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Prosopagnosia following nonlanguage dominant inferior temporal lobe low-grade
glioma resection in which the inferior longitudinal fasciculus was disrupted

preoperatively: illustrative case
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BACKGROUND Prosopagnosia is a rare neurological condition characterized by the impairment of face perception with preserved visual processing
and cognitive functioning and is associated with injury to the fusiform gyrus and inferior longitudinal fasciculus (ILF). Reports of this clinical impairment
following resection of right temporal lobe diffuse gliomas in the absence of contralateral injury are exceedingly scarce and not expected as a

complication of surgery.

OBSERVATIONS The authors describe the case of a young female patient found to have an incidental diffuse glioma in the right inferior temporal lobe
despite evidence of preoperative ILF disruption by the tumor. Following resection of the lesion, despite the preoperative disruption to the ILF by the
tumor, the patient developed prosopagnosia. There was no evidence of contralateral, left-sided ILF injury.

LESSONS Given the significant functional impairment associated with prosopagnosia, neurosurgeons should be aware of the exceedingly rare
possibility of a visual-processing deficit following unilateral and, in this case, right-sided inferior temporal lobe glioma resections. More investigation is
needed to determine whether preoperative testing can determine dominance of facial-processing networks for patients with lesions in the right inferior
posterior temporooccipital lobe and whether intraoperative mapping could help prevent this complication.

https://thejns.org/doi/abs/10.3171/CASE21277
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Social interactions rely on our ability to recognize faces and
facial expressions.” Electrophysiology, functional imaging, and direct
cortical stimulation studies have provided evidence that the fusiform
gyrus, basal occipital-temporal junction, and inferior longitudinal
fasciculus (ILF) may play a special role in higher level visual proc-
essing and facial recognition.> When familiar faces become unrec-
ognizable despite the ability to identify facial features, such as the
eyes, nose, and mouth, the condition is called prosopagnosia.
Patients with prosopagnosia cannot identify a specific face, recog-
nize whom the face belongs to, and do not know whether they ever
saw the face before; the condition reached cultural significance in
Oliver Sacks's book The Man Who Mistook His Wife for a Hat. Ini-
tially, bilateral insults to the fusiform gyri appeared to be necessary

for patients to develop prosopagnosia, although, recently, it has
been recognized that transient and/or permanent prosopagnosia
may occur after unilateral right inferior posterior temporooccipital
lesions or resections, although this appears to be exceedingly
unlikely.*

Still, despite these rare case reports of prosopagnosia following
unilateral lesions or strokes, reports of this condition occurring after
resection of a temporal lobe glioma are extremely sparse and effec-
tively nonexistent in the glioma literature in the absence of bilateral
injury, and this is not included in the preoperative conversation with
the patient regarding the possible complications from surgery. More-
over, there is no consensus opinion in the neurological community
that potential development of prosopagnosia can occur following

ABBREVIATIONS DTI = diffusion tensor imaging; IFOF = inferior frontal occipital fasciculus; ILF = inferior longitudinal fasciculus; LGG = low-grade glioma;

MRI = magnetic resonance imaging.
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Pre-operative T2 FLAIR

Post-operative T2 FLAIR

Pre-operative ILF DTI

FIG. 1. A: Preoperative films demonstrating a T2 hyperintense lesion in the posterior inferior temporal gyrus and fusiform gyrus. B: Preoperative DTI show-
ing disruption of the right ILF preoperatively but residual fibers are still present in the white matter fasciculus. C: Resection cavity is present within the right
inferior temporal gyrus with small volume blood and a small region of cytotoxic edema along the superior medial margin of the resection cavity. D: Postop-
erative DTI showing additional transection of the ILF in the inferior temporal gyrus and fusiform gyrus. FLAIR = fluid-attenuated inversion recovery.

“nondominant,” right hemisphere resections. This case illustrates a
right temporal lesion where resection resulted in a postoperative
prosopagnosia, and we discuss the relevant imaging characteristics
and management considerations for lesions in this location.

lllustrative Case

This case describes a 22-year-old female patient who was found
to have a T2 hyperintense, nonenhancing lesion in the right inferior
temporal lobe, specifically within the cortical and subcortical inferior
temporal gyrus and fusiform gyrus, which was concerning for a low-
grade glioma (LGG) during work-up for headaches associated with
vertigo and nausea (Fig. 1A). The preoperative diffusion tensor
imaging showed the presumed LGG was disrupting the fibers of the
right ILF (Fig. 1B). She previously underwent a right stereotactic
needle biopsy at an outside institution, and pathology revealed a
diffuse astrocytoma, isocitrate dehydrogenase mutant. No neurologi-
cal deficits were present on preoperative examination. Given the
data supporting resection of incidentally identified low grade or dif-
fuse gliomas, the patient underwent an asleep craniotomy for tumor
resection. Postoperative magnetic resonance imaging (MRI) demon-
strated that successful gross total resection was achieved, and
postoperative diffusion tensor imaging (DTI) showed some mild
change in the residual ILF (Fig. 1C and D). Minimal diffusion restric-
tion was noted around the resection cavity (Fig. 2), as expected to
occur following surgical resection.

