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Memory and language risk assessment with Wada test
in patients’ candidates for epilepsy surgery

Esteban Jaramillo-Jiménez, Juan D. Hoyos-Rubio, Marta E. Jiménez-Jaramillo, Mariana Torres-Bustamante,
José F. Zapata-Berruecos, Julian S. Carvajal-Castrillén, Juanita Yepes-Paz, Jairo R. Rincones-Pérez,
Alejandra Arboleda-Ramirez

Aim. To determine post-surgical cognitive risk and associated factors according to lesion location in a sample of patients
evaluated for epilepsy surgery with Wada test at the Fundacién Instituto Neuroldgico de Colombia.

Materials and methods. An observational, retrospective, analytical study was completed in patients with drug-resistant
temporal lobe epilepsy candidates for epilepsy surgery treated from 2001 to 2021, who completed the Wada test as part
of the pre-surgical evaluation. A descriptive analysis of sociodemographic, clinical, imaging and neuropsychological
variables was completed; a multivariate logistic regression was performed analyzing factors associated with resection risk
in patients with left lesions.

Results. A total of 369 patients were included, 54.74% of the cases were women, with a median age of seizure onset of 11
years. 92.66% of the cases had lesional epilepsy and 68.56% were secondary to hippocampal sclerosis. Left hemisphere
was the most frequently affected (65.68%) being dominant for memory and language in most of the patients with a
proportion of 42.82% and 81.3%, respectively. The median functional adequacy was 43.75 (IGR 0-75) and the functional
reserve was 75 (IQR 25 -93.75). In 104 patients, the Wada test determined a resection risk. In patients with a left lesion, it
was found that functional reserve (PRadjusted 0.99, Cl 95% 0.9997-0.9998) and having a right hemispheric dominance

for memory (PRadjusted 0.92, Cl 95% 0.547-0.999) were protective factors for post-surgical resection risk.

Conclusion. Wada test is a useful tool for surgical decision-making in patients with drug-resistant temporal lobe epilepsy.
When considering cognitive risk, components such as memory dominance and functional reserve should be considered as
protective factors for postsurgical cognitive function preservation in patients with left lesions.
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Introduction

The traditional clinical approach to epilepsy treat-
ment focuses on seizure control using effective an-
ticonvulsant drugs. About 25% of epilepsy patients
experience seizure recurrence, with mesial tempo-
ral lobe epilepsy being a major cause of treatment
resistance, affecting up to 50 to 70% of patients [1].
In such cases, resection of the ictal-onset zone has
shown significant success in reducing seizure fre-
quency in 60 to 80% of cases [2].

The temporal lobe is recognized as an eloquent
zone, hence epilepsy surgery potentially jeopardiz-
es cognitive abilities, especially language and mem-
ory functions in patients with left, right, or bilateral
hemispheric involvement [3], Therefore, there is a
need to predict post-surgical cognitive risk using
different diagnostic tools to determine the location
of the epileptogenic and eloquent zones.

The evaluation of the eloquent zone involves
functional tests, including neuropsychological as-
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sessment, the Wada test (WT), magnetic resonance
(MRI), functional magnetic resonance imaging
(fMRI) and electroencephalographic video moni-
toring (video-EEG) [4,5]. The WT is the gold stan-
dard for cognitive impairment risk prediction be-
fore resection of the epileptogenic zone, through
the injection of anesthetics into the arterial circula-
tion simulating transient loss of cognitive function
for each anesthetized hemisphere, evaluating the
functional reserve, the functional adequacy and
contralateral and ipsilateral asymmetries [6].

Despite the decreasing use of the WT due to the
emergence of fMRI as a non-invasive alternative [7-
9], fMRI may have limitations in memory evalua-
tion, leading to inconclusive results, partly due to
technical difficulties such as heterogeneous para-
digms or inadequate patient performance during
the procedure [10].

Furthermore, it is important to mention that the
sensitivity of fMRI memory lateralization varies
widely, with reported values ranging from 30% to

Department of Neurology (E.
Jaramillo-Jiménez). Department
of Psychology (J.D. Hoyos-Rubio).
Department of Research (M.E.
Jiménez-Jaramillo, M. Torres-
Bustamante, A. Arboleda-
Ramirez). Department of
Neurophysiology (J.F. Zapata-
Berruecos). Department of
Neuropsychology. Fundacion
Instituto Neuroldgico de Colombia
(J.S. Carvajal-Castrillon).
Department of Psychology.
Universidad CES. Medellin,
Colombia (J. Yepes-Paz, J.R.
Rincones-Pérez).

