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Abstract
Despite mounting evidence pointing to the contrary, classical neurosurgery presumes many cerebral regions are non-eloquent, 
and therefore, their excision is possible and safe. This is the case of the precuneus and posterior cingulate, two interact-
ing hubs engaged during various cognitive functions, including reflective self-awareness; visuospatial and sensorimotor 
processing; and processing social cues. This inseparable duo ensures the cortico-subcortical connectivity that underlies 
these processes. An adult presenting a right precuneal low-grade glioma invading the posterior cingulum underwent awake 
craniotomy with direct electrical stimulation (DES). A supramaximal resection was achieved after locating the superior 
longitudinal fasciculus II. During surgery, we found sites of positive stimulation for line bisection and mentalizing tests that 
enabled the identification of surgical corridors and boundaries for lesion resection. When post-processing the intraoperative 
recordings, we further identified areas that positively responded to DES during the trail-making and mentalizing tests. In 
addition, a clear worsening of the patient’s self-assessment ability was observed throughout the surgery. An awake cognitive 
neurosurgery approach allowed supramaximal resection by reaching the cortico-subcortical functional limits. The mapping 
of complex functions such as social cognition and self-awareness is key to preserving patients’ postoperative cognitive health 
by maximizing the ability to resect the lesion and surrounding areas.
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Introduction

The precuneus, located in the mesial aspect of the supe-
rior parietal lobule, is often considered by neurosurgeons 
as a non-eloquent area [14, 26]. Nevertheless, patients 
with tumors affecting this parieto-mesial area have been 
reported to experience mild cognitive disturbances after 
surgery [11, 31]. Its anatomical landmarks are anteri-
orly the postcentral sulcus, inferiorly the dorsal posterior 
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cingulum, and posteriorly the parieto-occipital sulcus. 
Although its functionality remains unclear, a complex 
associative role is presumed due to multiple connections 
with different cortical areas [1, 27]. Its connectivity pro-
file explains its involvement in various cognitive func-
tions including reflective self-awareness; visuospatial 
and sensorimotor processing; episodic memory; and pro-
cessing social cues [1, 6, 27, 31]. Notably, the functional 
connectivity between posterior cingulate/precuneus and 
hypothalamus, thalamus, ventromedial prefrontal cortex, 
superior temporal gyrus, and cerebellum places this duo 
at the core of both the default-mode and frontoparietal 
attentional networks [1, 15]. Additionally, its connec-
tion to the posterior cingulum, which is implicated in 
several aspects of social cognition, further underscores 
its importance [6, 15].

Recent research has shed light on the posterior cingu-
late cortex, highlighting its unique anatomical and physi-
ological properties, as well as its significant contributions 
to supramodal cognitive functions and brain disorders [7, 
22]. In light of these findings, Foster et al. [6] propose a 
tripartite perspective on this region. According to their 
review, the dorsal part is implicated in executive control 
functions, the ventral portion supports memory processes, 
and the retrosplenial cortex plays a crucial role in visu-
ospatial abilities. However, the use of neuropsychologi-
cal tests assessing these complex cognitive functions in 
intraoperative functional mapping as guidance for the safe 
resection of precuneal/posterior cingulate lesions has been 
limited.

This study aimed to develop an intraoperative protocol for 
mapping the precuneus/posterior cingulum area, considering 
its involvement in the aforementioned cognitive functions, 
and evaluate its effectiveness in a clinical case of a grade II 
right oligodendroglioma that affected both the precuneus 
and dorsal posterior cingulum. Furthermore, the compre-
hensive investigations conducted in this case underscored 
the functional and connectivity aspects that should be con-
sidered when operating on lesions affecting these regions.

Materials and methods

Clinical case

A 39-year-old right-handed man was diagnosed with an 
incidental 4.6 cc right anterior precuneal lesion after con-
sulting for long-term hypoacusia with a left predominance 
(Fig. 1A). A biopsy showed a grade II oligodendroglioma.1

Presurgical radiological study

The patient underwent an MRI session in a 3 T Siemens 
Magnetom Prisma Fit scanner (Siemens AG, Erlan-
gen, Germany). High-resolution T1- and T2-weighted 
images were acquired with a 3D ultrafast gradient echo 
MPRAGE pulse sequence using a 64-channel head 
coil covering 160 contiguous axial slices with a voxel 
resolution of 1 × 1 × 1 mm3. This protocol showed a 
T1-weighted hypointense and T2-weighted hyperintense 
cortical lesion, without enhancement after gadolinium 
injection. Diffusion-weighted sequences were acquired 
along 105 independent directions with a b value of 
900 s/mm2.