Immediately postoperatively, the patient had a Karnofsky Perfor-
mance Status of 80. Unsurprisingly, there was a left upper

2| J Neurosurg Case Lessons | Vol 2 | Issue 10 | September 6, 2021

quadrantanopia. Given that the lesion was in the nondominant
hemisphere, her language comprehension and production were
intact, as expected. However, the patient was completely unable to
recognize faces. When other elements were added to the face,
such as voice or characteristic clothing, she was able to correctly
identify whom the face belonged to. The patient's postoperative pro-
sopagnosia has persisted 5 months since surgery at the time of this
publication.

FIG. 2. Postoperative diffusion-weighted imaging demonstrating mini-
mal reduced diffusion surrounding the resection cavity.



Discussion

Observations

This case highlights a rare sequela following resection of a fusi-
form gyrus lesion in the nondominant language hemisphere. As
shown in this case, preoperative DTl can be helpful to determine
the spatial relationship between a lesion and ILF, but even when
there is partial preoperative disruption of the ILF and an intact con-
tralateral ILF, there could be a risk of a postoperative deficit in facial
processing. While a few case reports have described similar proso-
pagnosia following resection of lesions in the right inferior posterior
temporal-anterior occipital region, these reports often describe tran-
sient symptoms.* Although early autopsy studies implied that bilat-
eral injury was necessary to produce prosopagnosia, recent
functional imaging studies and lesional case reports have sug-
gested that right unilateral injury alone may be sufficient to produce
functional impairment in face recognition; however, this has not
been reported following unilateral tumor resection.”

Successful face recognition requires two connected cognitive pro-
cesses: perception of face visual stimuli and matching this percept to
face memory. The specific brain region usually associated with proso-
pagnosia is the fusiform gyrus, which has been shown to increase its
activation specifically in response to faces. As mentioned above, some
evidence suggests right hemisphere dominance regarding facial recog-
nition processing;®~"® however, it frequently appears that bihemispheric
interruptions are necessary for prosopagnosia to develop.'? Never-
theless, imaging studies have implied that the right hemisphere fusi-
form gyrus is more often involved in familiar face recognition than the
left.”® For example, one study using transcranial magnetic stimulation
to disrupt facial recognition found that facial-task accuracy was signifi-
cantly impaired only during right and not left hemisphere stimulation. '
Anatomical studies of patients with congenital prosopagnosia have
revealed reduced cortical volume of the fusiform gyrus™ and bihemi-
spheric reductions in the integrity of the ILF and the inferior frontal
occipital fasciculus (IFOF) white matter tracts.®'®> However, the degree
of reduction in ILF and IFOF fibers only correlated with facial recogni-
tion impairment in the right hemisphere comparisons but not left hemi-
sphere.® Variations in individual connectivity possibly explain why the
etiology of this condition sometimes requires right-sided injury only and
other times requires bilateral injury.”

The two cognitive processes of face perception and matching of
the face perception to memory have led to two subtypes of prosopag-
nosia: apperceptive and associative. Apperceptive prosopagnosia
describes cases of prosopagnosia associated with injury to processes
early in the face perception system such as the fusiform gyrus, thus
preventing identification of face stimuli.>'® The brain areas thought to
play a critical role in apperceptive prosopagnosia are right occipital
temporal regions. People with this disorder cannot make any recogni-
tion of faces and are unable to make same—different judgments when
they are presented with pictures of different faces. Comparatively,
associative prosopagnosia has typically been used to describe cases
of prosopagnosia where damage to the parahippocampal gyrus results
in spared perceptual processes but impaired links between early face
perception processes and the semantic memory information, prevent-
ing recognition of a face with the appropriate memories. Right anterior
temporal regions appear to be involved in this process. People with
this form of the disorder may be able to tell whether photographs of
people’s faces are the same or different and derive the age and sex
from a face (suggesting they can make sense of some face informa-
tion) but may not be able to subsequently identify the person or

provide any information about them, such as their name or when they
were last encountered.

In this report, we describe a patient who developed prosopagno-
sia after resection of the posterior fusiform gyrusfinferior temporal
gyrus with diffusion-tensor imaging revealing a slight change in the
residual ILF. The right ILF connects the anterior temporal pole with
the fusiform face area and occipital cortex, which is sometimes
referred to as the occipital face area, and has been demonstrated
to be critical for high-level visual processing.”"” Direct cortical stim-
ulation of this white matter pathway can elicit a visual agnosia.?
Despite recognition of this condition for over 100 years, prosopag-
nosia is rarely reported as a deficit in the neurosurgical oncology lit-
erature, and, realizing this uncertainty, we were motivated to
discuss our case. It should also be noted that the senior author of
this report has never seen prosopagnosia in a postoperative patient
following resections in the right or left temporal region in nearly
4000 glioma operations over his career before this case.

