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Abstract Testing of verbal fluency is currently part of stan-
dard presurgical neuropsychological assessment for patients
with focal epilepsy. However, to date no systematic review
has been conducted on semantic (SVF) and phonemic verbal
fluency (PVF) in this patient group. The present review com-
pares verbal fluency between healthy control subjects and
subgroups of adult presurgical patients with focal epilepsy
according to lateralisation and localisation of the dysfunction.
PubMed was searched with a comprehensive search string.
Abstracts of all studies and full-texts of potentially relevant
studies were screened. Study quality was assessed by inde-
pendent raters according to predefined criteria. 39 studies
were included. Meta-analyses were performed to compare
SVF and PVF across groups of patients with temporal (TLE)
and frontal lobe epilepsy (FLE) as well as healthy controls
(HC). Both patients with left- and right sided TLE were
impaired on SVF and PVF compared to HC. Patients with
left-sided TLE were slightly more impaired than patients with
right-sided TLE. Patients with FLE showed a larger impair-
ment in PVF than patients with TLE, whereas on SVF there
was no difference between FLE and TLE. For TLE compar-
isons the study pool seems to have been sufficient, whereas
more studies are needed to verify results for FLE. Semantic
verbal fluency might not differentiate between FLE and TLE.
While verbal fluency impairment was anticipated, especially
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in left-sided TLE and FLE patients, the impairment in patients
with right-sided TLE was larger than expected. Results are
discussed with regard to neuropsychological theory and
practice.
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Introduction

Epilepsy is one of the most common neurological disorders.
Epidemiological studies found a prevalence of 0.5 to 1 % of
the European and North American population, and economic
costs are high (MacDonald et al. 2000; Pachlatko 2008; Vivas
et al. 2012). About 60 % of epilepsy cases are classified as
focal epilepsies (Loiseau et al. 1990). In focal epilepsy, up to
60 % of patients develop drug resistance (Siegel 2004). Some
forms of focal epilepsy, especially temporal lobe epilepsy
(TLE), benefit from epilepsy surgery regarding seizure free-
dom and post-surgical quality of life (Wiebe et al. 2001).

Neuropsychology is an essential part of presurgical diag-
nostics in focal epilepsy. It can provide information regarding
the localization and lateralization of the epileptogenic focus.
Furthermore, in combination with MRI, PET and EEG results
as well as the medical examination neuropsychology results
are an important part of patient counseling regarding the
prognosis and evaluation of cognitive outcomes of surgical
procedures. To date, no evidence-based standards have been
put forward for presurgical neuropsychological assessment
(Briickner et al. 2010; Briickner 2012). Test batteries have
been assembled on the basis of neuropsychological experi-
ence gained from lesion studies and have been in use for many
years (Jones-Gotman et al. 2010).
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Verbal fluency can be impaired in temporal (TLE) and frontal
lobe epilepsy (FLE). Semantic verbal fluency is seen as a part of
semantic memory assessment (Gardini et al. 2013; Sheldon and
Moscovitch 2012). Commonly, phonemic verbal fluency impair-
ments are interpreted as pointing to a frontal dysfunction of the
language-dominant hemisphere, and semantic fluency impair-
ments are seen as pointing to either frontal or temporal dysfunc-
tions of the language-dominant hemisphere (e.g., Piazzini et al.
2008; Jones-Gotman et al. 2010; Giovagnoli and Bell 2011).
(Troyer et al. 1998) found semantic verbal fluency relatively
unimpaired in patients with frontal lobe lesions compared to
patients with temporal lobe lesions. Semantic and phonemic
fluency deficits in TLE compared to healthy controls have been
observed in a number of primary studies (Martin et al. 1990;
Amold et al. 1996; Lehericy et al. 2000). Left-sided TLE (LTLE)
seems to be especially impaired in comparison with healthy
subjects (Martin et al. 1990; Amold et al. 1996). However, some
studies have shown verbal fluency deficits also in right-sided TLE
(RTLE) patients in comparison to healthy controls (Martin et al.
1990; N’Kaoua et al. 2001), although theoretical assumptions and
current clinical interpretations do not emphasize such impairment.

To date, most systematic reviews on verbal fluency have
been performed on lesion studies with heterogeneous patient
populations or imaging studies with healthy adults (e.g.,
Alvarez and Emory 2006). Although patients with non-
frontal and right-sided lesions have shown deficits in phone-
mic verbal fluency, impaired verbal fluency typically is
interpreted as a product of left-sided frontal lobe dam-
age (Alvarez and Emory 2006). However, it is problem-
atic to generalize results from other neurological patient
populations to patients with focal epilepsy. A qualitative
review by (Risse 2006) stated that verbal fluency is
sensitive to frontal lobe epilepsy when compared to
performance of control subjects and that overall, greater
impairment is noted in the LFLE group compared to
RFLE. (Sherman et al. 2011) reviewed general cognitive
outcomes after epilepsy surgery and found improvement
in semantic verbal fluency in LTLE after surgery in
approximately 25 % of cases.

The present review is aimed at providing the first system-
atic presentation of research results regarding verbal fluency
performance in presurgical patients with focal epilepsy, in
order to assess verbal fluency performance in different groups
of focal epilepsy and compare the results with current theoret-
ical assumptions, which have an impact on clinical practice.
The main goals of the review were a) to compare different lobar
groups of focal epilepsy against healthy control subjects, b) to
compare different lobar groups of focal epilepsy against one
another, and c¢) to compare focal epilepsies of differing
lateralization regarding semantic and/or phonemic verbal
fluency performance. Furthermore, we conducted a sub-
group analysis of studies including only patients with
mesiotemporal pathology.

Methods

Methods and results are reported in accordance with the
applicable standards (Moher et al. 2009; Stroup et al. 2000).

