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Unusual clinical course

Lhermitte-Duclos disease (LDD) is caused by a rare slow-growing mass in the cerebellum. LDD generally is ex-
perienced by young adults, but also it has been encountered in the pediatric population. Lhermitte and Duclos
first described cerebellar dysplastic gangliocytoma in 1920. The first case they described included occipital
headache, paroxysmal vertigo, falls, hearing problems, and memory deficits. Our patient had typical symptoms
of the disorder such as headache, nausea, vomiting, blurred vision, and imbalance. The purpose of this case
report was to describe the outcome of a computerized dynamic posturography (CDP) vestibular training pro-
gram combined with home-based exercises designed to improve balance function and reduce the risk of fall-
ing by an individual with a posterior fossa tumor.

A 36-year-old male patient was diagnosed with dysplastic gangliocytoma/ganglioglioma according to mag-
netic resonance imaging, computed tomography, and pathology reports on March 28, 2016. The patient was
treated by partial cerebellar tumor resection on April 7, 2016. After the operation, he reported severe imbal-
ance, nausea, and vomiting for 1 month and visited the Audiology Department on October 20, 2016. The pa-
tient was evaluated with the CDP-sensory organization test (SOT) and his composite equilibrium score of this
examination was 48, 31% below normal. We administered a 6-week posturography-assisted vestibular reha-
bilitation (VR) protocol (extending an hour per week) combined with a home-based exercise program twice
in 2 years. In the second evaluation we applied in 2018, SOT composite equilibrium score increased to 72 af-
ter VR, reaching normal limits. After 2 years, his complaints slightly alleviated and his SOT scores were better
when we compared the VR results in 2016.

We demonstrated that long-term VR may affect a patient with dysplastic cerebellar gangliocytoma (LDD) pre-
senting imbalance or dizziness.

Hamartoma Syndrome, Multiple ¢ Physical and Rehabilitation Medicine ¢ Vestibular Function Tests
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Background

Lhermitte-Duclos disease (LDD), or dysplastic gangliocytoma
of the cerebellum, is a congenital malformation characterized
by a slow-growing unilateral cerebellar mass, usually present-
ing in the posterior fossa [1,2]. Dysplastic cerebellar gangliocy-
toma is seen most frequently in the third or fourth decade [3].
Tumors that affect the midbrain, cerebellum, and brain stem
may disrupt visual fixation and vestibular and gaze-stabili-
zation mechanisms, which can lead to acquired nystagmus,
skew deviation, complex gaze palsies, positional vertigo, dis-
equilibrium, and headaches [4,5]. However, more commonly,
the patient experiences disequilibrium that they cannot ex-
plain and that occurs gradually over time as the tumor infil-
trates or compresses the vestibular nerve [5]. Vestibular re-
habilitation (VR) is a customized form of rehabilitation using
activities and movement with home-based computer-assisted
exercises that provide ability to maintain gaze stability, bal-
ance, and sensory organization. Studies have shown that VR
is effective in patients with both central and peripheral ves-
tibular dysfunction [6,7].

Case Report

A 36-year-old male patient underwent excision of the cerebel-
lar tumor on April 7, 2016 as he was diagnosed with dysplastic
gangliocytoma/ganglioglioma (Figure 1). Preoperative magnetic
resonance imaging (MRI) showed a mass in the right cerebellum,
which is mixed hyperintense on T2 weighted image. The pa-
tient’s postoperative MRI scan showed that the patient’s ver-
mis superior had a stable residual tumor, and right cerebellum
inferior and vermis uvula showed volume loss after the opera-
tion (Figure 2). The patient had difficulties in walking, blurred
vision, tinnitus, diplopia, and dizziness before surgery relat-
ed to the tumoral pathology. After the operation, he reported
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severe imbalance, nausea, and vomiting for 1 month. For this
reason, the patient was sent to our clinic by the Neurology
Department on October 20, 2016. Vestibular evaluation results
in the Audiology Department shown that the patient had dif-
ficulties in walking, disturbed control of the center of gravi-
ty (COG), and had problem with losing sensation while walk-
ing up the stairs. In addition, the patient’s pure tone average
was within the normal range but his audiogram configuration
showed bilaterally a slope toward high frequencies.

A typical bedside screening test consisting of multiple mea-
sures to evaluate ocular motor control, vestibulo-ocular reflex
(VOR), and vestibulospinal reflex function was applied. Bedside
tests were combined with videonystagmography (VNG) and oth-
er tests to support the result during laboratory investigation.