Correspondence:

Dr. Esteban Jaramillo Jiménez.
Departamento de Neurologia.
Fundacién Instituto Neurolégico
de Colombia. Calle 55 # 46-36.
Codigo postal: 050012. Medellin,
Colombia.

E-mail:
esteban.jaramillo@neurologico.
0rg.co

ORCID:
0000-0002-2270-7088 (E.J.J.).

Acknowledgments:

A special acknowledge to
Fundacién Instituto Neuroldgico
de Colombia to propitiate and
support our research.

Data sharing:

The data that support the findings
of this study are available from
the corresponding author, upon
reasonable request.

Accepted:
26.04.24.

Conflict of interests:

Neither of the authors has any
conflict of interest to disclose.
How to cite this article:

Jaramillo-Jiménez E, Hoyos-Rubio

—

©0ce)

295




E. Jaramillo-Jiménez, et al

JD, Jiménez-Jaramillo ME,
Torres-Bustamante M,
Zapata-Berruecos JF,
Carvajal-Castrillon JS, et al.
Memory and language risk
assessment with Wada test in
patients candidates for epilepsy
surgery. Rev Neurol 2024; 78:
295-305. doi: 10.33588/
rn.7811.2024029.

Versién espaiiola disponible
en www.neurologia.com

© 2024 Revista de Neurologia

296

100%, and specificity values from 43% to 100%. In
contrast, the sensitivity and specificity of the WT
for memory and language lateralization are 79%
and 65%, respectively [11]. Additionally, fMRI re-
sults may vary depending on memory dominance
location. Previous studies have shown that fMRI
has a concordance of 78.7% with the WT in patients
with unilateral memory representation, whereas in
patients with bilateral memory lateralization and
temporal lesions, the concordance with the WT
drops to 46.8%. This discrepancy may be attributed
to laterality index factors and signal thresholds, af-
fecting fMRUI’s ability to detect unilateral memory lat-
eralization in patients with bilateral memory domi-
nance [12]. The aim of this study was to describe
the resection risk assessment with WT in patient’s
candidates to temporal lobe epilepsy surgery, de-
termining the associated factors to the resection
risk findings in WT in patients with left hemispher-
ic lesions.

Materials and methods

Study design and data collection sources

An observational, retrospective, analytical study
was completed based on information collected
from medical records, magnetic resonance imaging
reports, neuropsychological assessment, and WT
reports.

Sample and study population

Patients with drug-resistant temporal lobe epilepsy
candidates for epilepsy surgery treated at the Fun-
dacién Instituto Neuroldgico de Colombia, Medel-
lin, from 2001 to 2021, who completed the WT as
part of the pre-surgical evaluation, were included.
A convenience sampling was performed taking into
account the following eligibility criteria: Patients
>18 who completed the WT and authorized the use
of the data for research. Those with incomplete re-
ports of clinical history, neuropsychological evalua-
tion and neuroimaging were not included.

Outcome variable and co-variables

The outcome variable was the presence of risk of
resection determined in the WT. Sociodemograph-
ic variables (sex, laterality), clinical characteristics
(age at onset of seizures, number of years with the
diagnosis of epilepsy, history related to the diagno-
sis of epilepsy, type of lesion in the structural MRI,

hemisphere of the lesion) were evaluated. Neuro-
psychological evaluation —intelligence quotient (IQ),
verbal index, reasoning index, type of alteration in
the neuropsychological test—, variables of the WT,
baseline neuropsychological characteristics, hemi-
spheric memory dominance, hemispheric language
dominance, affected lobe according to dominance,
functional reserve (proportion of recognized ob-
jects in the contralateral hemisphere to the possible
resection focus) and functional adequacy (propor-
tion of recognized objects in the ipsilateral hemi-
sphere to the possible resection focus) and compli-
cations of the Wada test.

Wada test procedure

Initially, a neuropsychologist conducted a cognitive
assessment to determine memory and language
baseline performance for each patient. Instructions
were provided for the WT and the understanding
of these instructions by the patient was verified.
During the procedure, anesthetics (such as amo-
barbital, etomidate, or propofol) were administered
through the femoral artery into the internal carotid
artery blocking temporarily the brain function of
each hemisphere.

