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ABSTRACT

Introduction: about 20% to 30% of patients with epilepsy are diagnosed with drug-resistant
epilepsy and one third of these are candidates for epilepsy surgery. Surgical resection of the
epileptogenic tissue is a well-established method for treating patients with intractable focal
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epilepsy program before surgery. Functional Magnetic Resonance Imaging (fMRI) has been
increasingly employed as a non-invasive alternative method for the Wada test and cortical
stimulation. Sensitive and accurate language tasks are essential for any reliable fMRI mapping.

Methods: The present study reviews the methods of presurgical fMRI language mapping and
their dedicated fMRI tasks, specifically for patients with epilepsy.

Results: Different language tasks including verbal fluency are used in fMRI to determine
language laterality and locality in different languages such as Persian. there are some
considerations including the language materials and technical protocols for task design that all
presurgical teams should take into consideration.

Conclusion: Accurate presurgical language mapping is very important to preserve patients
language after surgery. This review was the first part of a project for designing standard tasks
in Persian to help precise presurgical evaluation and in Iranian PWFIE.
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e Invasive and non invasive methods for presurgical language mapping in intractable epilepsy.

e Functional Magnetic Resonance Imaging (fMRI).
e Designing language tasks for mapping.
e Persian language tasks.

Plain Language Summary

People with intractable epilepsy can be treated by brain surgery. Their language and other cognitive abilities must be
reserved after surgery, therefore, precise mapping is needed and it requires well-designed and standard tasks. Nowa-
days, functional magnetic resonance imaging is used as an invasive method for brain mapping. we reviewed presurgi-
cal language mapping tasks used in fMRI for patients with epilepsy.

1. Introduction

pilepsy is a group of disorders characterized by
recurrent and unprovoked seizures that have
been estimated as the most common neurologi-
cal disorder found throughout the lifespan. Its
prevalence is estimated to be about 1% world-
wide (Fiest et al., 2017). A meta-analysis of 9
eligible studies from 2002 to 2010 concluded
that the prevalence of life-long epilepsy and epilepsy-like
syndromes in Iran was around 5% (Sayehmiri, Tavan,
Sayehmiri, Mohammadi, & Carson, , 2014). However, a re-
cent survey of epilepsy on 68038 Iranian subjects estimated
the prevalence of epilepsy around 2% (Pakdaman, Amini Ha-
randi, Ashrafi, & Alaeddini, 2018).

There are two broad categories of epilepsy based on
the etiology and clinical manifestations: generalized and
focal (Scheffer et al., 2017). Generalized epileptic sei-
zures are conceptualized as rapidly engaging, bilaterally
distributed networks and deep brain structures (Berg et
al., 2010). Generalized epilepsies usually have genetic
causes such as inherited mutations of neurotransmitter re-
ceptors or ion channel genes (Helbiga & Tayounb, 2016).

On the other hand, a focal seizure originates in a neo-
cortical region with a local spread that affects just one
part of the brain; it may spread to one hemisphere or be-
come secondarily generalized to the whole brain (Berg
et al., 2010). The common causes of focal epilepsy are
tumors, strokes, vascular malformations, post-traumatic
gliosis, malformations of cortical development, mesial
temporal sclerosis, brain infections, or surgical scars.
Symptoms of focal seizures vary based on where the sei-

zure originates and spreads (Skidmore, 2016). The new
epilepsy classification (Figure 1) has been proposed by
International League Against Epilepsy (ILAE) and added
two more categories of “combined generalized and focal
epilepsy” and “an unknown” (Scheffer et al., 2017).

When the seizure onset zone is detected in focal epi-
lepsy, surgical resection of the epileptogenic tissue is a
well-established method for treating Patients With In-
tractable Focal Epilepsy (PWIFE). For example, patients
with refractory Temporal Lobe Epilepsy (TLE), the most
common type of focal epilepsy in adults, are usually good
candidates for epilepsy surgery (Wiebe, 2000; Zhang et
al., 2015). The outcome of resection surgery in patients
with a focus far from articulate areas can be excellent, es-
pecially in TLE cases. Epilepsy surgery for TLE has short
and long-term seizure freedom of 85% and 50%-60%, re-
spectively (Wiebe, Blume, Girvin, Eliasziw,, 2001).