Eligibility Criteria

Only studies including adult presurgical (or non-surgical) pa-
tients with unilobar focal epilepsy (see results on diagnostic
methods) explicitly measuring verbal fluency (semantic or
phonemic, oral or written) were included. For semantic fluency
all measures of semantic fluency requiring the subject to name
exemplars of one distinct category as quickly as possible were
included. For phonemic fluency all measures of letter fluency
requiring the subject to name words beginning with a certain
letter of the alphabet as quickly as possible were included.
Switching measures, i.e. measures of semantic or phonemic
fluency requiring the subject to switch between different se-
mantic categories or different letters within the same task, were
not included as they are less commonly used or recommended
in clinical practice (e.g., Briickner 2012). In order to be includ-
ed, findings had to be reported in a peer-reviewed journal.
Table 1 summarizes the applied criteria.

A further inclusion criterion not listed in Table 1 refers to a
subgroup of studies including patient groups with
mesiotemporal epilepsy. In order to be included in these
subgroup analyses, relevant study populations had to consist
of at least 90 % of patients with mesiotemporal epilepsy
(MTLE), as shown by EEG and brain imaging data.

Table 1 Inclusion criteria

C1 Studies with at least one presurgical® group (> 2 patients) of patients
with unilobar focal epilepsy, which is compared to a) a group of
healthy control subjects or b) a different unilobar focal group;
studies with>10 % patients with right hemispheric language
dominance are excluded from laterality comparisons (e.g. LTLE
vs RTLE)"

C2 Studies applying one or more instruments measuring verbal fluency
(phonemic or semantic) with adequate presentation of results

C3 Studies with adult patients® (> 16 year)

C4 Peer-reviewed publications in the following languages are included:
English, German, Dutch, French

C5 Abstract and full-text have to be available

*One study (Giovagnoli and Avanzini 2000) included 7,7 % of post-
surgical patients. Due to the small number, the study was included in the
present review

® Provided the information on language dominance can be extracted from
the publication

¢ One study with an age range from 15 to 54 was included, as the majority
of patients were clearly older (Davies et al. 1995). If individual patient
data were provided in table format, data from younger subjects were
excluded (e.g. Pisano et al. 2005)
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Study Selection and Data Collection

PubMed was searched using a comprehensive search string:
(seizure OR seizures OR epilepsy OR epileptic OR ictal)
AND (fluency OR “word production” OR “Controlled Oral
Word Association” OR “speech production”). The search
included publications available via PubMed until December
31, 2011. An additional hand-search was performed in the
reference lists of relevant reviews that had been identified in
the database search. Studies were rated for inclusion by two
independent reviewers (see Appendix for details). Data on
study characteristics, participants, risk of bias, and outcomes
were extracted by one reviewer and cross-checked by a sec-
ond reviewer using a piloted and standardized form.

Assessment of Confounding and Risk of Bias

Possible confounding was addressed by examination of com-
parability of groups regarding age, intelligence (if not report-
ed, level of education was used as proxy), duration and/or
onset of epilepsy, number of prescribed antiepileptic
drugs (AED) and seizure frequency (for patient sub-
group comparisons) in each study. Methodological rig-
our was additionally assessed by examining the quality
of language dominance measures, recruitment process,
psychometric quality and blinding of outcome assess-
ments, and sample size (see Appendix for details).
Risk of bias assessment was performed by two indepen-
dent raters. Disagreements were resolved by discussion.

Data Synthesis

We used meta-analysis to statistically summarize results of the
primary studies regarding the questions of interest. For each
comparison we calculated the standardized mean difference,
Hedges’ g (Hedges and Olkin 1985), which expresses the size
of an effect in a study in units of the variability (standard
deviation) of the data in that study. Conventionally, standard-
ized mean differences of 0.2, 0.5, and 0.8 are interpreted as
small, medium, and large effects, respectively (Cohen 1988).
If used for diagnostic purposes, these values correspond to
approximately 15, 33, and 47 % of diseased subjects showing
a worse performance than control participants, respectively.
Statistical variability of the findings was examined using the
12 statistic, which describes the percentage of the variability in
effect estimates that is attributable to systematic differences
between studies rather than chance (Higgins et al. 2003).
Usually, values above 50 or 60 % are considered to implicate
substantial and non-ignorable systematic heterogeneity. We
performed subgroup analyses including studies in patients
with solely mesiotemporal pathology, studies at low risk of
bias, and studies with a control group, respectively. Risk of
publication bias was assessed by visual examination of
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whether considerable asymmetry was present in the corre-
sponding funnel plots (Egger et al. 1997). Further details on
the data synthesis are reported in the Appendix.

Results
Study Selection

A search in PubMed resulted in 247 records (after duplicate
elimination), and a hand search identified another 11 poten-
tially relevant studies leading to a total of 258 potentially
relevant reports. Of these, 192 were eliminated as non-
relevant for a preliminary sample of 66 studies. After review
of the full-texts of the latter, an additional 27 reports were
eliminated, resulting in a final sample of 39 studies that met
inclusion criteria (see Fig. 1).

While most excluded studies fulfilled more than one ex-
clusion criterion, the most common reason for exclusion was
C1: 182 of all 258 studies were excluded because their study
groups did not include a group of preoperative patients with
focal epilepsy and/or no appropriate control group (see
Table 1). 56 studies were excluded due to C2, i.e. no fluency
measure was reported or at least not adequately presented. In
56 studies the subjects were children (C3). 14 studies were
excluded because they were published in Spanish, Portuguese,
Polish, Russian, Japanese or Chinese (C4). For two studies no
abstract and/or full-text were available (C5). One duplicate
publication was excluded.

Characteristics of Included Studies

Table 2 provides an overview of the characteristics of the
included studies. Ten studies were conducted in the United
States of America, seven in Germany, five in Italy, five in the
United Kingdom and four in France. Two studies were con-
ducted in Brazil, three in Australia, one in Austria, one in
China and one in the Netherlands. 33 out of 39 studies applied
measures of phonemic verbal fluency, 23 used measures of
semantic fluency. 17 studies applied both semantic and pho-
nemic fluency measures. Sample sizes for assessment of ver-
bal fluency ranged from 8 to 284 patients across all groups.
Approximately one third of the included studies investigated
small samples (N<15), whereas in the remaining two thirds of
studies samples were medium sized or large (N>15).
Distribution of studies with small samples was similar be-
tween phonemic and semantic fluency measures.