For each hemisphere, a memory evaluation was
performed by presenting and naming 8 objects. Af-
ter the effects of the anesthetic, an evocation test
was conducted, followed by a recognition test with
24 objects, of which 16 had not been presented to
the patient previously. Language was assessed
through tests of expression, comprehension, nam-
ing, repetition, and reading of two sentences, both
during and after the effects of the anesthetic.
Throughout this process, both the neuropsycholo-
gist and the neurologist provided continuous ac-
companiment and supervision.

Data analysis

The sociodemographic, clinical, imaging, neuro-
psychological and WT variables were described ac-
cording to the resection risk. For quantitative vari-
ables, measures of central tendency and dispersion
were reported according to their normality, and
absolute and relative frequencies were presented
for qualitative variables. The proportion of patients
at resection risk based on the hemispheric lesion
location on MRI was also estimated.

Factors associated with resection risk were de-
termined according to the WT in patients with left
hemispheric lesions using a binomial logistic re-
gression analysis. In the simple model, those vari-
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ables with a p-value < 0.25 were selected as candi-
dates for a multivariate analysis. For the quantitative
variables, the assumption of linearity was evaluated
for the different outcomes and the collinearity be-
tween the independent variables was evaluated.

For the construction of the multivariate logistic
binomial regression model, the step-by-step meth-
od was used with the researcher’s criteria, and the
most parsimonious model with the Akaike informa-
tion criterion was chosen. The prevalence ratios were
estimated with their 95% confidence interval. The
SAS onedemand for academics software was used
with the FREQ, UNVIARIATE and GLIMMIX pro-
cedures.

Ethical publication statement

We confirm that we have read the Journal’s position
on issues involved in ethical publication and affirm
that this report is consistent with those guidelines.
This research was approved by the ethics commit-
tee of Fundacién Instituto Neuroldgico de Colom-
bia on February 22, 2022 with the file number
PESINV5_PR0108.

Results

Characteristics of the study population

A total of 369 patients with drug-resistant epilepsy
candidates for epilepsy surgery who met the eligi-
bility criteria were included. 54.74% (n = 202) of the
cases were women, mostly right-handed (90.51%,
n = 334), with a median age of seizure onset of 11
years (IQR 3-20 years). A structural epilepsy was
found in 20.43% of the cases (n = 66). Similarly,
most of the patients had lesional epilepsy in MRI
(92.66%, n = 34), of which 253 cases had hippocam-
pal sclerosis (68.56%). The left hemisphere was the
most frequently affected by these lesions (65.68%,
n = 242). In the neuropsychological evaluation,
most of the patients had scores <70 (very low) in
the IQ with a proportion of 39.46% (n = 118). The
sociodemographic, clinical, imaging, and neuro-
psychological characteristics are described in
greater detail in table I.

In the baseline neuropsychological evaluation
prior to the WT it was found that 45.65% (n = 168)
had memory impairment. In most of the patients
the left hemisphere was dominant for memory and
language with a proportion of 42.82% and 81.3%,
respectively. Similarly, the median functional ade-
quacy was 43.75 (IQR 0-75) and functional reserve
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75 (IQR 25 -93.75). The most frequently used anes-
thetic for the procedure was amobarbital 63.41%
(n = 234) (Table II).

Study population characteristics according
to the resection risk from the Wada test

In 104 (28.18%) patients a risk of resection was de-
termined, in 232 (62.87%) no risk was determined and
in 33 patients (8.94%) the results were inconclusive.
It was observed that the proportion of patients with
lesions located in the right hemisphere (9.72%) was
significantly lower in patients with risk of resection,
compared with those without risk (87.50%) and with
those with inconclusive risk (2.78%) (p < 0.0001).
There were no significant differences in sex, patient's
laterality, seizure-onset age, the number of years
with epilepsy, the epilepsy etiology and structural
MRI findings, intelligence quotient, verbal index and
reasoning index between the patients without risk,
with risk and with inconclusive risk (Table I).