The different surgical approaches and techniques for
TLE surgery comprise standard anterior temporal lobec-
tomy, electrocorticography-tailored temporal lobectomy,
anteromedial temporal lobectomy, transcortical selec-
tive amygdalohippocampectomy, transsylvian selective
amygdalohippocampectomy, sub-temporal selective
amygdalohippocampectomy, temporal lobe discon-
nection, and hippocampal transection. They may have
up to an 85% success rate (Al-Otaibi, Bacesa, Parrent,
Girvin, & Steven, 2012). The type of surgical approach
for each patient is based on achieving the least complica-
tions while providing the most seizure control. The most
important complications of epilepsy surgery are impair-
ment of cognitive functions such as memory, vision, mo-
tor, and language. Therefore, presurgical evaluation of
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Figure 1. International League Against Epilepsy (ILAE) epilepsy classification

cognitive state has been one of the cornerstones of any
comprehensive epilepsy program. Mehvari Habibaba-
di, Saba, Barekatain, Tabrizi, and Manoochehri (2018)
conducted a prospective longitudinal study in Kashani
Comprehensive Epilepsy Center, Isfahan City, Iran, from
2007 to 2017. They studied 214 patients with a diag-
nosis of intractable focal epilepsy for the postoperative
outcome. They found high rates of seizure freedom after
surgery in focal epilepsy patients—81.8% of patients be-
came seizure-free postoperatively.

2. Presurgical Cognitive Assessment in Pa-
tients With Epilepsy

2.1. Neuropsychological assessments

Epilepsy has behavioral and cognitive consequences and
comorbidities, which may decrease the quality of life. The
cognitive manifestations of epilepsies may be polymorphic,
pleomorphic, and diverse, whose basis has not been fully un-
derstood (Loughman, Seneviratne, Bowden, & D'Souza,
2016). Up to 80% of patients with intractable focal epilepsy
exhibit some cognitive deficits in presurgical neuropsycho-
logical testing. On the other hand, epilepsy surgery can be
complicated by cognitive impairments revealed in post-
operation neuropsychological evaluations. For example,
anterior temporal lobectomy may result in a 45% decline in
memory (Sherman et al., 2011; Helmstaedter, 2013). The
main predictor of cognitive decline is presurgical neuropsy-
chological performance, reflecting functional integrity of the
pathological tissue in the epileptogenic zone and cognitive
capacity of normal structures in the rest of the brain.

In a comprehensive epilepsy program, all patients with
intractable focal epilepsy are evaluated for general intellec-

tual function. These functions include attention, memory,
executive functions, speed of information processing, lan-
guage, visual-spatial capacity, sensory and motor functions,
academic skills, personality, mood, form, and process of
thought and behavior. In addition to the clinical interview,
these domains should be assessed by a well-trained neuro-
psychologist with standardized and normative-based neuro-
psychological tests with vigorous psychometric properties
(Wilson et al., 2015; Tavakoli et al., 2011).

The most widely-used tests in English for the evaluation
of language in a presurgical setting are Boston Naming
Test (BNT) and Western Aphasia Battery (WAB). Kaplan,
Goodglass, and Weintraub introduced the BNT in 1983.
It is a neuropsychological assessment tool to measure
confrontational word retrieval in individuals with lan-
guage disturbance. There are also several standard clini-
cal linguistic tests developed in Persian to assess language
impairments in patients with neurological diseases. The
first standard Persian clinical linguistic test was based on
the Bilingual Aphasia Test (BAT) format (Paradis, Pa-
ribakhat, & Nilipour, 1987; Nilipour & Ashayeri, 1989).
It was initially developed for Persian and then for Azari
and Kurdish (as the two major local languages spoken in
Iran). The second test was the Persian Aphasia Battery
(PAB) which was based on the format of BDAE (1972)
and the scoring system of the BAT (Nilipour, 2010).

WAB was also designed to provide a means of evaluat-
ing the severity of language and cognitive impairments
in neurological diseases (Shewan & Kertesz, 1980). It is
a highly valid and reliable clinical linguistic battery and
provides Aphasia Quotient (AQ) as an index for the sever-
ity of language and cognitive impairments in neurological
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diseases. WAB has been developed and standardized for
Persian (Nilipour, Pourshahbaz, & Ghoreyshi, 2014).

The Aphasia Picture Naming Battery (Nilipour, 2002) and
the P-WAB Battery (Persian bedside version AQ) (Nilipour
et al., 2014) have been widely used for clinical linguistic
evaluation of Persian-speaking CVA and PWIE patients in
presurgical settings (Mehvari Habibabadi et al., 2018).

