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Abstract
Background: Vocal fold (VF) immobility is a rare, potentially fatal complication of 
advanced Parkinson’s disease (PD). Previous reports suggest that subthalamic 
nucleus deep brain stimulation (STN‑DBS) may influence laryngeal function, yet 
the role of STN‑DBS on VF immobility remains unexplored.
Case Description: We report a case of a patient with advanced PD and bilateral VF 
immobility ultimately requiring a tracheostomy. To assess the effects of STN‑DBS on 
vocal cord function and to correlate these effects with peripheral motor symptoms 
at different stimulation settings, the patient was evaluated before and after initiation 
of bilateral STN‑DBS. Measures included direct observation of VF mobility via 
transnasal laryngoscopy, levodopa equivalent dose of anti‑PD medication, and 
motor scores. High frequency  (150  Hz) STN‑DBS resulted in improved motor 
scores, reduced medication requirement, and modestly improved right VF abduction 
although insufficient for safe decannulation. Low frequency (60 Hz) stimulation 
resulted in lower motor scores, but without worsening VF abduction.
Conclusions: STN‑DBS may play an important role in the neuromodulation of 
PD‑induced laryngeal dysfunction, including VF mobility. Characterization of these 
axial symptoms is important when programming and evaluating responsiveness 
to DBS.
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INTRODUCTION

The role of laryngeal dysfunction in the development 
of speech disorders in Parkinson’s disease  (PD) is well 
recognized.[1,5,6] Reports of respiratory stridor and vocal 
fold  (VF) immobility in PD are rare but raise important 
clinical concerns regarding patient care.[4,10,12,14,20,21,23] 
The potential effects of DBS on VF immobility remain 
unknown. We report a case of a PD patient with stridor 
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secondary to bilateral VF immobility ultimately requiring 
a tracheostomy. We assessed the effects of STN‑DBS 
on VF mobility and motor symptoms. Our findings 
raise important questions regarding the role of DBS on 
peripheral as well as axial motor symptoms.

CASE REPORT

The patient was a 51‑year‑old male with progressive 
idiopathic PD. He was diagnosed with PD at age 41 and 
his symptoms began with left‑  greater than right‑sided 
tremor that progressed to grade  2/4. He developed 
bradykinesia, rigidity, dyskinesias, and balance problems. 
He experienced speech difficulties which responded to 
medication and reported a 9‑month history of noisy 
breathing that worsened after the discontinuation of 
his PD medications. He also reported reflux and mild 
dysphagia. Medications included amantadine, carbidopa/
levodopa, rasagiline, and ropinirole.

Deep brain stimulation surgery
With the goal of improving his limb symptoms, the patient 
underwent implantation of subthalamic nucleus deep brain 
stimulation (STN‑DBS) electrodes (Medtronic, model 3389) 
during separate awake procedures using microelectrode 
recording, microstimulation, and macrostimulation. The 
first electrode was placed in the right-STN, and the second 
in the left‑STN 1  month later [Figure  1]. Ten days later, a 
dual‑chamber subclavicular pulse generator was implanted 
under general endotracheal anesthesia.

Pulmonary evaluation
After an uneventful placement of the right‑STN 
electrode and prior to the placement of the left‑STN 
electrode, the patient was referred to a pulmonologist 
for evaluation of possible obstructive airway disease. 
Pulmonary function testing revealed mild air trapping, 
mildly reduced diffusion capacity, and increased airway 
resistance. Inhaled bronchodilators did not improve 
these symptoms. Therefore, upper airway obstruction was 
suspected, and he was referred to Otolaryngology.

Otolaryngology evaluation
Upper airway evaluation via transnasal laryngoscopy 
revealed bilateral VF immobility with VFs at the 
paramedian position [Figure  2]. Computed tomography 
(CT) scan of the neck revealed no evidence of mass or 
lymphadenopathy. Given the breathing risk with severe 
bilateral VF immobility, a tracheostomy was placed under 
general anesthesia on the same day as the subclavicular 
pulse generator. Three weeks later, the patient returned to 
the clinic for initial programming of his STN‑DBS system.

Outcomes with subthalamic nucleus deep brain 
stimulation
Following initiation of bilateral STN‑DBS, the patient 
was evaluated at several intervals during a period of 
11  months  [Table  1; Figure  2]. Outcome measures 

included VF abduction and airway opening, Unified 
Parkinson’s Disease Rating Scale  (UPDRS‑III) motor 
scores, and anti‑PD medication dose. Standardized 
scales were used for conversion of anti‑PD medication 
into a levodopa equivalent dose  (LED).[27] Bilateral high 
frequency STN‑DBS was set at 150  Hz. Stimulation 
settings: Right‑STN lead contacts: C(+)9(−)10(−). 
Left‑STN lead contact: C(+)0(−). Pulse width: 60 uS.