In addition, amobarbital was the most used an-
esthetic in patients without risk (68.8%), compared
to patients with risk (22.22%) and inconclusive re-
sults (8.97%); these differences were significant (p =
0.0175). Regarding memory dominance, 83.62% of
the patients without risk had a right hemispheric
dominancy, compared with the patients with risk
(12.93%) and inconclusive risk (3.45%) (p < 0.0001).
Similarly, the right hemisphere was dominant for
language (90.48%) in patients without risk of resec-
tion, this difference was significant (p = 0.0003).
The median functional adequacy was significantly
higher in patients at risk of resection (62.5 IQR:
37.5-87.5; p < 0.0001), while the median functional
reserve was significantly lower in this same group
of patients (18.75, IQR: 0-50; p < 0.0001) (Table II).

Bivariate and multivariate analysis of binomial
logistic regression for patients with left lesion
at risk of resection in Wada test

Given that the majority of the study population had
a left hemispheric lesion in the MRI, the analysis of
the associated factors with the risk of resection
findings from the WT was performed in this group
of patients. Table III shows the results of the simple
binomial logistic regression models of the candi-
date variables for the multivariate model for pa-
tients with risk of resection reported in the WT.
The multivariate logistic regression model that
best explained the outcome of patients at risk of re-
section included the following variables: functional
reserve and right hemisphere dominant for memory.
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Table I. Sociodemographic, clinical, imaging and neuropsychological characteristics of patients according to the resection risk from the Wada test.

Total Without risk With risk Inconclusive risk

Characteristics (N =369) (n=232) (n=104) (n=33) p-value
Sociodemographic and clinical characteristics, n (%)
Gender, women 202 (54.74) 129 (63.86) 53 (26.24) 20(9.9) 0.5691
Laterality
Right-handed 334 (90.51) 206 (61.68) 95 (28.44) 33(9.88)
Left-handed 34(9.21) 26 (76.47) 8(23.53) 0 0.1227
Ambidextrous 1(0.27) 0 1(100) 0
Age of seizure onset, years (IQR) 11(3-20) 9 (3-20) 11 (5-23) 12 (3-20) 0.2399
Age of seizure onset
0-6 years 140 (37.94) 97 (69.29) 32 (22.86) 11(7.86)
7-17 years 101 (27.37) 58 (57.43) 33 (32.67) 10 (9.9) 0.3762
Greater-equal to 18 years 128 (34.69) 77 (60.16) 39 (30.47) 12 (9.38)
Years with epilepsy (IQR) 22 (11-33) 21(1-32) 23 (12-36.5) 27 (17-35) 0.1671
Epilepsy etiology, n (%)
None 204 (63.16) 122 (59.80) 64 (31.37) 18 (8.82)
Structural 66 (20.43) 37 (56.06) 21(31.82) 8(12.12)
Neuroinfection 49 (15.17) 37 (75.51) 11(22.45) 1(2.04)
0.2546
Genetic 1(0.31) 1(100) 0 0
Autoinmmune 1(0.31) 1(100) 0 0
Toxic-metabolic 2(0.62) 0 2 (100) 0
Structural MRI findings, n (%)
Structural MRI lesion 341(92.66) 215 (63.05) 94 (27.57) 32(9.38) 0.4165
Lesion type
Hippocampal sclerosis 253 (68.56) 160 (63.24) 68 (26.88) 25 (9.88) 0.5227
Neoplasm 20 (5.42) 15 (75) 4(20) 1(5) 0.5054
Dysplasia 6 (1.63) 3(50) 3(50) 0 0.4198
Malacia 29 (7.84) 17 (58.62) 9 (31.03) 3(10.34) 0.8823
Gliosis 23 (6.23) 15 (65.22) 7(30.43) 1(4.35) 0.7244
Infarct 3(0.81) 3 (100) 0 0 0.4094
Dual 5(1.36) 3(60) 2 (40) 0 0.7008
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Table I. Sociodemographic, clinical, imaging and neuropsychological characteristics of patients according to the resection risk from the Wada test