2.2. Presurgical language mapping

The Wada test, also known as the intracarotid sodium
amobarbital procedure, was introduced to represent ce-
rebral language and memory of each hemisphere in the
late 1940s (Wada, 1960). During wada test, they inject
a short acting anesthetic into the Internal Carotid Artery
(ICA). This leads to temporarily anesthetizing one rain
hemisphere, and then they test the other hemisphere for
language and memory. Although wada test is considered
as the gold standard to determine language laterality in
PWIFE since 1960s (Loring & Meador, 2015), it is an
invasive method with considerable cost and rare but se-
rious complications (stroke, bleeding). The Wada test
has been gradually replaced by non-invasive techniques,
especially functional Magnetic Resonance Imaging
(fMRI), for language lateralization and mapping in pre-
surgical settings (Loddenkemper, 2008; Gaillard et al.,
2004). Language mapping by fMRI may establish lan-
guage lateralization with a similar degree of success as
the Wada testing (Binder, 2011; Szaflarski et al., 2017).
fMRI is based on the observation that increased neuronal
activity is associated with tightly regulated and region-
ally specific increases in cerebral blood flow (Fox &
Raichle, 1986). A change in magnetic resonance signal
in the “activated” region occurs as a result of differences
in the magnetic properties of oxygenated and deoxygen-
ated hemoglobin, blood flow, and blood volume (Blood
Oxygen Level-Dependent [BOLD] technique). There-
fore, hemoglobin serves as an endogenous contrast agent
for MRI. The mapping of neural networks involved in
the performance of these tasks is possible by detecting
the location of BOLD MR signal changes, which are in-
duced during cognitive tasks (e.g. involving language,
memory, and motor control) (Gaillard et al., 2004).

The difference in MR signals between a minimum of two
conditions of experimental and control is considered as the
base of experimental studies (Gaillard, 2004). EEG-fMRI
combines the high temporal resolution of EEG signal with
the high spatial resolution of blood BOLD MRI (Kay &
Szaflarski, 2014). In an EEG-fMRI study, Ebrahimza-
deh, Soltanian-Zadeh, Araabi, Fesharaki, and Habibabadi
(2019) extract the time series of epileptic components
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identified on EEG and fit them with a Generalized Linear
Model (GLM). They revealed that this method allows pre-
cise and reliable localization of epileptic foci. Fernandez
et al. (2003) evaluated within-test and test-retest reliabil-
ity of language fMRI in presurgical mapping in epileptic
patients. They concluded that language fMRI was suffi-
ciently reliable for determining global and regional later-
alization of language representation.

In the presurgical settings, Benjamin et al. (2017) men-
tioned three distinct but related goals that are expected
from language mapping using fMRI: language lateral-
ization, language localization, and prediction of postsur-
gical language change.

2.3. Language mapping in patients with Epilepsy

To map language brain regions in patients with epilepsy,
it is necessary to not only appreciate the neural correlates
of language but also develop some clinically sensitive tasks
for presurgical language mapping. Based on th Szaflarski e
extended classical model of brain and language, articulated
as the Wernicke-Lichtheim-Geschwind Model (1965), Br-
oca area (pars triangularis and pars opercularis in the infe-
rior frontal gyrus) is dedicated for language production and
Wernicke area (posterior section of the superior temporal
gyrus) for language comprehension. Their interconnecting
white matter fibers (arcuate fasciculus, superior longitudi-
nal fasciculus III, extreme capsule, uncinate) are dedicated
to the interaction between the two mentioned regions. But
later studies have revealed that language organization in the
brain is more complex than this narrow localization model
and involves cortical areas beyond the classical model. Bro-
ca and Wernicke areas are not the only brain involved areas
in specific language skills, but they share similar functions.
Broca area is involved in some forms of comprehension,
and Wernicke in production. The new neuroscience evi-
dence challenges not only the reliability of narrow localiza-
tion models (Nilipour, 2018) but also proposes new models
based on the neural network theories (Poeppel & Hickok,
2004; Rauschecker & Scott, 2009). For example, Stowea,
Haverkortb, and Zwarts (2005) discussed four standard
claims of classical models of language: 1. There are only
two primary language areas: Broca’s and Wernicke’s; 2.
They are located in the left hemisphere; 3. They are dedi-
cated to distinct aspects of language processing; 4. They are
specific to language. They cast doubts on these claims based
on new findings in neuroscience. fMRI studies by Benjamin
etal. (2017) have identified six core clinically relevant lan-
guage areas (that participate in aspects of language process-
ing, but not all are critical to it): Broca area, Wernicke area
(inferior, superior), Exner area, supplementary speech area,
angular gyrus, and basal temporal language area (Figure 2).
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Figure 2. Six-core clinically relevant language areas
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1: Broca area, in the posterior third of the inferior frontal gyrus; 2: Exner area, in the posterior middle frontal gyrus; 3: Supple-
mentary motor area; 4: Angular gyrus; 5: Wernicke area, inferior (mid to anterior STG), and superior (posterior STG and supra-
marginal gyrus) components; 6: Basal temporal language areas (Benjamine et al., 2017).

