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a b s t r a c t

Intraoperative direct electrical stimulation (DES) is increasingly used in patients operated on for tumours
in eloquent areas. Although a positive impact of DES on postoperative linguistic outcome is generally
advocated, information about the neurolinguistic methods applied in awake surgery is scarce. We
developed for the first time a standardised Dutch linguistic test battery (measuring phonology,
semantics, syntax) to reliably identify the critical language zones in detail. A normative study was carried
out in a control group of 250 native Dutch-speaking healthy adults.

In addition, the clinical application of the Dutch Linguistic Intraoperative Protocol (DuLIP) was
demonstrated by means of anatomo-functional models and five case studies. A set of DuLIP tests was
selected for each patient depending on the tumour location and degree of linguistic impairment. DuLIP
is a valid test battery for pre-, intraoperative and postoperative language testing and facilitates
intraoperative mapping of eloquent language regions that are variably located.

� 2014 Elsevier Inc. All rights reserved.

1. Introduction

Intraoperative language mapping during awake surgery is
considered to be the ‘gold standard’ since a positive impact of direct
electrical stimulation (DES) on postoperative linguistic outcome is
generally advocated (De Witt Hamer, Robles, Zwinderman,
Duffau, & Berger, 2012; Duffau, Moritz-Gasser, & Gatignol, 2009;
Ilmberger et al., 2008; Pereira et al., 2009; Sanai & Berger, 2010;
Sanai, Mirzadeh, & Berger, 2008; Spena et al., 2010). DES enables
to identify critical cortical and subcortical language areas and path-
ways, which cannot be resected without post-operative language
deficits (De Witt Hamer et al., 2012; Duffau, 2007; Duffau, Lopes,
et al., 2005; Spena et al., 2010). During DES, picture naming
(Metz-Lutz et al., 1991) and counting are commonly used as
language paradigms (Bertani et al., 2009; Duffau, 2007). However,
this approach, in which word-finding abilities and automatic
speech are investigated in a restricted way, does not cover the
integral variety of expressive and receptive language functions,

necessary for an adequate communication. Verb–noun association
tasks, auditory and visual comprehension tasks, repetition, reading,
and writing tasks are occasionally used in experimental settings
and some studies described a more tailored selection taking into
account tumour location (Bello et al., 2007, 2008; Bertani et al.,
2009; Duffau et al., 2003; Duffau, Lopes, et al., 2005) (for a review
see De Witte & Mariën, 2013). As a result, test batteries including
specific and sensitive tasks are needed for intraoperative language
testing in order to preserve language function. Polczynska (2009)
suggested three sets of ‘home made’ tasks consisting of: (1)
‘grammar-focused tests’, (2) ‘non-dominant right-hemisphere
tests’, and (3) ‘tests for subcortical stimulation’. Coello et al.
(2013) proposed a minimal common protocol consisting of lan-
guage tasks such as picture naming, semantic association and read-
ing. In the study of Miceli, Capasso, Monti, Santini, and Talacchi
(2012), the following language tasks were included to assess lexi-
cal-semantic processing: naming (both objects and actions), lexical
decision (both auditory and visual) and word–picture matching
(nouns and verbs, auditory and visual). Papagno et al. (2012)
suggested a neuropsychological battery (Milano-Bicocca Battery
MIBIB) to assess cognition (language, memory, executive func-
tions, apraxia, spatial cognition) in low-grade glioma’s pre- and
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postoperatively. Intraoperatively, they use naming of objects,
actions and people. However, in general little is known about the
feasibility, the construction, the validity of the tasks, and no
normative data are available. The selection of the type of language
paradigms during DES procedures is of crucial importance because
of its direct effect on clinical outcome (Hamberger, Seidel,
Mckhann, Perrine, & Goodman, 2005). Therefore the sensitivity of
each language task used during DES needs to be investigated
(Satoer et al., 2012; Talacchi, Santini, Savazzi, & Gerosa, 2011;
Talacchi et al., 2012; Teixidor et al., 2007). We attempted to achieve
this goal by developing for the first time a Dutch standardised
neurolinguistic test battery for awake surgery in critical language
areas. The language test battery, called DuLIP (Dutch Linguistic
Intraoperative Protocol) includes a variety of phonological,
semantic, syntactic and articulatory tests, standardised in a healthy
control population of 250 neurologically healthy adults (see part 2
and 3). The clinical use of DuLIP in awake surgery is illustrated with
a ‘location-function-task’ model and this model is applied to select
an appropriate intraoperative language test battery to assess
linguistic functions in patients with tumoural lesions in eloquent
areas (see part 4).

