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The Wada test in the evaluation for epilepsy
surgery

David W, Loving, Fip. Kimford J. Meador, sp, Michael Westerveld, Fo,

ABSTRACT

The Wada test is the standard part of the pre-o [.tvera:
injection of sodium amobarbital (typically 100-150m
amobarbital anesthetizes the anlenor two-thi
minutes. During this pericd of he
cerchral language representation. In

memory change following surgery. This is important because patients undergoing

ive evaluation for epilepsy sorgery.
1 it the internal carotid artery following a rransfermoral approach.
of the ipsilateral cerebral hemisphere for approximately 3-10

ric anesthesia, assessment of expressive and receptive language can establish
l_mn,m.: mﬂwpmvukaauvmlbh miode] to assess the risk of significant

The procedurs involves the slow

surgery involving the temporal lobe

may experience significant memory decline following surgical resection of a temporal lobe seizure focus. This paper will

present information about the use of Wada festing,

and discuss issues ipvolved in establishing cerebral language

rq]'ﬁm]nm lateralization of iemporal lobe dysfunction, seizure and memory owtcome prediction, and future directions

of this technique,

Keywords: Language, memory, cpilepsy sargery, femporal kebectomy, oatcome.

Meurosciences 2000; Yol. 5 (4): 203-208

Thcwmmummn:pmdpmuunalﬂ::pm
operative mrﬂ]:uanun for epi § and
considered the standard” for establishing
cerebral language 'nm The Wada
involves pharmacologically inactivating cortex
within one cerebral hemisphere for several minutes,
ing which time the patient is presented with
multiple language and other cognitive tasks.
Memory testing performed as part of the Wada
procedure is used to determine risk for post-operative
]'I'II.'.]:I:I.BITI:'.EE'!I.I‘IE Wada memory scores may confirm
seirure Onset Eut-l:m.'lll}' which may decrease the need
for more |m'a_=.1w: monitor . and can be
u.m:l o I selzure outcome fnll:nmg SUrgery.
edure is non-standardized, and the
gualﬁ. are :mpng:d to differsnt :h:;gm at varous
epilepsy surgery centers. At some institwtions, all
epilepsy surgery candidates undergo Wada testing
whereas other centers limit the procedure o those
patients who are suspected of having anomalous

language representation or are thought o be at risk
for sigmificant memory decline. In this review, we

will provide an overview of Wada testing in patients
undergoing evaluation for epilepsy surgery of the

tempaoral lobe.
Language Festing. The firsi abemplt o
pharmacologically  inactivate cerebral language

regions was made by Gardiner, who injected
procaine directly imio the cerebral cortex in two lefi-
handed patients in an attempt o determine cerebral
lanpuage representation in the cortical area o be
resecied. Wada later employed intracarofid
amobarbital injection using a direct carotid stick o
lateralize language. Intérestingly, Wada's initial
application of this technique was nol with ::pﬂ-:-pay*
surgery candidates, but rather was performed fto
establish  language in  patienis
electroconvulsive treatment 0 that stimulation could
be applied fo the non-language dominant
hemisphere.™ Wada later applied this procedure 1o
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surgery  candidates  while he was &
Rockefeller Fellow at the Montreal Meurologic
Institute ! There, with other ploneers in epilepsy
surgery including Wilder Penfield, Herbert Jasper,
and Brenda Milmer, many of the advances in the
development of lunctional brain  measures  wene
developed e.e.. stimubaticn Mapping,
neuropsychological testing) that continue to influence
the evaluation and selection of patienis for epilepsy
SUTECTY.

Establishing cerebral language dominance is based
on  clinical observation during & perisd  of
hemispheric anesthesia.  The language dominant
hemisphere injection 15 typically identified by the
presence of global aphasia immediately following
mjection, with recogmzable patterns of aphasia aml
progressive languape recovery as the medication
cffects recede.  Complete recovery of language
function is generally present within [0 minutes
following injection when employing  amobarbital
doses of 125mg or less.