Also, considerable evidence from cortical stimulation
and fMRI studies (Hamberger, 2007; Khoshkhouy Del-
shad, Nilipour, Barekatain, & Oghabian, 2017) supports
the possible role of hippocampus in naming functions.
Although “Naming” is less anatomically specific, some
studies revealed that confrontation naming ability de-
pends on the integrity of the hippocampus and the con-
nected frontotemporal networks (Bonelli et al., 2012).
The perisylvian cortex mediates the naming function in
the language dominant hemisphere (Bonelli et al., 2012).

As can be seen in Table 1, contemporary models pre-
dict different patterns of lateralization for different lan-
guage processes (Hickok & Poeppel, 2007; Peelle, 2012;
Poeppel, 2014; Price, 2012). Although different models
make various distinctions between language processes,
some general patterns emerge. Acoustic processing of
speech input and speech articulation is generally consid-
ered bilateral, whereas comprehension and generation of
more meaningful language are considered to be lateral-
ized (Bradshaw, Thompson, Wilson, Bishop, & Wood-
head, 2017). Epilepsy may lead to the displacement of
language processing from the classical language areas.
This phenomenon may result from a response to corti-

cal insult, abnormal electrical circuitry, or underlying
anatomic and functional anomalies in epilepsy (Chou,
Serafini, & Muh, 2018). Gaillard et al. (2011) has also
stated that age of the onset and different etiologies of epi-
lepsy are associated with varying frequencies of atypi-
cal language representation in the brain. For example, if
damage occurs in the left middle cerebral artery territory
at birth, it may lead to focal epilepsy, but there are no lan-
guage deficits because of developmental neuroplasticity
and compensation. In this case, language processing is
being sustained entirely in the right hemisphere homo-
logues. Thus, the earlier language representation is shift-
ed, the more preserved function will be (there will not be
any language impairment at the onset and later). On the
other hand, if the damage happens slightly later, when
language representation cannot shift, language impair-
ments may appear. Atypical language is likely comorbid
with epilepsy and may derive from etiology rather than
as a consequence of epilepsy (Gaillard et al., 2004).

Drane and Pedersen (2019) mentioned different studies
that show patients with seizure onset in the language-
dominant cerebral hemisphere are more likely to ex-
perience baseline problems with naming (Drane et al.,

Table 1. Laterality in new language models (Bradshaw et al., 2017)

. .. Speech Acoustic Speech Speech .
Theoretical Principle/Model T By Ava A Semantics Syntax
Dual-stream model of speech processing B B L B _
(Hickok & Poeppel, 2007)
Hierarchical asymmetry of linguistic complexity B L _ L L
(Peelle, 2012)
Bilateral sensorimotor inputs/outputs and left- B L B L L
lateralized central language processes (Price, 2012)
COM-PRE hypothesis (Poeppel, 2014) B L B L L

L: Lateralized; B: Bilateral.

167
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Figure 3. Laterality pattern (Berl et al., 2014)

2015; Hermann, Davies, Foley, & Bell, 1999; Langfit
& Rausch, 1996). Baseline deficits in verbal generative
fluency tasks have also been reported in language-domi-
nant TLE patients (Hermann et al., 1999; Martin, Loring,
Meador, & Lee, 1990).