Diagnostic procedures were relatively homogeneous: 30 out
of 39 studies conducted continuous ictal and interictal scalp
video-EEG monitoring as well as MRI. Some of these studies
reported additional EEG with depth electrodes and additional
imaging with SPECT or PET. In three studies it was unclear
whether video was acquired during EEG recording (“ictal and
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Fig. 1 Flow chart of study

inclusion process
abstracts

Pubmed search: 247 hits
First screening: Screening of

Exclusion of 192 publications on the basis of one or more
= exclusion criteria: 170 C1, 40 C2, 56 C3, 14 C4, 1 C5 (see

tab.1)

Hand search in reference lists of
relevant reviews identified in

Pubmed search

11 studies identified in hand search

|

Second screening of 66 studies
included in first screening and hand
search: Screening of full-texts

double publication

Exclusion of 27 studies on the basis of one or more
exclusion criteria: 12 C1, 16 C2, 1 C5 (see tab.1) and one

39 studies included in review and
meta-analyses

interictal scalp EEG recordings™) in addition to MRI. In four
studies, due to insufficient reporting, it remained unclear which
type of EEG recording was conducted in addition to MRI. One
study reported only interictal EEG recording and MRI (howev-
er, here the patients were not seen as part of routine presurgical
assessment as in most other studies), and in one study the
assessment procedure remained unclear. Consequently, at least
33 out of 39 studies applied continuous ictal and interictal
(video-) EEG monitoring. 14 out of 39 studies reported post-
surgical data to confirm presurgical focus determination.

Mean participant age was relatively homogeneous, ranging
from 25.2 to 44.7 year. Regarding gender studies were homo-
geneous, with no clear majority of either male or female
participants. All of the 39 studies included TLE patients.
Eight studies included FLE patients. 23 studies included
healthy controls. Most study patients showed focal pathologies
on MRI. On average, mean full scale or verbal IQ was < 100
(most mean values between 90 and 100) in the included patient
groups. Mean age at onset of epilepsy varied across studies,
ranging from 6.2 to 26 year. Mean duration of epilepsy ranged
from 11 to 31.9 year (mostly between 15 and 25 year).

Outcome Measures

For the assessment of phonemic verbal fluency, assessment time
was usually 1 min. per letter. The most commonly applied
measure was the Controlled Oral Word Association Test
(COWAT, Benton et al. 1994) including the letters F, A and S.
The parallel forms (C, F, L or P, R, W) were rarely used. Other

tests used were an Italian Oral Fluency Test (OFT, Novelli et al.
1986) with the letters P, F, L, and the Leistungspriifsystem subtest
6 (LPS6, Horn 1983), a written test with the letters L, P, R or F, K,
R. One study used a French phonemic fluency test (P,R,V) by
(Cardebat et al. 1990). Another study used a fluency task from
the Delis Kaplan Executive Function System (D-KEFS, Delis
et al. 2011) (F, A, S) and one a fluency task from the Protocole
Montréal d’Evaluation de la Communication (MEC, Joanette
et al. 2004): P-words in 2 min. For the assessment of semantic
verbal fluency, the most common category by far was animal
naming in 1 min. (Benton et al. 1994). One study used animal
naming in 2 min. from the Stichting Afasie Nederland word-
fluency test (Deelman et al. 1980). The OFT used sum scores
across the categories animals, fruits and car brands. One study
applied the MEC semantic fluency task (items of clothing,
2 min.), another one the Supermarket Fluency Test (Troyer
2000). The remaining studies applied experimental phonemic
or semantic fluency tasks.

Risk of Bias

Regarding comparability of important demographic and clin-
ical variables (age, IQ/education, onset/duration of epilepsy),
24 studies (62 %) had sufficiently (most parameters matched)
or well matched samples (all parameters matched). In the
remaining 15 studies (38 %), matching was either insufficient
(only some parameters matched) or non-existent. However,
out of the studies including healthy control groups approxi-
mately half did not achieve sufficient matching of IQ/

@ Springer
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education, especially between controls and patients. Gender was
distributed relatively similarly across the study groups in most
studies (see Tab. 2). Only 15 out of 39 studies reported data on
seizure frequency. In merely two of these studies patient groups
were not comparable on seizure frequency. Twenty studies pro-
vided some data on antiepileptic drugs (AED), however not
always in a clear fashion. Number (no.) of AED per patient
was most commonly reported. In one study patient groups were
not comparable on no. of AED. Thirteen studies reported some
data on different types of AED. Across these studies about 52 %
of patients were on monotherapy, and approximately 9 % of
patients were on topiramate or phenobarbital (and one patient on
zonisamide. Only two studies reported data on secondary gener-
alization of seizures. Seizure frequency and no. of AED were
rated separately from other clinical variables in risk of bias
assessment due to the large amount of studies providing no or
insufficient data.

For the assessment of language dominance 21 studies used
the Wada test or fMRI, one study reported Wada results for the
majority of their TLE but not the FLE sample (Ramirez et al.
2010), 10 studies reported data from handedness inventories,
the remaining 7 studies did not report any information on
language dominance. Sample size was sufficient (N>15) in
two thirds of studies. A common problem was a lack of
blinded assessment regarding verbal fluency measures. Most
studies did not report whether the raters were blinded or not.
This can be explained by the fact that verbal fluency testing in
most cases took place as part of standard presurgical neuro-
psychological assessment. Patient recruitment was unclear in
most studies as the authors did not mention whether patients
were recruited in a consecutive fashion or not. A small number
of studies also used patient databases for retrospective assess-
ment. However, in a large number of studies, patients were
investigated as part of routine preoperative assessment. In
these cases, consecutive recruitment might be assumed. The
quality of outcome measures was high in the majority of
studies, i.e. commonly used measures of verbal fluency or
less commonly used measures with normative data were ap-
plied. Only four of the 39 studies did not report on the fluency
measures they applied or used experimental measures without
normative data.

On the whole, study quality is at least in the medium range
regarding variables crucial to the present review. In the summary
risk of bias assessment, the sum scores for the 39 studies ranged
from —7 to 10; approx. one third of studies (15) were classed as
high-risk and almost two thirds (24) as low-risk studies.