Becawse the Wada test i o non-standerdized
procedure, there is considerable varability in the
criteria employed to infer the presence of language.
One survey reported that the percentage of “mixed
spocch dominunce” varied between 98 and 609%°
Object naming is used W assess language in the
dominant hemisphere at most  epilepsy  surgery
centers (935 ), Other common measures of language
include non-specified aphasic signs, counting ability,
and word/phrase repetition. When testing the non-
dominant hemisphere. however, criteria that are more
heterogeneous are used to infer the presence of some
language. Language assessment of the non-dominant
hemisphere may nclude mouthing  appropriately.
groaning, 5inginF. ohject numing, parial phoneme
vocalization, serigl rote speech, and expression of
familiar words. Thus, it is not surpnsing to see such
a wide range in “mixed speech dominance.™

In one Wada series that we performed ol the
Medical College of Georgie, only two of 103 patents
had exclusive nght hemisphers language® OF the 22
patients with bilateral language, language was
asymmetrically I'l.'.l:ll'mll:d im 17 (13 L=R, 4 E=L).
Exclusive right hemisphere language therefore seems
tr be rmelatvely rare, a finding that has  been
supported by functional magnetic resonance imaging
(tMRI) studies.” Language representation. therefore,
should be considered as a continuous ruther than
dichatomaouns variable ”

Other studies highlight how different results may
be reported based wpon "il.lbj':l:.l inclusion criteria or
defimtion of linguistic impairment.  In one study,
B7% of neht-handed and 629% of lefi-handed patients
had left cerebral language dominance.”  In another
report, B2% of nght-handed patients were left
language dominant, but only 30% of M) lef-handed
patients were left lanpuage  dominant. The

cpilepsy
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contristing  results of  lelt hemisphere  language
dominamce in non-dextral patents highlight  the
difficulty when comparing resulls across studies -
these  differsnces may  result from variations i
patient inclusicn characteristcs (e, number of pon-
lemparal surgical candidates) or may simply reflect
classification differences,  Howewer, both repors
imdicated that right hemisphere language dominance
% associated with early onset of seizures, injury, or
lesican in the left hemisphere.

Bilateral language representation suggest less risk
of language morbidity following resection involving
functional  lamguage  comex, Consegquently,
definitions of language impairment have imporant
patient care implications, o addition, the lateralizing
vilug of newropsvehological testing may be aligred
when patients do not show a pattern of typical left
cerebral language dominance.®”  The effect of
atypical language on neuropsychological test results
i5 unchear, and there are no pathognomonic indicators
of atypical speech in standard meuropsychological
test batterses.  The literature on “crossed aphasia™
ez, aphazia following acquired right hemisphens
lesion in Aghi-handed patienis) suggests that sines
imversuy, or complete mirmor  representation  of
language and  spatial  dominance, can oo,
However, it s rare. Crowding is the phenomencn of
early left cerebral damage resulting in a transfer of
langusage o the rght brain but a1 the expense of
spatial abilities, This literature, which may be more
relevant o developmental or chromic disorders such
ws epilepsy. suggests that the effects of atypical
language  representation can be either global or
limited, with muagnitude of the lesion exerting a
significant mfluence on other newropsychological
Fumctions. ="

Wada testing will be used ax a cornersiong w
establish the validiy of newer language technigues
mmvolving  IMEL and  magnetocencephalography
(MEG) The variability in the definition of bilateral
language aszociated with MIRT or MEG will pose the
same validity threats e the newer procedures as with
Wada testing iself. Funther, the difference among
centers in IMREI methodology {e.g.. tasks, head coils,
software analysis packages, thresholds, shimming)
are likelv greater than the differences in Wada
methodoloesy across centers.  Functional MEID has
also been used e investigate the validity of different
aspects of lanpuage assessment commonly performed
during the Wada, and has demonstrated that speech
arrest, by iself, s a poor measure of language
laterality, The  literature  indicates  good
concordance i samples that are  unambigueously
dominant. The agreement is not 100%, however, and
there are repons of ambigueows or  incormectly
lateralized language using MR

Wada  mentory, Memory  evaloafion  was
intraduced inoe the Wada ezt 1o predict whether the
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hemisphere contralateral to a unilateral seizure focus
can sustain memory function following temporal
lobectomy. Milner hypothesized that the transient
pharmacological effects of amobarbital on  the
temporal lobe ipsilateral to surgery would provide a
maodel to predict memory outcome.™  If the patient
could remember information presented duning the
period of hemispheric anesthesia, it could be inferred
that the contralateral hemisphere had sufficient
capucity of support memory, and thus, a severe post-
operative amnesia would be avoided.  When
adequate recall cannot be demonsirated, the patient i3
considered @t risk for significant memory
impairment. Therefore, the patient may be excluded
from further consideration as a surgical candidate, a
maore limited resection may be performed that spares
the hippocampal zone, or additional testing may be

dformed (0 demonstrate  adequate  memory

unction, '