While the language is supported by a typically left-lateral-
ized, frontotemporal functional network in typically devel-
oping people (Bookheimer, 2002; Berl et al., 2014; Spring-
er et al., 1999; Szaflarski et al., 2002), laterality patterns are
different in epilepsy. Traditionally, three general and over-
arching patterns have been reported for atypical language
organization in epilepsy patients (Balter, Lin, Leyden, Paul,
& McDonald, 2019). The first pattern is a right hemisphere
dominance, in which core language expression and com-
prehension networks are typically located in the left hemi-
sphere and most often shifting to the homologous regions
in the right hemisphere. This pattern is also seen in 3%-4%
of typically developing controls (Gaillard et al., 2002, 2004,
2007; Thivard et al., 2005). The second pattern is crossed or
bilateral dominance. In this pattern, while some language
functions move to the right hemisphere, some language rep-
resentations are preserved in the left hemisphere (Baciu et
al., 2001; Thivard et al., 2005). The intrahemispheric reor-
ganization is also considered as the third pattern of atypical
language reorganization in epilepsy. Language regions shift
(but not very far) within the same hemisphere that contains
the seizure onset zone. Language regions often shift to re-
gions adjacent to the typical perisylvian cortex in the fron-
tal or temporal lobe (Bell et al., 2002; Brazdil, Zakopcan,
Kuba, Fanfrdlova, & Rektor, 2003; Mbwana et al., 2009).
Generally, atypical language is reported in 4% of healthy
subjects and 30% of patients with epilepsy.

Basic and Clinical

However, Berl et al. (2014) believed that this classifi-
cation was oversimplified. They conducted a data-driven
clustering method on 220 epilepsy patients performing an
auditory semantic decision task. They hypothesized 15
possible patterns of language representation (Figure 3).
They indicated that right lateralization is more common
in patients with a left-sided seizure focus. In this study,
patients have more bilateral Inferior Frontal Gyrus (IFG)
activation than bilateral Wernicke Area (WA) activation.
Patients with left-handed seizures were more likely to
show right-lateralized IFG, while patients with an early
age of seizure onset were more likely to show bilateral
WA, and patients with a left-sided seizure focus were
more likely to show a unilateral right (IFG and WA) pat-
tern of language dominance.

Balter et al. (2019) considered Berl et al.’s (2014) study
of note that while much of the literature in fMRI and
epilepsy continues to treat language as a monolithic con-
struct in which all aspects of language either shift to the
right hemisphere or remain left-lateralized. Berl et al.
(2014) overcame this limitation by presenting language
as a multivariate construct made up of different compo-
nents and discrete functionalities that might reorganize
together or independently.

24. Task design for language mapping using
fMRI

Proper and sensitive task design in language mapping
is an essential step. Most fMRI language studies employ
a block design of three or more cycles of control and
experimental conditions, each lasting between 20 and
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40 seconds (Gaillard et al., 2004). Language tasks are
presented either in auditory or visual (written) form. The
stimuli of each task and control condition must have
sufficient distinction to elicit a hemodynamic response
(Gaillard et al., 2004) and laterality measure.

Bradshaw et al. (2017) assessed evidence on the ro-
bustness of laterality measured using fMRI with differ-
ent language tasks for healthy monolingual adults from
studies published between 2000 and 2016. They reported
that verbal fluency tasks had been considered the most
commonly used and the easiest standard for measuring
language laterality with fMRI (Bradshaw et al., 2017).
Verbal fluency paradigms identify dorsolateral prefron-
tal networks involved in language processing (Petersen,
Fox, Posner, Mintun, Raichle, 1988; Pujol, Deus, Losilla,
& Capdevila, 1999; Gaillard, 2004). A research showed
that the verbal fluency paradigm is selected for its ease of
understanding for a wide range of patients with epilepsy
with different levels of cognitive abilities. It has been
shown to lateralize expressive language reliably (Bonelli
et al., 2012). However, the verbal fluency task is auto-
parametric and cannot be used for children under sev-
en. There are different forms of verbal fluency tasks in
which the participant must generate (covertly or overtly)
words that meet specific criteria, including words begin-
ning with a particular letter (phonemic fluency), words
belonging to a particular semantic category (semantic
fluency), verbs that are semantically associated with a
particular noun (verb generation, which is reported to
be more reliable and gives more temporal activation), or
words that are antonyms/synonyms (antonym/synonym
generation) (Bradshaw et al., 2017).

Tasks that require integration across the semantic con-
tent of different concepts (e.g. semantic relatedness deci-
sion), rather than simple category membership decision
on single words, lead to stronger laterality, and naming
from description yields more robust laterality measure-
ment than naming from pictures. In other words, add-
ing sentence comprehension (oral or written) compo-
nent seems to improve the lateralizing power of the task
(Bradshaw et al., 2017). It not just improves lateralizing
but also gets frontal and temporal regions identified by
(Gaillard et al., 2004) that examined developmental dif-
ferences, in location and extent of fMRI language ac-
tivation maps, between adults and children while per-
forming a semantic fluency task. The results showed
that brain areas that process semantic verbal fluency are
similar in children and adults. It is reported that verbal
fluency tasks tend to induce the strongest laterality in
frontal ROIs (Gaillard et al., 2004) and also strong lat-
erality in temporoparietal ROIs when the activation is
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present (Bradshaw et al., 2017). The activation in tempo-
ral lobes is weaker for verbal fluency tasks, less so with
the noun-verb generation, but the sentence tasks give
better temporal activation.