Phonemic Verbal Fluency

Meta-analytic results for phonemic verbal fluency of focal
epilepsy patients are summarized in Table 3.

Patients with TLE were impaired on phonemic verbal
fluency in comparison to healthy control subjects (overall

g=1.22, p<0.001). Heterogeneity was moderate within com-
parisons of subgroups with healthy controls (I*<50 %) but
notable between subgroup comparisons (61 %). Only one
study compared phonemic verbal fluency in frontal lobe epi-
lepsy patients (with mixed lateralization) and healthy controls
showing a large and significant effect in favor of the control
group (g=1.54, p<0.001).

With respect to lateralization in temporal lobe epilepsy
patients, a small statistically significant effect in favor of
RTLE over LTLE was observed (g=0.35, p<0.001). Only
two studies compared phonemic verbal fluency between right
and left frontal lobe epilepsy patients, showing a medium
effect size in favor of RFLE over LFLE (g=0.71, p<0.001).

In the comparison of phonemic verbal fluency according to
localization of the dysfunction, meta-analysis showed a mod-
erate advantage of TLE over FLE patients (overall g=—0.47,
p<0.001). Heterogeneity was notable (62 %) only in the
comparison between FLE and mixed TLE patients, though
most comparisons included only a very limited number of
studies. Across all subgroups, overall heterogeneity remained
acceptable (49 %).

Semantic Verbal Fluency

Meta-analytic results for semantic verbal fluency of focal
epilepsy patients are summarized in Table 3.

With regard to semantic verbal fluency, all comparisons
between healthy controls and temporal lobe epilepsy patients
showed large and statistically significant effects (overall g=
1.31, p<0.001). The heterogeneity statistic indicated consider-
able differences only between (I=76 %) but not within sub-
groups. One study compared semantic verbal fluency between
frontal lobe epilepsy patients (left-sided) and healthy controls
showing no statistically significant effect (g=0.90, p=0.08).

With respect to lateralization in temporal lobe epilepsy
patients, semantic verbal fluency proved to be slightly but
statistically significantly better in RTLE than in LTLE patients
(g=0.27, p=0.002). In frontal lobe epilepsy patients, one
study found no statistically significant difference between
RFLE and LFLE (g=0.39, p=0.10).

In comparisons of semantic verbal fluency between frontal
and temporal lobe epilepsy patients, none of the subgroup
comparisons nor the overall comparison revealed a significant
difference (overall g=—0.08, p=0.55).

Subgroup Analyses in Mesiotemporal Epilepsy Patients

Meta-analytic results for verbal fluency of mesiotemporal
epilepsy patients (MTLE) are displayed in Table 3.

For phonemic verbal fluency, large effects showed better
performance of healthy controls than MTLE patients (overall
g=1.22, p<0.001). With regard to lateralization, a small effect
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Table 3 Summary results of the main and subgroup analyses

Phonemic verbal fluency

Semantic verbal fluency

Comparison k nl n2 g 95 % CI P I k nl n2 g (95 % CI) p P
HC vs TLE 19 481 879 122 (1.04,141) <0.001 61 % 15 405 708 1.31 (1.12, 1.51) <0.001 54 %
HC vs mixed TLE 3 65 65 0.34 (—0.08,0.77) 0.11 20% 3 46 44 0.81 (0.19,1.42) 0.010 40 %
HC vs RTLE 14 387 395 1.10 (0.89, 1.13) <0.001 32% 10 316 309 1.14 (0.88, 1.40) <0.001 41 %
HC vs LTLE 16 416 419 145 (1.21, 1.69) <0.001 48 9% 12 359 355 1.57 (1.32,1.81) <0.001 38 %
RTLE vs LTLE 26 764 849 0.35 (0.23,0.46) <0.001 18% 16 432 442 0.27 (0.10, 0.44) 0.002 28 %
HC vs FLE 1 40 40 1.54 (1.04,2.05) <0.001 n.a. 1 20 5 0.90 (—0.11, 1.92) 0.08 na.
HC vs mixed FLE 1 40 40 1.54 (1.04,2.05) <0.001 n.a. 0 na na. na. na. n.a. n.a.
HC vs RFLE 0 na na. na. na. n.a. n.a. 1 20 5 0.90 (—0.11, 1.92) 0.08 na.
HC vs LFLE 0 na. na. na. na. n.a. n.a. 0 na na. na. na. n.a. n.a.
RFLE vs LFLE 2 46 50 0.71 (0.29, 1.13) <0.001 0 % 1 32 42 0.39 (—0.07, 0.86) 0.10  na.
FLE vs TLE 207 393 —047 (-0.68,-0.26) <0.001 49% 5 131 191 -—0.08 (-0.34,0.18) 0.55 46 %
Mixed FLE vs 81 107 -0.76 (-1.27,-0.26) 0.003 62% 2 27 49 -0.72 (2.07,0.64) 030 85%
Mixed TLE
Mixed FLE vs RTLE 1 30 34 071 (-1.22,-0.21) 0.006 n.a. 1 30 34 -035 (-0.85,0.14) 0.16 na.
Mixed FLE vs LTLE 1 30 43 —0.11 (-0.57,0.36) 0.65 n.a. 1 30 43 0.04 (—0.43,0.50) 0.88  na.
RFLE vs Mixed TLE 0 na na. na. na. n.a. n.a. 0 na na. na. na. n.a. n.a.
LFLE vs Mixed TLE 0 na. na. na. na. n.a. n.a. 0 na na. na. na. n.a. n.a.
RFLE vs RTLE 2 46 97 —-0.10 (-0.49,0.28) 0.61 0% 1 32 26 0.33  (—0.19, 0.85) 0.21 n.a.
LFLE vs RTLE 2 50 97 -0.67 (-1.08,-0.25) 0002 0% 2 47 29 -0.10 (—0.79,0.58) 0.77 na.
RFLE vs LTLE 2 46 112 —-0.08 (-0.46,0.29) 0.66 0% 1 32 31 025 (—0.24,0.75) 0.32 na.
LFLE vs LTLE 2 50 112 -0.72 (-1.13,-0.32) <0.001 0% 2 47 36 -0.05 (—0.48,0.39) 0.83 0%
HC vs MTLE 9 264 402 1.22  (1.00, 1.45) <0.001 44% 6 220 273 1.39 (1.14, 1.65) <0.001 41 %
HC vs RMTLE 8 252 194 1.03  (0.76, 1.31) <0.001 27% 5 208 136 1.16 (0.86, 1.46) <0.001 19 %
HC vs LMTLE 264 208 141 (1.08,1.74) <0.001 46% 6 220 137 1.58 (1.24,1.92) <0.001 29 %
RMTLE vs LMTLE 14 419 447 0.35 (0.17,0.52) <0.001 18% 9 221 213 0.35 (0.07,0.62) 0.01 41 %

