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M
ost epileptic seizures can be m

anaged w
ith a single m

edication, regular 
m

onitoring by a health care provider, and periodic testing – including blood 
tests, m

agnetic resonance im
aging (M

R
I), and electroencephalogram

s (EEG
s), 

w
hich detect electrical activity in the brain. Taking m

edication as prescribed 
and avoiding know

n triggers such as sleep deprivation, alcohol consum
ption, 

and illicit drug use are im
portant preventive m

easures. Yet these approaches, 
even w

hen carefully carried out, do not alw
ays keep seizures in check. W

hen 
they don’t, your doctor m

ay ask you to consider m
ore aggressive treatm

ent 
that m

ight involve stronger m
edications, usually w

ith m
ore side effects; a diet 

tailored to your needs; or even surgery. A
lthough the m

ain goal of this book is 
to help you and your loved ones understand and prepare for epilepsy surgery, 
the final sections describe m

edical and dietary options that m
ay also help to 

control seizures. The book’s design highlights certain scientific articles to give 
readers a taste of the research that inform

s clinical practice.
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T
H

E
 

B
A

S
IC

S
M

any people suffer from
 poorly controlled seizures and m

ay be unaw
are of all 

of the treatm
ent options that are available. There are various reasons for this, 

including lack of know
ledge, fear, and lack of access to an epilepsy center. 

O
ther reasons include the belief that certain groups of persons, including 

children and the developm
entally disabled, are not good candidates for m

ore 
aggressive treatm

ents, including epilepsy surgery. This m
ay also be related to 

the long held belief that som
e form

s of epilepsy, particularly the syndrom
es that 

begin in childhood, are benign, self-lim
iting and easily controlled. A

lso, early 
attem

pts at surgery did not alw
ays result in favorable outcom

es.
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6 Fortunately, this situation has changed. R

ecent scientific and technological 
advancem

ents – coupled w
ith the realization by experts that about 20 percent 

of patients w
ith epilepsy cannot be treated successfully w

ith m
edication – have 

renew
ed interest in epilepsy surgery. In even the youngest patients, surgery can 

help to control seizures and, by extension, im
prove patients’ behavior, ability to 

learn, and quality of life.

Epilepsy surgery should be perform
ed only at a nationally certified Level 3 or 

4 C
om

prehensive Epilepsy C
enter, by a m

edical team
 that perform

s m
any 

procedures each year. P
ediatric epilepsy surgery should be perform

ed by a 
pediatric team

. C
hildren exhibit a variety of syndrom

es not often seen in adults, 
w

ith developm
ental and quality of life issues, EEG

s and seizures that differ from
 

those seen in adults.

For thousands of years, people m
istakenly believed that epileptic seizures 

resulted from
 m

ental illness. This is not true! To address this and other 
m

isconceptions about epilepsy, w
e begin our discussion of surgery w

ith a 
review

 of the fundam
entals.

W
h
at are seizu

res?

P
ut sim

ply, a seizure occurs w
hen there is too m

uch electricity in the brain, 
and the neurons (nerve cells) fire all at once. The brain contains m

illions of 
neurons, w

hich send signals to control the actions of m
uscles, glands, and 

other neurons throughout the body. These signals travel through electricity 
created w

hen electrolytes (substances that conduct electricity) flow
 in and 

out of the neurons. The flow
 of electrolytes is controlled by chem

icals called 
“neurotransm

itters.” In people w
ho suffer from

 seizures, this com
plex system

 
becom

es overloaded. M
edications used to prevent seizures act on electrolytes, 

neurotransm
itters, or both, causing the neurons to becom

e less excitable and 
less apt to fire uncontrollably. This, in turn, reduces seizures.

W
h
at is ep

ilep
sy?

In general, epilepsy is diagnosed w
hen a person has tw

o or m
ore unprovoked 

seizures – in other w
ords, seizures that are not caused by fevers, injuries, 

sleep deprivation, illness, or drug or alcohol use. H
ow

ever, epilepsy m
ay be 

diagnosed after one seizure w
hen there is an abnorm

al EEG
.

The International League A
gainst Epilepsy (ILA

E) has proposed a new
 definition 

of epilepsy. It states that epilepsy should be considered a disease of the brain 
defined by any of the follow

ing conditions: 

•  at least tw
o unprovoked seizures occurring m

ore than 24 hours apart

•  O
R

 one unprovoked seizure and a risk of further seizures of about 75 percent

•  O
R

 at least tw
o seizures in a setting of reflex epilepsies (seizures w

ith specific 
triggers, such as flashing lights or certain noises) 1

Each year, there are 61 – 124 new
 cases of epilepsy per 100,000 people (adults 

and children) in developing countries and 41 – 50 new
 cases per 100,000 

people in developed countries. (The difference is probably the result of a greater 
num

ber of injuries causing epilepsy in developing countries.) The annual rate 
of new

 epilepsy cases is higher in children than in adults. Each year, there are 
100 – 200 new

 cases per 100,000 children, as opposed to 24 – 53 new
 cases 

for every 100,000 adults.
2

O
f these, 50 – 65 percent becom

e seizure free w
ith m

edication, but 10 – 20 
percent w

ill becom
e “m

edically intractable,” m
eaning that their seizures cannot 

be controlled w
ith m

edication. O
ne-third of people w

ith m
edically intractable 

seizures are surgical candidates. This am
ounts to m

ore than 100,000 epilepsy 
surgery candidates each year.

3 – 6

A
bout half of all children w

ith epilepsy have other conditions that add to the 
toll of the disease. These include learning disabilities, m

ental retardation, 
developm

ental delays, m
ental and behavioral issues, attention deficit disorder, 

and psychosocial issues. C
hildren w

hose seizures continue into adulthood are 
less likely to finish high school, successfully m

aintain long-term
 relationships, or 

live independently, even w
hen com

pared to children w
ith other chronic diseases 

such as asthm
a and diabetes.
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8 W

h
y con

sid
er su

rgery?

The im
portance of controlling seizures is the first and m

ost im
portant reason to 

consider surgery for epilepsy. R
educing the severity and frequency of seizures 

can lessen their harm
ful consequences. 7 In addition, surgery can prevent 

continued EEG
 abnorm

alities betw
een seizures. These abnorm

alities, know
n 

as “interictal spikes,” indicate excessive activity in the brain neurons that can 
interrupt sleep and m

em
ory and eventually contribute to perm

anent cognitive, 
behavioral, and psychosocial problem

s if left untreated.

S
urgery also prevents “kindling” (the spread of seizure activity) by rem

oving, 
disconnecting, or altering the areas of the brain involved in epilepsy. In patients 
w

ith w
idespread seizure activity, disconnection surgeries called “corpus 

callosotom
ies” and “hem

ispherotom
ies” can prevent the spread of seizures to 

other areas in the brain. These surgeries are not resective (involving rem
oval of 

parts of the brain), but rather cut the ties that allow
 different areas of the brain 

to signal each other.

O
ther reasons to consider epilepsy surgery are to decrease the need for 

m
edications over tim

e (and thus to reduce their adverse side effects) and to 
reduce the risk of S

U
D

EP
 (sudden unexplained death in epilepsy).

8

Epilepsy surgery is an established, effective treatm
ent in children and should 

be considered early.

Freedom
 from

 seizures after pediatric epilepsy surgery leads to a reduced 
risk of psychological distress during early adulthood.
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1
0 O
verall, studies indicate either im

provem
ents in or no w

orsening of m
ental 

health after epilepsy surgery.

M
ost studies indicate im

provem
ent in social functioning after epilepsy surgery.

W
h
y d

on
’t m

ore p
eop

le u
n
d
ergo  

ep
ilep

sy su
rgery?

The m
ain reasons people do not consider epilepsy surgery include:

Fear. P
atients, parents, doctors, and other health care providers resist the idea 

of surgery involving the brain. P
atients and fam

ilies m
ay not trust their health 

care team
’s judgm

ent in m
aking such a serious recom

m
endation or m

ay lack 
education about the safety of these procedures.

P
oor access. There m

ay be lim
ited access to a Level 4 C

om
prehensive 

Epilepsy C
enter.

Lack of kn
ow

led
ge. N

ot all health care providers are know
ledgeable about 

the advantages of surgery. They m
ay not be able to explain the process and 

available procedures or to help fam
ilies w

eigh the benefits and risks.
9 There m

ay 
also be concern about the possibility of m

orbidity (resulting illness) and m
ortality 

(resulting death) from
 surgery. In reality, how

ever, the risks of m
orbidity and 

m
ortality are m

uch greater from
 uncontrolled seizures. B

ecause of this lack of 
understanding, only about 1 percent of potential surgical candidates are ever 
referred to an epilepsy center.

10 The num
ber is even low

er in nonindustrialized 
countries.

R
esign

ation
. There is a tendency for people to learn to live w

ith seizures 
and accept “good enough” control w

hen they assum
e that im

provem
ent is 

not possible. C
om

m
ents such as, “O

h, she only has one seizure a w
eek,” are 

som
etim

es heard from
 patients’ fam

ilies and caregivers w
ho have becom

e 
resigned to living w

ith epilepsy.
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1
2

P
rovid

er relu
ctan

ce. A
 2012 survey of neurologists

9 found that only those 
w

ho specialized in epilepsy and w
ere affiliated w

ith large treatm
ent centers 

w
ere com

fortable referring patients for surgery. 

Initially, providers’ w
orries about epilepsy surgery w

ere caused by several 
factors:

M
ost surgery referrals are m

ade by neurologists w
ho specialize in epilepsy 

and are affiliated w
ith large treatm

ent centers.

•  Few
 facilities perform

ed surgery.

•  R
eferrers unfam

iliar w
ith surgery refrained from

 discussing it as a  
treatm

ent option.

•  R
eferrers w

ere reluctant to lose patients to a m
ajor treatm

ent center.

•  S
urgery w

as considered only after epilepsy w
as deem

ed “catastrophic.”

•  Too m
any centers w

ere reporting disappointing results.

H
ow

ever, the landscape has changed significantly since the 1990s, thanks 
to better testing and surgery techniques. O

utcom
es have im

proved, and 
com

plications have declined, increasing neurologists’ and neurosurgeons’ 
confidence in the potential benefits of epilepsy surgery.

In addition, a deeper understanding of the natural history of epilepsy supports 
consideration of surgery as an early treatm

ent option instead of w
aiting for the 

discovery of new
 m

edications to provide a cure. W
e now

 know
 that surgery 

is a safe and viable m
eans of preventing the deterioration and associated 

com
plications of intractable epilepsy.

Finally, attitudes tow
ard desirable outcom

es of surgery have also changed. 
The goal is no longer to com

pletely elim
inate seizures, but rather to im

prove 
patients’ quality of life by reducing the num

ber and severity of seizures. This 
paradigm

 shift supports referral for surgery earlier in the course of the illness, 
even before trying every available m

edication.

W
h
y sh

ou
ld

 w
e con

sid
er ep

ilep
sy su

rgery soon
er  

rath
er th

an
 later?

There are several strong reasons to consider epilepsy surgery early in the 
disease course:

•  The adverse psychosocial effects of epilepsy m
ay be eased if a patient 

becom
es free of seizures.

•  B
ecause antiepileptic m

edications can cause adverse behavioral and 
cognitive side effects, the less tim

e a child is required to take them
, and the 

few
er m

edications needed for seizure control, the better. Even if seizures are 
successfully controlled w

ith m
edication, frequent interictal spikes m

ay still 
cause perm

anent neuronal changes that m
ay not show

 up on M
R

I.

•  G
etting surgery sooner instead of later can reduce the risk of S

U
D

EP.

•  A
fter tw

o antiepileptic m
edications have failed to control a patient’s seizures, 

each subsequent m
edication is less likely to w

ork. O
ne study show

ed that 
only 3 percent of patients becom

e seizure free on a m
ulti-drug treatm

ent 
regim

en.
11

•  Younger patients m
ay recover from

 surgery m
ore easily than older patients.
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R
esearch show

s that a young brain, com
pared to an adult brain, has a 

greater potential for recovery after brain injuries such as surgery, strokes, or 
m

alform
ations. Younger brains also have a greater capacity to reorganize 

neurological functioning. The potential for significant recovery is greatest 
in patients w

ho are betw
een the ages of 3 and 7 years, w

hen synapses 
and dendrites (parts of the neurons) are m

ost dense and the brain is m
ost 

“plastic.”
12,13 S

urgery perform
ed during this period m

ay hasten recovery and 
cause m

ilder postoperative im
pairm

ent. S
tudies have show

n that the shorter 
the duration of epilepsy before surgery, the greater the gain in functioning 
afterw

ard.
14

W
h
at is ep

ilep
sy su

rgery?

There are several different types of epilepsy surgery. O
ne involves rem

oving 
the portions of the brain that cause excessive electrical stim

ulation. A
nother 

disables those portions of the brain, and another disconnects the parts of the 
brain that cause seizures to spread. O

ther options include the vagus nerve 
stim

ulator (VN
S

), an im
planted device designed to prevent seizures by sending 

m
ild electrical pulses to the brain through the vagus nerve, and deep-brain 

stim
ulation (D

B
S

) and resective neurostim
ulation (R

N
S

, or N
euroP

ace), all three 
of w

hich involve im
planted sensors called “electrodes.” A

nother option is laser 
ablation (tissue rem

oval), m
ost often used in cases of m

esial tem
poral sclerosis, 

w
hen one tem

poral lobe is shrunken and m
alfunctioning.

W
h
o is a can

d
id

ate for ep
ilep

sy su
rgery?

S
urgery m

ay be an option for patients w
ho have not achieved com

plete seizure 
control after trying tw

o appropriate antiepileptic m
edications at the correct 

doses. A
ccording to a m

ore specific definition of intractable epilepsy, surgery 
should be considered after the failure of tw

o appropriate first-line antiepileptic 
m

edications, w
ith failure defined as the patient experiencing an average of m

ore 
than one seizure per m

onth for 18 m
onths w

ithout having three consecutive, 
seizure-free m

onths during this tim
e period.

15 W
hen these conditions are 

present, the chance of becom
ing seizure free is so rem

ote that other options, 
including surgery, should be considered sooner rather than later.

B
efore considering epilepsy surgery, it is im

portant to review
 all m

edication 
options w

ith the prim
ary health care provider. The discussion should cover new

 
m

edications reserved for difficult-to-control seizures, as w
ell as m

edications 
w

ith potentially intolerable side effects.

H
ow

 lon
g h

as su
rgery b

een
 u

sed
 as a m

ean
s  

to con
trol seizu

res?

The first m
odern epilepsy surgery w

as done in 19th-century England on a m
an 

w
ho experienced intractable seizures as a result of a tum

or. The second w
ave 

of epilepsy surgery started in the 1940s, after EEG
s w

ere invented. H
ow

ever, 
the procedure becam

e discredited w
hen “the w

rong surgeons operated on the 
w

rong patients.”
16 Today, epilepsy surgery is safe and effective. The process 

involves a team
 approach to selecting patients carefully, choosing the correct 

battery of tests, and m
aintaining close oversight and follow

-up, w
ith system

atic 
evaluation of outcom

es. R
ecent im

provem
ents in technology have led to better 

outcom
es after surgery.

W
h
at are th

e goals of su
rgery?

The clinical goals of surgery are to control seizures, lessen the burden of 
m

edications, low
er the risk of S

U
D

EP, and prevent the cognitive decline 
that results from

 continued seizures. W
ith the reduction in seizures com

es 
im

provem
ent in quality of life, including better academ

ic perform
ance, increased 

socialization, and m
ore success in m

aintaining long-term
 relationships.

H
ow

 can
 w

e tell if a p
erson

 m
igh

t b
en

efi
t  

from
 ep

ilep
sy su

rgery?