The most frequently used TLE language task (usually
for cortical stimulation and postoperative assessment) is
object naming (Drane & Pedersen, 2019). Studies usually
examined visual confrontation naming ability, including
human-made objects (Hermann et al., 1999; Ives-Deliperi
& Butler, 2012), and some studies have explored a wider-
range of object type or used naming to describe paradigm
(Hamberger & Tamny, 1999; Hamberger, Goodman, Per-
rine, & Tamny, 2001). Although the naming is a com-
plex linguistic function that requires both receptive and
expressive components, with access to both semantics
and phonology, it yields low LI values (Bradshaw et al.,
2017), and little frontal activation is seen if you do some-
thing with the pictures, for example, animals. Evidence
suggests that naming from description yields more robust
laterality measurement than naming from pictures since
additional sentence comprehension component appears
to improve the lateralizing power of the task (Bradshaw
et al., 2017). For instance, Gaillard et al. (2002) stud-
ied 30 patients with TLE, in which they silently named
an object described by a sentence compared to a visual
control. They concluded that this task could identify lan-
guage dominance in frontal and temporal areas.

Comparison of word generation with sentence genera-
tion showed stronger laterality for processing connected
sentences over single words (Peelle, 2012; Poeppel,
2014; Gaillard et al., 2004). Regarding semantic deci-
sion tasks, stronger laterality can be observed when tasks
require integration across the semantic content of differ-
ent concepts (e.g. semantic relatedness decision), rather
than simple category membership decision on single
words (Bradshaw et al., 2017).

Gaillard et al. (2004) emphasized using a panel of
fMRI language paradigms. They stated that having a
panel of tasks may help evaluate partial epilepsy patients
than a single task. It also reduces the likelihood of non-
diagnostic findings, improves interrater reliability, and
redundancy helps confirm findings. Since some specific
cognitive impairments are common in patients with epi-
lepsy, it is essential to ensure that patients can perform
the imaging tasks (Gaillard et al., 2004).

Studies on healthy subjects reveal mixed findings be-
tween cortical activation and task performance or task dif-
ficulty in language-related paradigms (Weber et al., 2006).
Weber et al. (2006) observed differential effects of task per-
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formance on the volume of activation in the inferior frontal
and the temporoparietal region of interest, but performance
measures did not correlate with the lateralization of activa-
tion. Accordingly, they mentioned that laterality seems to
be independent of performance— at least as long as indi-
vidual thresholding is used. Others find that effort may be
more important than performance (Gaillard et al., 2004).

LI can be based on activated voxels or magnitude of
activation (or both). Most studies use activated voxels.
The more difficult the tasks are, the more bilateral activa-
tion is seen. Task difficulty and input modality, visual or
auditory, might also influence the hemispheric distribu-
tion of activated regions (Seghier, 2008). Carpentier et
al. (2001) used two parallel cognitive language tasks for
TLE patients and a control group. In one of the tasks,
he used auditory input and in the other visual input.
Language lateralization scores of the visual task were
stronger than for the auditory task. Repetition tasks can
also affect LI and lead to a pseudo increase in bilaterality
(Lohmann, Deppe, Jansen, Schwindt, & Knech, 2004).

Control condition or baseline selection is also crucial
in interpreting the results (Stark & Squire, 2001). The
control condition should control for nonlinguistic as-
pects of a task, for example, attention, first- and second-
order auditory processing, or motor controls, if having to
push a button in a monitored response. Peck et al. (2004)
showed that activity in language areas (e.g. Broca’s area)
was dependent on the baseline used. More activation
was seen in these areas when the baseline was passive
viewing of nonsense objects than picture naming. Us-
ing a low-level baseline condition (e.g. rest or fixation
condition) may lead to LI values near to zero (i.e. more
bilateral functional patterns), while the elimination of
non-relevant regions involved in early perceptual and
sensory processing of perceptual baseline may lead to
higher LI values (Seghier, 2008; Hund-Georgiadis, Lex,
& von Cramon, 2001). Ideally, control conditions should
have bilateral activation patterns (i.e. |[LI|=0) because if
control activation has, for example, a strong RH domi-
nance, the activation task might be artificially lateralized
to the LH (LI towards +1 as all right activations have
been removed by the control condition) (Seghier, 2008).