positive values indicate advantage for the first named condition

k number of studies, n/ total number of participants in the first condition, n2 total number of patients in the second condition, g standardized mean
difference (Hedges® g), CI confidence interval, p level of significance for g being different from zero, I proportion of systematic statistical heterogeneity,

HC healthy controls, L left; R right, 7LE temporal lobe epilepsy, FLE frontal lobe epilepsy, MTLE mesiotemporal lobe epilepsy

favoring RMLTE over LMTLE patients was observed
(g=0.35, p<0.01).

On semantic verbal fluency, large effects showed better
performance of HC than MTLE (overall g=1.39, p<0.001).
RMTLE patients performed slightly better than LMTLE pa-
tients (g=0.35, p=0.01).

Influence of Risk of Methodological and Publication Bias

In comparisons of studies at low and high risk of bias mean-
ingful moderation was revealed only in RTLE vs. LTLE
contrasts. Regarding semantic verbal fluency, superiority of
RTLE patients was substantially smaller (but still statistically
significant at p=0.002) in studies at low risk of bias than in

@ Springer

studies at high risk of bias (g=0.23 and 1.24, respectively).
Regarding phonemic verbal fluency a similar but less promi-
nent trend was identified (g=0.31 in studies at low risk of bias
and 0.50 in studies at high risk of bias). A sufficient number of
studies were present for contrasting the results of studies with
and without healthy control groups in the RTLE vs. LTLE
comparisons. Although superiority of RTLE patients over
LTLE patients seemed somewhat more pronounced in studies
with healthy control groups, this difference was very small
and did not reach statistical significance.

Visual investigation of funnel plots revealed that in
comparisons of RTLE vs. LTLE the distribution of
imprecise (small) studies was somewhat unbalanced
with missing studies that would support better semantic
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and phonemic verbal fluency in LTLE. Although it is
unlikely that the summary effects would be nullified if
such studies were found and included, the true advan-
tage of RTLE over LTLE may be somewhat smaller
than reported here. For the other investigated compari-
sons, funnel plots were largely balanced.

Discussion

This is the first systematic review focusing on verbal fluency
deficits in presurgical patients with focal epilepsy. Its results
may be of particular interest at the time as recommendations
and assessment standards are currently discussed and pub-
lished (Briickner 2012).

While it is true that the demands on executive and semantic
retrieval functions vary between semantic verbal fluency,
which obviously places higher demands on the semantic
retrieval system, and phonemic verbal fluency, which is more
dependent on executive functioning, both tasks rely on either
component. Therefore, some impairment on semantic verbal
fluency can also be observed in patients with frontal-executive
dysfunction and on the other hand phonemic verbal fluency
impairment in patients with disturbances in semantic networks
(Laisney et al. 2009). Hence, some extent of phonemic verbal
fluency impairment in TLE can be explained by the semantic
task components. Therefore, a pattern of results showing more
marked impairment of FLE patients on phonemic and for TLE
patients on semantic verbal fluency could be expected. The
results of the review confirm this partly. Patients with TLE are
impaired on phonemic verbal fluency compared to healthy
control subjects, and as expected FLE does seem to be asso-
ciated with even worse performance on phonemic verbal
fluency tasks than TLE. Impaired phonemic verbal fluency
is viewed as a typical indicator of frontal lobe dysfunction,
especially in patients with left-frontal lesions (e.g., Baldo et al.
2001). Accordingly, (L-) FLE patients should show the largest
impairment of all focal epilepsy groups. As expected, a supe-
riority of RFLE over LFLE can be observed, albeit in a sample
of only two studies. Unfortunately, the study sample for
comparisons between FLE and healthy controls is too small
to draw any reliable conclusions (one study).

The results for semantic verbal fluency mirror those for
phonemic verbal fluency. As expected, the effect sizes show-
ing impairment of the TLE groups are somewhat larger.
However, no significant effects between FLE and TLE, HC
and FLE, or RFLE and LFLE could be observed. The impair-
ment of FLE patients on phonemic verbal fluency seems to be
more marked than on semantic fluency. However, numbers of
included studies are small in some of these comparisons.
Consequently, more studies on semantic as well as phonemic
fluency in FLE patients are needed. As TLE patients are
impaired on both tasks in comparison with healthy controls,

localization of dysfunction to the frontal lobes should not
automatically be assumed when a patient shows phonemic
verbal fluency deficits and even less so for semantic verbal
fluency deficits. A spread of the epileptic activity from
temporal to frontal areas and reduced functional connec-
tivity between the temporal and frontal lobes may be
responsible for frontal-executive deficits in TLE patients
(Haneef et al. 2012).

Regarding lateralization of verbal fluency deficits in TLE,
an interesting pattern of results emerged. On phonemic as well
as semantic verbal fluency, both LTLE and RTLE patients
show marked deficits relative to the control group. On a direct
comparison RTLE patients show only slightly better perfor-
mance than LTLE patients. The overall impairment as well as
the relatively stronger impairment in LTLE were expected.
However, taking the fact into consideration that language
functions should be primarily impaired in LTLE under the
assumption that most included patients would show typical
cerebral language dominance, the impairment in RTLE pa-
tients is more pronounced than expected. Semantic deficits
have been associated with left temporal lobe dysfunction in
previous research (e.g., Sheldon and Moscovitch 2012). As
part of semantic memory retrieval semantic fluency has been
linked to an extended predominantly left-lateralized network
including temporal and frontal areas (Verma and Howard
2012). The relatively strong impairment of the RTLE group
has important implications: Verbal fluency deficits are usually
viewed as a sign of left-hemispheric dysfunctions, but RTLE
patients’ impairment as a group - especially in comparison
with LTLE patients - demonstrates that semantic fluency
testing as part of the language assessment provides less
lateralizing information than might be assumed based on
theoretical assumptions regarding the semantic network
(e.g., Binder et al. 2009, see also Hermann et al. 2001).

