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Deep Brain Stimulation of the Subthalamic and
Pedunculopontine Nucleus in a Patient with Parkinson’s
Disease
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Deep brain stimulation (DBS) of the pedunculopontine nucleus (PPN) is a novel therapy developed to treat Parkinson’s disease. We report a patient
who underwent bilateral DBS of the PPN and subthalamic nucleus (STN). He suffered from freezing of gait (FOG), bradykinesia, rigidity and mild
tremors. The patient underwent bilateral DBS of the PPN and STN. We compared the benefits of PPN-DBS and STN-DBS using motor and gait sub-
scores. The PPN-DBS provided modest improvements in the gait disorder and freezing episodes, while the STN-DBS failed to improve the dominant
problems. This special case suggests that PPN-DBS may have a unique role in ameliorating the locomotor symptoms and has the potential to pro-

vide improvement in FOG.
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INTRODUCTION

Deep brain stimulation (DBS) has been a widely accepted
treatment modality for advanced Parkinsons disease (PD) for
more than a decade. DBS could significantly improve the cardi-
nal symptoms of PD, including tremor, rigidity and akinesia.
However, in the PD patients with axial symptoms, the selection
of DBS targets is still challenging. To date, the pedunculopon-
tine nucleus (PPN) has been introduced as a potential DBS tar-
get due to the failure of globus pallidus internus (GPi)-DBS and
subthalamic nucleus (STN)-DBS to improve postural instability
or gait dysfunction. A basic research experiment revealed that
lesions of the PPN could produce akinesia in rats and cats and
that PPN stimulation increased locomotor activity®. Moreover,
the low frequency stimulation of the PPN increased motor ac-
tivity in a monkey model of PD'V. Clinically, PPN-DBS showed
the amelioration of medically intractable akinesia and gait ab-
normalities''?. More recently, both open-label and blinded
studies involving a series of PD patients treated with PPN-DBS
have shown promising results*'*??. We report a case whose pri-
mary symptoms were freezing of gait (FOG) and postural insta-

bility. The patient underwent DBS of the PPN and STN in our
institute.

CASE REPORT

A 61-year-old male with complaints of falling, gait instability
and difficulty walking was admitted to the neurology ward. He
started having mild difficulty walking and using small steps to
walk 2 years ago, and his symptoms have gradually deteriorat-
ed. Three months before admission, sudden freezing during
gait and turns led him to fall frequently. He also experienced ri-
gidity and a mild tremor. The neurological examination revealed
bradykinesia, rigidity, postural instability, and a mild resting
tremor. His expression and speech were lowered. He also had
mild hypophonia. He hesitated when initiating walking. A few
steps later, he would suddenly freeze and fall forward. He could
not make a turn without assistance. His muscular tone was en-
hanced, and the Babinski sign was absent. A cranial MRI re-
vealed mild atrophy, which was slightly more prominent in the
cerebral peduncle. The administration of both levodopa and
dopamine agonists improved his appendicular motor symp-
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toms but did not change the FOG and postural instability. His
levodopa dose equivalent was 750 mg/day. The duration of the
levodopa benefit only lasted for 1 hour. Therefore, the patient
was referred to our institution. Based on his symptoms and pre-
vious medications, the standard STN or GPi DBS would not be
sufficient to improve his chief complaints.

We performed a 2-stage surgery. In the first stage, 4 DBS
leads (3389, Medtronic, Minneapolis, MN, USA) were implant-
ed into the bilateral STN and PPN using MRI-based stereotac-
tic targeting. The coordinates of the targets were refined by mi-

Table 1. The definitive coordinates of PPN and STN

X (mm), Y (mm), Z (mm),
Targets il posterior inferior
mid-AcPc mid-AcPc
PPN (L) 6.5 16.5 17
PPN (R) 5.8 16.5 17
STN (L) 13 2.8 4.8
STN (R) 12 3 5

PPN : pedunculopontine nucleus, STN : subthalamic nucleus, AcPc : anterior
commissure-posterior commissure

(E) |G -

Fig. 1. DBS electrodes were implanted bilaterally into the STN and PPN. A
and B : X-ray imaging. C and D : Transverse sections. E and F : Coronal
sections. White arrows indicate PPN (C and E), black arrows indicate STN
(D and F). DBS : deep brain stimulation, STN : subthalamic nucleus, PPN :
pedunculopontine nucleus.

croelectrode recording (MER) and clinical tests. The stereotactic
frame (Leksell G, Elekta Inc., USA) was fixed to the patient’s head,
and preoperative MR images were obtained target the STN and
PPN. Zrinzo et al.*® previously published the position of the
PPN relative to the anterior commissure-posterior commissure
line, the midcomissural point and the ventricular floor line. For
the STN, we used direct imaging targeting. The MER proceed-
ed from 10 mm above the target and extended 5 mm below the
target (Leadpoint, Medtronic) to refine both of the targets. The
definitive coordinates of the PPN and STN are listed in Table 1.
The electrode locations of the STN and PPN were verified by a
postoperative brain MRI (Fig. 1). Then, we conducted a test stim-
ulation trial for one week to determine which target had a better
clinical effect. The IPG was implanted in stage 2.