In verbal fluency tasks, an individual may show a stron-
ger LI when an active baseline (active baselines such as
finger tapping or silent word repetition versus passive
baseline task such as fixation) is used (Dodoo-Schittko,
Rosengarth, Doenitz, & Greenlee, 2012). Bradshaw et
al. (2017) asked how one should decide which of these
can best reflect the “true” laterality. They stated that the
greater strength of laterality with an active baseline is
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often taken to indicate that this is a more accurate later-
ality measurement. However, other metrics such as the
reliability of the laterality and in clinical work its predic-
tiveness of postsurgical outcomes may arguably repre-
sent better standards for assessing goodness of laterality
measurement.

2.5. Risks of postsurgical language impairment

Language impairment is considered a critical risk of
surgery; therefore, accurate mapping of the language
cortex is of great importance. In patients with epilepsy,
functional anatomy may be reorganized with a transfer of
functions to other areas in the ipsilateral or contralateral
hemisphere (Ni, Wang, Yu, Wu, & Wang, 2019; Berl et
al., 2005). About 25%—60% of adults who undergo An-
terior Temporal Lobectomy (ATL) will suffer from some
form of dysnomia because some temporal lobe structures
targeted for resection play a significant role in the lan-
guage (Sabsevitz et al., 2003). The phenomenon has also
been reported in patients after non-dominant ATL (Jab-
bour, Hempel, Gates, Zhang, & Risse, 2005). Davies et
al. (1998) reported that approximately 30% of left TLE
patients develop a significant decline in naming abilities
after surgery. Schwarz and Pauli (2009) reported a signif-
icant association between postoperative naming decline
and impaired semantic functions in epilepsy surgery.

Davies et al. (1998) also reported that up to 40% of
patients would develop language deficits after ATL, es-
pecially a decline in naming ability. A decline in verbal
fluency has also been reported in LTLE patients (Helms-
taedter, Gleibner, Zentner, & Elger, 1998). Frontal lobe
epilepsy and its surgical treatment have also been asso-
ciated with verbal generative fluency deficits (Drane &
Pedersen 2019; Risse, 2006; Sarkis et al., 2013). Gener-
ally speaking, language deficits of some forms (includ-
ing naming) is seen after lobectomy, most often in domi-
nant (for most left) temporal resection.

In a recent study, You et al. (2019) aimed to predict
language deficits after epilepsy surgery. Thirty-five TLE
adults completed a preoperative fMRI auditory descrip-
tion decision task. They also used BNT to determine lan-
guage functioning before and after surgery. Their final
regression model predicted 38% of the naming score
change variance. They revealed that the top 10% of lan-
guage fMRI activation provides additional predictive
power and should be considered in presurgical planning.
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2.6. Challenges of designing language mapping
task in Persian

Different studies in language mapping with fMRI re-
vealed somehow similar activation maps. The activation
maps are more similar than different, especially for au-
ditory processing (Dodoo-Schittko et al., 2012). Minor
idiosyncrasies of a given language do not change funda-
mental activation patterns. However, compatibility with
cultural and linguistic features of the fMRI tasks in each
language is one of the most critical issues that should be
considered in task design selection and stimuli. Mere
translation of existing tasks from one language into an-
other may not necessarily result in accurate brain map-
ping. For example, the Chinese language differs from
alphabetical languages as it is an ideographic script, re-
quiring one to memorize the phonology and meaning of
each character to vocalize and comprehend. Thus, brain
activation in processing the written Chinese language
may differ from that in processing English (Ni et al.,
2019). Task design for presurgical mapping for Persian-
speaking patients should be designed incorporating lin-
guistic and cultural features such as proper task design
and selection of language-specific stimuli based on their
psycholinguistic features (Momenian, Nilipour, Ghafar
Samara, Oghabian, & Cappa, 2016).

Persian is a member of the Indo-European language
family and a branch of the Indo-Iranian group of lan-
guages. With respect to language-specific features, Per-
sian is an SOV language with a rather loose syntax be-
cause of its direct object /ra/ and indirect object marker
/be/ (Samvelian, 2018). Modern Persian script is alpha-
betic but was originally borrowed from Arabic in the
ninth century and has been modified by adding four new
characters to represent four Persian phonemes (/p/, /ch/,
/zh/, /g/) not found in the Arabic phonological system
(Karimi & Nilipour, 2011).