Balance-related outcome measures were completed as fol-
lows: 1) computerized testing with the sensory organization
test (SOT), limits-of-stability test, and adaptation test on the
NeuroCom EquiTest® computerized dynamic posturography
(CDP) system. NeuroCom’s EquiTest CDP system is an assess-
ment technique to quantify and differentiate the sensory,
motor, and central adaptive impairments in balance control.

According to results obtained from examination on October
20, 2016, Romberg and tandem Romberg tests were positive
and during the Unterberger test (Fukuda stepping test) the
patient veered to the right and showed a bilateral tenden-
cy to fall during a straight-line walking test (open and closed
eyes). According to the VNG test battery, in the head-shake
test, we obtained 10° downbeat nystagmus. Pursuit and op-
tokinetic tests showed low gain. Additionally, hypermetric
saccades (overshoots) were observed in the saccade-random
test. There was strong evidence in the findings of VNG regard-
ing the fact that the patient was affected by central vestibu-
lar pathology (Table 1). No bilateral ocular-vestibular-evoked
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Figure 1. Preoperative magnetic resonance imaging (MRI) scan of the patient on March 28,.2016. (A) MRI t2 turbo spin echo(tse)
transverse-512. (B) An axial T2 turbo inversion recovery magnitude (tirm) dark-fluid MRI. (C) T2 tirm-coronal dark fluid.
The lesion is located in the right cerebellar hemisphere and iso- to hyperintense T2 weighted.
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Figure 2. Postoperative magnetic resonance imaging (MRI) scans of the patient. (A) MRI transverse flair sense on March 20, 2017.
(B) T2 turbo inversion recovery magnitude (tirm) transverse dark fluid. (C) T2 tirm coronal dark fluid MRI on March 8, 2016.
The cerebellum has a parenchymal defect secondary to the operation in the right half and a hyperintense area consistent
with gliosis (A). There is an area of approximately 2.5x1.5x2.5 cm with a dysplastic-benign neoplastic residue extending in

the right half of the cerebellum in the upper medial lobe.

Table 1. The patient’s videonystagmography (VNG) findings.

Pathological findings on October 20, 2016

Pathological findings on October 31, 2018

Oculomotor test

Hypermetric saccades (overshoots) and
prolonged latency were observed

Low gain was observed only at 0.4Hz

(bilaterally)

No asymmetry and directional preponderance

Caloric test
were observed

No test

myogenic potentials (VEMP) response was observed, whereas
bilateral cervical VEMP was observed, and there was no asym-
metry in responses.

Utilizing CDP, the patient’s composite equilibrium score was
obtained as 48 in SOT. Moreover, SOT results revealed difficul-
ties with conditions 5 and 6. The patient was mostly depen-
dent on somatosensory information for balance. Visual and ves-
tibular response scores were also below the normal range in
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sensory analysis testing. Strategy analysis and the COG align-
ments were within a normal range (Figure 3).

The patient was at risk of falling as indicated by a score of
40/56 on the Berg balance scale (BBS) and he was also at risk
of falling as indicated by SOT composite equilibrium score on
the CDP. Therefore, we decided to include the patient in the
VR program. A signed consent form was obtained.
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Figure 3. We applied the sensory organization test (SOT) to the patient via computerized dynamic posturography (CDP). In
conditions 5 and 6, the patient fell. In additional, SOT composite equilibrium score was 48 (A). We administered a 6-week
posturography-assisted vestibular rehabilitation (VR) protocol (extending an hour per week) combined with a home-based
exercise program (B). At the end of the rehabilitation program, composite equilibrium score was increased to 66.

In December 2016, a 6-week home-based posturography-
assisted rehabilitation program ended with improvement of
the patient’s gaze stability, decreasing postural sway, and risk
of falling (Figure 3). At the end of the rehabilitation program,
his composite equilibrium score increased to 66.

In 2017, the patient was unable to be admitted to the hospi-
tal because of his expired health insurance. Therefore, the pa-
tient could not be followed up during 2017. In 2018, the pa-
tient was evaluated at the Hospital Vertigo Council, so the
case was reanalyzed. For this reason, the patient underwent
an audiological examination in our clinic on October 31, 2018.
At this time, we administered the same examination proto-
col for the follow-up case. During this period, the patient re-
ported difficulty in walking and balance. In oculomotor tests,
we observed pathological findings similar to those in 2016
(Table 1). The patient’s video head impulse test (VHIT) was
obtained within the normal gain range. (Figure 4).