At baseline, the anti‑PD medication dose totaled 1660 mg 
LED and the UPDRS‑III score was 57. Transnasal 
laryngoscopy revealed bilateral VF immobility with a 
maximum airway opening of 4 mm. Improvement in the 
UPDRS‑III score was sustained at each measurement 
timepoint, with a 70–82% reduction in anti‑PD 
medication with high frequency STN‑DBS. While the left 
VF remained immobile at the paramedian position, the 
right VF abduction modestly increased with maximum 
airway opening of 6  mm with STN‑DBS  [Table  1]. 
However, airway opening remained 70–75% smaller than 
that of healthy individuals and was insufficient to permit 
decannulation of the tracheostomy.

DBS ON vs. DBS OFF
On day 225 with DBS, the UPDRS‑III score was 32, with 
an 82% reduction in medication. Right VF movement 

Figure 1: Computed tomography (CT) post STN‑DBS electrode 
placement. (a) Axial view at the level of the most proximal (top) 
electrode contacts. (b) Axial view at level of most distal (bottom) 
electrode contacts.  (c) Coronal view at level of most proximal 
electrode contact. (d) Coronal view at level of most distal contact. 
(e) Sagittal view showing right STN electrode. (f) Sagittal view 
showing left STN electrode contacts
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had improved to 3  mm, and maximal airway opening 
had increased to 6  mm. Speech was relatively clear with 
only mild dysphonia, no coughing, and no stridor with 
the tracheostomy capped  (UPDRS Speech score: 2). 
On day 225, we also tested the patient after turning 
the stimulation off for 2 hours. Without DBS, the 
UPDRS‑III score was 74, markedly worse than baseline of 
57 and suggesting rapid disease progression. In addition, 
right VF movement returned to baseline, with maximal 
airway opening decreasing from 6  mm to 4  mm. We 
also observed an overall reduction in the tone of the 
VFs and increased laryngeal tremor. Without DBS, 
speech also became more effortful, less precise, and less 
intelligible (UPDRS Speech score: 4).

High Frequency (150 Hz) DBS vs. Low Frequency 
(60 Hz) DBS
On day 328, with high frequency DBS, the UPDRS‑III 
score was 32, with a 70% reduction in medication. Right 
VF movement was 2.5 mm, and maximum airway opening 
was 5  mm. On day 328, we also tested this patient after 

turning the stimulation frequency to 60  Hz for 2 hours. 
With low frequency DBS, the UPDRS‑III score was 65, 
markedly worse than that with high frequency DBS. 
VF movement and maximum airway opening were 
unchanged with low frequency DBS. We also observed 
a weaker voice with less intelligible speech  (UPDRS 
Speech score: 3). However, it should be noted that this 
patient was nearing the time for his next dose of anti‑PD 
medication.

DISCUSSION

The larynx is important to coordinate the life‑sustaining 
functions of airway protection, cough, and swallow.[15] 
The larynx is also important for vocalization and speech. 
During breathing, the laryngeal airway is open with the 
true VFs in the abducted position [Figure 2B‑b] to permit 
efficient ventilation. In contrast, the laryngeal airway is 
closed with the true VFs in the adducted position during 
vocalization [Figure 2B‑a], and may close more forcefully 

Table 1: Effects of STN‑DBS on airway measurements and motor scores

Time Since Start of STN‑DBS (days) Baseline 7 days 105 days 148 days 225 days 328 days

Stimulation Frequency Off 150 Hz 150 Hz 150 Hz 150 Hz Off* 150 Hz 60 Hz**
Medication State Off On On On On On On On
Levodopa Equivalent Dose (%) from baseline ‑‑‑ 45 18 18 18 18 30 30
UPDRS‑III Motor Score 57 20 28 30 32 74 32 65
Right Vocal Fold Abduction (mm) 2 ‑‑‑ 2.5 ‑‑‑ 3 2 2.5 2.5
Left Vocal Fold Abduction (mm) 0 ‑‑‑ 0 ‑‑‑ 0 0 0 0
ǂ Maximum Airway Opening (mm) 4 ‑‑‑ 5 ‑‑‑ 6 4 5 5
Airway Improvement from baseline (mm) ‑‑‑ ‑‑‑ +1 mm ‑‑‑ +2 mm ‑‑‑ +1 mm +1 mm
*Stimulation off condition: testing occurred 2 hours after the DBS was turned off. **Stimulation at 60 Hz: testing occurred 2 hours after the DBS was set at 60 Hz. ǂ Healthy 
adult maximum airway opening is about 20 mm

Figure 2: (A) Laryngoscopic images of laryngeal airway opening. T = True vocal folds; F = False vocal folds; Ep = Epiglottis; Ar = Arytenoids; 
* = Airway (space between vocal folds). (B) Schematic representation of vocal fold mobility. (a) True vocal fold adduction during phonation. 
(b) Vocal fold abduction during normal inspiration. (c) Vocal folds immobile at the paramedian position. (d) The left vocal fold appears 
immobile at the paramedian position while the right vocal fold is abducted during inspiration. TVC = True vocal cords/folds; FVC = False 
vocal cords/folds
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for airway protection. Each of these mechanisms can be 
affected in individuals with PD. Up to 80–90% of PD 
patients will experience laryngeal sensorimotor deficits 
affecting airway, speech, and swallow function.[1,5-7] 
Abnormal VF position, movement patterns, and timing 
of VF adduction/abduction may also have detrimental 
effects on breathing, vocalization, and speech.[1,5-7] The 
resulting voice may be breathy, less loud, and may include 
a monotonous, flat pitch pattern. Deficits of laryngeal 
sensorimotor control can emerge at any stage of the 
disease and worsen with disease progression. The finding 
of bilateral VF immobility and respiratory stridor reported 
here, although rare, is a potentially fatal complication 
of advanced PD.[4,10,12,14,20,21,23] Moreover, the potential 
effects of neuromodulation on VF immobility are largely 
unknown.