Surgery

Resective awake surgery, conducted under conscious 
sedation with dexmedetomidine, was provided for 
online monitoring of cognitive functions in real-time. 
The primary objective was to accurately identify func-
tionally significant structures (i.e., positive response 
sites) and optimize the extent of volume resection while 
minimizing the risk of postoperative functional impair-
ments. A right parasagittal parietal craniotomy was per-
formed, exposing the superior parietal lobule and upper 
sensorimotor cortices. Cortical and subcortical mapping 
were conducted by direct electrical stimulation (DES) at 
60 Hz delivered with human use certified intraoperative 
equipment (NimEclipse®, Medtronic), using a bipolar 
stimulation probe (Inomed, fork probe 45-mm straight, 
ball tip diameter 2 mm, tip to tip distance 8 mm). After 
cortical stimulation at 2.5 mA, the primary motor cortex 
controlling the arm was found. Usually, an interhemi-
spheric parafalcine approach would be considered to 
reach the lesion, either from the contralateral or ipsi-
lateral side. However, in this case, a transcortical par-
asagittal approach was elected, since the mapping of 
the superior parietal lobule surrounding the lesion was 
negative. This approach minimized the risk of damag-
ing cortical veins entering the superior longitudinal 
sinus and allows better exposure of the lesion, facili-
tating gross total resection. The procedure lasted for 
4 h and 45 min, with the patient being awake for a total 
of ~ 90 min. Throughout this period, there were alter-
nating periods of stimulation and rest. Despite being 
advised to rest, the patient engaged in open conversa-
tion during the rest periods. Cortical stimulation was 
initially employed to determine the entry point, while 
subcortical stimulation was utilized upon reaching spe-
cific functional limits (see Fig. 1B for an intracortical 
timeline).1  After undergoing the biopsy procedure, the patient experienced 

sensitivity issues in their right hand that improved with rehabilitation.
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Cortical and subcortical intraoperative functional 
mapping

Functional mapping was performed while the patient 
engaged in picture-naming, mentalizing, trail-making, and 

line bisection tests (for details see Table 1 and Video 1). 
During the pre-stimulation phase, the patient accurately 
completed all the tasks. At the cortical level, we started 
with the classic picture-naming test [8], after which we 
used the mentalizing task [3] for tumor resection. At the 

Fig. 1   Radiological study and intraoperative mapping. A Presurgical 
3 T MRI study showing a right precuneal tumor with mild posterior 
dorsal cingulum invasion (radiological view). B Surgical view of the 
resection cavity with DES response sites labeled as 1 for the right 
sensory cortex (lower limb), 2 for the thalamocortical tract, and 3 for 
the SLF II. C Bar graph showing the sequence of tasks performed 
during the intraoperative stimulation phase. The x-axis represents the 
trials per task, while the y-axis indicates the self-confidence index 
reported by the patients (from 1 to 6). To assist in interpretation, 
gray vertical lines denote the trials conducted during the DES phase. 
Additionally, the graph employs colored horizontal bars at the bottom 
to represent different tasks, with the duration of each task indicated 

by numbers within the bars, measured in minutes. The consecutive 
appearance of bars in the same color signifies multiple repetitions 
of the corresponding task. Notably, the occurrence of behavioral 
errors associated with DES is represented by a red line. In particu-
lar, deviations exceeding 5% to the left in both the line bisection task 
and TMT-Part B are considered errors. To further aid understanding, 
the graph incorporates a light blue dotted line indicating the overall 
decrease in the self-confidence index. Furthermore, the green lines 
depict the mean self-confidence index for each stimulation block, 
offering insights into the patient’s metacognitive state during the 
stimulation phase
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subcortical level, we conducted line bisection [5, 28], trail-
making [13, 18], and mentalizing tests (see Fig. 1B for 
a timeline of the intracortical stimulation). In addition, 
throughout the different surgery stages, we employed the 
self-confidence index to assess the patient’s self-awareness. 
In each trial, the patient had to evaluate his performance 
using a Likert-scale ranging from 1 to 6, where 1 was “I 
am very doubtful of the answer I gave” and 6 indicated “I 
am absolutely certain of the answer I gave”.