There are a number of possible explanations for the verbal
fluency deficits seen in RTLE. Antiepileptic drugs (AED) can
reduce cognitive speed (Ortinski and Meador 2004), which in
turn could influence fluency performance. Inspection of AED
data in included studies did not show a selective bias for
RTLE patients (see also: possible sources of bias). Assuming
similar AED effects for RTLE and LTLE, the fact that effect
sizes in the comparisons between these groups in both fluency
tasks were relatively small cannot be explained by AED
effects. Consequently, regarding the comparisons between
RTLE and HC, it is unlikely that the effects can solely be
explained by the influence of AED, as this would imply that
the remaining genuine verbal fluency impairment of patients
with LTLE was very small indeed. This does not seem to be
the case as studies in drug-naive epilepsy patients show
marked deficits in verbal tasks (Baker et al. 2011; Aikia
et al. 2001). Instead, it is possible that the spread of seizure
activity from right to left temporal areas as well as interictal
discharges could cause language impairment to some extent
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(Badawy et al. 2012). Also, language task improvements that
have been observed after temporal lobectomy might be due to
the reduction of ictal and interictal epileptic activity (Hermann
and Wyler 1988). Furthermore, the right temporal lobe possi-
bly bears some language-related functions. For instance, the
right hemisphere seems to be involved in processing semantic
information in language comprehension (Yang 2014). Other
studies have shown bitemporal metabolic activation during
verbal fluency tasks, suggesting that not only left-lateralized
areas, but possibly an interhemispheric network might be
necessary for normal fluency performance (e.g., Parks et al.
1988). Finally, some research results suggest a higher inci-
dence of depression in epilepsy patients after right temporal
lobectomy (Quigg et al. 2003). As depression is associ-
ated with reduced semantic and phonemic verbal fluency
performance (Henry and Crawford 2005), it could be
speculated that in RTLE depressiogenic mechanisms
might be at work even before surgery causing fluency
deficits as a side effect. For instance, (Doucet et al.
2013) concluded that RTLE has a more maladaptive
impact on amygdala-based emotion processing compared
to LTLE. The authors speculate that amygdala-related
functional connectivity differences might reflect emotion-
al perturbations at a subclinical threshold or at a level
inaccessible to introspection.

The results of the subgroup analyses in patients with
mesiotemporal epilepsy (MTLE) are similar to the findings
on phonemic as well as semantic verbal fluency in the whole
study sample. Interestingly, in relation to healthy controls
patients with MTLE seem to be just as impaired as an unse-
lected group of TLE patients. However, there was a consider-
able overlap between the entire study sample and the MTLE
subgroups, since many of the included studies mainly or
solely investigated patients with MTLE. Research has shown
fluency deficits in MTLE or involvement of the hippocampus
in verbal fluency tests (e.g., Gleissner and Elger 2001;
Sheldon and Moscovitch 2012). Sheldon and Moscovitch
argue that semantic verbal fluency of categories with episodic
content (such as “people you work with”) activate the hippo-
campus more than categories with less episodic content (such
as “famous people” or “animals”). However, they found small
hippocampal activations also in the “non-episodic” categories.
Furthermore, it could be argued that animal fluency (which
was analyzed in conjunction with 14 other “non-episodic”
categories in their study) does actually bear a relatively high
episodic content as it might activate memories of pets owned,
zoo visits etc. This could partly explain why MTLE patients
showed a marked semantic verbal fluency deficit in the pres-
ent review. The results show a small difference in effect sizes
between impairment on semantic and phonemic verbal fluen-
cy tasks in MTLE patients compared to HC, with semantic
verbal fluency being slightly more impaired. However, MTLE
patients are also markedly impaired on phonemic verbal
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fluency, which seems to suggest that propagation of epileptic
activity from mesiotemporal to lateral temporal regions plays
an important role in their verbal fluency performance (see also
Bonelli et al. 2011).

All in all, verbal fluency deficits can be an indicator of
frontal and/or temporal lobe dysfunction. The results point to a
higher suitability for phonemic verbal fluency tasks for objec-
tifying frontal lobe dysfunction in comparison to semantic
fluency. However, more studies including frontal lobe groups
are needed. Attempts at clear localization and lateralization are
hindered by the fact that most patient groups show some
verbal fluency impairment, with larger-than-expected deficits
in the RTLE patients. On the other hand, identification of
verbal fluency impairment can be a valuable resource when
viewed in the context of an entire neuropsychological test
profile. Of course, the interpretation of individual neuropsy-
chological test results in epilepsy is influenced by the fact that
cognitive deficits do not only reflect the zone of functional
impairment but also clinical features of epilepsy including
e.g., seizure frequency and medication.

With regard to clinical heterogeneity, studies were rather
similar considering the included patients’ demographic vari-
ables with the exception of duration/onset of epilepsy which
showed somewhat higher variation than the other parameters.
The majority of studies used samples from standard
presurgical assessment, which explains the relative similarity
of patient populations and diagnostic methods. Thus, clinical
heterogeneity poses no major threat to the validity of the meta-
analytical results.

Statistical heterogeneity did not pose a problem in most of
the meta-analytical comparisons. It was mainly a concern in
some of the comparisons with “mixed” FLE and TLE groups.
Here, the numbers of included studies were small and appar-
ent clinical differences between study groups may be too large
to produce homogeneous results.