CDP-SOT findings revealed that the patient still had difficulties
in 5t and 6" conditions. In sensory analysis, even if the visu-
al component improved, findings showed poor performance
in the vestibular component. Strategy analysis results showed
that the patient was dependent on the ankle strategy. His com-
posite equilibrium score was 63 in SOT (Figure 5).

At follow-up in 2018, we observed that the patient improved
slightly but still had imbalance and difficulties while walking.
Because of the patient’s ongoing complaints and test findings,
a modified VR program was planned.
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The program we applied to the patient twice in 2 years con-
sisted of vestibular adaptation exercises, habituation ex-
ercises, balance/gait activities, and general fitness training
(Cawthorne-Cooksey, rhythmic-weight-shift test [RWS], four-
corners step test [FCS], and stand: marching in place test
[SMP]). RWS, SMP, and FCS tests were applied to the patient
via CDP. The RWS test measures the patient’s ability to volun-
tarily move his COG or sway horizontally or anteriorly/poste-
riorly in a rhythmic manner between 2 targets [8]. The FCS is
a dynamic test that measures the ability to rapidly cross over
obstacles and change direction via CDP [9]. First, a fixed sup-
porting surface and surroundings were used in the tests, and
then mobility of the supporting surface and surroundings were
gradually increased. Our aim here was to force the patient to
use his vestibular sensation more than proprioceptive and vi-
sual senses for balance.

According to the test results of our patient on November 2,
2018, VR training was given. Mobility training tasks such as
SMP and FCS were performed because of the patient’s com-
plaints about his movement on stairs. These activities were
multiplied systematically according to scores obtained by the
patient during treatment sessions. Tasks were repeated dur-
ing each session with a higher level of difficulty or replaced
with more advanced training (Table 2).

After a 6-week rehabilitation program, the patient’s complaints
decreased slightly and his composite equilibrium score was 72.
In addition, visual and vestibular responses were within a nor-
mal range of sensory analysis and strategy analysis. The COG
alignments were within normal range (Figure 5). The patient’s
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Figure 4. Video head impulse test findings of the case (2.11.2018).

BBS score increased from 40/56 (in 2016) to 49/56 (in 2018).
SOT and BBS results showed that the patient’s risk of falling
was eliminated. The patient reported that his life quality im-
proved in general.

Discussion

In this case report, we described a CDP-assisted VR protocol
combined with a home-based exercise program approach that
addresses challenges of body stability in standing and walk-
ing. Robinson and Cohen determined that there are only 220
diagnosed cases of LDD [10]. However, there is no study that
shows that LDD patients undergo VR. This case report is the
first study to demonstrate that long-term VR has efficacy for
a patient with partial cerebellum tumor excision.

This study suggests that exercises that activate postural and
neural control mechanisms in the treatment program may be
more effective in maintaining posture and coordination of
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sequential movements. This kind of mechanism may involve
integration of sensory information or motor control strategies
to increase postural and gaze stability [11,12]. We reported
the patient’s response to treatment in terms of clinical bal-
ance assessment and whole-body motion analysis via com-
puterized posturography.

CDP can objectively assess changes in vestibular impairments
and has been broadly used clinically for about 30 years to test
balance. Although posturography-assisted rehabilitation utiliz-
ing visual feedback seems to improve postural control, little is
known about its usefulness in rehabilitation programs, espe-
cially for patients with central vestibular disorders (CVD) [13].

Brown et al. [14] evaluated 48 CVD patients with a balance
scale and questionnaire tests, which included emotional, phys-
ical, and functional states. These tests consisted of activities-
specific balance confidence scale, the dizziness handicap in-
ventory, the dynamic gait index, and the timed up & go test.
In evaluation of the whole group, significant differences were
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Figure 5. (A) After 2 years when the patient was admitted to the Audiology Department, the sensory organization test (SOT) composite
equilibrium score was determined as 63. (B) Vestibular rehabilitation (VR) was recommended because of the patient’s
imbalance/ongoing complaints and computerized dynamic posturography test findings. After 6-week VR, the patient’s SOT
composite equilibrium score increased to 72, which is within the normal level. The patient did not experience a fall under
any condition. As a result of the VR program, the patient was able to utilize combined ankle and hip strategy to provide

postural control.

Table 2. Exercise programs (adaptation, habituation, substitution) against problem areas of the patient who had cerebellum excision.