Results

Intraoperative functional mapping

During the pre-stimulation phase, the patient accurately 
completed all the tasks. At the cortical level, as expected, 
no positive stimulation sites were found for the picture-
naming and mentalizing tests. However, at the subcortical 
level, in the inferolateral boundary of the resection cavity, 
the mentalizing, line bisection, and TMT-Part B tests were 
transiently disturbed in the area marked as 3 in Fig. 1B and 
Fig. 2. Conducting diffusion tensor magnetic resonance 
tractography on preoperative MRI — coregistered with the 
postoperative study — enabled us to precisely identify these 
fibers as part of the superior longitudinal fasciculus (SLF) 
II, a major component of the SLF, that connects the cau-
dal inferior parietal region to the dorsolateral frontal cortex 

(Fig. 2). Moreover, the self-assessment task showed an over-
all decrease in self-confidence throughout the surgery: at 
the beginning of the surgery, the self-confidence index was 
always 6 (the maximum) whereas, at the end of the resec-
tion, it varied between 3 and 5 (see Fig. 1B).

Postoperative neuropsychological assessment

Immediately after surgery, the patient only reported tran-
sient dysphasia for proper names, with total recovery by 
discharge at postoperative day four. The 1-month postop-
erative neuropsychological assessment showed no cognitive 
impairments.

Postsurgical radiological study

The patient underwent an MRI session following the pro-
tocol designed for the presurgical study. As observed in 
Fig. 1, a supramaximal resection was achieved (cavity vol-
ume = 7.4 cc, EOR ~ 160%) reaching both anatomical and 
functional limits located by subcortical stimulation: (a) ante-
riorly, postcentral sulcus, and thalamocortical tract (label 2 
in Fig. 2); (b) laterally, SLF II (label 3 in Fig. 2); (c) medi-
ally, falx cerebri; (d) inferiorly, corpus callosum; (e) posteri-
orly, the lower end of the medial part of the parietooccipital 
sulcus. Figure 2 shows how the subcortical white matter 
pathways that ensure connectivity between the parietal and 
frontal lobes were preserved.

Table 1   Description of the neuropsychological tests

Intraoperative 
tasks Description Example

MULTIMAP, a 
picture naming 

test [8]

This task involves classical object naming (nouns) and action naming (verbs) from 
observed pictures. Above each object, the text “Esto es…” (“This is…” in 
Spanish) was presented to force the production of a short sentence that agreed in 
number and gender with the target noun. For the action pictures, we included a 
pronoun to be used as the subject of the sentence, either “El…”/ “Ella…”
(“He…” or “She…” in Spanish), to cue the production of a sentence starting with 
the given subject and ending with a finite verb form in the 3rd person singular.

Line Bisection 
Test [5]

1 mm thick white horizontal lines were presented on a tactile screen in central, 
left, and right positions with respect to the patient’s sagittal head plane. The 
patient was instructed to mark the center of each line and after each trial left- or 
rightward deviations were automatically calculated. Deviations higher than 5% 
were considered errors. Difficulties in performing this task are indicative of left 
or right unilateral neglect [5]. 

Adaptation of the 
Reading the 

Mind in the Eyes 
(RME) Test [3]

This task measures the ability to infer the mental states of others (i.e., their 
thoughts, beliefs, and personality traits), often referred to as "mentalizing" or 
"theory of mind" (ToM). Difficulties in performing this task are indicative of 
autism, anxiety, personality disorders, and psychosis [23,25]. Images of eyes are 
presented and participants are requested to select the corresponding mental state 
from two options located below each image.

Part B of the 
Trail-Making 

Test [18]

24 circles are presented on a screen; half the circles contain the numbers 1–12 
and the other half contains the letters A-L. The patient is required to draw a line 
that alternately connects numbers and letters (i.e., 1-A-2-B-3-C…) [13] as 
quickly as possible. This test measures attention, visual screening ability, and 
processing speed, and is a good measure of overall cognitive functioning [18].

Left                                               Right
Hemifield                                      Hemifield

Correct response           Leftward deviation

Ella…                           Él…

+

+
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Discussion

As links between neurosurgery and neurosciences are con-
solidated, new concepts, such as brain connectomics, are 
being incorporated into neurosurgical practice. The safe 
excision of so-called “non-eloquent” regions such as the pre-
cuneus and the posterior cingulum provides a paradigmatic 
example of these recent advances. As many studies based 
on neuroimaging techniques have demonstrated the poste-
rior cingulate/precuneus represents a functionally important 
associative area [6, 7, 22, 27, 31], an awake cognitive neuro-
surgery approach was considered critical for the removal of a 
tumor located in this area. Thanks to appropriate neuropsy-
chological tasks used during the intraoperative mapping, it 

has been possible to identify the functional boundaries of 
the right posterior cingulum/precuneus, hence allowing a 
supramaximal tumor resection without postoperative cogni-
tive impairments.