Possible Sources of Bias

Some noise in the results might be expected taking into
consideration that different epilepsy care institutions apply
different evaluation techniques and differ in expertise.
However, regarding diagnostic standards, the primary studies
are relatively homogeneous: at least 33 (up to 37) out of 39
studies applied continuous ictal and interictal scalp EEG mon-
itoring as well as MRI plus other imaging techniques. This
should allow for a high-quality assessment of the epileptogen-
ic focus. Hence, bias due to incorrect diagnoses should be
limited. Furthermore, there is no reason to assume that this
would affect patient groups in different ways. However, lo-
calization can only be definitely inferred post-surgically by
achieving seizure freedom. This issue could be resolved in a
future systematic review only including studies with sufficient
reporting of post-surgical data.
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Regarding the matching of crucial parameters across a//
study groups (IQ/education, age, duration, onset of epilepsy)
around two thirds of the studies were sufficiently matched.
The criterion applied (mean differences<= % pooled SD) was
rather strict leading to a conservative estimate. Therefore,
apart from the IQ/education matching concerning compari-
sons with healthy controls in some studies (see below),
matching of crucial variables may be considered sufficient
across the study pool, lowering the risk of bias.

Verbal 1Q or educational achievement are related to lan-
guage functioning and hence, also to verbal fluency perfor-
mance. Thus, a bias in the results caused by slightly higher
mean IQ scores for healthy subjects compared to epilepsy
patients cannot be ruled out, since approximately half of the
23 studies which included healthy controls did not report
sufficiently on IQ or education (N=4) or were not well-
matched regarding these parameters (N=8). However, even
if perfect matching with regard to IQ/education between
healthy controls and patient groups in all of the included
studies might reduce effect sizes slightly, it is unlikely to
influence their statistical significance.

Due to insufficient reporting in the primary studies it was
not possible to systematically assess the effect of secondary
generalization of seizures (see results). Data on seizure fre-
quency and antiepileptic drugs (AED) were not or insuffi-
ciently reported in a large number of studies. Seizure frequen-
cy and data on AED were reported in less than half and about
half of the included studies respectively. Imbalance between
groups regarding seizure frequency or AED occurred in only a
minority of these studies. The studies not reporting any data
on seizure frequency or AED were conservatively assigned a
negative score on these variables in the risk of bias assess-
ment. Furthermore, patient groups are unlikely to be affected
differentially by these potential sources of bias. Regarding
comparisons with healthy controls risk of bias cannot be ruled
out completely. However, this has been addressed in the risk-
of-bias analyses (see below). Furthermore, in the included
studies only a minority of patients received drugs that are
clearly associated with attention and/or language deficits such
as topiramate, zonisamide or phenobarbital (e.g., Lee et al.
2003; Ortinski and Meador 2004). With older AED (e.g.,
carbamazepine, phenytoin) only medium-sized effects on cog-
nition have been observed (e.g., Vermeulen and Aldenkamp
1995), whereas newer AED (e.g., levetiracetam, lamotrigine)
are generally associated with fewer or no cognitive side effects
(Ortinski and Meador 2004). Therefore, cognitive side effects
of AED cannot solely explain the large effects observed in the
present review.

Twenty one studies (54 %) used Wada or fMRI to deter-
mine cerebral language dominance. 11 (28 %) reported hand-
edness data or included only right-handed subjects. Seven
(18 %) did not make any mention of language dominance or
handedness. Three of the seven studies with no mention

whatsoever of language dominance only included “mixed
TLE” groups and were therefore not included in lateralization
comparisons, leaving only four studies, in which this might
have served as a source of bias regarding lateralization results
(Field et al. 2000; Giovagnoli and Avanzini 2000; Helmstadter
and Elger 2000; McDonald et al. 2008). Furthermore, in
healthy subjects right-handedness has been reported to be
associated with left-hemispheric language dominance in 93-
96 % of cases of moderate to strong right-handers (Knecht
et al. 2000). In epilepsy patients left-hemispheric language
dominance has been reported in 74 % (moderate right-
handers) to 91 % of cases (strong right-handers) (Isaacs
et al. 2006). In a sample of 174 epilepsy patients the
overall incidence of non-left hemisphere language domi-
nance was 24 % (Isaacs et al. 2006). All in all, for our
whole study sample, an incidence of left-hemispheric
dominance of roughly 90 % can be estimated, i.e. risk
of bias in analyses concerning lateralization of epilepto-
genic focus through lack of language dominance reporting
in included studies is rather low.

As most studies do not report on blinded assessment, one
must assume that it did not take place. This could pose a
problem as most participants are likely to have been assessed
as part of standard interdisciplinary presurgical diagnostic
procedures. Neuropsychologists performing the cognitive as-
sessment are not always blind to EEG results or patient history
at the time of assessment. On the other hand, verbal fluency
assessment is relatively straight forward: For written fluency
tests (e.g., LPS6), objectivity is high as the patients write the
words down themselves. Oral fluency tests can either be
recorded and the number of words written down later or the
examiner writes down the words as the patient utters them.
Objectivity is relatively high in this case as well as there is
generally not much doubt as to whether a specimen belongs to
a certain category (e.g., animals) or whether a word beginning
with a certain letter complies with the test rules (e.g., in
COWA FAS). Hence, as opposed to tests with a greater range
of freedom of interpretation through the examiner (e.g., as-
sessment of spontaneous speech), verbal fluency is less sen-
sitive to examiner-based sources of bias.

Considering the limited statistical heterogeneity, the
effect of test variability on the present results with
regard to varying task duration, semantic category, letter
combination or mode of presentation (oral vs. written),
if present at all, is expected to be negligible. However,
a systematic investigation of potential effects of test
variability in focal epilepsy might be an interesting
objective in further research.

If no mention regarding recruitment was made as in most
studies, at least in studies including patients who were
assessed for surgery, it can be assumed that recruitment was
consecutive as part of standard preoperative assessment. In the
absence of higher standards of reporting in the included
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publications, it is, however, not possible to rule out
recruitment-based bias entirely.

In analyses on the possible effects of methodological and
publication bias most results were found to be robust.
However, one cannot not rule out that pooled estimates are
somewhat biased in the comparison between RTLE and LTLE
patients, where small and imprecise studies at high risk of bias
reported exaggerated effects favoring RTLE. Even if the sta-
tistical significance is very unlikely to be affected by these
limited bias sources, the true effect sizes in favor of RTLE
might be slightly overestimated here. This finding yet
again demonstrates the importance of questioning the
concept of relatively preserved verbal fluency skills in
patients with RTLE.