The Wada testing has heen criticized because the
distribution of the intracarotid injection does not
usually perfuse the hippocampus. However, depth
recorded electroencephalogram slowing occurs in
this region following intracarotid amobarbital
administration.'”  Single photon emission computed
wmography (SPECT) smudies performed at the time
of amobarbital injection have demonstrated reduced
regional cerebral blood flow (CBF) to medial
temporal strectures in the majority of patients. ™
Wada memory performance has also been associated
with hippocampal cell counts®*,  hippocampal
sclerosis® and MRI hippocampal volumes.™ Thus,
there is both a strectural and functional relationship
between Wada memory and the hippocampus.

Another method of validating the Wada memory
test is the positive predictive value of post-operative
memory  ouicome. Criteron  related  validity,
however, cannot be established on a statistical basis
since Wada memory performance is a criterion that
affects surgical decision making, and hence, the
independent and dependent vanables are confounded,
If the test is used to predict this outcome and avoid it,
then there will be few instances in which the
procedure will be undertaken when the predictor is
pusitive.  Nonetheless, one survey identified six
patients who failed the Wada memory test (1.e.. failed
to recall events following injection of the hemisphere
ipsilateral 1o subsequent surgery) amd wenl on to
demonsirate  an  amnestic  syndrome  following
unilateral emporal lobectomy.®  There are also
reports of false negatives, however, in which patients
pass Wada memory tnstinE and develop amnestic
syndromes. Thus, the sensitivity and specificity of
the procedure for accurately predicting the possibility
of amnesia following temporal lobectomy may be
determined by carctul interpretation of additonal
clinical factors,

The interpretation of Wada memory testing has

evalved 1o include prediction of lateralized cognitive
dysfunction that is associated with a primary seizure
focus. Asymmetry in the hemispheric memaory scores
shows a strong relationship to side of seizure onsel in
patients with emporal lobe epilepsy. In patients with
other clincial data that s suggestive of unilateral
onset but not conclusive, definite Wada memory test
asymmetry may eliminate the need for invasive
monitoring before surgery. In seizure onsets oulside
the temporal lobe, Wada memory ASYTIMEnes OCcur
less frequently, but when they do occur are also
predictive of side of seizure onset.

Fatients are more likely to have poor memaory
performance following imjection contralateral 0 a
seizure focus if significant hippocampal sclerosis
exists.” This relationship presumably resulis from
greater bilateral temporal lobe dysfunction associated
with the injection. Minimal functional capacity is
associated with severely sclerotic  hippocampus
consequently, contralateral amobarbital  perfusion
creates greater bilateral d'i-sf'uu::iun with “failed”
memory for the events following the injection. In
contrast, injection of the hemisphere ipsilateral o the
sclerotic  hippocampus  creates  no  additional
functional deficit,

Mot all patients with temporal lobe epilepsy “fail”
the memory test following injection contralateral 1o
the suspected seizure focus. Patients with mild
sclerosis  may  demonstrate  some  mMemory
impairment, but not complete failure, for events
immediately following the injection. Again,
presumably the functional capacity of the mildly
sclerotic hippocampus is impaired, but still adequate
o support some memory. The result is an
asymmetry favoring the “normal” hippocampus, but
without unilateral failure. Consequently, it is not
necessary 10 demonstrate memory failure following
one injection to confidently interpret memory
asymimetry as reflecting unilateral seizure onset. The
degree of asymmetry necessary for interprétation is
dependent on the technique for testing memory, "

Predicting outcome.  Memory onfcome,  Wada
memory performance is related o posl-operative
verbal memory  performance. Patientz  with
symmetrical Wada memory scores tend to be more
likely to demonstrate a3 decline on laboratory
measures of verbal memory following left emporal
lobectomy. In contrast, patients with Wada memory
asymmerry 5uggcﬂig left unilateral temporal lobe
impairment do not show similar declines in verbal
memory following left temporal lobectomy. The
picture is less clear concerning Wada memary test
performance and right temporal lobectomy, As with
other studies of memory outcome following right
temporal lobectomy, no consistent relationship has
been found between Wada memory test performance
and visual-spatial memory. However, this may not
necessarily be a reflection of adeguacy of the Wada