(cont.).
Characteristics Total Without risk With risk Inconclusive risk pvalue
(N =369) (n=232) (n=104) (n=33)
Hemisphere of the lesion
Right 72 (19.51) 63 (87.50) 7(9.72) 2(2.78)
Left 242 (65.68) 143 (59.09) 72 (29.75) 27 (11.16) <0.0001
Bilateral 25(6.78) 10 (40) 14 (56) 1(4)
Lesion lobe
Extratemporal 60 (16.39) 35(58.33) 17 (28.33) 8(13.33) 0.4171
Neuropsychological evaluation, n (%)
Intelligence quotient
Normal-high (110-119) 6 (2.01) 5(83.33) 1(16.67) 0
Normal (90-109) 48 (16.05) 34 (70.83) 11(22.92) 3(6.25)
Normal-low (80-89) 50 (16.72) 33 (66) 16 (32) 1(2) 0.5056
Borderline (71-79) 77 (25.75) 46 (59.74) 22 (28.57) 9 (11.69)
Very low (<70) 118 (39.46) 79 (66.95) 27 (22.88) 12 (10.17)
Verbal quotient
Superior (>120) 3(1.16) 3(100) 0 0
Normal-high (110-119) 7(2.71) 6 (85.71) 1(14.29) 0
Normal (90-109) 46 (17.83) 32 (69.57) 11(23.91) 3(6.52)
0.6879
Normal-low (80-89) 56 (21.71) 36 (64.29) 15 (26.79) 5(8.93)
Borderline (71-79) 66 (25.58) 36 (54.55) 22(33.33) 8 (12.12)
Very low (<70) 80 (31.05) 55 (68.75) 18 (22.50) 7 (8.75)
Reasoning index
Normal-high (110-119) 3(1.18) 1(33.33) 1(33.33) 1(33.33)
Normal (90-109) 34 (13.39) 25(73.53) 7(20.59) 2(5.88)
Normal-low (80-89) 39 (15.35) 26 (66.67) 11(28.21) 2(5.13) 0.5594
Borderline (71-79) 73 (28.74) 46 (63.01) 22 (30.14) 5(6.85)
Very low (£70) 105 (41.34) 67 (63.81) 25 (23.81) 13 (12.38)
Alteration in neuropsychological test
None 26 (8) 18 (69.23) 6 (23.08) 2(7.69)
Mnesic 46 (14.15) 31(67.39) 13 (28.26) 2 (4.35)
Linguistic 22 (6.77) 12 (54.55) 8 (36.36) 2(9.09) 0.9495
Mixed 128 (39.38) 84 (65.63) 34 (26.56) 10 (7.81)
Generalized 95 (29.23) 59 (62.11) 26 (27.37) 10 (10.53)

IQR: interquartile range; MRI: magnetic resonance image.
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Table Il. Wada test findings and according to the resection risk in the total population.

Characteristics Total Without risk With risk Inconclusive risk pvalue
(N=369) (n=232) (n=104) (n=33)
Baseline compromise, n (%)
Comprehension 8(2.2) 4 (50) 3(37.50) 1(12.50) 0.7352
Nomination 153 (42.03) 100 (65.36) 40 (26.14) 13 (8.50) 0.6574
Repetition 110 (29.97) 73 (66.36) 28 (25.45) 9 (8.18) 0.6321
Reading 39 (10.6) 27 (69.23) 10 (23.81) 7 (5.13) 0.3590
Dysarthria 13 (3.55) 9(69.23) 1(7.69) 3(23.08) 0.0834
Evocation 259 (70.38) 162 (62.55) 73 (28.19) 24(9.27) 0.6188
Recognition 29 (7.88) 16 (55.17) 8 (27.59) 5(17.24) 0.2595
Type of baseline compromise, n (%)
None 44 (11.99) 26 (59.09) 16 (36.36) 2 (4.55)
Mnesic 168 (45.65) 103 (61.31) 49 (29.17) 16 (9.52)
0.6479
Linguistic 17 (4.62) 10 (58.82) 6(35.29) 1(5.88)
Mixed 139 (37.77) 92 (66.19) 33 (23.74) 14 (10.07)
Anesthetic, n (%)
Amobarbital 234 (63.41) 161(68.8) 52(22.22) 21(8.97)
Etomidate 19 (32.25) 63 (52.94) 45 (37.82) 11(9.24) 0.0175
Propofol 16 (4.34) 8 (50) 7 (43.75) 1(6.25)
Memory dominance, n (%)
Not defined 37 (10.03) 6 (16.22) 11(29.73) 20 (54.05)
Left 158 (42.82) 87 (55.06) 65 (41.14) 6 (3.80)
<0.0001
Right 116 (31.44) 97 (83.62) 15 (12.93) 4 (3.45)
Bitemporal 58 (15.72) 42 (72.47) 13 (22.41) 3(5.17)
Language dominance, n (%)
Not defined 3(0.81) 0 1(33.33) 2 (66.67)
Left 300 (81.3) 179 (59.67) 95 (31.67) 26 (8.67)
0.0003
Right 21(51.69) 19 (90.48) 1(4.76) 1(4.76)
Bilateral 45 (12.2) 34 (75.56) 7 (15.56) 4 (8.89)
Involved lobe according to the number of recognized objects, n (%)
Extratemporal 31(13.66) 24 (77.42) 5(16.13) 2 (6.45)
Temporal 179 (78.85) 91(50.84) 74 (41.34) 14.(7.82) <0.0001
Not defined 16 (7.05) 6(35.29) 4(23.53) 7 (41.18)
Functional adequacy, (IQR) 43.75 (0-75) 31.25 (0-68.75) 62.5(37.5-87.5) 0(0-43.72) <0.0001
Functional reserve, (IQR) 75 (25-93.75) 87.5 (75-100) 18.75(0-50) 18.75 (0-75) <0.0001