In the week of trial stimulations, bilateral PPN or STN stimu-
lation was used to compare their effects, using daily alternation.
The parameters were adjusted daily. For the PPN, the parame-
ters ranged from 1 to 4 V in voltage, 25/60 Hz in frequency, and
60 ps in pulse width; for the STN, from 1 to 4 V in voltage, 130
to 180 Hz in frequency, and 90 ps in pulse width. After a suc-
cessful trial, we selected the PPN as the final DBS target. Then,
the permanent pulse generator was implanted. According to
previous reports and experimental results, we used low-frequen-
cy stimulation. Nevertheless, we found that 60 Hz was more ef-
fective than 25 Hz. The final parameters were as follows : 2V,
60 Hz, and 60 ps. During the programming, the patient did not
complain of diplopia, ataxia, or pyramidal signs with the differ-
ent settings. However, a high frequency or voltage led to dizzi-
ness in the patient. We also tried combination of STN and PPN
stimulation, but the patient complained intolerable dizziness
even in low parameters (Table 2).

To measure the severity of the patients symptoms, we used a
variety of different scales (Table 2), including the Unified Par-
kinson's Disease Rating Scale (UPDRS) III, UPDRS II items 13
(falling) and 14 (freezing), UPDRS III items 28 (posture), 29
(gait), and 30 (postural instability), the freezing of gait question-
naire (FOG-Q) and the gait and falls questionnaire (GF-Q)*'”.
During the trial, the STN-DBS resulted in a moderate improve-
ment in the UPDRS III score (on/off stimulation, 22/37) but
failed to improve the FOG and postural instability. In contrast,
the PPN-DBS was better in ameliorating the problems with
gait, postural instability, falling and FOG, although the posture
score did not change. During the follow-up, the effectiveness of
the PPN-DBS was stable. UPDRS 3 showed moderate improve-
ment (on/off stimulation, 21/37) at 1, 3 and 6 months after sur-
gery. Moreover, his posture was also improved at 12 months (on/
off stimulation, 1/2) after surgery. The patient exhibited signifi-
cant improvement in gait stability; reduced episodes of FOG and
reduced falls. These observations were mirrored in the improved
FOG-Q and GF-Q scores when the PPN stimulation was on.
However, both of the scores waned at 12 months (Table 3).
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Table 2. UPDRS Il and Il scores in the first stage of the trial and at 1, 3, 6, and 12 months after the PPN deep brain stimulation

UPDRS III (on/off) UPDRS II (on/off)

Stimulation Stimulation Post-op UPDRS Il Item 28 Item 30 postural ~ Item 13 Item 14
parameters (on/off) Item 29 gait o PO : :

posture instability falling freezing
STN-DBS 3 V/130 Hz/90 ps Trial 23/37 2/2 3/4 2/2 3/3 3/3
3V/185 Hz/90 ps 22/37 2/2 3/4 2/2 2/3 3/3
PPN-DBS 2 V/25 Hz/60 ps 22/37 2/2 2/4 0/2 2/3 2/3
2'V/60 Hz/60 pus 21/37 2/2 1/4 0/2 2/3 2/3

STN+PPN 1.5 V/130 Hz/60 ps+ Intolerable
DBS 1 V/25 Hz/60 ps

PPN-DBS 2 V/60 Hz/60 ps Im 21/37 2/2 1/4 0/2 2/3 2/3
3m 21/37 2/2 1/4 0/2 2/3 2/3
6m 21/37 2/2 1/4 0/2 2/3 2/3
12m 20/37 172 1/4 0/2 2/3 2/3

UPDRS : Unified Parkinson’s Disease Rating Scale, PPN : pedunculopontine nucleus, STN : subthalamic nucleus, DBS : deep brain stimulation

Table 3. FOG-Q and GF-Q scores preoperatively and at 1, 3, 6, and 12 months after PPN deep brain stimulation

Pre- 1 month 3 months 6 months 12 months
operatively On off On off On off On Off
FOG-Q 18/24 8/24 18/24 8/24 18/24 8/24 18/24 9/24 19/24
GF-Q 41/64 16/64 41/64 17/64 41/64 19/64 42/64 19/64 42/64

FOG-Q : freezing of gait questionnaire, GF-Q : gait and falling questionnaire, PPN : pedunculopontine nucleus