A
ssessing the potential benefit of surgery depends, first and forem

ost, on 
confirm

ing that the events a patient is experiencing are indeed epileptic 
seizures. This is done w

ith video EEG
 m

onitoring to capture the events and 
rule out other diagnoses such as reflux, tics, m

ovem
ent disorders, fainting (also 

called “syncope” or “vasovagal events”), cardiac events, and pseudoseizures 
(those related to psychological stress rather than epilepsy).

N
ext, the cause of the seizures m

ust be determ
ined to predict the 

appropriateness of surgery com
pared to other treatm

ents. For exam
ple, 

seizures can be caused by illnesses (such as fever, dehydration, or kidney 
failure) or by abnorm

alities in the brain (such as tum
ors, blood vessel or cortex 

[gray m
atter] abnorm

alities, neurocutaneous syndrom
es [conditions causing 

dam
age to the neurons and on skin], or strokes). G

enetic syndrom
es m

ay also 
be at play, but the presence of a genetic syndrom

e does not m
ean a person 

w
ith epilepsy cannot have surgery.
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W
h
at is th

e p
rocess lead

in
g to ep

ilep
sy su

rgery?

The health care provider w
ill order a series of tests (in addition to taking a full 

m
edical history and perform

ing a neurological exam
ination) w

hen a person first 
presents w

ith seizures. These tests are usually repeated at intervals, especially 
w

hen surgery is being considered.

The m
ost im

portant test is an EEG
, w

hich involves placing electrodes on the 
scalp at regular intervals to obtain a good approxim

ation of the area of the brain 
producing the seizures. The EEG

 looks at the electrical signals in the brain, 
detecting abnorm

alities that cause or increase a person’s chances of having 
seizures. The EEG

 tracing is a read-out of lines tracking the signals produced 
by electrical discharges of neurons (som

etim
es called “brain w

aves”). A
 sharp 

spike or series of spikes m
ay indicate the area w

here a seizure starts (also 
called the “focus”). If a specific point is involved consistently at the start of a 
seizure, that area m

ay be the focus.

A
 routine EEG

 is usually perform
ed for about an hour. In preparation for the test, 

the person m
ay be prevented from

 sleeping. B
ecause it is im

portant to check 
the brain w

aves w
hile a person is asleep and aw

ake, a longer, am
bulatory 

EEG
 m

ay be perform
ed for up to 96 hours, during w

hich the person w
ears the 

EEG
 device w

hile going about his or her daily activities. In som
e settings, this 

am
bulatory EEG

 can also be videotaped.

The video EEG
 (considered the gold standard) is a longer test perform

ed in 
the hospital w

hile the person is being videotaped. The video EEG
 is typically 

perform
ed after routine and 24-hour EEG

s have been conducted in the 
outpatient setting. It allow

s events to be captured on video and correlated 
w

ith changes that appear on the EEG
 tracing. This test is especially useful for 

distinguishing betw
een actual seizures and events that look like seizures but  

are not (such as reflux, tics, or pseudo seizures). A
 person’s dose of antiseizure 

m
edications m

ay be decreased during the EEG
 to ensure that seizures occur 

and are captured. For reasons of safety, the test takes place in the hospital.

EEG
 show

ing interictal spiking leading to a seizure.
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A child undergoes a video EEG
 in a hospital.

In addition to identifying actual seizures, the EEG
 and video EEG

 m
easure the 

speed of a person’s brain w
aves and the interictal spikes (during both sleeping 

and w
aking periods) to help determ

ine the long-term
 prognosis and w

hether 
the abnorm

alities m
ay be affecting functioning, sleep, and cognition.

W
h
at is th

e d
ifferen

ce b
etw

een
 a seizu

re  
an

d
 a sp

ike?

The difference betw
een seizures and spikes m

ay be understood through the 
follow

ing analogy: Think of a m
an standing in a forest on a bed of dry leaves, 

lighting m
atches and dropping them

 to the ground. Each m
atch that lights is 

like a spark of electricity – a spike, or abnorm
ality, on the EEG

. If the m
atch is 

dropped and goes out before it reaches and ignites the dried leaves, there is 
no seizure. If, on the other hand, that lit m

atch drops and ignites the leaves, the 
w

hole forest catches fire in a split second. W
e liken that sudden forest fire to a 

seizure – a clinical event that w
e can see or feel. The goal of using antiepileptic 

m
edications is to dam

pen the bed of dry leaves so that the fire does not catch 
and spread as easily. The m

edications strengthen the neurons in the brain, 
m

aking them
 less likely to becom

e excitable and thus less susceptible to  
a seizure.

O
nce it has been determ

ined that the events occurring are actually seizures, 
attention shifts to pinpointing the seizure type and determ

ining the treatm
ent 

plan and prognosis. A
t the sam

e tim
e, the search for causation continues. 

S
eizures are broadly divided into tw

o types: those that involve im
paired 

consciousness and those that do not. EEG
 findings and the w

ay the seizures 
look (also called the “sem

iology”) help to determ
ine w

hether the seizures are 
focal (arising in one distinct part of the brain) or generalized.

Focal (or partial) seizures can affect a sm
all area of the brain, an entire lobe, 

several lobes, or the entire hem
isphere. B

ecause different areas of the brain 
control different functions, seizures present clinically according to w

here they 
arise. The type of seizure and the progression of sym

ptom
s give us clues to 

w
here the seizures start. S

om
etim

es, seizures begin focally and later becom
e 

generalized, m
eaning that, eventually, the w

hole brain “lights up” at once.  
There are m

any types of generalized seizures, including:

•  G
en

eralized
 ton

ic-clon
ic seizu

res. A
lternating stiffness and shaking w

ith 
loss of consciousness; m

ay be m
issed by caregivers w

hen they occur briefly 
or at night

•  A
ton

ic, or astatic, seizu
res. Loss of tone or “drop attacks,” often w

ith 
head drops or falls

•  A
b
sen

ce seizu
res. B

rief stares, often w
ith eye deviation or blinking and 

brief alteration of consciousness

•  A
typ

ical ab
sen

ce seizu
res. Longer stares w

ith changes in tone and a 
less-abrupt onset and cessation

•  M
yoclon

ic jerks. R
apid m

uscle contractions that are brief and repetitive

•  Ton
ic seizu

res. S
ustained extension of one or m

ore extrem
ities

•  S
p
asm

s. B
rief head drops or nods w

ith arm
s up
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The ILA
E classification schem

e for seizures is partially based on these 
descriptions.
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S
earching for the cause of seizures involves neuroim

aging studies called 
com

puted tom
ography (C

T) scans and M
R

Is. C
T scans are often perform

ed 
w

hen a person presents in the hospital em
ergency room

 w
ith a first-tim

e 
seizure. They are used to quickly rule out brain bleeding or a tum

or as the 
cause. If the patient appears norm

al and has a norm
al physical exam

, a C
T 

scan m
ay be deferred in favor of an M

R
I so as not to expose the person to 

unnecessary radiation. M
R

Is, through the use of m
agnetic fields, provide a 

m
ore extensive picture than a C

T and pick up subtler abnorm
alities.

M
etabolic and genetic studies also m

ay be conducted to find the cause 
of seizures and determ

ine w
hether epilepsy w

ill respond to m
edications, 

surgery, or neither. P
eople w

ho have epilepsy resulting from
 certain 

neurodegenerative processes (conditions that dam
age the brain neurons), 

including leukodystrophies, m
etabolic disorders, genetic disorders such 

as R
ett syndrom

e, and ion-channel disorders (“channelopathies”) such as 
D

ravet syndrom
e, are less likely to achieve freedom

 from
 seizures w

ith either 
m

edication or surgery. O
ther syndrom

es such as benign rolandic epilepsy and 
childhood absence epilepsy are age-lim

ited and, w
ith tim

e, m
ay resolve on  

their ow
n.

W
h
ich

 syn
d
rom

es an
d
 stru

ctu
ral ab

n
orm

alities resp
on

d
 

w
ell to su

rgery?

Fortunately, m
any syndrom

es and structural abnorm
alities do respond w

ell to 
surgical intervention and, in som

e cases, respond better to surgery than to 
m

edication. These include som
e of the neurocutaneous syndrom

es, particularly 
tuberous sclerosis and S

turge-W
eber syndrom

e. R
asm

ussen’s syndrom
e is an 

infection-related process that also responds w
ell to epilepsy surgery. Follow

ing 
are descriptions of som

e of the form
s of epilepsy that respond best to surgical 

intervention.

Tu
b
erou

s sclerosis (T
S

). This is a genetic neurocutaneous disorder that 
affects m

any organ system
s, m

ost notably the brain, skin, kidneys, lungs, and 
heart. It occurs in about 1 in 6,000 live births, and about 1 in 9,700 people 
are carriers of one of the tw

o responsible genes: TS
C

1 and TS
C

2. H
ow

ever, 
about 22 percent of cases occur in the absence of these genes. A

 telltale 
characteristic of TS

 is the presence of skin dam
age, including discoloration 

and bum
ps such as nail bed fibrom

as (benign tum
ors), shagreen patches 

(areas of leathery, dim
pled skin), ashleaf spots (w

hite patches), and confetti 
spots (clusters of sm

all discolored spots). In addition, benign tum
ors or tum

or-
like grow

ths m
ay occur in the heart (“rhabdom

yom
as”), kidneys and lungs 

(“angiom
yolipom

as”), brain (“ham
artom

as,” “subependym
al tubers,” and “giant-

cell astrocytom
as”), and retina.

Epilepsy associated w
ith TS

 is extrem
ely difficult to control, despite a num

ber 
of m

edications that specifically target the related seizures. Tubers and 
ham

artom
as, in particular, give rise to very difficult-to-control seizures. A

lthough 
they do not in them

selves cause seizures, the tissue surrounding them
 is 

thought to be epileptogenic (capable of a causing epileptic seizures). C
hildren 

w
ith a TS

C
2 genetic m

utation and those w
ith a high num

ber of cortical tubers 
are at higher risk for seizures, including infantile spasm

s (a severe form
 of 

epilepsy occurring in infancy).

W
hen considering surgery for epilepsy associated w

ith TS
, tests can help to 

determ
ine w

hich tuber or tubers m
ay be causing the seizures. These tests are 

the sam
e as those perform

ed for any other epilepsy surgery, except for the 
use of a specialized positron em

ission tom
ography (P

ET) scan. The procedure 
itself also differs and m

ay result in rem
oval of m

ore than one tuber, som
etim

es 
from

 both hem
ispheres of the brain. R

em
oval of the tubers m

ost responsible 
for causing seizures occasionally increases seizure activity from

 the rem
aining 

tubers, necessitating m
ore than one surgery.

18 S
urgery can also be resective, 

rem
oving the area of the brain from

 w
hich seizures arise. R

N
S

 and VN
S

 are 
also used in people w

ith TS
 and epilepsy. S

ubependym
al tubers can also lead 

to obstructive hydrocephalus (blockage of norm
al spinal fluid drainage from

 the 
brain), requiring surgical rem

oval. M
ore inform

ation about TS
 can be found at 

tsalliance.org.

M
esial tem

p
oral sclerosis (M

T
S

). In M
TS

, part or all of the tem
poral 

lobe on one side is shrunken and nonfunctional, often as a result of years of 
seizures, w

hich frequently begin w
ith febrile (fever related) seizures. Evidence-

based articles in the m
edical literature note that surgery is the preferred 

treatm
ent option for seizures that are caused by M

TS
.

19
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D
evelop

m
en

tal lesion
s. The types of developm

ental lesions (m
alform

ations 
of the brain’s cortex) listed below

 are am
ong those that cause epilepsy and 

respond w
ell to surgery.

•  C
ortical d

ysp
lasia. A

reas of abnorm
ally form

ed cortex that are frequently 
not seen on M

R
I, but rather are identified through laboratory pathology exam

s 
after the surgery has been perform

ed

•  H
eterotop

ia. The presence of cortex tissue abnorm
ally positioned in the 

w
hite m

atter of the brain or near the ventricles, w
hich are the fluid-containing 

areas deep w
ithin the brain

•  P
olym

icrogyria. G
yri are ridges found in the brain’s gray m

atter. 
P

olym
icrogyria occurs before birth during early brain developm

ent and results 
in m

any sm
all gyri. W

hen this abnorm
ality is w

idespread, there m
ay be one 

area or several sm
all areas that cause seizures

Tu
m

ors. M
any tum

ors that have the potential to cause epilepsy can be 
m

itigated by surgery. These include:

•  Low
-grad

e gliom
as. U

sually benign tum
ors that arise from

 the brain or 
spinal cord

•  G
an

gliogliom
a. Tum

ors that arise from
 the ganglion cells in the brain or 

spinal cord

•  D
ysem

b
ryop

lastic n
eu

roep
ith

elial tu
m

ors. U
sually benign tum

ors that 
arise from

 the cortex of the brain

•  H
yp

oth
alam

ic h
am

artom
as. A

bnorm
al collections of cells that attach to 

the hypothalam
us and cause gelastic (laughing) seizures

Vascu
lar lesion

s. S
urgery m

ay be appropriate in the presence of the 
follow

ing vascular lesions:

•  A
rterioven

ou
s m

alform
ation

s. A
bnorm

al connections betw
een arteries 

and veins in the brain that rupture, causing bleeding

•  C
avern

ou
s m

alform
ation

s. Lesions m
ade up of abnorm

ally form
ed sm

all 
blood vessels that look like m

ulberries and m
ay bleed

•  A
n
giom

atosis from
 S

tu
rge-W

eb
er syn

d
rom

e. A
 congenital syndrom

e 
characterized by abnorm

al blood vessel grow
th in the brain that presents w

ith 
a distinctive facial birthm

ark called a “port w
ine stain”

In
ju

ry-related
 an

d
 in

fectiou
s lesion

s. Epilepsy caused as a result of injury 
or infections, such as those listed below

, also m
ay be treated surgically.

•  G
liosis. S

car tissue from
 a stroke or traum

a

•  G
ran

u
lom

a. S
m

all areas of inflam
m

ation resulting from
 infection

•  P
arasitic cysts. B

rain cysts produced by neurocysticercosis, a disease 
resulting from

 the accidental ingestion of the eggs of pork tapew
orm

s

•  R
asm

u
ssen

’s syn
d
rom

e. A
 rare inflam

m
atory autoim

m
une disease that 

typically dam
ages one hem

isphere of the brain

Focal and partial epilepsies such as those listed above are not the only seizure 
types for w

hich surgery m
ay be considered. P

eople w
ith atonic or astatic 

seizures (drop attacks or lack of tone), focal infantile spasm
s, intractable 

absence seizures, or generalized seizures associated w
ith apnea m

ay also be 
considered for surgery.
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urgery

T
H

E
 

D
E

TA
ILS

H
ow

 d
oes th

e team
 con

fi
rm

 th
e ap

p
rop

riaten
ess of  

ep
ilep

sy su
rgery as a treatm

en
t for a given

 p
atien

t?

S
tepw

ise analysis of the appropriateness of surgery begins w
ith confirm

ation of  
the cause of seizures and of w

hether they are truly intractable (see page 14).
15  

The treatm
ent team

 w
ill address the follow

ing key questions:

•  H
ave the appropriate m

edications been used for the appropriate period of 
tim

e, in the appropriate com
binations, w

ith adequate dosing and therapeutic 
blood levels (w

hen indicated)?
•   H

ave all therapeutic options (including dietary) been considered and,  
w

hen appropriate, tried w
ithout success?

•   Is there a chance of a tim
ely rem

ission (as w
ith electrical status  

epilepticus in sleep, a rare form
 of epilepsy) that w

ill not result in  
long-term

 learning disabilities?

