Received: 18 June 2021 Accepted: 26 July 2021

DOI: 10.1002/ccr3.4695

CASE REPORT

Clinical Case Reports e WILEY

Case series: New-onset freezing of gait in combined use of
deep brain stimulation and Levodopa

Mehri Salari'® | Zahra Aminzade®
Sepand Tehrani Fateh®

!'Functional Neurosurgery

Research Center, Shohada Tajrish
Comprehensive Neurosurgical Center
of Excellence, Shahid Beheshti

University of Medical Sciences, Tehran,
Iran of dopamine.

Abstract

2School of Medicine, Shahid Beheshti

University of Medical Sciences, Tehran, KEYWORDS

| Reza Jalili khoshnood' |

Concurrent use of DBS and levodopa in Parkinson's disease patients can lead to

freezing of gait. This phenomenon may be due to an inverted-U-Shaped function
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1 | INTRODUCTION

The effect of DBS on occurrence or improvement of freez-
ing of gait (FoG) in the course of Parkinson's Disease
(PD) is still unknown. Four PD patients presented FoG in
the concurrent use of deep brain stimulation (DBS) and
levodopa which was improved through discontinuation of
either DBS or levodopa.

Parkinson's disease (PD) is a progressive neurodegen-
erative disorder of central nervous system which affects
dopaminergic neurons, mostly in the Substantia Nigra.!
Freezing of gate (FoG) is an abnormal and common gait
pattern in PD and it is defined as a short and sudden ep-
isode of inability to initiate or continue walking despite
the intention, especially in turning.* Freezing is most
commonly relieved by dopaminergic medication known

as “off” FoG and conversely “on” state is a FoG resistant
to dopaminergic medication.> Another medical strategy
that can improve FoG is deep brain stimulation (DBS) of
the subthalamic nucleus (STN).? In this paper, we intend
to report the combined effect of levodopa and STN-DBS
which led to FoG in four patients.

2 | CASE PRESENTATIONS

Herein, we present 4 patients with PD that they all un-
derwent STN-DBS surgery under local anesthesia after ob-
taining the consent form. These patients were all referred
to Shohada Tajrish University Hospital which is a referral
center for DBS. This study was approved by ethical com-
mittee of Shahid Beheshti University of Medical Science.
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2.1 | Patient1

A 54-year-old, right-handed man presented with bradyki-
nesia at age of 39, and PD was diagnosed for him at this
age. By the time, the disease progressed and he experi-
enced severe wearing off which could not be controlled
by medical management, and he did not have dyskinesia,
dystonia, or FoG. Patients’ surgery was done in another
country when he was 44. After 4 years, he started to pre-
sent freezing of gait and arm rising dystonia on the left
hand which became more severe over times. Two years
ago, he came to our DBS clinic to consult for spinal stimu-
lation surgery. He was on levodopa/carbidopa 100/25 mg,
four times a day, propranolol 20 mg/day, and diazepam
2 mg/day. The patient stated that his FoG and dystonia
occur 30 minutes after taking levodopa and 30 minutes
before the next dose. Therefore, levodopa/carbidopa has
been reduced to 100mg/day and his FoG improved com-
pletely without changing DBS parameters (Table 1), and
then, amantadine was added to his medications and his
dystonia improved as well.

2.2 | Patient?2

A 57-year-old right-handed woman was diagnosed with
PD, akinetic rigid type, at age 47, and at age of 54, STN-
DBS surgery was carried out for her because of severe
wearing off and dyskinesia, but she did not have FoG
before surgery. She referred to our clinic because of FoG
and dyskinesia, while she was on levodopa/carbidopa
200/50mg, 8 times a day, pramipexole 0.18 mg, 2 times a
day, and amantadine once daily. Because of severe dyski-
nesia, levodopa was decreased gradually to levodopa/car-
bidopa 100/25 mg, five times a day, and in addition to her
dyskinesia, FoG improved dramatically. During 2 years
of follow-up, she could not decrease levodopa/carbidopa
anymore and she currently has mild freezing of gait after
using levodopa. DBS parameters are available in Table 1.

2.3 | Patient3

A 65-year-old right-handed woman with a 10-year history
of PD referred to our DBS clinic due to FoG and back-
ward arms movement during walking, and DBS surgery
was done at age 61 because of severe refractory tremor.
She did not have dyskinesia and FoG before surgery.
She was on levodopa/benserazide 200/50 mg, 5 times a
day. Medication was reduced to levodopa/benserazide
250 mg, V4 tab, 4 times per day. In response to medica-
tion reduction, patient has shown relieving in FoG and
sudden episodes of movement breakdown compared with

simultaneous use of DBS and high dosage of dopaminer-
gic medication. DBS parameters are available in Table 1.