IQR: interquartile range; MRI: magnetic resonance image.
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Table L. Simple binomial logistic regression analysis of the candidate variables for the multivariate model in patients with left lesion at risk of re-
section.

Characteristics NT:t;Iu Wi:,h::lzgiSk V\gt: ;;k PR crude (Cl 95%) p-value
Gender, women 143 (59.09) 89 (62.24) 38 (26.57) 0.744 (0.456-1.139) 0.1853
Number of years with epilepsy 23 (10-33) 20 (9-32) 24.5 (11.5-38) 1.018 (1.001-1.035) 0.0362
MRI finding of dysplasia 5(2.07) 2 (40) 3 (60) 2.007(0.556-2.584) 0.2269
MRI finding of malacia 19 (7.85) 9 (47.37) 8 (42.1) 1.55 (0.732-2.400) 0.2236
Intelligence quotient

Borderline (71-79) 47 (24.35) 24 (51.06) 16 (34.04) 1.631(0.834-2.643) 0.1419
Verbal index

Borderline (71-79) 38 (23.17) 18 (47.37) 14 (36.84) 2.150(1.01-3.473) 0.0473
Reasoning index

Normal (90-109) 23 (14.29) 20 (86.96) 2(8.70) 0.321(0.067-1.316) 0.1223

Borderline (71-79) 48 (29.81) 26 (54.17) 18 (37.50) 1.686 (0.843-2.739) 0.1295
Anesthetic

Amobarbital 150 (61.98) 94 (62.67) 39 (26) 0.475 (0.139-1.129) 0.1151
Baseline compromise

None 29 (11.98) 15 (51.72) 12 (41.38) 1.682 (0.845-2.631) 0.1277
Hemispheric language dominance

Left 187 (77.27) 100 (53.48) 65 (34.76) 2.319(1.082-3.94) 0.032
Hemispheric memory dominance

Left 73 (30.17) 25 (34.25) 44 (60.27) 2.511(1.62-2.98) 0.0006

Right 97 (40.08) 85 (87.63) 10 (10.31) 0.336 (0.136-0.789) 0.01M
Functional adequacy 50 (12.5-81.25) 37.5(0-75) 62.5 (43.75-87.5) 1.012 (1.004-1.02) 0.0017
Functional reserve 62.5 (25-87.5) 87.5 (62.5-100) 21.87 (0-43.75) 0.999 (0.9996-0.9998) <0.001

€1 95%: confidence interval; MRI: magnetic resonance image.

It was found that in patients with left hemispheric having a risk of post-surgical resection detected in
lesion, for each percentage point of the functional the WT (PR adjusted 0.92; 95% CI: 0.547-0.999).
reserve, the probability of being a patient with risk of

post-surgical resection detected in the WT decreas-

es 0.01 times (PR adjusted 0.99; 95% CI: 0.9997- Discussion

0.9998). Similarly, having the right hemisphere

dominant for memory was a protective factor for In the pre-surgical evaluation of patients who are
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candidates for epilepsy surgery, the aim is to con-
firm the presence of the epileptic zone and to de-
termine its extension through the use of multiple
diagnostic tools. Once the epileptogenic zone has
been identified, the risks of a surgical intervention
regarding memory and language function in rela-
tion to the affected area and circuit are considered,
and its benefits compared to refractory traditional
medical treatments are evaluated [13,14].

This study highlights the relevance of neuropsy-
chological evaluation and the determination of lat-
eralization and hemispheric dominance through
the WT. Demonstrating that components such as the
function of the contralateral hippocampus and the
hemispheric memory dominance are essential fac-
tors for the resection risk evaluation in the WT.