The team
 also w

ill consider and discuss w
ith you individual factors to determ

ine 
w

hether surgery is the right choice for you and your fam
ily. These factors 

include:

•  R
isks of anesthesia

•  R
isks of surgery failure (no im

provem
ent in seizure control)

•  R
isks of harm

 (such as bleeding, m
em

ory im
pairm

ent, infection, and dam
age 

to language or m
otor skills)

•  Tim
e-consum

ing tests that m
ust be perform

ed leading up to surgery

•  P
sychological stress to the patient and fam

ily

•  D
ifficulty of enduring intentional seizing over the course of at least 1 w

eek 
in the hospital w

hile the team
 gathers inform

ation to determ
ine the area of 

seizure onset in the brain

•  B
rain m

apping (electrode testing to locate the areas of the brain that control 
m

otor function, sensation, and language and therefore should be protected 
during surgery)

•  N
eed for about 1 w

eek of recovery tim
e in the hospital after resective surgery

•    S
tress of hospitalization to the patient, parents, siblings, and other  

fam
ily m

em
bers

•  Loss of incom
e during hospitalization and recovery

•  R
isk of depression from

 “forced norm
alization” (adapting to life w

ithout  
chronic illness)

•   P
ain

•   R
ecovery support at hom

e

•  N
eed for continued m

edication after surgery

•   Fatigue after surgery

•   M
onths-long w

aiting period before know
ing the long-term

 outcom
e of  

the surgery

W
e describe the surgical process as a m

arathon and not as a sprint.
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O
n
ce su

rgery is d
eem

ed
 ap

p
rop

riate,  
w

h
at are th

e n
ext step

s?

First, the area of the brain from
 w

hich the seizures arise (the epileptogenic zone) 
m

ust be clearly defined. D
ifferent m

ethods are used on a case-by-case basis, 
and, often, the w

ork-up to determ
ine w

hether surgery is the right approach 
has already answ

ered questions related to the type of seizures, the location(s) 
w

here the seizures begin, and the involvem
ent of crucial areas of the brain, 

including those affecting speech, m
otor, and m

em
ory abilities.

T
h
e follow

in
g tests m

ay b
e rep

eated
 b

efore su
rgery:

V
id

eo E
E

G
. This test of electrical activity in the brain is repeated as the patient 

is w
eaned off som

e or all antiepileptic m
edications. The goal is to capture 

typical seizures and their onset. D
epending on the type of surgery being 

considered, the team
 tries to determ

ine the source of the seizure w
ith respect 

to hem
isphere (lateralization) or lobe (localization).

M
R

I. M
R

I provides pictures of the brain show
ing three-dim

ensional detail in 
different planes. The sides are reversed, so that the section show

n on the right 
is actually the left side of the brain.

M
R

I studies show
 the structure of the brain. A) Im

age of a norm
al brain;  

B
) Abnorm

al brain im
age show

ing tubers in tuberous sclerosis (w
hite areas).

M
R

I should be perform
ed to certain specifications at a dedicated epilepsy 

center and read by neuroradiologists fam
iliar w

ith epilepsy surgery. C
hildren 

or patients w
ith developm

ental disabilities m
ay need to be sedated to obtain 

optim
al results from

 M
R

I. In children, a pediatric anesthesiologist should 
perform

 the sedation. The epilepsy team
 orders all tests based on  

the indication.

M
agnetic resonance spectroscopy (M

R
S

) m
ay be perform

ed along w
ith M

R
I. 

It noninvasively m
easures chem

ical substances such as N
-acetyl-aspartate 

(N
A

A
), choline, creatine, and lactic acid, w

hich m
ay be abnorm

al w
ithin the 

epileptogenic zone. This test is perform
ed w

hen there is suspicion of a tum
or 

and can help to determ
ine the epileptogenic param

eters (for exam
ple, the ratio 

of N
A

A
 to choline m

ay be reduced in that area of the brain).
20

Person undergoing an M
R

I.
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P
E

T. P
ET scans look at the m

etabolism
 of the brain. O

ften, the seizure area 
show

s hypom
etabolism

 (m
etabolism

 slow
er than in other parts of the brain).  

P
ET scans are particularly useful in people w

hose M
R

Is are norm
al. In such 

cases, the brain structure m
ay be fine, but there still m

ay be m
etabolic 

abnorm
alities at the cellular level. 21 From

 the patient’s standpoint, this  
procedure is sim

ilar to a C
T scan.

The lighter areas (blue) of this PET scan show
 hypom

etabolism
.

O
th

er tests. O
ther tests are considered once a patient is clearly a surgical 

candidate. These include single-photon em
ission com

puted tom
ography 

(S
P

EC
T) scans, functional M

R
Is (fM

R
Is), neuropsychological testing, W

ada 
tests, visual field testing, and m

agnetoencephalography (M
EG

) scans.

•   S
P

E
C

T. This functional im
aging study show

s areas of the brain w
ith 

abnorm
al perfusion (blood flow

). This helps in localizing brain abnorm
alities, 

particularly w
hen the M

R
I is norm

al. The test is usually perform
ed at the tim

e 
of the video EEG

 and involves an injection of an isotope (through an IV line) 
and a trip to the hospital N

uclear M
edicine departm

ent either at the tim
e of 

the seizure or betw
een seizures.

S
PEC

T is a nuclear im
aging test that uses a radioactive substance to show

 the areas 
of the brain that are m

ore or less active.

•   N
eu

rop
sych

ological testin
g. This involves an extensive battery of IQ

 
and m

em
ory tests perform

ed by a neuropsychologist to help localize areas 
of im

paired functioning in the brain. It also provides a baseline for cognitive 
functioning and can help to determ

ine related risks from
 surgery. If the patient 

is severely im
paired, using an abbreviated version of these tests or relying on 

recent testing done by the school m
ay be sufficient.
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3
0 R
eport from

 an fM
R

I. Arrow
s indicate w

here language is located.

•   fM
R

I. This test is perform
ed under research protocols and m

ay not be 
covered by insurance. Its purpose is to locate the portions of the brain that 
affect language, m

otor, and sensory functioning to evaluate w
hether deficits in 

these areas w
ill be likely after surgery.

•   W
ad

a test. This test (nam
ed for the doctor w

ho first perform
ed it) involves 

injecting an anesthetic into the carotid artery to inactivate one side of the 
brain at a tim

e w
hile testing is done to identify w

hich hem
isphere controls 

speech and m
em

ory. B
ecause it is an invasive procedure, it is only perform

ed 
in older children and adults.

•   V
isu

al fi
eld

 test. This test is im
portant if the area to be resected is near the 

part of the brain that controls vision. Frequently, patients w
ith epilepsy already 

have visual field defects (loss of part of the usual field of vision) that they do 
not even recognize. W

hen considering certain types of surgery (especially 
m

esial tem
poral lobe and occipital lobe surgery), patients should be told of 

the risk for new
 or further visual field defects. In m

ost cases, such defects 
are not even discernible by the patient, although a few

 activities of daily living 
such as driving a car m

ight be affected. 

W
h
at are th

e op
tion

s for su
rgery, an

d
 h

ow
 d

oes th
e 

su
rgical team

 d
ecid

e w
h
ich

 rou
te to take?

W
hen the tests have all been done, and the team

 determ
ines that surgery 

is, in fact, a viable treatm
ent, the next step is to arrange a m

eeting w
ith the 

patient, fam
ily, epileptologists, neurosurgeons, advanced practice nurses, 

neuropsychologists, nurse coordinators, pediatricians, prim
ary care doctors, 

intensivists, and social w
orkers w

ho w
ill all be involved in patient care.

A
t this tim

e, the team
 looks for congruence (w

hether all tests point to the sam
e 

area of the brain as the epileptogenic zone). The team
 also seeks consensus  

on w
hether that area can be safely rem

oved w
ithout causing im

pairm
ents.  

The prognosis is usually better w
hen there is only one problem

 zone, and 
rem

oving that area is highly likely to elim
inate the seizures. P

atients w
ith 

a structural lesion such as a tum
or, cavernous m

alform
ation or cortical 

m
alform

ation,
22 encephalom

alacia (abnorm
al brain tissue after injury), cortical 

dysplasia, or other abnorm
ality detected through M

R
I are the m

ost likely to 
becom

e seizure free. P
ossible scenarios from

 test results are as follow
s  

(see flow
 chart on page 34):

1
.  If there is a structural lesion that corresponds to the abnorm

ality on the 
M

R
I, a one-stage surgery, w

ith resection of the area of abnorm
ality, m

ay 
be perform

ed. If the boundaries are not clear, electrocorticography – a type 
of EEG

 in w
hich recording is done directly on the brain, in the operating 

room
 – m

ay be done.

2
.  EEG

 recordings m
ay be placed directly on the brain to assist the epilepsy 

team
 in determ

ining exactly w
here the seizures begin and w

here they 
spread. These subdural EEG

 electrodes are placed directly on the surface of 
the brain (using grid or strip electrodes) or deep into the brain, a technique 
called stereo EEG

 (S
EEG

.) In this case, S
EEG

 depth electrodes are placed, 
using robot guidance, to sam

ple both cortex and deeper structures. The 
robotic guidance system

 assists the surgeon in placing the electrodes, 
avoiding vascular structures. U

se of the robot requires that a special C
T scan 

be done before the surgery and allow
s for a shorter tim

e in the operating 
room

 and under anesthesia. This is particularly useful w
hen seizures are 

thought to arise from
 deeper structures of the brain. This first step assists in 

determ
ining the extent of resection.
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A
t tim

es, brain m
apping m

ay be needed. B
rain m

apping enables the team
 to 

send electricity to the parts of the brain presum
ed to control m

otor function, 
sensation, and language. This allow

s the neurosurgeon to avoid resecting these 
areas (referred to as “eloquent cortex”).

23

R
obot guidance system

 allow
s neurosurgeons to precisely place 

electrodes deep in the brain for S
EEG

 procedures to pinpoint 
w

here seizures arise.

3
.  If the seizures seem

 to com
e from

 both hem
ispheres of the brain, the 

team
 m

ay decide to place S
EEG

 electrodes in both hem
ispheres of the 

brain. A
nother procedure is a corpus callosotom

y, in w
hich the connection 

betw
een the tw

o halves of the brain is severed. A
fter this, the seizure onset 

m
ay lateralize, allow

ing the epileptologist to pinpoint m
ore precisely w

here 
the seizures com

e from
. This procedure can be follow

ed by the placem
ent 

of subdural EEG
 electrodes directly on the brain to localize the seizure onset 

and is follow
ed by resection of the epileptogenic zone (provided the seizures 

localize to one or m
ore areas). The corpus callosotom

y can also be used by 
itself to dim

inish the frequency of atonic seizures.

The other option is the placem
ent of S

EEG
 electrodes on both sides of the 

brain, in both hem
ispheres, as noted above, to determ

ine w
here the seizures 

begin. S
om

e centers m
ay place strips of EEG

 electrodes directly on both sides 
of the brain, using burr holes, rather than a m

ore extensive craniotom
y. This can 

allow
 the epileptologist to see w

hich side of the brain the seizures are com
ing 

from
. This m

ay be follow
ed by: 1) placem

ent of subdural EEG
 electrodes 

directly on the brain to localize the seizure onset and 2) resection of the 
epileptogenic zone if the seizure onset localizes to one or m

ore discrete areas 
and brain m

apping determ
ines that resection can avoid eloquent cortex.

4
.  If it is already determ

ined that the seizures com
e from

 a w
idespread area 

in one hem
isphere and that there is no lesion or that there is a large area of 

abnorm
ality, subdural electrodes are placed over that area to localize the 

seizure onset and determ
ine exactly w

here the seizures com
e from

. This is 
follow

ed by resection of the epileptogenic zone if brain m
apping determ

ines 
that resection can avoid eloquent cortex. 

M
ost cases involving M

R
I-detected abnorm

alities, regardless of w
hether the 

seizure onset zone is clearly depicted, w
ill need a tw

o-stage surgical procedure: 
first, placem

ent of grid and strip electrodes on the brain to m
ap the seizure 

activity, and, second, rem
oval of the area(s) from

 w
hich the seizures arise. 

A
lthough this sounds fairly straightforw

ard, the process is com
plex and requires 

a great deal of w
ork and thought. A

nd even then, things m
ay not line up quickly 

or easily!

S
im

ilarly, in the rem
aining scenarios described above, in w

hich the initial EEG
 

does not clearly identify the seizure onset area, a tw
o- or three-stage surgical 

process is needed to better pinpoint the seizure area and then rem
ove it.
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Flow
 chart for deciding on the type of surgery required.

S
urgical intervention m

ay also be com
plicated if seizures occur near the 

functional (eloquent) cortex (the area of the brain that controls m
ovem

ent and 
language). This w

ould require extensive brain m
apping by the epilepsy team

 
and consideration of other types of interventions such as VN

S
, R

N
S

, or m
ultiple 

subpial transection (see p. 48).

O
n
ce a strategy is set, h

ow
 d

oes th
e  

in
terven

tion
 p

roceed
?

D
eciding on a strategy for surgery is a dynam

ic process. A
s described above, 

initial testing often does not provide the surgical team
 w

ith enough inform
ation 

to be certain about w
hether a patient’s seizures arise from

 the right or the left 
hem

isphere or their exact location w
ithin a hem

isphere. In such cases, an initial 
surgery is scheduled, som

etim
es to perform

 a corpus callosotom
y (described 

in m
ore detail on page 39), but m

ore com
m

only to im
plant S

EEG
 electrodes or 

bilateral strip electrodes. To do this, the neurosurgeon uses the robot guidance 
system

 to im
plant S

EEG
 electrodes into both sides of the brain. A

lternatively, 
the neurosurgeon m

akes burr holes in the patient’s skull and im
plants electrode 

strips betw
een the skull and the brain on either side of the head. The electrodes 

capture seizures, revealing w
hether the area of onset is in the right or left 

hem
isphere. Typically, these electrodes rem

ain im
planted for a w

eek, although 
they m

ay be left in for longer periods w
ith the goal of capturing a sufficient 

num
ber of seizures to definitively determ

ine the hem
isphere of onset.

G
rid and strip electrodes, w

hich are placed directly on the brain for recording.
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D
uring S

EEG
, neurosurgeons use a robotic guidance system

 (top) to reach precise 
locations in the brain w

here they place ultra-thin S
EEG

 electrodes (bottom
).

The next step occurs about 6 w
eeks later and involves a craniotom

y, or 
opening of the skull, for placem

ent of grid and strip electrodes directly on the 
affected hem

isphere(s) of the brain, as determ
ined by the initial surgery.  

The goal here is to find out exactly w
here the seizures begin and w

here they 
spread, thus determ

ining how
 m

uch of the brain needs to be resected and can 
be rem

oved safely. The electrodes also allow
 for brain m

apping to determ
ine 

w
hich areas should be avoided because they are too close to the functional 

cortex. In som
e cases, depth electrodes m

ay be used. These are placed 
deeper into the brain in a S

EEG
 procedure (described on page 31).

A
fter electrodes are placed on the brain, the patient is usually adm

itted to the 
intensive care unit (IC

U
) and rem

ains there for at least 1 w
eek. D

uring that 
tim

e, m
edication is tapered or discontinued to provoke seizures. A

 schem
atic 

diagram
 is m

ade of the placem
ent of the grids and strips so the team

 can 
locate the seizure onset area(s). W

hen enough seizures have been captured 
(the exact num

ber is decided case by case), the patient m
ay undergo brain 

m
apping at the bedside (described in m

ore detail on page 37).

R
esective surgery occurs m

ost com
m

only 1 – 3 w
eeks after grids and strips are 

im
planted. If S

EEG
 is done and R

N
S

 is planned, there is usually a 1-m
onth w

ait 
to m

inim
ize the risk of infection.