Several fMRI studies demonstrated the involvement of the 
precuneus and posterior cingulum, generally co-activated, 
in various functions ranging from reflective self-awareness, 
visuospatial, and sensorimotor processing, to process-
ing social cues [11, 15, 23]. Disruptions in the posterior 
cingulum in both hemispheres have been reported to alter 
both self-consciousness and consciousness of the external 
environment, including personality disorders such as dere-
alization or depersonalization [2, 11, 12]. Recently, the role 
of the anterodorsal part of the precuneus in sensorimotor 

Fig. 2   Postoperative 3 T MRI 
study. The upper part of the 
figure displays various imaging 
representations related to the 
surgical procedure. On the 
left, a postoperative fractional 
anisotropy (FA) color map illus-
trates the surgical cavity, with 
positively stimulated points 
labeled as 2 and 3, as identified 
during intraoperative assess-
ment. In the upper right section, 
a tractographic study reveals the 
presence of the SLF II depicted 
in blue, along with the sensory 
portion of the right thalamocor-
tical tract shown in violet. These 
fibers surround the tumor, with 
SLF II situated laterally and the 
thalamocortical tract anteriorly. 
The central panel presents a 
probabilistic atlas of SLF II [24] 
and the 3D tumor reconstruc-
tion superimposed on the MNI 
template. It is worth noting 
that the tumor extends towards 
the lateral aspect of SLF II. 
DSIstudio, a software platform 
for visualization and analysis of 
multi-modality brain data, was 
used to visualize the anisotropy 
data, track fibers, and coregister 
T1-weighted MRI with DTI
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processing has been demonstrated by Herbet et al. [12], as 
different body awareness disorders were elicited after lesions 
in that zone [17, 23]. This parietal area, which lies at the 
core of the default mode and frontoparietal attentional net-
works [1], has been reported as a “connector hub” ensuring 
the cortico-subcortical connectivity that underlies the infor-
mation flow between posterior regions and hypothalamus, 
thalamus, ventromedial prefrontal cortex, superior temporal 
gyrus, and cerebellum [4, 32].

This connectivity is, in part, guaranteed by the SLF II, 
whose stem is located lateral to corona radiata. This tract can 
be found deep in the inferior parietal lobule, below U fibers 
in the intraparietal sulcus. It is part of the dorsal attention 
pathway and plays an important role in visuospatial aware-
ness [5, 16]. Damage to this tract has previously been also 
associated with social and emotional impairments [20, 21]. 
Tumoral infiltration of the right SLF II has been correlated 
with postoperative declines in mentalizing performance in 
glioma patients [10]. The precise structure of SLF tracts I, II, 
and III remains unclear, and their segmentation is not fully 
understood, primarily relying on differences in observed 
intraoperative neurological deficits during awake cranioto-
mies [29]. In our current case, we identified a slowing of 
the motor response in the anterior part of the cavity, which 
we interpreted as the boundary between the lesion and the 
thalamocortical pathway (indicated in purple in Fig. 2). Con-
versely, functional delimitation of SLF II was achieved by 
stimulating the posterior lateral wall of the cavity (corre-
sponding to point 3 in Figs. 1 and 2). The depth of the intra-
parietal sulcus served as the anatomical reference for this 
point. Notably, at this location, we observed a convergence 
of visuospatial abilities (measured with the line bisection 
and trial-making tests) and mentalizing or theory of mind 
processes (measured with the mentalizing task). Stimulation 
of the posterolateral (closer to the midline) wall of the cavity 
did not result in motor slowing, which would have indicated 
the functional boundary of SLF I. Additionally, we did not 
encounter any specific language deficits that would indicate 
the functional limit of SLF III. Previous studies have exten-
sively reported transient errors in the line bisection task 
associated with the SLF II stimulation [19, 28, 30]. This 
contralateral bias caused by the temporal disconnection of 
SLF II reflects the involvement of this tract in tasks requir-
ing visuospatial integration, which is crucial for accurate 
performance on the trial-making test. Hence, we found that 
these two functions coexist at the same point.