2. Methods

2.1. Procedure

The first two authors of this manuscript and a group of master
level students in clinical linguistics, speech and language pathol-
ogy and clinical psychology were trained to administer the set of
linguistic tests of the DuLIP, consisting of one object naming test,
four phonological tests (repetition words, phonological odd word
out, phonological fluency, phonological sentence judgment), eight
semantic tests (semantic odd word out, semantic picture out,
semantic association, sentence completions (closed and broad con-
text), semantic fluency animals + jobs, semantic sentence judg-
ment), five syntactic1 tests (action naming, verb generation,
syntactic fluency, syntactic sentence judgment I & II) and one artic-
ulatory test (verbal diadochokinesis). 250 healthy volunteers partic-
ipated in the normative study. All test data were quantitatively (see
statistics) and qualitatively analysed.

2.2. Subjects

250 healthy adult volunteers entered the normative study for
the DuLIP. Inclusion criteria consisted of (1) Dutch as a mother ton-
gue, (2) no (history of) cardiovascular, neurological, psychiatric, or
developmental language and/or speech disorders, (3) no toxic sub-
stance abuse (no drug or alcohol abuse), (4) normal vision, (5) nor-
mal hearing, (6) no use of sleep medication, psychofarmaca or
neuroleptic drugs, and (7) a score above 24/30 on the Mini Mental
State Examination (MMSE) (generally accepted cut-off for
impairment is 23; Crum, Anthony, Bassett, & Folstein, 1993;
Folstein, Folstein, & McHugh, 1975) (http://faculty.pepperdine.edu/
shimels/Courses/Files/MMSE.pdf). The participants were informed
about the goals of the project and gave a written informed consent.
The study was approved by the ethical committee of the Vrije
Universiteit Brussel. The number of participants per age group
was defined on the basis of current statistics about the prevalence
of supratentorial tumours in the Flemish adult population (30%
between 18 and 49 years, 55% between 50 and 74 years, 15%
75 years or older (Van Eycken & De Wever, 2006). Both male
(18–92 y) and female (18–86 y) participants were included. We
recruited subjects from a variety of culturally and philosophically
different organizations over different rural and urban regions in

Belgium (provinces: West-Flanders, East-Flanders, Antwerp,
Flemish Brabant, Limburg). The demographic data of the healthy
participants are summarised in Table 1.

2.3. Test administration, registration and correction

The tests were administered in an identical order. Practice items
were included to ensure that participants understood the task.
Visual stimuli were presented in a powerpoint presentation on a
laptop screen (Table 2). A division was made between tasks for
use during DES stimulation within 4 s (A) and tasks for use during
resection (no time restriction) (B). Since corticosubcortical stimu-
lation may maximally last 4 s, all language tasks should ideally
be performed within this time frame. However, certain tasks
measuring important language aspects such as the fluency tasks
(language initiation) and judgment tasks (language perception)
are not feasible within 4 s. Since these tasks provide valuable
information they were included in the protocol and used during
resection in between stimulations. Of course, the tasks for stimula-
tion (A) are also very relevant to apply during resection. Test items
for use during DES were presented every 4 s accompanied by a
beep called ‘laser sound’. To avoid fatigue the DuLIP protocol was
assessed in two parts (A & B) at two different test moments. The
total length of both assessments (heteroanamnesis, EHI, MMSE,
DuLIP) was 1.5 h. The answers were recorded verbatim and tran-
scribed. One point was given if the target answer was correctly pro-
duced and within the given time frame. Self-corrections were
allowed if given within the 4 s time frame. One repetition of an audi-
tory task on request of the participant was allowed. The accuracy of
the scoring of the tests was checked by one of the first two authors
and was based on qualitative terms agreed on a priori. Uncertainties
regarding the correctness of test items were discussed in group with
the other authors until a consensus was reached.

2.4. Description of tests

The phonological, semantic, syntactic, naming tasks and articu-
latory task of the DuLIP are presented in Table 2. Taking into
account the constraints of the awake procedure (fixed position,
limited time) we carefully selected existing language tests

Table 1
Demographic characteristics of the 250 healthy participants.

Demographics Mean (median) SD Range

(A) Age, education, MMSE (mean, SD, range)
Age in years 51.29 (54.00) 19.81 18–92
Education in years 13.78 (14.00) 3.27 6–23
MMSE 29.16 (30.00) 1.18 24–30

Demographics Groups Number of subjects Percentage

(B) Gender, age, education, province, handedness groups
Gender M 101 40.40

F 149 59.60
Age 18–54 y 129 51.60

55+ y 121 48.40
Education level 612 y 104 41.60

>12 y 146 58.40
Province West Flanders 44 17.60

East Flanders 114 45.60
Antwerp 20 8.00
Flemish Brabant 40 16.00
Limburg 32 12.80

Handedness L 13 5.20
A 8 3.20
R 229 91.60

(A) Legend: SD = standard deviation; MMSE = Mini Mental State Examination.
(B) Legend: M = male, F = female, y = year, L = left-handed, A = ambidexter
(Laterality Quotient P�40 en 6+40), R = right-handed.

1 The term syntax is used to define tasks that measure grammatical aspects.
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