S
chem

atic used by team
 to pinpoint area of seizure onset after im

plantation  
of electrodes.

D
uring the hospitalization leading to focal resection surgery, a patient also 

m
ay undergo additional tests, including C

T scans perform
ed im

m
ediately after 

leaving the operating room
 and som

etim
es at other tim

es during the hospital 
stay. These tests allow

 for precise visualization of the electrode placem
ent in 

preparation for brain functional m
apping.

•   B
rain functional m

apping. If a focal resection seem
s likely, the seizure zone 

m
ust be checked to pinpoint its im

portance to norm
al functioning such 

as m
ovem

ent and language. The process for this is called brain functional 
m

apping and involves tw
o additional tests perform

ed at the bedside in the 
IC

U
. The first, called som

atosensory evoked potential (S
S

EP
) recording, 

uses the existing EEG
 leads to determ

ine w
here sensory (feeling) and m

otor 
(m

ovem
ent) areas of the brain m

eet. The second is brain m
apping, in w

hich 
electrical im

pulses are sent through the sam
e electrodes to determ

ine  
m

ore precisely w
here sensation and m

otor functions are located. These 
im

pulses w
ill cause the patient to feel a sensation or m

ove in certain w
ays.  

The stim
ulation itself can result in a seizure, so rescue m

edications are readily 
available during the m

apping process. A
dditional stim

ulation m
ay also stop  

a seizure.
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Avoiding eloquent cortex (the areas of the brain that control m
ovem

ent, 
sensation, and language) is of param

ount im
portance throughout epilepsy 

surgery. The team
 know

s the locations of these areas in a healthy brain but 
m

ust rem
ain m

indful of a possible shift due to bleeding, stroke, or seizures 
beginning in early in childhood. M

apping the brain allow
s the team

 to avoid 
these areas during the resection.

Language m
apping is also perform

ed if there is any suspicion that seizures are 
arising from

 areas located near the language centers of the brain. This involves 
having the patient read and answ

er questions, identify pictures, count, or 
recite the alphabet. The testing is geared to the patient’s developm

ental level. 
The testers w

atch for interruptions in speech or difficulty answ
ering questions. 

The test can be conducted at the bedside w
ith parents present (in the case 

of young patients) or even during surgery w
ith the patient aw

ake (in older 
adolescents and adults).

W
h
at oth

er p
roced

u
res an

d
 term

in
ology are im

p
ortan

t  
to kn

ow
 b

efore p
u
rsu

in
g su

rgery?

•   M
u
ltifocal resection

. Focal resection is not the only available type of 
resective epilepsy surgery. S

om
etim

es seizures begin sim
ultaneously in m

ore 
than one area of the brain. This is called “m

ultifocal onset.” The team
 m

ay 
then decide to perform

 a m
ultifocal resection, m

eaning that m
ore than one 

area is rem
oved or one area is rem

oved and another is disconnected so 
seizures do not spread to or from

 that area. If there is m
ore than one area of 

seizure onset linked by w
hite m

atter fibers, it m
ay be possible to rem

ove m
ore 

than one area at a tim
e. B

rain m
apping tells the team

 w
hether this can be 

accom
plished safely w

ithout causing functional deficits.

•   M
esial tem

p
oral lob

ectom
y. If a preoperative M

R
I show

s that one 
tem

poral lobe is sclerotic (shrunken), as m
ay occur after years of seizures, 

the lobe m
ay be rem

oved in a single procedure called a m
esial tem

poral 
lobectom

y, w
ithout the placem

ent of subdural electrodes. The patient m
ay 

also undergo laser ablation.

•   H
em

isp
h
erotom

y. This surgery is perform
ed w

hen seizures involve one 
entire side of the brain. The procedure severs all the connections betw

een the 
tw

o hem
ispheres, but leaves the brain intact. In the past, the nonfunctional 

hem
isphere w

as rem
oved (hem

ispherectom
y), but that practice led to 

m
ore adverse events. N

ow
, m

ost centers perform
 only hem

ispherotom
ies.

24 
H

em
ispherotom

ies have better outcom
es in term

s of seizure control, but 
m

ay result in w
eakness of one side of the body. If perform

ed early in life, the 
w

eakness is usually m
inim

al.
25

•   C
orp

u
s callosotom

y. The corpus callosum
 is a large bundle of nerve fibers 

that connects the tw
o hem

ispheres of the brain, allow
ing certain signals 

(and seizures) to spread. S
evering this pathw

ay is a less invasive procedure 
than resection, w

ith a m
ore lim

ited craniotom
y requiring a sm

aller opening in 
the skull and having a quicker recovery tim

e. C
allosotom

ies reduce seizure 
frequency, and this effect is sustained over years. S

pecifically, this surgery is 
used to decrease the frequency of atonic seizures (drop attacks) in patients 
w

ith generalized epilepsy.

C
orpus callosotom

y diagram
.

It also decreases the frequency of seizures associated w
ith apnea. The 

procedure m
ay also be the first step in localizing seizures w

hen onset is not 
restricted to one hem

isphere of the brain. P
eople w

ho have undergone a 
corpus callosotom

y m
ay later experience focal seizures and undergo focal 

resections. In children w
ith drop attacks, the procedure should be considered 

at an early age.
26 P

otential side effects include w
eakness im

m
ediately after the 

surgery, w
hich usually resolves quickly. B

enefits include im
proved behavior  

and cognition.

•   M
u
ltip

le su
b
p

ial tran
section

. This procedure is perform
ed w

hen the 
area from

 w
hich the seizures arise cannot be rem

oved w
ithout causing 

dam
age. The neurosurgeon uses a special instrum

ent to interrupt horizontal 
intercortical connections, w

hile preserving the descending fibers. This 
procedure has largely been replaced by R

N
S

.
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A
re th

ere su
rgical op

tion
s th

at d
o n

ot req
u
ire op

eratin
g 

d
irectly on

 th
e b

rain
?

In som
e cases, epilepsy surgery m

ay consist of the placem
ent of a device or 

stim
ulator rather than operating directly on the brain. The type of device used 

m
ost extensively is the VN

S
 (vagus nerve stim

ulator), w
hich has been show

n 
in clinical trials to cut the num

ber of seizures in half in patients. VN
S

 w
as 

approved in the U
nited S

tates for treatm
ent-resistant epilepsy in 1997 and for 

depression in 2005. The VN
S

 and other im
plantable devices are described in 

m
ore detail below

.

•   V
N

S
 T

h
erap

y
® system

. This system
 is indicated for use as adjunctive 

therapy to reduce the frequency of seizures in patients w
ho have partial-onset 

seizures that are difficult to control w
ith antiepileptic m

edications. It is also 
used in an off-label m

anner in patients w
ith generalized seizures. C

onsisting 
of an im

planted pacem
aker-like generator attached to nerve stim

ulation 
electrodes (leads), the device delivers interm

ittent stim
ulation to the patient’s 

left vagus nerve, w
hich sends signals to the brain. 

A
n increase in heart rate that m

ay correspond w
ith a seizure sends an 

additional electrical im
pulse to stop the seizure. The surgeon im

plants the 
device and the electrodes. The procedure usually requires a 1-day or overnight 
stay in the hospital and is perform

ed under general anesthesia.

The patient m
ay be discharged w

ith dressings in place (to be rem
oved later 

either by the neurosurgery or neurology team
 at a post-operative visit or by the 

fam
ily). In m

ost cases, the tw
o required incisions are barely visible after healing. 

Initial stim
ulation (“turning on” the device) is done at a neurology appointm

ent. 
The settings (duration and intensity) are adjusted at regular neurology visits, 
usually every 1 – 2 w

eeks to start. A
lternatively, the latest VN

S
 Therapy 

technology allow
s the neurology team

 to safely schedule the device settings to 
be autom

atically adjusted w
ithout additional office visits for program

m
ing. The 

battery usually lasts for years and is changed as an outpatient procedure.
27 The 

m
ost com

m
on side effects include hoarseness, shortness of breath, sore throat 

and coughing. Infection is the m
ost com

m
on side effect of the procedure. S

ide 
effects typically only occur during stim

ulation and usually im
prove over tim

e.

VN
S

 Therapy
® system

 (see p. 40).

•   N
eu

roP
ace R

N
S

® system
. Im

planted in the cranium
 and connected to 

one or tw
o leads positioned in the brain near the patient’s seizure focus, this 

program
m

able, battery-pow
ered, m

icroprocessor-controlled neurostim
ulator 

is designed to detect abnorm
al electrical activity and deliver a short series 

of electrical pulses to w
ard off seizures. O

nce placed, the health care 
team

 program
s the device noninvasively. A

dditional features of the system
 

include the ability to view
 the patient’s brain electrical activity in real tim

e 
and to upload the corresponding record (electrocorticogram

) from
 the R

N
S

 
neurostim

ulator, to be stored for later review
.

28
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N
euroPace

® R
N

S
 system

.

•   D
eep

 b
rain

 stim
u
lation

 d
evice. This is an im

plantable pacem
aker device 

that targets specific areas of the brain to deliver an electrical current. C
urrently 

used in m
ovem

ent disorders, this surgical technique also show
s som

e 
prom

ise for seizure control.

W
h
y is p

ed
iatric su

rgery recom
m

en
d

ed
?

The m
ost progressive thinking in term

s of the tim
ing of epilepsy surgery is 

that it should be perform
ed as soon as possible once it becom

es evident that 
seizures are intractable. In the past, the average duration of epilepsy in patients 
deem

ed appropriate candidates for surgery w
as about 20 years – in other 

w
ords, m

ost patients first endured about tw
o decades of ongoing seizures, 

cognitive decline, socialization issues, and m
edication side effects.

29

G
iven w

hat w
e know

 now
, it is im

perative to dispel outdated notions of epilepsy 
surgery as a “last resort.” In the hands of a skilled team

, including pediatric 
specialists, surgery is a safe and effective procedure. 30 Indeed, research show

s 
that, if indicated, surgery can be perform

ed safely in patients w
ho are 1 year 

of age or even younger. This is because a child’s brain has a greater potential 
for recovery after a brain injury (including surgery) and significant capacity to 
reorganize neurological functioning. A

lso, early surgery can prevent dam
age to 

the opposite side of the brain if seizures are com
ing from

 one area.

Even w
hen seizures are successfully controlled w

ith m
edication, frequent 

interictal spikes can cause perm
anent changes in the neuronal structure at 

a m
icroscopic level and create a secondary epileptogenic site. Furtherm

ore, 
intractable epilepsy in the im

m
ature brain significantly increases the risk of 

m
ental handicap. The harm

ful effects of prolonged seizures and the possible 
side effects of antiepileptic drugs on brain, cognitive, and psychosocial 
developm

ent bolster the argum
ent for early surgery in pediatric patients. W

hen 
perform

ed in very young children (less than 2 years of age), surgery m
ay hasten 

recovery and alleviate postoperative im
pairm

ents. In general, the younger the 
child, the m

ore quickly he or she w
ill get out of bed, eat, w

alk, talk, and return 
to norm

al functioning after surgery.

In w
ell-selected cases, early surgery has been show

n to prevent the negative 
long-term

 effects of seizures. This, in turn, enhances the behavioral, cognitive, 
and developm

ental dom
ains of life, im

proving a child’s chances of staying 
in school, becom

ing em
ployed, eventually living independently, and building 

healthy long-term
 relationships. S

eizure control after surgery also lessens 
the long-term

 risk of learning disabilities and depression. Em
erging data also 

suggest benefits of surgery in cases of catastrophic epilepsy, including those 
associated w

ith genetic abnorm
alities and catastrophic syndrom

es.

Finally, one of the biggest fears for patients and fam
ilies w

ho live w
ith epilepsy 

is that of S
U

D
EP

 (sudden unexplained death during an epileptic seizure). 31 The 
risk of sudden death is about 20 tim

es greater in people w
ith epilepsy than in 

the general population and is even higher am
ong those w

ho are m
ale, have 

poorly controlled epilepsy, or are developm
entally delayed. The sooner the 

seizures are controlled, the low
er the risk of death from

 a seizure.
32,33



4
5

4
4

W
h
at ab

ou
t d

evelop
m

en
tally  

d
isab

led
 p

atien
ts?

H
istorically, patients w

ith developm
ental delays (ranging from

 learning 
disabilities to autism

 to cerebral palsy) have been less likely to have their 
epilepsy m

anaged aggressively, m
uch less to be referred for surgery.

34 H
ow

ever, 
w

e strongly believe that seizures should be m
anaged aggressively in these 

patients, including those w
ho are w

heelchair-bound, nonverbal, living in a 
group hom

e, or have no chance of living w
hat w

e deem
 a “norm

al” life. Indeed, 
the person suffering from

 atonic seizures w
ho m

ust w
ear a helm

et or the 
individual w

ho suffers apneic spells and needs oxygen for every seizure is no 
less a candidate for surgery than other patients w

ith epilepsy. Yet, caregivers, 
providers, and fam

ilies m
ay becom

e com
placent in these situations and inured 

to the fact that uncontrolled seizures (no m
atter how

 often they occur) are 
distressing to people w

ith developm
ental disabilities. S

eizure control im
proves 

m
any aspects of life for these individuals and their fam

ilies and reduces their 
trips to the em

ergency room
, use of rescue m

edications, m
edication side 

effects, m
issed days of school or w

ork, and overall m
edical costs.

35,36 The table 
on the table below

 dispels m
ore m

yths about the appropriateness of epilepsy 
surgery in people w

ith developm
ental disabilities.

37

C
om

m
on

 M
yth

s A
b
ou

t E
p
ilep

sy S
u
rgery in

 th
e  

D
evelop

m
en

tally D
isab

led
3
7

M
iscon

cep
tion

Fact

A
 norm

al M
R

I is a 
contraindication to surgery.

O
ther techniques often detect a single 

epileptogenic zone in patients w
ith a  

norm
al M

R
I.

C
hronic psychosis is a 

contraindication to surgery.
S

uch patients w
ill still benefit if seizures  

are elim
inated.

A
n IQ

 less than 70 is a 
contraindication to surgery.

O
utcom

es for these patients depend on  
the type of epilepsy and the type of surgery 
they have.

S
urgery is not possible if the 

prim
ary cortex is involved.

Essential functioning can be protected.

M
ultiple or diffuse lesions are a 

contraindication to surgery.
The epileptogenic zone m

ay only involve 
part of the lesion area(s).

A
utism

 is a contraindication  
to surgery.

S
uch patients can benefit from

 seizure 
control, and there are possible behavioral 
benefits from

 surgery.

W
h
at d

o th
e n

u
m

b
ers say ab

ou
t th

e su
ccess  

of ep
ilep

sy su
rgery?

A
lthough there are different published outcom

es for different types of surgery, 
overall seizure-free outcom

es after surgery are presented in the table below
.

30

R
em

em
ber that, after a person has tried tw

o antiepileptic m
edications 

unsuccessfully, the likelihood of m
ultiple m

edications w
orking to control 

seizures is only about 3%
. The risk of com

plications resulting from
 epilepsy 

surgery is far less than the long-term
 risk of living a life w

ith seizures.

S
eizu

re-Free R
ates A

fter E
p
ilep

sy S
u
rgery

3
0

Typ
e of S

u
rgery

S
eizu

re-Free R
ate

H
em

ispherotom
y

57 – 90%

H
em

ispherotom
y for cortical dysplasia

33 – 69%

Tem
poral resection

58 – 67%

Tem
poral resection for hippocam

pal sclerosis
53 – 87%

Tem
poral resection for cortical dysplasia

50 – 69%

Tem
poral resection for tum

or
86%

Extratem
poral or m

ultilobar resection for  
cortical dysplasia

50 – 55%

Extratem
poral or m

ultilobar resection for tum
or

75%
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In
 an

ticip
atin

g th
e su

rgery “m
arath

on
,” w

h
at p

ractical 
d
etails are im

p
ortan

t to th
in

k ab
ou

t? 