Based on this multifunctionality, we designed a safe surgi-
cal protocol for intraoperative mapping consisting of four neu-
ropsychological tests. The picture-naming test was employed 
to monitor any fluctuations in attentional levels occurring 

during surgery. Line bisection, trail-making, and mentalizing 
tests were used to respectively measure visuospatial awareness 
[5], attention and cognitive flexibility [18], and the ability 
to infer the mental states of others [3, 25]. Furthermore, the 
patient’s self-awareness was monitored by utilizing the self-
confidence index6. All these tests have been previously used to 
investigate the brain mechanisms underlying cognition during 
awake craniotomies [9, 17, 23]; however, to the best of our 
knowledge, this is the first time their use has been success-
fully coordinated for the intraoperative functional mapping to 
guide safe surgical resection of a precuneal lesion. We took 
advantage of the DES capacity to map, in real-time, the func-
tioning of cortico-subcortical networks: electrical stimulation 
of subcortical bundles induced clear disruptions in the men-
talizing, trail-making, and line bisection tests. Although the 
tumor was confined to the precuneus and the dorsal part of the 
cingulum without reaching the SLF II laterally, awakening the 
patient was crucial to extend the resection both anteriorly and 
laterally, until the sensory pathway and SLF II were identi-
fied. This way, a supramaximal resection was safely achieved, 
with a positive impact on the patient’s survival, global health, 
and quality of life as he presented no cognitive impairments 
1 month after the surgery.

Conclusions

Due to the increased life expectancy of low-grade glioma 
patients, it is desirable to improve neurosurgical approaches 
to further increase their quality of life. Although standard-
ized protocols are followed for the surgical treatment of brain 
tumors located in functional areas of the language, motor, 
and somatosensory networks, other cognitive functions, such 
as visual awareness, attention, cognitive flexibility, or our 
ability to comprehend, and express emotional states have 
been overlooked. The present study suggests that this bias 
can be mitigated through the creation of intervention proto-
cols aimed at mapping hitherto neglected cognitive domains 
such as those explored here. Increasing our knowledge of 
connectomics and higher-level cognitive functioning may 
open new avenues and insights to overcome misconceptions 
among neurosurgeons about non-eloquent areas. An awake 
cognitive neurosurgery approach constitutes an excellent 
and safe tool for preserving cognitive functions while per-
forming/achieving supramaximal resection of a tumor, as 
otherwise non-identifiable functional limits can be reached.
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Comments  In the present case report concerning a 39-year-old 
man diagnosed with a right precuneal low-grade glioma invading 
the posterior cingulum, the authors describe an awake craniotomy 
successfully guided by direct electrical stimulation (DES). The 
precunius and posterior cingulate where the glioma was located, 
are interacting hubs which enables cortico-subcortical connectivity. 
Intraoperatively side by side with the DES, tests measuring cognitive 
functions reported to be associated with the precunius and posterior 
cingulate were administered. The tests measured visuo-spatial 
awareness, attention, cognitive flexibility and mentalizing. In addition, 
the patients self-awareness was monitored during the operation, by 
a recurring self-assessment task. This self-assessment indicated a 
decrease in the self-confidence during the course of the surgery. Initially, 
prior to the stimulation, the patient completed all tests accurately. In 
the early phase of the surgery, cortical DES was performed in order to 
find an entry point while the subsequent subcortical stimulation was 
focused on determining the specific functional limits. The DES made 
it possible to define subcortical sites where the electrical stimulation 
evoked disruptions in all the cognitive functions mentioned above. 
Interestingly the block of these functions emphasized that the 
precunius region is highly eloquent contrary to what has until recently 
been widely believed in classical neurosurgery. The DES-guided 
exploration also lead to the localization of the superior longitudinal 
fasciculus II (SLF II), a long-range associative white matter pathway 
of critical importance for cerebral connectivity. The localization of 
the SLF II and the boundaries for the tumor resection enabled the 
surgery to be extended both anteriorly and laterally, thus allowing 
a supramaximal resection reaching both anatomical and functional 
limits. At follow-up one month postoperatively, a neuropsychological 
assessment did not show any cognitive impairment. The coordination 
of the neuropsychological testing and the DES, aiming to guide a safe 
resection of precuneal glioma, illustrated in this case report, has rarely 
been described in the literature.
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Stockholm, Sweden
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