Regarding the study population characteristics,
although the literature suggests that the age of sei-
zure onset is associated with cognitive alterations
in patients with epilepsy and may affect post-surgi-
cal cognitive outcomes [15-18]. In this study, the
median age of seizure onset was 11 years (IQR:
3-20) and no significant differences were found be-
tween patients without risk of resection, at risk,
and with inconclusive results.

In the present study, most of the patients had le-
sional epilepsy, mainly temporally located, and af-
fecting the left hemisphere secondary to hippo-
campal sclerosis. These findings coincide with pre-
vious studies on refractory epilepsy [19-21]. A
higher proportion of patients with left hemispheric
lesions were observed to be at risk of resection. It is
important to note that the WT employs verbal and
double-coding stimuli, which serve as indicators of
left hemisphere integrity in individuals with left-
language dominant temporal lobe epilepsy and sig-
nificantly predict memory performance in the left
hemisphere during the test. Therefore, the results
support the utilization of the WT primarily for pa-
tients with left-sided lesions [22].

Patient's pre-surgical cognitive baseline influ-
ences postoperative cognitive outcomes. It has been
observed that patients with high IQ present less
postoperative deterioration. However, those with
high manipulative IQ might experience cognitive
decline [23]. In this study, it’s important to empha-
size that despite a higher proportion of patients
with an IQ below 70, no significant differences in IQ
levels were found among patients categorized as at-
risk, without-risk, and inconclusively risk based on
the WT results. Given the difficulties associated
with implementing fMRI paradigms in patients with
low IQ, the implementation of the WT is recom-
mended including interrelation and verbal guid-

ance from professionals to the patients before and
during the WT.

Numerous studies have identified clinical vari-
ables as predictors of a worse postoperative cogni-
tive outcome (mainly in terms of memory), such as
resection in the dominant hemisphere for language
[13], low functional preoperative memory, late-
age seizure onset, low verbal IQ, seizure persis-
tence after surgery, psychiatric comorbidities, and
MRI findings other than exclusively unilateral me-
sial temporal sclerosis [24-26]. In this study, the in-
formation from the postoperative neuropsycholog-
ical evaluation was not available, therefore, it was
decided to evaluate the factors associated with the
finding of risk of resection in the TW in patients
with left lesions.

Previous studies suggest that the duration of epi-
lepsy is not linked to postoperative changes in the IQ
[24]. This phenomenon can be explained by the fact
that in patients with long-standing epilepsy, uncon-
trolled electrical discharges toward the affected hip-
pocampus and its contralateral counterpart result
in poorer preoperative cognitive performance [27].
Consequently, the resection of less functional areas
adjacent to the EZ will have a lesser impact on cog-
nitive performance scores [28,29]. The findings of
this study support this hypothesis, as they reveal
that the number of years with epilepsy was not sig-
nificantly associated, in the multivariate model, with
the identification of resection risk in the WT.

In the WT, dominance for memory and language
are relevant when evaluating the ability of the
healthy hemisphere contralateral to the lesion to
maintain memory and language functions [30,31].
In patients with left lesions, it was observed that a
right hemispheric dominance for memory contra-
lateral to the epileptogenic focus to be resected was
a protective factor for the finding of risk of resection
in the WT (adjusted PR 0.92; 95% CI 0.547-0.999).
These results are similar to other reports in which
memory dominance ipsilateral to the lesion is con-
sidered as one of the factors associated with postop-
erative verbal memory compromise [32]. It is con-
sidered that the WT continues to be useful when
evaluating memory tasks related to the mesial zone,
since it allows the characterization of the memory
dominance of small areas of the hippocampus [33].

Estimates of functional reserve and functional
adequacy are data only obtained through the WT,
these cannot be collected with other lateralization
diagnostic tools such as fMRI and therefore are key
and distinctive data of this procedure [34,35]. In
relation to this, there is a debate regarding the
model to follow to define post-surgical risk; the first

www.neurologia.com  Rev Neurol 2024; 78 (11): 295-305



Memory and language risk assessment with Wada test

model suggests that the post-surgical memory defi-
cit depends on the ability of the hippocampus con-
tralateral to the lesion to adequately sustain memo-
ry functions after the operation (functional reserve)
[3]. The second model of functional adequacy pos-
tulates that the post-surgical deficit depends on the
functionality of the target hippocampus to be re-
sected [36]. In this regard, most studies suggest
that functional adequacy instead of functional re-
serve is what determines the degree of postopera-
tive decrease [25]. Our study is consistent with the
first model, giving greater value to the functional
reserve, determining that for each percentage point
of function of the hippocampus contralateral to the
lesion, the probability of risk of post-surgical cogni-
tive compromise decreases 0.01 times.