M
any patients and fam

ilies w
onder exactly w

hat they w
ill go through to get 

ready for surgery, as w
ell as w

hat w
ill happen on the day of surgery and 

afterw
ard. A

s described earlier, the process starts w
ith a m

eeting w
ith the full 

neurology team
 to discuss your case and test results. A

ny further tests that 
m

ay be needed w
ill be scheduled at this tim

e. D
epending on the institution, you 

and your fam
ily m

ay have m
et w

ith the neurosurgeon before this m
eeting.

In m
ost cases, the team

 w
ill then m

eet again w
ith you, your fam

ily, and anyone 
else you w

ish to attend to discuss the test results and specific plans for 
surgery. This is the tim

e to raise questions, preferably w
ritten dow

n beforehand 
so that nothing is m

issed. The procedure(s) and their benefits and risks w
ill 

be discussed. The m
eeting m

ay conclude w
ith a tour of the IC

U
 and a brief 

m
eeting w

ith the pediatricians and nurses w
ho w

ill be responsible for the 
patient’s care during the hospital stay. A

ny special needs such as feeding tubes 
or the use of oxygen should be explained at this tim

e.

M
ost im

portantly, this is the tim
e to assess w

hether you and your fam
ily are 

ready to run this m
arathon. C

onsider the follow
ing issues carefully.

•  The patient w
ill be in the hospital, for the m

ost part in bed, for about 2 w
eeks.

•  There m
ust be m

ore than one person available to stay w
ith the patient  

(to avoid caretaker “burnout”).

•  There is alw
ays a risk that the surgery m

ay not w
ork and that the patient w

ill 
have at least as m

any seizures after the surgery as before.

•  It w
ill likely be stressful for your fam

ily to w
atch num

erous seizures occurring 
during the hospitalization, despite know

ing that they are necessary to m
ap 

the seizure area in the brain.

•  B
oth patient and fam

ily w
ill be fatigued after hospital discharge.

•  D
uring recovery, the patient m

ay need to stay hom
e, w

ith a caregiver, for 1 
m

onth or longer.

•  The patient m
ay feel an em

otional letdow
n and w

ill be at risk for depression 
(“forced norm

alization”) after surgery.

•  It m
ay take 6 – 12 m

onths to realize the full outcom
e of surgery.

S
p
ecifi

c q
u
estion

s you
r fam

ily sh
ou

ld
 ask b

efore su
rgery in

clu
d
e:

•  W
hen is the surgery scheduled?

•  A
t w

hich hospital and on w
hich floor?

•  W
hat tim

e do w
e need to arrive at the hospital, and w

here do w
e go w

hen w
e 

get there?

•  W
hat should w

e bring (e.g., clothes, m
edications, special equipm

ent, toys, 
videos, favorite foods)?

•  W
ho arranges for insurance approval?

•  W
hen do w

e get clearance for surgery from
 our prim

ary care provider?

•  H
ow

 do w
e taper m

edication before adm
ission (or do w

e?), and exactly w
hat 

m
edications should be taken and w

hen?

•  W
hat should w

e do if a seizure occurs during the tapering process?

•  Is blood w
ork needed?

•  S
hould w

e donate blood in case it is needed during surgery?

•  W
ho is the anesthesiologist, and w

hen do w
e m

eet him
 or her?

•  W
hom

 do w
e tell about allergies?

•  H
ow

 often w
ill w

e see the surgeon, the epileptologist,  
and other team

 m
em

bers?

•  D
o w

e need som
eplace for fam

ily m
em

bers to stay during the hospitalization?

•  W
ho w

ill take care of the patient and help our fam
ily each day?

•  W
hat em

ergency num
bers should w

e have on hand in case of problem
s?

Q
u
estion

s you
 sh

ou
ld

 ask th
e d

ay b
efore su

rgery in
clu

d
e:

•  W
h
ere d

o w
e go? U

sually the operating room
 personnel w

ill call the night 
before surgery to tell you w

here to go, w
hat tim

e to arrive, and w
hen the 

patient should stop eating. M
edications are usually given just before the 

fasting period begins or m
ay be given at the regular tim

e w
ith just a sip of 

w
ater. The surgery w

ill be cancelled or postponed if instructions for eating 
and drinking are not follow

ed, so it is im
portant to pay close attention.

•  C
an

 I w
alk m

y fam
ily m

em
b
er in

to th
e op

eratin
g room

? Typically, the 
answ

er is yes, but every center has its ow
n rules. If you get approval, you w

ill 
be asked to w

ear surgical garb.

•  W
ill sh

avin
g th

e h
ead

 b
e n

ecessary? S
having the head is not necessary 

for S
EEG

 or bilateral strip placem
ent and usually not for a corpus callosotom

y. 
For placem

ent of grids and strips, the surgeon can tell you w
hether it is 

necessary to shave the w
hole head or just a sm

all area.
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T
h
ese p

ractical q
u
estion

s ab
ou

t w
h
at h

ap
p
en

s d
u
rin

g su
rgery 

sh
ou

ld
 also b

e asked
:

•  W
here does m

y fam
ily w

ait?

•  W
ho w

ill talk to us as the day goes on?

Fin
ally, th

e an
sw

ers to th
ese q

u
estion

s w
ill h

elp
 you

 kn
ow

 w
h
at to 

exp
ect after su

rgery:

•  W
ill w

e be in the IC
U

 or in a w
ard?

•  W
hat happens im

m
ediately after surgery?

•  W
ill the patient go im

m
ediately for a C

T scan?

•  W
ill the patient go to the recovery room

, the IC
U

, or a w
ard?

•  W
hat w

ill the patient look like?

A
lthough there are individual variations, patients generally em

erge from
 surgery 

w
ith a dressing on the head. It w

ill be sim
ilar to the one used during the video 

EEG
 but m

ay have protruding w
ires to attach im

planted electrodes to an EEG
 

m
achine. A

 catheter w
ill have been placed for urine and is typically rem

oved 
the next day, at w

hich tim
e the patient uses a urinal, bedpan, or bedside 

com
m

ode. The patient usually stays in bed, but som
e surgeons allow

 patients 
to use a bedside com

m
ode instead of a bedpan for bow

el m
ovem

ents.

The dressing is usually not changed unless there is drainage or it becom
es 

loose. The patient usually sleeps for the rest of the first day and the first 
night and begins to be m

ore alert during the second day. Eating m
ay begin 

once nausea or vom
iting passes and the patient is alert enough to chew

 and 
sw

allow
. If the patient is fed via a tube, the m

edical team
 w

ill decide w
hen 

eating can resum
e, typically w

hen there are bow
el sounds. The patient usually 

has at least tw
o IV drips for the entire IC

U
 stay. They also m

ay be used for 
taking blood for testing, w

hich happens periodically depending on sym
ptom

s 
and m

edications.

W
h
at is th

e p
rocess for m

on
itorin

g seizu
res?

A
 m

ap show
ing the electrode placem

ent w
ill have been prepared and 

discussed w
ith the fam

ily. Its purpose is to show
 the seizure onset zone or 

zones, as w
ell as other areas to w

hich the seizures quickly spread. N
ext 

com
es the w

orst part for m
any patients and fam

ilies: w
atching or experiencing 

seizures. The num
ber of seizures required to determ

ine the extent of the 
needed resection varies from

 patient to patient.

Typically, the seizures m
ust be of the sam

e sem
iology (that is, have the features 

of a typical seizure for the patient). The team
 then determ

ines exactly how
 

m
any need to be recorded. The length of the seizures m

ay vary depending 
on how

 quickly the patient goes into status epilepticus (a long-lasting seizure 
that does not stop w

ithout m
edication). A

 rescue plan is put in place w
hen the 

electrodes are placed. This usually entails using a rescue m
edication after a 

seizure has lasted for a certain period of tim
e or after there has been a cluster 

of seizures. A
ntiepileptic m

edications are restarted after enough seizures have 
been recorded. These m

ay or m
ay not be the sam

e m
edications that w

ere 
used preoperatively.

W
h
at oth

er m
ed

ication
s are u

sed
 after electrod

e grid
s 

are im
p
lan

ted
?

D
epending on the type of surgery and the center’s protocols, the patient w

ill be 
on IV antibiotics and steroids to reduce infection, sw

elling, and inflam
m

ation. 
U

sually one or tw
o pain m

edications w
ill be ordered depending on the level 

of pain and w
hether the patient has begun to eat and take oral m

edications. 
P

ain is m
inim

al w
ith S

EEG
 and usually thought to be w

orse w
ith placem

ent of 
bilateral strips than w

ith placem
ent of subdural grids and strips. It is im

portant 
to keep the team

 aw
are of the patient’s pain level. The longer pain is left 

untreated, the harder it becom
es to control. H

ow
ever, the patient needs to 

be aw
ake and not too drow

sy from
 pain m

edication. B
ow

el activity is closely 
m

onitored because patients on bed rest tend to becom
e constipated.

H
ow

 w
ill m

y ch
ild

 or loved
 on

e look?

It is com
m

on for sw
elling to occur after electrode placem

ent, and especially 
w

ith grids and strips. This usually peaks w
ithin 2 – 3 days after surgery and 

is w
orst on the side of the im

plants, especially around the eye or eyelid. The 
patient also m

ay be drow
sier than usual or com

plain of pain.
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W
h
at else h

ap
p
en

s after su
rgery?

It is im
portant for the patient to stay aw

ake as m
uch as possible so the team

 
can interact w

ith the patient to assess the level of consciousness. S
leep 

deprivation also is a factor in triggering seizures to record on the EEG
. A

gain, 
the m

ore seizures occur, and the m
ore quickly they occur, the faster the 

patient can go back to the operating room
 for the resection surgery (phase 

tw
o or three). If the procedure w

as for S
EEG

, further surgery (for resection or 
placem

ent of R
N

S
 or VN

S
) w

ill often necessitate another hospitalization.

W
h
at can

 go w
ron

g d
u
rin

g an
d
 after su

rgery?

•  A
n
esth

esia. A
nesthesia poses certain risks, including difficulty aw

akening 
from

 anesthesia and the possibility of som
ething going w

rong during the 
procedure. The risk of com

plications w
ith general anesthesia is extrem

ely 
low

. The anesthesiologists on your surgery team
 should be w

ell-versed in 
neurosurgery and epilepsy surgery, perform

ing these procedures m
any tim

es 
each year.

•  N
o seizu

res. A
s odd as this m

ay sound, patients m
ay be seizure free w

hile 
the electrodes are im

planted. In this case, the electrodes are left in place for 
as long as is safe (depending on the team

’s protocols). A
 decision m

ay be 
m

ade to resect based on the interictal spikes or on seizures that show
 up 

on the EEG
 but do not cause any m

ovem
ent or change in consciousness 

on the patient’s part. There have been tim
es w

hen patients have undergone 
placem

ent of electrodes, m
onitoring has been perform

ed, no seizures have 
occurred, and the electrodes have been rem

oved w
ithout a resection. 

O
ccasionally, this alone w

ill result in seizure freedom
.

•  B
rain

 b
leed

in
g. A

lthough rare, bleeding can occur in the brain after surgery. 
This could cause a stroke that can lead to w

eakness, language problem
s, or 

even cognitive or visual problem
s, depending on w

here it occurs.

•  In
fection

. A
s w

ith any surgery or even any cut m
ade to our skin, there is 

also a risk of infection. A
s a safety m

easure, cultures are taken w
hen the 

electrodes are placed and w
atched carefully to m

ake sure that there are no 
signs of infection. Fever is another sign of infection. Infections are treated w

ith 
additional IV antibiotics, w

hich are som
etim

es continued after the patient is 
discharged. If the patient rem

ains on antibiotics, additional blood tests w
ill be 

needed in the hospital and after discharge. In extrem
ely rare cases, a chronic 

bone infection can occur, requiring placem
ent of a prosthetic skull. H

ow
ever, 

this is m
ore of a nuisance than a danger.

•  C
ereb

rosp
in

al fl
u

id
 (C

S
F) leakage. There is a risk of a C

S
F leak from

 the 
area w

here the electrode leads exit the scalp. S
hould this occur, treatm

ent 
w

ith antibiotics w
ill be necessary. The patient w

ill be m
onitored for C

S
F 

leakage daily by exam
ining the dressing. If there is an excessive am

ount of 
leakage, the dressing m

ay be rem
oved and replaced, using a special type 

of glue to seal the leak after the area is cleaned. If the leak is sm
all, it usually 

stops on its ow
n. There is a risk of creating infection if there is excessive 

unw
rapping and inspection of the dressings. Your team

 w
ill decide the next 

steps, but it is not uncom
m

on to see som
e leakage after placem

ent of grids 
and strips.

•  B
rain

 sw
ellin

g. There is a sm
all risk of brain sw

elling, w
hich can be 

m
anaged w

ith steroids. R
arely, a patient’s brain does not tolerate having 

grids and strips im
planted. This unusual reaction leads to sw

elling and m
ay 

result in the patient becom
ing unresponsive or appearing very sick. If this is a 

concern, the team
 w

ill do an em
ergency C

T scan and determ
ine w

hether the 
grids need to be rem

oved im
m

ediately or w
hether a m

edical treatm
ent such 

as steroids w
ill suffice. N

urses perform
 frequent “neuro checks” in the IC

U
 to 

ensure that patients are easily responsive and to detect rare problem
s such 

as brain sw
elling.

•  H
yd

rocep
h
alu

s. A
nother very rare side effect that can occur w

ith som
e 

surgeries (such as resection of hypothalam
ic ham

artom
as, m

ultilobar 
resections, and hem

ispherotom
ies) is an increased risk of hydrocephalus 

(collection of fluid on the brain), w
hich can be m

anaged in a few
 different 

w
ays. A

 ventriculoperitoneal shunt or lum
bar drain m

ay be placed for a period 
of tim

e to help drain the fluid.

•  E
lectrolyte im

b
alan

ces. W
ith som

e surgeries, there is a risk of low
 sodium

 
levels. This is m

anaged by frequent checking of intake and output and 
replacem

ent of electrolytes through an IV if needed. O
ften, just allow

ing the 
patient to eat and drink w

ith close m
onitoring solves the problem

. This is w
hy 

the team
 w

ill be checking urine output and frequently asking how
 m

uch the 
patient has been drinking and eating.

•  S
troke. There is an extrem

ely low
 risk of stroke during surgery. S

om
e people 

experience w
eakness afterw

ard, including one arm
 or leg feeling w

eaker than 
the other. This occurs w

hen the surgery affects the m
otor area (the m

ain part 
of the brain that controls m

ovem
ent) or the supplem

entary m
otor area  

(w
hich also helps to control m

ovem
ent). If the culprit is the supplem

entary 
m

otor area, the w
eakness should be short-lived and resolve w

ith therapy. 
If the m

otor area is affected, recovery m
ay take longer and m

ay not  
resolve com

pletely.
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•  Tran
sien

t cogn
itive issu

es. There m
ay be cognitive issues after surgery, 

including difficulty w
ith w

ord-finding, m
em

ory, or speech. A
gain, these can 

be associated w
ith the supplem

entary m
otor area, in w

hich case these 
issues w

ill get better w
ith tim

e. If surgery affects other areas of the brain that 
control language, the problem

s still tend to im
prove but m

ay require speech-
language therapy.

•  S
eizu

res after su
rgery. There is a risk of seizures soon after surgery 

because the brain has been w
ired for a long tim

e to generate seizures and 
w

ill need tim
e to calm

 dow
n. Typically, your team

 w
ill restart antiseizure 

m
edications before surgery, but blood levels can fluctuate. That, com

bined 
w

ith the brain being sw
ollen after surgery, places the patient at im

m
ediate risk 

for a seizure. W
e w

arn fam
ilies that these early postoperative seizures are to 

be expected and are not necessarily a sign that the surgery did not w
ork.