Mewrosciences 2000; Vol, 5 (40 205



Wada test in evilumion of epilepsy surgery . Loring ef of

memary test as it s a reflection of the criterion we
are  using to  measure  visyal-spatial - memory
following right temporal lobectomy, 1 there is no
clear relationship between right temporal lobectomy
and  visual-spatial memaory ouicome, it would he
virtually impossible o predict this relationship using
the Wada memory test, regardless of its efficacy.

The degree of memory decling depends upon hoth
the functional status of the ipsilateral hippocampas!
temporal lobe that will be inclhuded in the resection
(functional adequacy) and on the functional status of
the temporal lobe contralateral o the surgery that
will be relied upon for the formation of new memaory
{functional  reservel. When tissue that s stll
functionally contributing to memory formation s
included in surgery. then there is a decline in
memiory performance associated with the resection of
the functional tissue. Thus, the functional adequacy
of the tissue to be resected is related to the type of
memory changes observed post-operatively.

Patients undergoing anterior temporal lobectomy
(ATL) are at risk for post-operative amnesia if the
mesial temporal lobe contralsteral o the surgery,
which will he relied on during the formation of new
memorics, 15 disessed and non-funcoional.  That 1=,
temporal lobe impairment contralateral to the surgery
suggests insufficient functional reserve 10 sustain
new memory. Consequently, patients with impaired
verbal and non-verbal memory may be consadered 1o
be at risk for memory decline since the global
memory impairment may suggest bilateral emporal
lohe dysfunceion. Similarly, patients with a material-
specific memory asymmetry in the direction opposite
that which would be expected {e.g., material specific
verbal memory  impoairment with right  temporal
seizure onset} rase the possibility of inadequate
functivnal  reserve  contralateral 1w the  planned
SUrgery.

In one patient senes at the Medical Colleze of
Cieorzie, paticnts who were setzure free al one year
hod larger verbal memory decline after left ATL for
both word list learming (Verbal Selective Reminding
Test) and prose passage recall {Wechsler memory
scile revised (WMS-R) logical memory test) if they
hwd  smualler  pre-operative Wada  memory
asymmetries.™  The predictive value of Wada
memory asymmedry was present for both group data
ard for individual patients. Unilateral Wada memuory
scores following left hemisphere injection were nol
refated w0 memory change., Thos, the hippocampus
included in the resection and the one contralateral
appears o be contributing o memory  ogicome
prediction.  Similar Andings have been reported; kel
ATL patients whe performed adequately following
impection contralateral 0 the side of seizure onsel
displayved greater post=operative decline in the WMS-
E verbal memory index and on Losical Memory,
As with the sample ar our center, no relationship
between Wada memory and change in non-verbal
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memory following right ATL was ohserved.  Thus,
mepsuremsent of the interaction of both the temporal
lobe 1w be resected and  the  femporal  lobe
contralateral 0 the resection appear necessary o
accurately predict  post-operative  material-specific
memaory change.

Seizure owtcome.  Evidence of well lateralized
temporal lobe rJ:.r:'-:Funr_'linn mcreases the lkelihood of
a good surgical outcome.  Patients with significant
volumetric MRI hippocampal asymmeines are more
likely to have a good outcome following temporal
lobectomy (Loring 1994 #5239 Sperling 1994
#10842; Perrine 1995 #108481." Since the presence
of hippocampal atrophy 15 related to post-operative
seizure frequency, and because Wada memory
asymmetries are related w MEI hippocampal solume
asvmmetries, the assocution between Wada memaory
and seture owcome would be anticipated.  In one
study, &M% of patients with Wsda memary
asvmmetries were seizure free ot one year follow-
up.™ In contrast, only 63% of the patients withoul
asymmetries were seizure free. Inoa study from the
Cleveland Cline, asymmetric Wada memory  was
reported 0 be highly specilic bul less sensitive Tor
predicting  serewre  outcome  following  temporal
lobectomy. !