Because of the major structural differences between
Persian and Arabic, there is rarely a one-to-one corre-
spondence between the graphemic and phonemic repre-
sentation of words which causes ambiguity in pronounc-
ing, understanding the meaning, and reading words.
There is no graphemic representation for short vowels
(e, a, 0), but long vowels /i, u, aa/ do have a graphemic
representation. Verbs carry a rather complex morphol-
ogy to express tense, aspect, mood, number, and person
but nouns, are only inflected for number.

As Nilipour (2018) has indicated, different languages
have different conceptual, phonological, and morphosyn-
tactic properties. Therefore, one would expect to see dif-
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ferent patholinguistic symptoms if the same lesion affects
similar brain regions in bilingual or multilingual patients
(Nilipour & Ashayeri, 1989; Nilipour, & Paradis, 1995).
Based on the results of systematic neuroimaging studies
on Persian-speaking subjects, the tasks and the stimuli im-
plemented in language mapping should be controlled for
language-specific features and psycholinguistic properties
of the stimuli as in Momenian et al. (2016) study.

With respect to language mapping tasks in Persian, Nili-
pour (2018) reviewed four recently-published Persian
neuroimaging studies. The main objective of the first two
neuroimaging studies (Mahdavi et al. 2008, 2010) was
to design protocols for presurgical clinical applications
using word production, reverse word reading, and word
generation as their tasks. The authors reported robust ac-
tivation of classical language areas in all paradigms ex-
cept in the object naming task. But so far, there are no
published presurgical applications based on these tasks.

In the third study (Mahdavi et al., 2010), the objec-
tive was to differentiate cortical activation of Persian
as compared with English in the healthy bilinguals, but
they did not use the same tasks in both languages. They
employed word production and reverse word reading for
Persian and word generation for English. They indicated
that common regions were activated by both Persian and
English stimuli, specifically in the left inferior frontal
gyrus and other perisylvian areas. They also reported ac-
tivation in RH occipital cortex.

Nilipour argues that one inconsistency in task design
in this study is that, despite using different tasks in Per-
sian and English, they reported activation of the same
common regions (Nilipour, 2018: p:456). There is also
no evidence of normative data and considerations of
psycholinguistic and language-specific features of the
selected stimuli in designing language tasks adapted for
these neuroimaging experiments for Persian.

Another recent fMRI study was reported by Nilipour
(2018) is Momenian et al. (2016) on neural correlates
of Persian object and action naming in 15 healthy native
speakers of Persian. One novelty about task design in this
study as compared to previous naming studies in other lan-
guages is the application of a cued-covert sentence comple-
tion to name each object and action to tease out inflectional
features of verbs in context as a Persian specific feature.

The second novelty of this study in Persian was that
the stimuli were selected from two different normed data
sets. Objects were selected from Bakhtiar et al.,'s study a
study based on psycholinguistic features of three differ-
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ent categories (living, non-living, and tools) and actions
were selected from as a combination of common tran-
sitive and intransitive high-frequency verbs in Persian
from a data set (Nilipour et al., 2018).

In addition to the studies mentioned above, two recent
studies have been reported in Persian. Batouli, Hasani,
Gheisari, Behzad, and Oghabian (2016) investigated the
influence of several factors on language LI, using data
from 120 Persian-speaking patients who underwent
fMRI for presurgical planning. They used two language
tasks, including word generation and reverse word read-
ing. The results indicated that the left hemisphere was
dominant for language function, although a higher LI
was obtained using the word generation task.

Khoshkhouy Delshad et al. (2017) studied neural corre-
lates of visual confrontation naming in Persian-speaking
subjects. They found that activation in the left hippocam-
pus was associated with visual confrontation naming
performance. Participants with higher scores showed
greater fMRI activation in their left hippocampus.

3. Conclusion

The general principles of fMRI brain mapping for
language are appraised in this review. This knowledge
provides a foundation for future recommendations to
design standard sensitive tasks for language mapping in
Persian-speaking PWIFE. These tasks will be employed
for fMRI mapping in the presurgical and postsurgical
assessment. Nevertheless, these tests might consider the
essential features of the Persian language for a precise
mapping of the Persian language. This paper is the first
step of a clinical project for designing the standard pre-
surgical language mapping tasks for the assessment and
rehabilitation of Persian-speaking PWIFE.
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