W
h
at h

ap
p
en

s after th
e p

atien
t goes h

om
e?

U
sually the dressing is rem

oved in the hospital and the sutures are left 
exposed. M

ost surgeons do not allow
 tub baths at hom

e but do encourage 
show

ering and sham
pooing, w

ith application of bacitracin to the sutures. If 
there is a tendency to pick at the scalp as it heals, w

hich can result in scarring 
or infection, the sutures m

ay be covered w
ith gauze and then w

ith a baseball 
cap or som

ething sim
ilar. The patient w

ill alm
ost alw

ays go hom
e on a tapering 

dose of steroids and on antiepileptic m
edication. C

ultures of the surgical site 
w

ill have been done during the surgery, and it is im
portant that these have 

tested negative w
hen the patient is discharged. If there is any infection, the 

patient w
ill be sent hom

e on antibiotics.

Follow
-up appointm

ents are scheduled w
ith the neurology and neurosurgery 

team
s. The patient resum

es usual activities as soon as possible, typically w
ithin 

1 – 2 w
eeks for children. Therapies should be started right aw

ay. A
dults m

ay 
take a little longer to recover and m

ay com
plain of headaches for a longer 

period of tim
e. Feeling tired after surgery is to be expected. W

e tell patients, 
“For every day you are in the hospital, expect a w

eek of recovery.” In som
e 

cases, w
hen surgery has resulted in w

eakness, the patient m
ay be transferred 

to a rehabilitation center for intensive therapy before going hom
e.

If an R
N

S
 device has been im

planted, the hospital stay is even shorter, usually  
2 or 3 days. A

fter discharge, m
onthly visits are scheduled w

ith the epilepsy 
team

 to review
 data and program

 the device. The patient or fam
ily m

ust 
dow

nload data on a daily basis. P
lacem

ent of a VN
S

 device m
ay only require 

an overnight stay, and battery replacem
ent is done as an outpatient (sam

e-day) 
surgery.

W
h
en

 can
 I tell if th

e su
rgery w

as a su
ccess?

S
eizures are not unusual after surgery. Thus, it m

ight take up to 6 m
onths to 

know
 the full effects of surgery. R

em
em

ber, too, that the goal of surgery is not 
alw

ays to com
pletely elim

inate seizures, but rather to reduce their num
ber and 

severity.

W
h
at are ad

d
ition

al com
m

on
 q

u
estion

s for each
 typ

e of 
su

rgery?

Fron
tal lob

e resection
s:

•  Is th
is like th

at m
ovie w

ith
 Jack N

icolson
? N

o, the patient w
ill not 

develop into a character sim
ilar to the one in O

ne Flew
 O

ver the C
uckoo’s 

N
est, nor should the patient becom

e disorganized or im
pulsive.  

R
em

em
ber, w

e do not rem
ove both frontal lobes, so one rem

ains intact  
and w

orks just fine.

•  W
ill th

e p
atien

t b
e ab

le to m
ove h

is or h
er legs? B

ecause m
ovem

ent 
of the legs and feet is controlled by both sides of the brain, leg m

ovem
ent 

w
ould only be an issue if there w

ere dam
age to the m

otor areas on  
both sides.

•  W
ill th

e p
atien

t’s m
otor fu

n
ction

in
g rem

ain
 in

tact? A
s described 

above, in som
e cases, sw

elling occurs after surgery in the supplem
entary 

m
otor area near the m

otor cortex. This m
ay result in tem

porary w
eakness or 

loss of speech. Fortunately, this usually resolves w
ithin 1 – 2 w

eeks, but it can 
take up to 3 m

onths. P
hysical therapy often helps.
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O
ccip

ital lob
ectom

y:

•  W
ill it affect vision

? D
epending on the resected area, som

e surgeries m
ay 

cause a visual field defect typically involving peripheral vision. The patient 
m

ay have to turn his or her head to see objects located far to the left or right. 
The norm

al hum
an visual field extends about 60 degrees tow

ard the nose 
(inw

ard) and 100 degrees aw
ay from

 the nose (outw
ard). S

urgery m
ay cause 

“hom
onym

ous hem
ianopia” (loss of one side of the visual field in both eyes) 

or “quadrantanopsia” (loss of a quarter of a field of vision). S
om

e patients, 
particularly those w

ho have had a stroke, m
ay already have a visual field loss 

before surgery.

Tem
p
oral lob

ectom
y:

•  W
ill it affect m

em
ory? A

 W
ada test perform

ed before surgery ensures that 
the tem

poral lobe being rem
oved is not the one that supports m

em
ory and 

language. Typically, the affected tem
poral lobe is doing nothing but causing 

seizures. If the seizures and spiking are resolved, there is less interference 
w

ith m
em

ory and language.

•  W
ill it affect lan

gu
age? The areas of the brain that usually control 

language (including w
ritten language, spoken language, and m

ultilingualism
) 

are w
ell know

n, although in people w
ith longstanding epilepsy and M

R
I 

abnorm
alities, norm

al language centers can shift. Language m
apping and 

W
ada testing helps surgeons avoid these areas.

H
em

isp
h
erotom

y:

•  W
ill th

e p
atien

t b
ecom

e p
aralyzed

? M
ost people w

ho undergo a 
hem

ispherotom
y already have som

e loss of m
otor function. They m

ay be 
partially paralyzed or have som

e w
eakness already. H

ow
ever, fine m

otor skills 
such as hand and finger dexterity m

ay be lost as a result of this surgery.

•  W
ill th

e p
atien

t’s legs w
ork after a h

em
isp

h
erotom

y? Yes, your 
legs should continue to be fine. If you w

ere already w
eak on one side, the 

w
eakness w

ill not get better. B
ut both sides of the brain control the legs, so 

severing the connection should not significantly affect their functioning.

C
orp

u
s callosotom

y:

•  W
ill th

e p
atien

t’s b
eh

avior w
orsen

? Typically, behavior im
proves after 

a corpus callosotom
y. In a high-functioning person w

ho undergoes a corpus 
callosotom

y, the only effect should be w
hat is referred to as split-brain 

syndrom
e.

•  W
h
at is sp

lit-b
rain

 syn
d
rom

e? A
fter a corpus callosotom

y, a person 
m

ay have difficulty nam
ing (a function supported by the left side of the brain) 

w
hat the right brain is seeing (a function controlled by the right side of brain). 

H
ere’s an exam

ple: norm
ally, a person w

ould be able to describe an object 
placed in his or her hand as round, sm

ooth, and red and then nam
e it “ball.” 

A
fter a corpus callosotom

y, the person w
ould be able to describe the object 

w
hile holding it in the right hand, but w

ould have to m
ove it to the left hand 

to actually nam
e it “ball.” There is also a sm

all risk of m
utism

, a psychological 
side effect that prevents speaking, w

hich is typically tem
porary.

R
N

S
 an

d
 V

N
S

:

•  W
ith

 R
N

S
, w

ill I feel th
e d

evice? N
o, the R

N
S

 device is inserted in the 
skull. H

ow
ever, you m

ay be able to feel the outline of the battery.

•  W
ith

 R
N

S
 or V

N
S

, w
ill I n

eed
 b

attery ch
an

ges? Yes, these are usually 
done as an outpatient procedure, and the tim

e betw
een battery changes 

depends on the settings on the devices.
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Treatm
ents

FO
R

E
P

ILE
P

S
Y

Fortunately, there are m
any tools for m

anaging epilepsy. The goal is to control 
seizures w

ith m
inim

al side effects and to do this w
ith as few

 m
edications as 

possible. A
lthough this book is about surgery, fam

iliarity w
ith the dietary and 

m
edical options in this section w

ill help in considering different approaches 
w

hen current treatm
ent is ineffective or poorly tolerated.

W
h
at are th

e m
ed

ical treatm
en

t op
tion

s for ep
ilep

sy?

A
s background to your discussion of epilepsy surgery w

ith your m
edical 

team
, the table on pages 57 – 67 contains inform

ation regarding antiseizure 
m

edications. M
any readers w

ill be fam
iliar w

ith the m
ore com

m
only used 

m
edications and m

ay be w
orried about using the m

edications that are 
perceived to have m

ore severe side effects. This table provides the generic 
and brand nam

es of the drugs; their approval date; their indications; 
advantages and disadvantages; m

onitoring requirem
ents; side effects and 

contraindications; and interactions w
ith other m

edications, particularly those 
used for the treatm

ent of epilepsy.

M
ed

ication
s for th

e Treatm
en

t of E
p
ilep

sy*

M
ed

ication
 

(b
ran

d
 

n
am

e[s])

Year 
A

p
p
roved

In
d
ication

s
A

d
van

tages /  
D

isad
van

-
tages

M
on

itorin
g 

R
eq

u
ire-

m
en

ts

S
id

e E
ffects /  

C
on

train
d
ication

s
In

teraction
s

C
arb

a-
m

azep
in

e 
(Tegretol, 
Tegretol X

R
, 

C
arb

atrol)

1964
For treatm

ent of 
partial seizures, 
generalized 
seizures, and 
m

ixed seizure 
types

U
sed m

ost 
often for partial 
seizures; 
can w

orsen 
som

e types 
of generalized 
seizures, 
including 
atonic, 
absence,  
and m

yoclonic

B
lood levels 

m
ust be 

m
onitored 

and 
m

aintained at 
therapeutic 
levels  
(4 – 12 
μg / m

L).

A
dverse effects 

w
orsen w

ith higher 
doses and include 
dizziness, double 
vision, nausea, 
vom

iting, sedation 
(usually early in 
treatm

ent), w
eight 

gain, severe rash, 
cardiac issues, 
hypertension, anem

ias, 
and liver problem

s, 
as w

ell as low
 sodium

 
levels, jaundice, and 
blood clots. If used 
during pregnancy, it 
can cause congenital 
m

alform
ations.

P
henobarbital 

and phenytoin 
can increase 
carbam

azepine 
clearance, 
low

ering its blood 
level. Valproic 
acid can increase 
carbam

azepine 
levels and thus 
increase its 
side effects. 
C

arbam
azepine 

reduces the 
effectiveness 
of oral 
contraceptives.

C
lob

azam
 

(O
n
fi

)
2012

U
sed as add-on 

therapy for 
certain seizures

H
as a rapid 

onset and w
ide 

spectrum
 of 

effectiveness, 
w

ith rare side 
effects

U
sually none; 

m
ay m

onitor 
w

hen 
used w

ith 
cannabidiol

R
are side effects 

include sleepiness, 
fatigue, behavioral 
issues, sedation, 
and cognitive 
im

pairm
ent. These 

can be w
orsened 

w
ith depressants 

such as alcohol and 
barbiturates.

C
an interact 

w
ith other 

m
edications 

from
 this class, 

causing sedation 
and drow

siness; 
interacts w

ith 
cannabidiol, 
causing sedation 
and drow

siness.
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ed
ication

 
(b

ran
d
 

n
am

e[s])

Year 
A

p
p

roved
In

d
ication

s
A

d
van

tages /  
D

isad
van

-
tages

M
on

itorin
g 

R
eq

u
ire-

m
en

ts

S
id

e E
ffects /  

C
on

train
d

ication
s

In
teraction

s

C
lon

azep
am

 
(K

lon
op

in
)

1975
For treatm

ent 
of syndrom

ic 
and other 
seizures that 
fail to respond 
to conventional 
m

edications

P
atients can 

develop a 
tolerance 
and require 
increasing 
doses.

N
one in 

patients 
w

ithout 
sym

ptom
s; 

those 
experiencing 
drow

siness 
or a sedation 
effect should 
be m

onitored 
for possible 
toxic doses.

S
ide effects 

include sedation, 
behavioral and 
cognitive im

pairm
ent, 

drow
siness, ataxia 

(loss of m
ovem

ent 
control), personality 
and behavioral 
change in children, 
hyperactivity, blurred 
vision, aggressiveness, 
and irritability (usually 
dose-related). D

oses 
are usually increased 
slow

ly, w
ith larger 

doses given at night 
to avoid side effects. 
(D

osing solely at night 
is often effective for 
m

yoclonic jerks.) 
W

ithdraw
al sym

ptom
s 

can occur if a dose 
is m

issed and m
ay 

include increased 
pulse, trem

or, and 
general feeling of 
being unw

ell. This drug 
should not be used in 
people w

ith glaucom
a 

or liver dysfunction. 
The benefits of breast-
feeding are thought to 
outw

eigh the risks of 
doing so w

hile taking 
clonazepam

. D
ata 

regarding its use in 
pregnancy are lim

ited; 
som

e sm
all studies 

show
ed no increase in 

m
ajor m

alform
ations.

C
an interact 

w
ith other 

m
edications 

from
 this 

class, causing 
drow

siness or 
sedation

C
lon

azep
am

 
(K

lon
op

in
) 

(con
tin

u
ed

)

C
an occur if a dose 

is m
issed and m

ay 
include increased 
pulse, trem

or, and 
general feeling of 
being unw

ell. This drug 
should not be used in 
people w

ith glaucom
a 

or liver dysfunction. 
The benefits of 
breastfeeding are 
thought to outw

eigh 
the risks of doing 
so w

hile taking 
clonazepam

. D
ata 

regarding its use in 
pregnancy are lim

ited; 
som

e sm
all studies 

show
ed no increase in 

m
ajor m

alform
ations.

M
ed

ication
 

(b
ran

d
 

n
am

e[s])

Year 
A

p
p
roved

In
d
ication

s
A

d
van

tages /  
D

isad
van

-
tages

M
on

itorin
g 

R
eq

u
ire-

m
en

ts

S
id

e E
ffects /  

C
on

train
d
ication

s
In

teraction
s

D
iazep

am
 

(Valiu
m

)
1960s

R
escue 

m
edication that 

can be used in 
the com

m
unity 

setting

Available 
in oral, IV, 
intram

uscular, 
and rectal gel 
form

ulations

N
one

A
dverse reactions 

are com
m

on and 
include confusion, 
ataxia, dizziness, 
dysarthria (unclear 
articulation of speech), 
restlessness, and 
irritability; repeated 
adm

inistration can 
increase risk of 
respiratory depression, 
sedation, and 
hypotension. U

se 
in the first trim

ester 
of pregnancy 
increases risk of 
m

ajor m
alform

ations 
and cleft palate in 
infants. U

se just 
before delivery places 
the infant at risk for 
respiratory depression 
(inadequate breathing), 
hypotonia (poor 
m

uscle tone), feeding 
difficulties, tem

perature 
instability, and neonatal 
w

ithdraw
al syndrom

e. 
This drug should 
not be used w

hen 
breastfeeding.

O
ral 

contraceptives 
reduce clearance 
of diazepam

 from
 

the body.

E
slicarb

aze-
p

in
e acetate 

(A
p
tiom

)

2014
A

dd-on therapy 
for com

plex 
partial seizures 
in adults

Extended 
release 
form

ulation; 
few

er side 
effects than 
carbam

-
azepine and 
oxcarba-
zepine; 
typically dosed 
once daily 
and has no 
significant 
psychiatric or 
cognitive side 
effects

N
one

A
dverse effects include 

rash, depression, low
 

sodium
, headache, 

nausea, vom
iting, 

dizziness, blurred 
or double vision, 
insom

nia, and changes 
in liver function and 
thyroid tests.

D
oes not interact 

w
ith m

ost 
m

edications 
used in epilepsy. 
W

hen used w
ith 

phenytoin, can 
increase the 
phenytoin level; 
w

hen used w
ith 

carbam
azepine, 

phenobarbital, 
and phenytoin, 
the level of 
eslicarbazepine 
can be 
increased. S

ide 
effects can 
increase w

ith 
use of other 
sodium

-channel 
drugs. This drug 
reduces the 
efficacy of oral 
contraceptives.