2.4 | Patient4

A 62-year-old right-handed woman with history of aki-
netic rigid PD since age of 49 was referred to our clinic
because of severe FoG and dyskinesia. STN-DBS elec-
trodes were implanted when she was at the age of 59,
when she did not have freezing of gait. The patient was
wheelchair bound due to FoG and was taking Levodopa/
carbidopa 125 mg, 10 times per da y. Because of dyski-
nesia, levodopa/carbidopa was tapered without DBS ad-
justment. Three weeks later, she came to our clinic when
she withdrew her medication and could walk with cane,
and did not have FoG and dyskinesia. DBS parameters are
available in Table 1. After 2 years of follow-up, she still
remained drug-free without episodes of FoG.

3 | DISCUSSION

DBS is among the treatment strategies considered for
poorly controlled patients with Parkinson's disease, but
it has demonstrated controversial outcomes specifically
in the improvement of FoG.? STN is shown to be a pos-
sibly proper target for DBS in PD.? Although some stud-
ies have noted an improvement in the FoG subsequent to
STN-DBS, some others have reported worsening of FoG or
emergence of new cases.*> Malposition of the electrodes
(eg, anteromedial placement of electrode in STN) and
improper (possibly high) voltage and frequency of stim-
ulation may be responsible for newly emerged FoG and
progression of the disease may lead to a decline in FoG
improvement during years after DBS.>” In a case report
by Mei et al., a patient with new-onset FoG, subsequent to
the combined utilization of levodopa and DBS, has been
reported for the first time.® Similar to their report, here we
present 4 cases of PD undergone STN-DBS who showed
new-onset FoG whenever they took levodopa and the DBS
device was on. FoG of these patients was induced by nei-
ther dopamine medication nor DBS alone, and it resolved
after discontinuation of levodopa.

It has been suggested that disturbances in dopamine-
related neural pathways are among the most possible un-
derlying causes of Parkinson's disease signs and symptoms
including FoG.? Intake of levodopa would increase the level
of dopamine and improves the patients’ status." Roshan
Cools and Mark D’Esposito have discussed that dopamine
possesses an inverted-U-shaped performance meaning that
through the range of doses/concentration, the maximal ef-
fect would be achieved at the middle of the range, whereas
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FIGURE 1
of the cases explanation. If the amount

of released dopamine subsequent to DBS
(in a range of Z) in addition to the basal
dopamine of the lesion and the dopamine
medication exceeds the concentration

of dopamine with optimal function
(Xniq)» the function of dopamine reduces
gradually as this total concentration

Schematic illustration
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extrema of this range demonstrate significantly lower
performance (eg, FoG).’ Interestingly, DBS would lead to
changes in the concentration of dopamine in a frequency-
dependent manner in a similar way so that within a range
of frequencies, the highest concentration is achieved via
the frequencies in the middle of the range while lower and
higher frequencies lead to lower concentration of dopa-
mine.'® These two latter statements are consistent with each
other, and it would be possible that the response of FoG to
DBS varies depending on the frequency of the DBS and
concentration of dopamine. As all four patients developed
FoG subsequent to the combination of dopamine and DBS
and neither of levodopa and DBS were capable of inducing
FoG alone, it can be hypothesized that because of the do-
pamine medication which would increase the basal levels
of dopamine and further DBS utilization which would in-
duce the release of dopamine more than before, the level
of dopamine would pass the concentration threshold that
respected optimal function is expected and would reach to
the concentration threshold which the function of dopa-
mine is not beneficial and effective (the higher extremum
of inverted-U-shaped performance) (Figure 1). In this case,
although the combination of dopamine intake and DBS in-
creases the level of dopamine, the proper decrease of FoG
would not be observed. Three of these reported patients also
developed dystonia in simultaneous utilization of levodopa
and DBS. It has been suggested that dystonia and FoG may
have similar underlying mechanisms and our evidences
may strengthen this hypothesis.'!

4 | CONCLUSION

Here, we have reported that new-onset FoG can occur in
concurrent use of levodopa and DBS in PD patients. It has

Concentration . .
increases (in a range of A)

) €A

max

been suggested that this observation may be due to high
concentrations of dopamine in certain sites of brain sub-
sequent to concurrent use of levodopa and DBS and an
inverted-U-shaped function of dopamine.
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