neurosurgery  

involving lesions a r o u n d  the m o t o r  area,  are  no t  so 

rare.  Even if  the convuls ion,  develops  into s tatus epi- 

lepticus,  ini t ia l  t r ea tmen t  (i.e., in t ravenous  pheny to in  

a n d / o r  p h e n o b a r b i t a l  fol lowing t r ea tment  wi th  in t ra-  

venous  d iazepam)  for  the s tatus is effective in mos t  

cases and  only  a minor i ty  o f  pa t ien ts  require  fur ther  

t r ea tment  12. But if  s tatus supervenes with fits recurr ing  

at  shor t  intervals ,  the r isk o f  Persistent  b ra in  damage  
m a y  increase a' 16, 17. Therefore ,  it  is necessary to s top  

this as soon as possible.  W h e n  s ta tus  epi lept icus does 

no t  r e spond  to conven t iona l  in t ravenous  ant iconwfl -  

sant  drugs,  an inha la t iona l  anaes the t ic  can  be 

employed  3,13. H a l o t h a n e  was the on ly  inha la t iona l  an- 

aesthet ic  avai lable  for  this pu rpose  before  the in t ro-  

duc t ion  o f  i sof lurane  3. But ha lo thane  has m a n y  short-  

comings  such as unaccep tab le  adverse  h a e m o d y n a m i c  

effects due to negat ive  i no t rop i sm and  systemic vaso-  

d i la t ion ,  hepa to tox ic i ty  and  so on 5. Enf lu rane  has been 

no ted  to have ant i -epi lept ic  ac t ions  in l a b o r a t o r y  
animalsZ2, 3o and  h u m a n s  6' 19 But m a n y  inves t igators  

have shown tha t  by  using rela t ively high concen t ra t ion  

(up to 3 .5%) and  hypoca rb i a ,  enf lurane  can  induce 

seizures 29, and  some have advised agains t  the use o f  

this anaes thet ic  for  epi lept ic  pa t ien ts  14' 26. I sof lurane  

does no t  evoke such side effects and  causes a dose-  

re la ted  reduc t ion  in cor t ica l  electr ical  act ivi ty  with an 

a t t endan t  decrease in cerebra l  oxygen me tabo l i sm with-  
ou t  changing  cerebra l  b l o o d  f low 4' 7, 17, 18 

M a n y  lesions which result  in chronic  focal  epi lepsy 

are associa ted  with  focal  b l o o d - b r a i n - b a r r i e r  (BBB) 

b reak  down 27. Thus,  pa tho log ica l  in t racerebra l  leakage  

o f  quinol in ic  acid  might  resul t  f rom the BBB d i s rup t ion  

fol lowing surgery.  A l t h o u g h  the mechan i sm o f  pos t -  

opera t ive  s tatus epi lept icus is no t  know exactly,  hy- 

perexc i ta t ion  o f  nerve cells a r o u n d  the m o t o r  cor tex 

m a y  be enhanced  by  surgical  man ipu la t ion .  M R I  or  

C T  scan o f  these four  cases pe r fo rmed  pre-opera t ive ly ,  

d e m o n s t r a t e d  no sign o f  per i focal  oedema  or  cerebra l  

damage .  I t  is supposed  tha t  the neura l  cells a r o u n d  the 

lesion are a l r eady  b roken  down pre -opera t ive ly  in cases 

wi th  per i focal  a b n o r m a l i t y  on M R I  or  CT scan and 

tha t  they demons t r a t e  no t rans ient  hyperac t iv i ty  in 

their  funct ion  af ter  surgery.  But, neura l  cells a r o u n d  

the lesion are  still func t ion ing  act ively in cases wi thou t  

per i focal  a b n o r m a l i t y  de mons t r a t e d  on  M R I  or  CT 

scan. Therefore ,  in such cases the incidence o f  s tatus 

epi lept icus m a y  be h igher  than  in cases wi th  per i focal  

oedema.  

I sof lurane  is a very useful agent  for  the m a n a g e m e n t  

o f  s tatus epi lept icus I~ 11,15 because  it can p roduc e  E E G  

suppress ion  at  concen t ra t ions  no t  o rd ina r i ly  associa ted  
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with undesirable haemodynamic effects and because it 
lacks known organ toxicity 2' 24. Kofke et  al. 1~ reported 
that a 10-year-old girl who suffered from intractable 
epilepsy, was treated with prolonged low flow isoflur- 
ane anaesthesia, and suggested that isoflurane may 
have a role in the earlier management of refractory 
status epilepticus in the future 1~ 11 Meeke e t a l .  15 re- 
ported that a 32-year-old woman with generalized 
tonic-clonic status epilepticus was managed by iso- 
flurane general anaesthesia using a vaporizer attached 
to the gas supply of the ventilator, and concluded that 
isoflurane may be preferable to halothane and possibly 
thiopental in the management of status epilepticus. 

Now, no data are available to guide the clinician 
who is trying to decide how deeply to anaesthetize a 
patient with status epilepticus. Barbiturates in animals 
have been noted to produce maximal depression of 
cerebral metabolism when a burst-suppression interval 
of 30 secs is achieved 9. The dose regimen of barbiturate 
is chosen empirically on the serum revels during burst- 
suppression state in the treatment of status 
epilepticus12, 31. Thus a burst-suppression interval of 
15 to 30 secs seems a reasonable goal in titrating iso- 
flurane in such patients with intractable seizures. 

Even if status epilepticus is transient after surgery, 
it must be treated promptly and actively because of the 
risk of persistent brain damage. We conclude that con- 
tinuous isoflurane anaesthesia may be a good method 
for the management of status epilepticus developing 
soon after surgical treatment of lesions of the motor 
area. 
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