E
th

osu
x-

im
id

e 
(Z

aron
tin

)

1958
For treatm

ent 
of childhood 
absence 
seizures

N
ot effective 

for generalized 
tonic-clonic or 
partial seizures

N
one, but 

blood levels 
should be 
m

aintained at 
therapeutic 
levels 
(40 – 100 
μg / m

L)

A
dverse effects are 

usually m
ild and 

dose-dependent. 
G

astrointestinal side 
effects are fairly 
com

m
on.

Interacts w
ith 

carbam
azepine 

and 
erythrom

ycin; 
decreases 
lam

ictal levels

M
ed

ication
s for th

e Treatm
en

t of E
p

ilep
sy* (continued)
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E
zogab

in
e 

(P
otiga)

2012
A

dd-on 
treatm

ent of 
com

plex partial 
seizures

U
nique 

m
echanism

 
of action on 
potassium

 
channels

Vision 
m

onitoring 
is required 
because this 
agent can 
cause retinal 
changes; 
electro-
cardiogram

 
(EK

G
) is 

needed for 
patients w

ho 
are at risk for 
prolonged 
Q

T.

The m
ost com

m
on 

side effects are 
sleepiness, confusion, 
dizziness, trem

or, 
am

nesia, abnorm
al 

thinking, vertigo, and 
speech disorders. It 
can cause cardiac 
issues (prolonged 
Q

T interval on EK
G

); 
urinary retention; 
discoloration of skin, 
nails and m

ucous 
m

em
branes and the 

sclera of the eyes; 
and decreased visual 
acuity.

P
henobarbital, 

phenytoin, and 
carbam

azepine 
can reduce 
ezogabine levels.

Felb
am

ate 
(Felb

atol)
1996

For use in 
the treatm

ent 
of Lennox- 
G

astaut 
syndrom

e 
involving 
seizures not 
controlled 
w

ith other 
m

edications; 
also used 
for refractory 
partial seizures 
w

ith or w
ithout 

secondary 
generalization

U
sually w

orks 
w

ell to control 
seizures but 
can cause 
anem

ias; m
ust 

be dosed 
tw

ice daily, 
usually about 
4 hours apart, 
w

hich m
eans 

during school 
for children

B
lood should 

be checked 
before 
initiating 
treatm

ent 
and 
m

onitored 
at regular 
intervals 
thereafter.

S
evere adverse 

reactions include 
life-threatening aplastic 
anem

ia and liver 
failure. This occurs 
m

ore com
m

only if 
the patient is fem

ale, 
has a history of 
allergy or anem

ia on 
previous antiepileptic 
m

edications, or 
has a history of 
im

m
une disorders, 

especially lupus. 
C

om
m

on side effects 
include anorexia, 
nausea, vom

iting, 
and w

eight loss, as 
w

ell as insom
nia and 

irritability in children, 
and are m

ost likely 
to occur w

ithin the 
first 3 m

onths. The 
m

edication should 
be given at 8:00 a.m

. 
and noon to avoid 
insom

nia.

For patients 
on a ketogenic 
diet, the tablet 
form

ulation 
should be used 
instead of liquid 
because there is 
a large am

ount 
of sorbitol 
in the liquid 
preparation. 
Felbam

ate 
increases 
phenytoin levels 
w

hen both are 
used.

G
ab

ap
en

tin
 

(N
eu

ron
tin

)
1993

A
dd-on therapy 

in adults and 
children older 
than 3 years 
of age for 
treatm

ent of 
partial seizures

H
elps w

ith 
pain and sleep 
problem

s, 
but m

ay be 
sedating

N
one

S
ide effects include 

central nervous 
system

 depression 
(drow

siness, sedation), 
w

hich is generally 
short-lived. O

ther 
side effects include 
em

otional lability 
and hostility and rare 
rashes. This drug 
should not be used in 
pregnancy, and its use 
should be lim

ited w
hile 

breastfeeding.

N
one

M
ed

ication
 

(b
ran

d
 

n
am

e[s])
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A

p
p
roved
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d
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d
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C
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d
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s

Lacosam
id

e 
(V

im
p
at)

2008
A

dd-on therapy 
for partial-onset 
seizures in 
patients older 
than 16 years 
of age

W
orks w

ell 
in refractory 
patients and 
has a low

 
potential for 
interaction w

ith 
other drugs

N
one

The m
ost com

m
on 

side effect is dizziness. 
It can also cause 
EK

G
 changes in 

patients w
ith cardiac 

conduction problem
s 

or cardiac issues. It 
should not be used 
during pregnancy or 
w

hile breastfeeding.

M
ay interact 

w
ith cardiac 

m
edications

Lam
otrigin

e 
(Lam

ictal)
1995

U
sed as an 

add-on therapy 
for partial-onset 
seizures in 
adults and 
children or as 
m

ono- therapy 
in partial-onset 
seizures; 
generalized 
seizures 
associated 
w

ith Lennox- 
G

astaut 
syndrom

e; and 
tonic-clonic 
seizures in 
generalized 
epilepsy; also 
frequently used 
to treat absence 
seizures in 
children and 
adolescents

A
dvantages 

include that it 
is usually w

ell 
tolerated, does 
not w

orsen 
cognition, 
and w

orks 
synergistically 
w

ith valproic 
acid; the m

ain 
disadvantage 
is the risk 
of a severe 
rash (but this 
risk is m

uch 
low

er w
hen it 

is started at 
a low

 dose 
and increased 
slow

ly)

M
onitoring of 

blood levels 
is rarely 
necessary 
except 
during 
pregnancy.

C
om

m
on side effects 

include dizziness, 
ataxia, som

nolence, 
headache, double 
vision, blurred vision, 
nausea, vom

iting, and 
insom

nia. W
hen used 

in pregnancy, there 
is a slight increase in 
the risk of congenital 
m

alform
ations, 

including oral clefts.

Lam
otrigine 

levels are 
reduced by 
carbam

azepine, 
phenytoin, 
and other 
enzym

e-inducing 
antiepileptic 
m

edications. 
This drug 
can low

er the 
efficacy of oral 
contraceptives.

Leveti-
racetam

 
(K

ep
p
ra)

B
rivarace-

tam
  

(B
riviact)

2001

2016

P
rim

ary 
treatm

ent for 
partial-onset 
seizures in 
adults and 
children older 
than 6 years of 
age and add-on 
therapy for 
partial-onset 
seizures in 
adults and 
children older 
than 1 m

onth 
of age; used 
for m

yoclonic 
seizures, 
photo- sensitive 
seizures, status 
epilepticus, 
and neonatal 
seizures

W
ell tolerated 

w
hen used 

w
ith steroids 

(as in patients 
w

ith brain 
tum

ors).

M
onitoring 

is required 
during 
pregnancy 
and after 
delivery.

S
ide effects include 

sleepiness, irritability, 
nausea, headaches, 
depression, em

otional 
lability (m

ostly w
ith 

higher doses and 
previous history of 
behavioral problem

s or 
psychiatric diagnosis). 
B

lood concentrations 
are low

er during 
pregnancy and 
increase rapidly in 
m

others after delivery. 
C

ases of m
ajor 

congenital defects 
are rare w

hen used 
during pregnancy. 
W

hen used during 
breastfeeding, blood 
concentrations are low

 
in the new

born, but 
elim

ination is slow
ed.

N
one

M
ed
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e Treatm
en
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sy* (continued)



6
3

6
2 M

ed
ication

 
(b

ran
d
 

n
am

e[s])

Year 
A

p
p

roved
In

d
ication

s
A

d
van

tages /  
D

isad
van

-
tages

M
on

itorin
g 

R
eq

u
ire-

m
en

ts

S
id

e E
ffects /  

C
on

train
d

ication
s

In
teraction

s

Lorazep
am

 
(A

tivan
)

1997
First-line 
treatm

ent 
for status 
epilepticus, 
usually given by 
injection; also 
used in adults 
for anxiety and 
sedation

Less risk of 
hypotension 
than w

ith 
diazepam

 (also 
used for status 
epilepticus), 
but there is 
a tendency 
for patients 
to develop a 
tolerance

W
atch for 

addiction, 
sedation, 
and hypo- 
tension; 
cannot be 
taken w

ith 
alcohol

C
om

m
on reactions 

include respiratory 
depression, sedation, 
dizziness, vertigo, 
w

eakness, and 
unsteadiness. 
Less com

m
on are 

disorientation and 
depression. It should 
be used in pregnancy 
only in life-threatening 
situations and should 
not be used w

hen 
breastfeeding.

Interacts 
w

ith other 
benzodiazepines

M
id

azolam
 

(Versed
)

1975
For treatm

ent 
of status 
epilepticus; 
given nasally, 
intra- venously, 
or through the 
buccal m

ucosa; 
also used for 
conscious 
sedation, 
anesthesia, 
and sedation 
in hospital 
intensive care 
units

C
onsidered an 

alternative to 
D

iastat (rectal 
diazepam

); 
short-acting 
and easier to 
use in patients 
in w

heelchairs

U
sed only 

for status 
epilepticus 
and as 
a rescue 
m

edication

S
evere adverse 

reactions of respiratory 
depression and 
variations in blood 
pressure and pulse 
are only reported w

ith 
IV use in inpatient 
settings. S

ide effects 
include gastrointestinal 
disturbances, 
jaundice, anaphylaxis, 
drow

siness, 
hallucinations, 
laryngospasm

, ataxia, 
am

nesia, fatigue, 
dizziness, and vertigo. 
There have been no 
fetal m

alform
ations 

reported w
hen used 

in pregnancy. It readily 
crosses into breast 
m

ilk, but there is no 
evidence of harm

 to 
infants.

C
an interact 

w
ith other 

m
edications in 

its class, causing 
increased 
sedation, but 
usually is used 
only as rescue 
or to prom

ote 
sedation

O
xcar- 

b
azep

in
e 

(Trilep
tal, 

O
xtellar X

R
)

1991
M

ono- therapy 
or add-on 
therapy for 
partial-onset 
seizures

A
dvantages 

include that 
it does not 
have carbam

a- 
zepine’s 
serious side 
effects of 
anem

ia and 
agranu- 
locytosis and 
has few

er drug 
interactions 
than carbam

a- 
zepine; also 
causes no 
cognitive 
im

pairm
ent

B
lood levels 

should be 
m

onitored in 
people w

ho 
have kidney 
disease 
and during 
pregnancy.

The m
ost com

m
on 

side effects include 
drow

siness and low
 

sodium
 levels (m

ore 
com

m
on in adults). 

M
ore serious reactions 

include anaphylaxis, 
angioedem

a, rash, 
and anem

ia. The rates 
of m

ajor congenital 
m

alform
ations w

ere 
com

parable to the rate 
in pregnancies in other 
w

om
en w

ith epilepsy 
on or off antiepileptic 
m

edications. Effects 
in breastfeeding are 
unknow

n.

This drug 
can low

er the 
efficacy of oral 
contraceptives.

M
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P
eram

p
an

el 
(Fycom

p
a)

2013
For treatm

ent of 
partial seizures

S
evere 

aggression 
and R

A
R

E 
hom

icidal 
and suicidal 
ideation have 
been reported.

M
onitor 

for m
ood /  

aggression.

S
ide effects include 

aggression, hostility, 
depression, abuse, 
dizziness, sleepiness, 
headaches, nausea, 
and low

 sodium
. It 

should not be used 
in pregnancy unless 
the benefits outw

eigh 
the risk. There are 
insufficient data to 
assess the risk of use 
w

hile breastfeeding.

Topiram
ate, 

oxcarbazepine, 
clobezam

, and 
carbam

azepine 
can each low

er 
peram

panel 
levels. 
C

arbam
azepine 

levels can also 
be decreased by 
peram

panel.

P
h
en

ob
arb

i-
tal (Lu

m
in

al)
1912

U
sed for febrile 

seizures, 
tonic-clonic 
seizures, status 
epilepticus, 
and eclam

psia; 
a first-line for 
treatm

ent of 
partial and 
generalized 
tonic-clonic 
seizures in 
developing 
countries 
because of its 
low

 cost and 
once-daily 
adm

inistration

Tolerance m
ay 

develop w
ith 

longterm
 use.

B
lood 

m
onitoring 

is recom
m

- 
ended w

hen 
the patient is 
on m

ultiple 
antiepileptic 
m

edications; 
this drug 
should be 
m

aintained at 
a blood level 
of 15 – 40 
μg / m

L.

C
om

m
on side effects 

include drow
siness, 

m
ood changes, 

and im
pairm

ent of 
cognition and m

em
ory. 

A
t high doses, side 

effects m
ay include 

nystagm
us (involuntary 

rapid eye m
ovem

ent), 
ataxia, slurred speech, 
disinhibition,and 
anem

ias. S
erious 

reactions include 
respiratory 
depression. If used 
in pregnancy, the 
baby m

ay experience 
w

ithdraw
al and trouble 

breathing; there is 
also risk of congenital 
m

alform
ations. It 

should not be taken 
w

hen breastfeeding.

Valproate 
increases 
phenobarbital 
concentrations. 
P

henobarbital 
interacts w

ith 
a variety of 
m

edications, 
including 
steroids, w

arfarin, 
and som

e 
antibiotics and 
antihistam

ines. 
It also interacts 
w

ith oral 
contraceptives, 
causing 
contraceptive 
failure and 
breakthrough 
bleeding.

P
h
en

yt-
oin

 (sold
 

u
n
d
er m

an
y 

n
am

es, 
in

clu
d

in
g 

D
ilan

tin
, 

P
h
en

ytek, 
P

rom
p
t, an

d
 

D
i-P

h
en

; IV
 

form
u
lation

 
is called

 
fosp

h
e-

n
ytoin

 an
d
 

sold
 u

n
d
er 

th
e n

am
e 

C
ereb

yx)

1938
U

sed to treat 
partial-onset 
and generalized 
seizures and 
for status 
epilepticus

Inexpensive 
and long-
lasting

B
lood levels 

m
ust be 

closely 
m

onitored 
and often 
fluctuate; the 
therapeutic 
level is 
10 – 20 
μg 

  / m
L.

S
ide effects include 

gum
 hyperplasia, 

hirsutism
, ataxia, 

slurred speech, 
anem

ias, and 
im

potence. Long-
term

 use can lead to 
peripheral neuropathy 
and osteoporosis. It 
should not be used in 
pregnancy, but if its 
use is necessary, the 
low

est dose possible 
should be given. It is 
usually considered 
safe in breastfeeding.

P
henytoin 

interacts 
w

ith m
any 

m
edications, 

including (but 
not lim

ited to) 
psychiatric 
m

edications, 
calcium

 channel 
blockers, digoxin, 
cholesterol-
low

ering agents, 
w

arfarin, 
antifungals, 
antibiotics, 
felbam

ate, 
isoniazid, 
topiram

ate, 
carbam

azepine, 
phenobarbital, 
and vigabatrin.

M
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P
regab

alin
 

(Lyrica)
2005

A
dd-on therapy 

for focal 
epilepsies in 
adults and 
children older 
than 12 years of 
age; also used 
for neuropathic 
pain

W
orks on 

calcium
 

channels; can 
cause sedation

P
atients 

should be 
m

onitored for 
drow

siness.

M
ay cause sedation

There are few
 

interactions, 
except w

ith 
carbam

azepine, 
w

hich m
ay low

er 
pregabalin blood 
concentrations.