Lessons

This case demonstrates in rare cases the eloquence of the right
posterior inferior temporal-occipital lobe and the ramifications that
its resection can have on facial processing and the patient’s quality
of life. According to the dual-stream theory of visual processing, the
ventral temporooccipital visual stream contains specialized regions
for recognition of objects and, specifically, faces." Although proso-
pagnosia is exceedingly uncommon and appears to be rarely seen
following right fusiform gyrus or ILF resection, this case highlights
that the condition can occur following glioma resection and may
warrant discussion with patients prior to resection.

It remains to be seen whether preoperative mapping of the “domi-
nance” of the facial-processing system and/or whether awake re-
section with intraoperative visual testing during cases where the
dominant, right posterior ILF is thought to be at risk can minimize the
risk of this deficit. One potential method for preoperative identification
of the face-processing network is repetitive transcranial magnetic
stimulation, which has been shown to impair face processing when
applied to the right occipital-face area but not the left occipital face
area.'® Another strategy is to utilize functional MRI to locate regions
most active in the face perception network.'

Moreover, it certainly appears that where the injury occurs along
the anterior-posterior course of the ILF is relevant to the functional
implications of ILF damage, as anterior temporal lobectomy invari-
ably removes the anterior portion of the ILF and typically does not
cause visual-processing disturbances. Interestingly, in the case pre-
sented, the ILF was already partially disrupted preoperatively by the
tumor according to the tractography, suggesting that additional net-
work disruption during surgery can lead to a deficit in the facial-
processing network despite an intact contralateral ILF.

While there is a preponderance of evidence supporting the use
for awake-mapping approaches to identify and preserve motor and
language functions during the resection of intraaxial lesions, fewer
studies have investigated the use of awake-mapping techniques for
the preservation of visual function (Table 1).2° Perhaps the lack of
mapping studies for visual-processing lesions is the result of many
patients presenting with preoperative quadrantanopia and the mini-
mal impairment caused by quadrant defects in the visual field (in
most states, patients can still drive following quadrant defects).
Both cortical and subcortical mapping have been performed for
occipital cortex lesions, and positive intraoperative identification of
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TABLE 1. Reports describing awake mapping of visual function

No. of
Authors & Year Task Patients Findings
Gras-Combe et al., 2012%' 4 screen naming task 14 Positive visual symptoms identified; 1 patient with
postoperative hemianopia; otherwise all patients
with expected quadrantanopia
Duffau et al., 2004% No specific task 1 “Shadow” and “distortion” of visual field
Coello et al., 20132 Naming pictures in opposite quadrants 1 Inability to recognize picture in the contralateral
visual field
Steno et al., 20122 Fixed image displayed across all 4 quadrants 1 Bright phosphenes in the visual field
of the visual field and laser pointer to probe
different visual fields
Nguyen et al., 20112 Red and green targets distributed in both 1 Flashing lights in the visual field
visual fields
The table provides a list of prior publications investigating awake mapping of visual functions.
visual function can be reliably identified, either by producing a sen- References

sation of flashing lights in the patient's visual field or by generating
transient vision loss. However, nearly all patients in these studies
still develop a postoperative quadrantanopia, perhaps because this
deficit can go unnoticed by the patient during the mapping. In these
small studies exploring awake mapping, complete hemianopia was
largely avoided, suggesting that visual deficits may be minimized
with these awake-mapping approaches. Although the utility of
mapping the visual system to preserve visual fields is debatable,
mapping to prevent visual agnosia is even less researched. To our
knowledge, there have not been any reports of mapping to prevent
prosopagnosia during right-sided fusiform and ILF resections; how-
ever, Coello et al. report using a picture-recognition task with the
screen displaying images in both hemifields to localize the right ILF
near the fusiform gyrus.?

This case demonstrates a higher-order visual function that, to
date, awake mapping has not routinely been utilized to preserve.
Future work is needed to explore how intraoperative assessment of
this higher-order sensory function as well as other cognitive and
executive functions can be employed to optimize patient outcomes.
Additionally, the dogma that the left hemisphere is the “dominant’
hemisphere for all higher-order functions is challenged by this case.
This case highlights the importance of nonmotor, nonspeech neuro-
logical functions in the “nondominant” right hemisphere, which are
rarely discussed in the neurosurgical literature but still relevant for
patient function and quality of life. In the future, tasks that identify
eloquent regions for other nonlanguage, nonmotor cognitive pro-
cesses may become more commonplace. Future investigation into
the utility of awake mapping for facial-processing function is neces-
sary to determine whether these rare neurological deficits can be
minimized. Despite this being the only instance of prosopagnosia in
the senior author’s experience, neurosurgeons should be aware of
the very rare possibility of a visual-processing deficit for right tem-
poral lobe lesions.
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