High frequency STN‑DBS has become a neuromodulation 
treatment of choice for advanced PD and is associated 
with marked improvements in limb motor function as 
evaluated by the UPDRS. Previous reports suggest that 
STN‑DBS may influence laryngeal function related 
to vocalization and speech, yet the results remain 
controversial.[8,9,13,19,24,25,29] Reports of both improvement 
and deterioration in voice, speech, and airway symptoms 
with STN‑DBS have raised many questions regarding the 
underlying mechanisms.[2,3,32] In particular, the contrasting 
results between limb and axial laryngeal symptoms may 
relate to a number of factors including baseline laryngeal 
function, stimulation parameters such as frequency and 
pulse width, somatotopic representation of the nuclei and 
fibers of passage within the stimulation field, and the 
influence of non‑dopaminergic pathways that contribute 
to axial deficits.[8,9,28,30]

High frequency STN‑DBS in PD patients has been almost 
exclusively optimized for limb function. The forces 
generated by the limb musculature are far greater than 
those of laryngeal motor control. Therefore, high frequency 
STN‑DBS may be of less benefit for the laryngeal 
musculature.[8,9,16] Laryngeal and respiratory sensorimotor 
control may benefit more from low frequency STN‑DBS. 
For example, improved swallow function, reduced 
aspiration, and fewer episodes of freezing gait were 
reported with low frequency (60 Hz) STN‑DBS compared 
with high frequency  (130  Hz) STN‑DBS.[18,22,31] Newer 
targets, such as the pedunculopontine nucleus  (PPN) 
have shown improvements in axial signs including gait 
and postural stability.[17,26] Sitti et  al. demonstrated 
profound changes in PPN activity with STN stimulation 
at 60  Hz.[11] However, the potential for PPN‑DBS to 
improve laryngeal function remains uncertain. At present, 
the STN is a primary surgical target for DBS. Therefore, 
efforts should focus on maximizing patient benefit and 
minimizing potential decrements in laryngeal function 
with STN‑DBS.

In the present case, our patient exhibited marked 
improvements in limb motor function with STN‑DBS 
that was accompanied by measurable but modest 
improvements in VF mobility. Although a rare finding 
in patients with PD, the mechanisms for VF immobility 
in PD may initially stem from rigidity of the intrinsic 
laryngeal muscles and reduced range of motion of the 
cricoarytenoid joint.[4‑6,10,12,14,20,23] Over time, the reduced 
range of movement may result in a less flexible and 
immobile cricoarytenoid joint that further impairs VF 
mobility, even in the presence of potential benefit from 
STN‑DBS. Therefore, the inability of the VF to open 
adequately may stem from a combination of muscle 
rigidity and reduced cricoarytenoid joint mobility. 
In future patients, electromyography of the intrinsic 
laryngeal muscles and intraoperative examination of 
the cricoarytenoid joint by a laryngologist may help 
determine the relative contribution of each.

Axial and limb symptoms may appear and progress 
differently across the midline, and each symptom may 
progress at different rates. The patient reported here 
exhibited limb symptoms that were more severe on the 
left. His impaired VF mobility was also more severe 
on the left, with the VF remaining immobile. This 
finding was consistent with laterality of axial symptoms. 
Therefore, the larynx offers a unique opportunity to 
compare the extent and laterality of axial and peripheral 
motor dysfunction in PD patients. Testing after two 
hours of low frequency STN‑DBS resulted in more severe 
UPDRS scores compared with high frequency STN‑DBS. 
However, the benefit to VF mobility was sustained and 
similar at each setting. The potential effects of longer 
intervals of low frequency stimulation on limb and 
laryngeal function will be important to explore in the 
future, as will examining the relative contribution of 
medication and DBS.

CONCLUSIONS

Bilateral VF immobility and respiratory stridor are 
potentially fatal complications of advanced PD. To 
our knowledge, this is the first report demonstrating 
STN‑DBS influence on VF immobility under direct 
visualization via transnasal laryngoscopy. STN‑DBS 
may influence various aspects of laryngeal sensorimotor 
control, including potential improvements in VF mobility 
as reported here. Comprehensive multidisciplinary 
assessment is critical to identify the complex clinical 
features in PD patients that may respond to or may result 
from STN‑DBS to maximize the benefit of STN‑DBS for 
both limb and axial sensorimotor symptoms. Detailed 
characterization of axial motor symptoms, including 
laryngeal dysfunction, may provide a marker of disease 
progression and serve as a tool to predict responsiveness 
to DBS.
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