DISCUSSION

Although we had doubted the diagnosis because of he started
the FOG (sudden short-lasting episodes of breaks in motion
and inhibition when executing a complex movement or switch-
ing from one movement to another?), falling and bradykinesia,
he had a relative good response to levodopa, which could relieve
his rigidity and mild tremor. Drug-resistant FOG and postural
instability are the most crippling symptoms in approximately
10% of patients diagnosed with PD”. These axial symptoms are
usually disabling in patients with advanced PD'®. In our patient,
these symptoms emerged in the early stage. Because our patient
did not appear to be suitable for the standard DBS procedure,
we put the PPN-DBS into practice based on its potential bene-
fits that were reported previously. However, the patient’s symp-
toms also included rigidity and mild tremor, which might re-
spond well to levodopa, and thus we decided to try a standard
DBS target to ensure the efficacy. The standard targets of DBS
for PD include the STN and GPi. The effectiveness of both tar-
gets has been confirmed in numerous studies. We prefer to use
STN-DBS in our clinic. Although the UPDRS III scores are not
significantly different between STN-DBS and GPi-DBS, STN-
DBS is more advantageous. The post-operative decrease in the
medication dosage was more prominent, and the stimulation
voltage was lower, thereby increasing the life of IPG and reduc-
ing the cost of the DBS”. Moreover, STN-DBS showed a trend
toward better motor improvement in the early stage of post-
surgery compared with GPi-DBS'™.

The results of the trial stimulation showed that the changes in
the UPDRS III scores after the STN-DBS and PPN-DBS were

similar (40.5% vs. 43.2%, respectively) but that the PPN-DBS
was better in ameliorating the problems with gait, postural in-
stability, falling and FOG. The axial symptoms were the pa-
tient's most prominent symptoms. With the parameters of 2 V,
60 Hz, and 60 ps, he did not report any side effects. STN-DBS
may provide some benefits with respect to walking and postur-
al instability* given that our patient’s gait and falling scores im-
proved (on/off stimulation 3/4 and 2/3, respectively). However,
in a large cohort of PD patients, the STN-DBS-mediated im-
pact on the limb signs appeared to be more obvious than on the
gait?”. A recent meta-analysis showed that both STN-DBS and
GPi-DBS improved postural instability or gait dysfunction early
on but that by 2 years post-operatively, the posture and gait
problems were worse than they were before the operation in
patients with STN-DBS. Five years after DBS, the posture and
gait problems worsened, regardless of whether STN-DBS or GPi-
DBS was adopted?”. Another 5-year follow-up of STN-DBS™
documented that there was some degree of deterioration in the
STN-DBS-mediated impact on the axial signs and akinesia.

The PPN is located in the tegmentum of brain stem. It might
play a role in the initiation and maintenance of locomotion and
in motor modulation?. It receives inputs from the substantia
nigra pars reticulate (SNr), STN, and GPi'® and projects into the
STN, substantia nigra pars compacta, GPi, cerebellum, spinal
cord and supplementary motor area (SMA, an important region
for bipedal motion)*'®). In addition, the PPN has strong electri-
cal coupling with the SMA. Analyses of PPN local field poten-
tials and EEGs in patients have demonstrated that PPN activity
changes during movement preparation and execution*. Neu-
ron loss in the PPN has been correlated with the severity of PD
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symptoms?.

Although both experimental*'” and clinical*'*'*1*) studies
suggest that PPN-DBS is beneficial for PD patients, there are
many questions left to be addressed in the future. First, all of
the previous studies reported that effective stimulation is ob-
tained at low frequencies (10-80 Hz); here, we used 60 Hz in
our patient. Aravamuthan et al.” noted the PPN is dominated
by inhibitory oscillatory input from the SNr in the parkinso-
nian brain. Low frequency stimulation excites the PPN and
thus may disrupt this pathological process and attenuate the ef-
fects of the excessive inhibitory input to the PPN in PD. How-
ever, the optimal stimulation parameters still need to be clari-
fied. Second, most of the clinical studies have utilized bilateral
PPN-DBS, but unilateral stimulation was also shown to be ben-
eficial to PD patients'. Which of these stimulation types is bet-
ter remains unknown. Third, a small open-label study by Ste-
fani et al.*? revealed that the combination of STN and PPN
stimulation proved more effective than the stimulation of either
target alone and that the combination might further improve
the control of the axial signs. This evidence supports the selec-
tion of previous STN-implanted patients for additional PPN
stimulation. However, we did not applied the combined stimu-
lation because of the intolerable dizziness in the patient. To
date, the available data suggest that PPN-DBS may be consid-
ered relatively safe and may improve motor function. So, does
PPN represent a novel safe alternative target area? Although
preliminary reports are encouraging, longer term observations
are required.

CONCLUSION

This special case suggests that PPN-DBS may have a unique
role in ameliorating the locomotor symptoms and has the poten-
tial to provide improvement in FOG.
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