The current study is not without limitations, no-
tably the absence of post-surgical follow-up evalua-
tions for patients who completed the WT. Conse-
quently, it remained unfeasible to ascertain the oc-
currence of memory impairment after surgery for
those patients who were predicted to be at cogni-
tive risk. The results and interpretation of this study
must be contextualized within the parameters that
influence the outcomes of the WT. As part of ongo-
ing research, a subsequent study will be conducted,
focusing on patients who have undergone post-sur-
gical neuropsychological assessments.

Conclusions

The WT determines valuable mnesic components
and the interpretation helps in decision-making re-
garding the possibility of surgical resection of the
epileptogenic focus. Specifically, the higher the per-
centage values of the functional reserve, the greater
the probability of post-surgical memory preserva-
tion. In the same way, the function of the hippocam-
pus to be resected must be taken into account, whose
pre-surgical involvement will affect the results of
post-surgical memory. In the decision-making of pa-
tients with drug-resistant epilepsy, the neuropsycho-
logical evaluation completed during the W'T plays a
relevant role by identifying the hemispheric domi-
nance of cognitive functions, in which it is identified
that in patients with a secondary epileptogenic fo-
cus to left lesions, the dominance for memory in
the right hemisphere is a protective factor.
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Evaluacion de la memoria y el lenguaje mediante el test de Wada en pacientes candidatos a cirugia
de epilepsia

Objetivo. Determinar el riesgo cognitivo posquirtirgico y factores asociados segun la localizacién de la lesién en una muestra
de pacientes evaluados para cirugia de epilepsia con el test de Wada en la Fundacién Instituto Neuroldgico de Colombia.

Materiales y métodos. Se realizé un estudio observacional, retrospectivo y analitico en pacientes con epilepsia farmaco-
rresistente del I6bulo temporal candidatos a cirugia de epilepsia tratados entre 2001y 2021, que completaron el test de
Wada como parte de la evaluacién prequirdrgica. Se realizé un analisis descriptivo de variables sociodemograficas, clini-
cas, imagenoldgicas y neuropsicoldgicas. Se realizé una regresion logistica multivariada analizando factores asociados al
riesgo de reseccién en pacientes con lesiones izquierdas.

Resultados. Se incluyd a 369 pacientes, el 54,74% de los casos fueron mujeres, con una mediana de edad de inicio de las
convulsiones de 11 afios. El 92,66% de los casos presentd epilepsia lesional; de éstos, el 68,56% fue secundario a esclero-
sis hipocampal. El hemisferio izquierdo fue el mas frecuentemente afectado (65,68%), y éste fue dominante para la me-
moria y el lenguaje en la mayoria de los pacientes, con una proporcién del 42,82 y el 81,3%, respectivamente. La media-
na de adecuacién funcional fue de 43,75 (rango intercuartilico: 0-75) y la reserva funcional de 75 (rango intercuartilico:
25-93,75). En 104 pacientes, el test de Wada determind un riesgo de reseccion. En pacientes con lesiones izquierdas se
encontré que la reserva funcional (razén de prevalencia ajustada: 0,99; intervalo de confianza al 95%: 0,9997-0,9998) y
tener dominancia del hemisferio derecho para la memoria (razén de prevalencia ajustada: 0,92; intervalo de confianza al
95%: 0,547-0,999) fueron factores asociados para determinar el riesgo de reseccion posquirtirgico en el test de Wada.

Conclusion. El test de Wada es una herramienta Util para la toma de decisiones quirdrgicas en pacientes con epilepsia del
I6bulo temporal farmacorresistente. Componentes como la dominancia de la memoria y la reserva funcional en el test de
Wada deben considerarse como factores que se deben tener en cuenta en la prediccion de la preservacién de la funcién
cognitiva posquirdrgica en pacientes con lesiones izquierdas.

Palabras clave. Cognicidn. Epilepsia. Lenguaje. Memoria. Test de amobarbital intracarotideo. Test de Wada.
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