Future directions. Functional magnetic resonance
imaging. holds promise as a non-invasive alternative
e Wada language and memory festing, The potential
wivantages of MBI include the localization, mo
simply the laeralization, of language distribution,
avordance of possible complications of Wada testing
that are associated with the invasive angiography,
minimizing or climinating the need Tor subdural grid
or  intre-operative  mapping  of  language,  amd
exploration of cher cognitive functicns in relation 1o
language during a single imaging session.

However, there are significam differences in the
way in which MEI amd Wada mfermation are
obtained. Functional MREI relies on cognitive task,
analogous to traditional neuropsychological testing,
and requinng proper  patiemd  molivation  amd
cooperation. Based upon imaging of activated brain
regions during task performance compared  with
resting and control  states.  inferences  about brain
siruciures contributing 1o sk performance are made.
All regions in the network invelved in successful tazk
performance, either directly or andirectly, should
show some degree of activation, Howewver, since
activity relative 10 a control stale is measured, proper
control for faciors extranecus (o the critical funcrion
is imperative. Ewen when the most rigorous control
tasks are wsed, there is stll the risk of atiributing
function to areas that are active in but not critical to a
particular task performance.,

The Wada test and fMEI results also answer a
different question. Functional MREI is an activation
procedure, In contrast, the Wada fest is a
deactivation procedure.  Functional MEI is an
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activation procedure.  Brain regions are temporarily
inactivated by perfusion of amobarbital. and the
effects of drug inactivation on cognitive performance
are assessed, Wada testing addresses the question of
whether these tasks can be performed without the
contribution of the affected brain regions,  Although
4 region may be involved in task performance under
ordinary circumstances, this region may not be
necessary for task performance. Thus, Wada lesting
potentially provides a more appropriate technigue to
madel the effects of surgery on  post-operative
cognitive function. [n addition, the Wada test may be
more appropriate for some patients that may be
unable to reliahly perform an aclivation procedure
while remaining sull {e.g.. ansiety when placed in the
MRI apparatus, patients  with  limited  cognitive
rEsUrces oF atention blems).

Current  studics n!lr:.:uncurdmwe between MEI
language mapping and Wada language results
generally support the validity of MRI language
activation  techniques. Relinble activation of
expressive language areas, recoptive language areas,
and systems involved in reading have been identified.
Furthermore, studies of normal volunteers  have
generally reported prevalence of atypical speech that
15 consistent with estimates based on the Wada test.
However, in epilepsy patient populations, the
concordance with Wada language results is not
1005, and there are some repons of emonecus
lateralization in patients, indicating that further study
s needed,

There are both technical and theoretical issues to
overcome when imaging memory for purposes of
surgical planning. Although there are some recent
reports of activation during retrieval tasks. imaging
of encoding processes using MR 15 limited. with
few reports of consisient, localized hippocampal
activalion.  Since the hippocampus is critical for
encoding and consolidation of memory, this s
obviously an area for further work. There are
currently no studies that report on concordance of
MRI with Wada west results, or stwdies that use IMRI
o predict memory  cutcome  following  temporal
lohectomy.

Summary and conclusions.  Wada testing of
language and memory continues o play & crtical role
in the evaluation of eplepsy surgery patients.  In
many paticnts, Wada testing measures functional
deficits  associated with known cerebral  lesions,
contributes to establishing laterality of seizure onset,
and provides some estimate of the risk 0 memory
following temporal Iobectomy.  There will continue
o be procedural refinement based upon correlations
with MEI volumetry, IMREIL and ME spectroscopy.
More importantly, prediction of long-term cognitive
cutcome and seizure control is possible with the
Wads test. and in  conjunction  with other
neurological, (unciional, and psychomeinic
gssessment, focilitates selection of patients  most

likely to benefit from surgical treatment of epilepsy.
Eventually, non-invasive measures of brain function,
including MMREI will provide much of the same
information as that derived from Wada testing.
However, it remains 1o be established if a procedure
that relies on activation can provide comparable date
tor the Wada test, which may provide a more accurate
reversible model of the effects of surgery on
cognition.  Ideally, sdvances in fMRI and other
imaging technigues will provide a complementary
picture that proves on our ability to predict and avoid
significant post-operative cognitive deficits.
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