Problem Exercise program

e Transferring the center of gravity
Decreased limits of stability (in computerized dynamic

posturography)

Decreased gaze stability

Rhythmic-weight-shift test and stand: marching in place test
supported correct transfer of center of gravity with visual
feedback task

Cawthorne-Cooksey exercises aimed to enhance gaze stability
(i.e. x1, x2 viewing exercises)

Impaired sensory integration; vestibular dysfunction

Use of appropriate ankle and hip movement strategy

Thanks to movable support surface/visual surround, the patient
was forced to rely on vestibular sense with reduced visual input
and somatosensory input in four-corners step test and stand:
marching in place test

Squatting and stepping test (on movable platform in anterior/
posterior direction) supported use of appropriate strategy

demonstrated between baseline assessment and discharge [14].
Bittar and Barros prospectively considered 8 patients with CVD
who were treated with electric stimulation; although three-
quarters of patients reported being more stable, there was no
improvement in balance control in CDP [15].

Literature to support the use of VR in the treatment of CVD
is insufficient. Hence, less is known about the efficacy of VR
with CVD such as multiple sclerosis, brain tumors, cerebel-
lum lesion, or disease [16]. Many aspects of VR are similar for
patients with CVD and peripheral vestibular disorders (PVD).
However, studies demonstrate that people with CVD have
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poorer outcomes and do not progress as promptly when com-
pared with those with PVD [16].

The cerebellum plays an important role in control of eye move-
ments, physical movement and coordination, and cognitive pro-
cesses. The sections of the cerebellum are functionally divided
into 3 groups: vestibulocerebellum (flocculus, paraflocculus,
nodulus, uvula, tonsil, and cerebellar pyramid), spinocerebel-
lum (vermis and the intermediate zones of the cerebellar cor-
tex, as well as the fastigial and interposed nuclei), and cerebro-
cerebellum. Lesions of vestibulocerebellar, vestibulospinal, or
cerebellar oculomotor systems can lead to vertigo, dizziness,
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and imbalance [17]. The cerebellum controls calibration, eye
stability, gaze-holding processing, and inhibition of undesir-
able saccades [18].

Ocular instability, nystagmus, saccadic intrusions, impaired
smooth pursuit, impaired VOR, and ocular misalignment may
occur in cerebellar dysfunction [17]. Abnormal findings in the
patient’s oculomotor tests (Table 1), poor postural control
(Figures 3A, 5A), difficulty in walking, and symptoms of hypo-
tonia and chronic imbalance show structural-clinical correla-
tions according to the regions where the tumor and surgery
anatomically affect the cerebellum of the patient.

Cerebellar lesions may have different effects on VOR.
Halmagyi et al. [19] stated that the function of VOR in cere-
bellar lesions is related to degeneration of the flocculus and
vestibular nucleus. They also reported that in patients with
partial cerebellar lesions, nondamaged regions of the cerebel-
lum can participate in learning and adaptation [19]. VHIT find-
ings of our patient may have been related to this condition.

Gill-Body et al. [20] examined 2 patients with cerebellar pa-
thology (cerebellar tumor and cerebellar atrophy). These pa-
tients performed eye-coordination exercises, balance stabiliza-
tion, and walking activities. They reported that rehabilitation
was important when the cerebellum was not completely lost,
as postural stability improved significantly as a result of ex-
ercises [20].
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In addition, Gill-Body et al. achieved successful results by ap-
plying rehabilitation programs including Frenkel exercises and
balance/walking activities in patients with cerebellar dysfunc-
tion. This indicates that improvement of vestibular dysfunc-
tion may be possible even after cerebellar lesions [20]. They
also stated that possible healing mechanisms such as neural
attraction, plasticity, and substitution [20,21] are occurring.

The purpose of rehabilitation in our case with LDD was to
try to recover postural stability when central nervous system
structures were damaged. Probably one of the most challeng-
ing cases are those with CVD. Therefore, effects of VR often oc-
cur slowly and observed benefits are delayed because of the
damage of the involvement of the central vestibular compo-
nents responsible for compensation [22].

Conclusions

This is a rare case report that demonstrates that even a
36-year-old adult with partial excision of the cerebellum may
benefit from long-term VR. Although the cerebellum is an im-
portant part of the balance system and compensation mech-
anism, even patients who have undergone a partial excision
of the cerebellum may be candidates for a VR program. More
research is needed to investigate its effectiveness for patients
with cerebellar pathology and to better understand the strat-
egies used by people with balance disorders to increase their
postural control and gaze stability.
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