P
rim

id
on

e 
(M

ysolin
e)

1954
U

sed for 
treatm

ent of 
generalized 
tonic-clonic 
seizures and 
com

plex partial 
seizures and 
as second-line 
treatm

ent 
for juvenile 
m

yoclonic 
epilepsy

Efficacious 
in som

e 
patients, but 
requires blood 
m

onitoring and 
m

ay cause 
sedation

C
heck 

blood levels. 
P

rim
idone 

partially 
breaks dow

n 
to pheno- 
barbital. 
P

lasm
a levels 

are usually 
m

aintained at 
5 – 12 μg / m

L 

C
om

m
on (but usually 

transient) side effects 
include drow

siness, 
listlessness, visual 
disturbances, nausea, 
headaches, dizziness, 
vom

iting, nystagm
us, 

and ataxia. S
erious 

reactions include 
anem

ias, elevated 
liver enzym

es, 
arthralgia (joint pain), 
and osteom

alacia 
(bone softening). 
W

hen used during 
pregnancy, it can 
cause low

 m
aternal 

folate levels and 
coagulation disorders 
in new

borns. There is 
som

e evidence that it 
m

ay cause congenital 
m

alform
ations. 

W
hen used during 

breastfeeding, it can 
cause som

nolence 
and drow

siness in the 
infant.

Interactions 
w

ith num
erous 

m
edications m

ay 
occur, sim

ilar 
to those w

ith 
phenobarbital. 
It also interacts 
w

ith oral 
contraceptives, 
at tim

es causing 
breakthrough 
bleeding 
and failure of 
contraceptive 
therapy.

R
u
fi

n
am

id
e 

(B
an

zel)
2008

A
dd-on therapy 

for partial-
onset seizures 
and seizures 
associated 
w

ith Lennox- 
G

astaut 
syndrom

e

W
ell-tolerated 

and useful 
for Lennox- 
G

astaut 
syndrom

e, but 
m

ay cause 
abdom

inal 
upset

D
o not use 

if prolonged 
Q

T syndrom
e 

exists.

C
om

m
on side 

effects include 
dizziness, fatigue, 
nausea, vom

iting, 
double vision, 
and som

nolence. 
R

ufinam
ide can also 

cause shortening 
of the Q

T interval, a 
cardiac side effect. It 
is not indicated for use 
during pregnancy or 
w

hile breastfeeding.

Valproate 
increases the 
rufinam

ide 
concentration, 
and rufinam

ide 
increases serum

 
concentrations of 
carbam

azepine, 
lam

otrigine, and 
phenobarbital. 
It decreases the 
efficacy of oral 
contraceptives.
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C
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d
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S
tirip

en
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(D
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it)
2018

U
sed for 

treatm
ent 

of severe 
m

yoclonic 
epilepsy in 
infancy (D

ravet’s 
syndrom

e)

H
as som

e 
efficacy in 
D

ravet’s 
syndrom

e 
but m

ust be 
im

ported and 
is therefore 
difficult 
to obtain, 
expensive, and 
not covered by 
insurance

C
om

plete 
blood count 
and liver 
function tests 
should be 
perform

ed 
before 
treatm

ent 
and every 
6 m

onths 
during 
treatm

ent.

C
om

m
on side effects 

are anorexia, w
eight 

loss, drow
siness, 

ataxia, nausea, 
lethargy, vom

iting, 
trem

or, and, in rare 
cases, aplastic 
anem

ia. N
o studies 

exist on its use in 
pregnancy and 
breastfeeding.

W
hen used w

ith 
clobezam

 or 
carbam

azepine, 
the doses 
of the other 
m

edications 
should be 
decreased.

T
iagab

in
e 

(G
ab

itril)
1998

A
dd-on therapy 

for partial 
seizures w

ith 
or w

ithout 
secondary 
generalization 
in adults and 
children older 
than 12 years 
of age

A
dvantages 

include m
inim

al 
interactions 
w

ith other 
antiepileptic 
drugs. 
D

isadvantages 
include the 
need for 
slow

 titration 
because 
of potential 
adverse side 
effects and 
the possibility 
of aggravating 
generalized 
seizures.

There is no 
evidence to 
recom

m
end 

routine 
m

onitoring of 
blood level, 
but patients 
seem

 to 
respond 
best w

ith 
trough levels 
of 20 – 40 
μg / m

L.

S
ide effects include 

dizziness, w
eakness, 

nervousness, trem
or, 

diarrhea, depression, 
and em

otional lability. 
These usually can 
be m

anaged by slow
 

titration and dosing 
m

ultiple tim
es per day. 

It is not recom
m

ended 
for use in pregnancy. 
B

reastfeeding w
om

en 
taking tiagabine should 
m

onitor their infants for 
adverse events.

M
ay interact w

ith 
enzym

e-inducing 
anti-epileptic 
m

edications

Top
iram

ate 
(Top

am
ax, 

Q
u
d
exy X

R
, 

Troken
d
i 

X
R

)

1996
M

ono- therapy 
for partial-onset 
and prim

ary 
generalized 
tonic-clonic 
seizures in 
patients 10 
years of age and 
older; as add-on 
therapy for 
partial seizures 
in adults and 
pediatric 
patients 2-16 
years of ages; 
as add-on 
therapy in 
prim

ary 
generalized 
tonic-clonic 
seizures in 
adults and 
pediatric 
patients 
2-16 years 
of age; and 
for treatm

ent 
of seizures 
associated w

ith 
Lennox G

astaut 
syndrom

e in 
patients 2 years 
of age and older

H
as several 

m
echanism

s 
of action 
and good 
efficacy but 
can decrease 
appetite and 
lead to renal 
stones and 
glaucom

a

P
eriodic renal 

ultrasounds 
are needed 
to rule out 
kidney 
stones, as 
w

ell as vision 
m

onitoring 
for 
glaucom

a.

S
ide effects include 

cognitive dulling (w
ord-

finding difficulties and 
m

em
ory disturbances), 

som
nolence, 

dizziness, ataxia, 
nervousness, and 
fatigue, w

hich tend to 
be w

orse w
hile titrating 

and reduce over tim
e. 

There is an increased 
rate of congenital 
m

alform
ations 

w
hen used during 

pregnancy, and high 
concentrations are 
found in breast m

ilk if 
taken at doses >200 
m

g / day.

D
rug interactions 

are m
inim

al, 
although 
phenytoin and 
carbam

azepine 
m

ay increase 
topiram

ate levels.

M
ed

ication
s for th

e Treatm
en

t of E
p

ilep
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*  This table is intended only as a guide; likew
ise, Internet sources should not be considered definitive.  

P
atients should verify all m

edication-related inform
ation w

ith their health care provider. 
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Valp
roate 

(D
ep

akote, 
D

ep
aken

e, 
S

tavzor)

1983
M

ono- therapy 
and add-on 
therapy for 
partial seizures 
and sim

ple 
and com

plex 
absence 
seizures; add-
on therapy for 
m

ultiple seizure 
types

O
ffers good 

efficacy and 
m

ood stabilizer 
effects, but 
has m

any 
side effects 
and contrain- 
dications

B
lood levels, 

platelets, and 
liver function 
should be 
m

onitored. 
P

atients 
experiencing 
abdom

inal 
pain 
should be 
checked for 
pancreatitis.

S
evere but rare 

adverse events 
include pancreatitis, 
liver dysfunction, and 
low

 platelets. M
ore 

com
m

on side effects 
are w

eight gain, 
nausea, vom

iting, 
diarrhea, anorexia, 
abdom

inal pain, 
trem

ors, dizziness, 
agitation, hair 
thinning or loss, and 
osteom

alacia. W
hen 

used in pregnancy, 
there is an increased 
risk of m

ajor congenital 
m

alform
ations, 

delayed intellectual 
developm

ent in the 
child, craniofacial 
abnorm

alities, 
and neuronal tube 
defects. P

regnant 
w

om
en on valproate 

m
ust have folic acid 

supplem
entation. 

B
reastfeeding is not 

contraindicated. 
C

annot be used in 
m

itochondrial disease.

Interacts w
ith 

ethosuxim
ide, 

prim
idone, 

and phenytoin, 
increasing their 
levels; use 
w

ith felbam
ate 

increases the 
level of valproate; 
use w

ith 
carbam

azepine 
m

ay decrease 
the level of 
valproate

V
igab

atrin
 

(S
ab

ril)
2009

M
ono- therapy 

for infantile 
spasm

s and 
add-on therapy 
for refractory 
com

plex partial 
seizures

M
ain 

advantage 
is superior 
effectiveness 
as treatm

ent 
for tw

o 
severe types 
of seizures: 
infantile 
spasm

s and 
refractory 
partial seizures. 
D

isadvantages 
include that it 
m

ay w
orsen 

m
yoclonic 

and absence 
epilepsy.

R
isk 

Evaluation 
and 
M

itigation 
S

trategy 
(R

EM
S

) 
program

 
existed to 
m

onitor 
vision needs; 
vision 
checks are 
necessary 
every 3 
m

onths.

A
dverse effects include 

visual field loss, rare 
cognitive issues, M

R
I 

changes in deep gray 
and w

hite m
atter 

(usually transient 
and asym

ptom
atic), 

w
eight gain, fatigue, 

som
nolence, 

irritability, behavioral 
changes, psychosis, 
depression, ataxia, 
and hyperactivity and 
agitation in children. 
A

nim
al studies have 

show
n intrauterine 

grow
th retardation, 

m
inor congenital 

m
alform

ations, and 
delays in skeletal 
developm

ent 
w

hen used during 
pregnancy. It is 
secreted in breast m

ilk 
in low

 quantities.

M
ay decrease 

phenytoin levels
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Z
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e 
(Z

on
egran

)
2000

A
dd-on 

treatm
ent of 

partial seizures; 
also w

idely used 
for treatm

ent 
of generalized 
seizures, 
seizures 
associated 
w

ith Lennox- 
G

astaut 
syndrom

e, and 
infantile spasm

s

A
dvantages 

include once-
daily dosing 
and a lack of 
interaction 
w

ith other 
antiepileptic 
drugs.

P
atients 

should be 
w

atched for 
sedation and 
cognitive 
im

pairm
ent.

A
dverse effects 

include cognitive side 
effects, risk of kidney 
stones, and rash (rare). 
M

ore com
m

on side 
effects include ataxia, 
dizziness, nausea, 
fatigue, som

nolence, 
agitation, irritability, 
and anorexia. These 
seem

 to be dose 
related and do not 
occur if the m

edication 
is increased slow

ly. 
There are lim

ited 
data about its use 
in pregnancy, but 
there seem

s to be no 
higher risk than w

ith 
other antiepileptic 
m

edications. U
se in 

pregnancy is indicated 
only if potential 
benefits outw

eigh 
risks. Zonisam

ide is 
extensively secreted in 
breast m

ilk, but there 
are lim

ited data about 
its effects on infants, 
so infants should be 
closely m

onitored for 
sedation or irritability. It 
should not be used in 
people w

ith allergies to 
sulfa drugs.

W
hen used w

ith 
topiram

ate, 
increases the risk 
of renal stones

C
an

n
ab

id
iol 

(E
p
id

iolex)
2018

S
eizures 

associated 
w

ith Lennox- 
G

astaut 
syndrom

e 
and D

ravet 
syndrom

e

A
dvantage 

is that it is 
effective for 
hard to control 
seizures in 
tw

o pediatric 
epileptic 
encepha-
lopathies 
w

ith a unique 
m

echanism
 

of action. C
an 

be given via 
gastrostom

y 
tube.  
D

isadvantage 
is possible 
side effect of 
drow

siness 
and liver 
abnorm

alities. 
It m

ust be 
given either 
w

ith or w
ithout 

food and is 
only available 
in a liquid.

Liver function 
should be 
checked 
before 
initiating 
therapy and 
periodically 
thereafter. 
D

ose can be 
increased 
w

eekly.

A
dverse effects 

include drow
siness, 

som
nolence, rash, 

decreased appetite 
and hyperactivity. 
C

annot be given 
if the person is 
allergic to sesam

e or 
straw

berries

U
se w

ith 
clobazam

 
can increase 
som

nolence; use 
w

ith valproic acid 
can cause liver 
transam

inase 
elevations

M
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W
h
at is a ketogen

ic d
iet?

A
 ketogenic diet is a high-fat, low

-carbohydrate eating plan used to treat certain 
form

s of epilepsy that are resistant to m
edical treatm

ent. It w
as first created at 

the M
ayo C

linic in R
ochester, M

N
, in 1921 but w

as used m
ore w

idely by Johns 
H

opkins H
ospital in B

altim
ore, M

D
. The diet produces high levels of ketones 

(byproducts of the dietary fat used for energy). A
 high ketone level in the blood 

can reduce the frequency of epileptic seizures. Follow
ing the diet requires 

carefully m
easuring foods and m

aintaining a strict ratio of fat to protein plus 
carbohydrate eaten.

Variations of the classic ketogenic diet provide m
ore flexible eating. These 

include the m
edium

-chain triglyceride (M
C

T) ketogenic diet, the low
-glycem

ic 
diet, and a m

odified A
tkins diet. Fats are classified by their chem

ical structure. 
U

sual dietary fats are long-chain triglycerides. P
eople follow

ing the M
C

T diet 
derive m

ore than half of their calories from
 M

C
T oils (m

an-m
ade through the 

processing of coconut and palm
 oils). M

C
T fats are a m

ore efficient source 
of ketone bodies because they enter the liver (w

here ketone bodies are 
produced) m

ore efficiently than other fats. This allow
s patients to eat m

ore 
carbohydrate and protein as ketone levels are elevated. A

 low
-glycem

ic diet 
also affords greater carbohydrate intake by em

phasizing those carbohydrate 
foods that keep blood glucose at an even level. The m

odified A
tkins diet lim

its 
carbohydrate to about 10 gram

s per day but does not lim
it protein, w

hich 
m

akes m
eal preparation easier. 

C
O

N
C

LU
S

IO
N

For children and adults w
ith intractable epilepsy, there are a num

ber of viable 
options, w

hich, even if they do not alleviate all seizures, m
ay at least decrease 

the frequency of seizure activity, leading to im
proved developm

ent and quality 
of life. Fam

ilies and patients are often rightfully concerned about possible 
adverse effects of m

ore invasive treatm
ents. It is im

portant to discuss all 
treatm

ent options, including those that m
ay at first seem

 drastic, w
ith your 

health care providers. These options include surgery, a ketogenic diet, and a 
large arsenal of m

edications.

If epilepsy surgery is indicated in your case, it is im
portant to rem

em
ber that 

it is safe, w
ell tolerated, and should be perform

ed as soon as possible after a 
person is identified as a surgical candidate. It is im

portant that the patient and 
fam

ily w
ork w

ith a team
 from

 a C
om

prehensive Epilepsy C
enter to ensure the 

best outcom
es. 
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ith epilepsy since 2000.
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as born and raised in  

N
ew

 York and lives in N
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 York w
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aster’s degree in P
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inistration from

 N
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 York U
niversity 
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ursing from
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he is a nurse practitioner in partnership w

ith D
r. W

olf. S
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irector 
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ount S
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irector 

of the D
evelopm
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enter at M
ount S

inai W
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om
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ediatric Epilepsy C

enter at M
ount S

inai 
H

ealth S
ystem

. S
he is adjunct faculty at C

olum
bia U

niversity S
chool of N

ursing.

M
s. M

cG
oldrick and D

r. W
olf have co-authored num

erous articles and sm
all 

books, the best know
n of w

hich are P
arents’ G

uide: W
hen the S

eizures D
on’t 

S
top...W

hy – and W
hat to D

o N
ext and A

 P
arent’s G

uide: W
hen S

eizures A
re 

N
ot the O

nly P
roblem

 – Learning and D
evelopm

ental Issues. These have been 
distributed free of charge throughout the U

nited S
tates since 2005 as part of an 

epilepsy aw
areness educational initiative.
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