External Validity Issues

Only presurgical data were evaluated here. Thus, no conclu-
sions should be drawn from the evidence regarding post-
surgical deficits in verbal fluency. A further systematic review
will be needed in order to clarify that issue. More than one
third of the included studies investigated mainly or solely
patients with mesiotemporal epilepsy. Therefore, the results
primarily refer to mixed samples as frequently seen in clinical
practice and should be generalized to groups of patients with
exclusively lateral temporal lobe epilepsy only with caution.

Summary and Outlook

All in all, quality of the included studies is in the
medium range. In this area of research, one has to rely
on observational (non-randomized) evidence. Therefore,
quality standards such as matching of study groups are
especially important. Even though in the present study
pool certain sources of bias cannot be ruled out
completely (e.g., IQ, blinded assessment, recruitment),
the risk of bias to the main results seems comparatively
low, and sensitivity analyses show that the findings are
largely robust. The fact that effects for TLE and FLE
are in line with theoretical assumptions lends further
credibility to the results. Heterogeneity and small num-
bers of included studies prevent meaningful interpreta-
tion of some of the results, particularly concerning
studies with “mixed” TLE samples and some of the
analyses with FLE groups. Additional studies are need-
ed. In general, higher quality of publications is desirable
for future research, especially reporting on potentially
confounding variables such as AED, seizure frequency
and seizure type. Regarding the findings on
mesiotemporal epilepsy, studies comparing phonemic
and semantic fluency performance between patients
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with mesiotemporal and lateral temporal lobe epilepsy
are needed.

The main findings regarding presurgical or non-surgical
patients with focal epilepsy are: TLE (and MTLE) patients are
impaired on semantic as well as phonemic verbal fluency
regardless of lateralization of focus, with only slightly better
performance for RTLE patients. FLE patients in comparison
with TLE patients seem to be more impaired on phonemic but
not semantic verbal fluency with insufficient data for compar-
isons with healthy controls. The implications for neuropsy-
chological assessment are that verbal fluency impairment in
general is sensitive but not specific to LTLE and possibly
FLE. The significant verbal fluency impairment seen in pa-
tients with RTLE can most probably be explained by a com-
bination of factors including, among others the bihemispheric
nature of language networks and possibly impaired emotional
processing in RTLE. Hence, language impairment in patients
with RTLE as seen in the current review could prove another
interesting avenue for future research.

Conlflict of interest None.

Appendix
Details on study selection

The abstracts of all identified studies were screened by
two independent raters according to predefined criteria
(see Table 1). Initially, in 99.6 % raters agreed on
whether a study was to be included or excluded. The
single case of dissent was resolved by discussion. In
80 % there was initial agreement on the exact reasons
for exclusion that could be drawn from the abstract, i.e.
mostly the number of exclusion reasons provided dif-
fered between raters. Disagreements were resolved by
discussion. Full-texts of the studies identified as poten-
tially relevant in the first screening were examined for
inclusion by the same independent raters. If important
data were missing or insufficiently reported, the corre-
sponding author of the publication was contacted, and in
case of a response the provided information was used in
the review. Studies judged to be eligible after examina-
tion of full-texts represent the study population included
in the present review.

Details on assessment of risk of bias

Regarding comparability, the tolerated difference be-
tween groups on demographic and clinical variables
was half a pooled standard deviation. If data were
missing or not reported, this resulted in a negative
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rating. We weighted the categories listed in the table
below according to their considered importance as
sources of bias. The quality assessment per criterion
was multiplied with the category weight (see table).
The resulting figures for each criterion were added up;

studies with a sum score of > 1 were considered to bear
a low risk of bias. All other studies were classed as
being at high risk.

Categories rated in the risk of bias assessment and their
assigned weights:

Category Comparability of Comparability of Comparability
groups on IQ/education,  groups on seizure  of groups
duration/onset of frequency on AED
epilepsy, age

Weight 2 1 1

Language Sample Recruitment Blinded assessment Quality of
dominance  size of verbal fluency  outcome
measures measures

1 1 0,5 0,5 0,5

Scores of —2 to +2 were given for each category and
multiplied with the category weight (detailed table available
from the authors).

Example: Adcock et al. 2003 (category rating x category
weight):

—2x2 + —1x1 + —1x1 4+ 2x1 + —1x0,5 + —1x0,5 + —1x0,5 + —1x1 = —6,5

Sum scores below +1 were classed as high risk of bias.

Details on data synthesis

Using the standardized mean difference as effect measure was
necessary because the primary studies assessed the same
outcome with several different measures. If not reported by
the primary authors, standard deviations were calculated ac-
cording to the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins & Green, 2011). Due to expected
clinical and methodological diversity across studies, individ-
ual effect sizes were summarized using a random effects
model, which assumes that each study estimates different
effects that follow a common distribution (DerSimonian and
Laird 1986). The subgroup analysis in studies including pa-
tients with solely mesiotemporal pathology was pre-specified.
Studies reporting data for individual patients were also includ-
ed here. In these cases we manually extracted the relevant data
for patients with mesiotemporal pathology. In order to deter-
mine whether the main results were influenced by sources of
bias, we conducted a pre-specified subgroup analysis for
major comparisons including only studies at low risk of bias.
In addition, as one might consider the presence of a healthy
control group in a study as a proxy indicator for study quality,
we conducted a subgroup analysis for comparisons between
diseased groups including only studies with healthy control
groups. This analysis followed expert recommendation during
the peer-review process and was therefore post hoc. Funnel

plots were investigated for comparisons including at least ten
studies. Funnel plots are scatter plots displaying results of
individual studies along with their precision. If no publication
bias is present, this plot should resemble a symmetrical
inverted funnel. All analyses were performed using Review
Manager 5.1 (Cochrane Collaboration, Copenhagen).

Additional materials, e.g., tables for risk of bias
assessment/analyses and forest plots are available from the
authors.
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