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Abstract
Background We sought to characterize the clinical, neuropsychological, electrophysiological, and neuroimaging features 
of Parkinson’s disease (PD) after over 35 years since the onset of motor symptoms.
Methods Five consecutively consenting PD patients treated with subthalamic nucleus deep brain stimulation (STN-DBS) 
were recruited in a cross-sectional study of motor (Unified PD Rating Scale section-III), non-motor (Non-Motor Symp-
toms Scale), autonomic (Scale for Outcome in PD-Autonomic), and neuropsychological features associated with the very 
advanced phase of PD. In addition, patients underwent neurophysiological (autonomic tests and nerve conduction studies) 
and neuroimaging (brain MRI, 123I-FP-CIT SPECT, and 123I-MIBG myocardial scintigraphy) studies, as well as a genetic 
analysis of 34 genes and single nucleotide polymorphisms associated with PD.
Results There was a sustained motor response to l-dopa (range 14.4–35.6%), STN-DBS (23.3–38.4%), and l-dopa plus STN-
DBS (37.8–63.0%). There were mild-to-moderate non-motor symptoms (range 19–83 on a scale of 0 to 360) and autonomic 
dysfunction (8–28 on a scale of 0–69). Two patients were demented, one had mild cognitive impairment, and two were 
cognitively preserved. Three patients had a sensory-axonal peripheral neuropathy and two a moderate-to-severe autonomic 
neuropathy. All cases showed a complete nigro-striatal dopaminergic denervation and a severe cardiovascular noradrenergic 
denervation. The brain MRI revealed only moderate frontal atrophy. The genetic tests were unremarkable.
Conclusions Even after more than 35 years of disease, L-dopa  and STN-DBS remain effective on PD cardinal symptoms. 
Although axial, autonomic, and neuropsychological features may become key determinants of disability, some patients 
maintain a satisfactory quality of life, without significant motor and non-motor impairment.

Keywords Parkinson’s disease · Deep brain stimulation · Late stage

Introduction

Despite a unifying hallmark, consisting of Lewy body depo-
sition in the central nervous system, pathological aspects at 
the basis of Parkinson’s disease (PD) motor and non-motor 
symptoms remain incompletely understood, partly due to a 
neurodegenerative process that involves multiple pathways 
including, but not limited to, dopaminergic, noradrenergic, 
serotoninergic, and cholinergic systems [1].

Advanced neurosurgical and infusion therapies, such as 
Deep Brain Stimulation (DBS), Levodopa/Carbidopa intes-
tinal gel infusion, and Subcutaneous Apomorphine Infusion 
have significantly improved the long-term management of 
PD-related motor complications and the survival rate of 
patients with advanced PD [2–4]. As a result, an increasing 
portion of patients is reaching a stage in which the disability 
conveyed by PD motor symptoms is compounded by the 
functional impairment associated with axial and non-motor 
complications [5].

Nevertheless, only few studies have reviewed and ana-
lyzed features associated with very long-term PD progres-
sion [6–8] and, critically, no one of these studies has pro-
vided a detailed characterization of motor and non-motor 
symptoms. The extent to which motor and non-motor 
complications are represented at different stages of disease 
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progression remains, in fact, to be clarified, as well as the 
disability conveyed by axial and non-motor symptoms in the 
very advanced phase of PD.

We sought to address these important points with a 
comprehensive clinical, neuropsychological, electrophysi-
ological, and neuroimaging characterization of the popula-
tion of PD patients with over 35 years of PD treated with 
subthalamic nucleus (STN)-DBS at our Movement Disorder 
Center.

Methods

Study population

We recruited in a cross-sectional study all patients with idi-
opathic PD, as per the UK Brain Bank criteria [9], with at 
least 35 years of PD duration treated with bilateral STN-
DBS at our Centre. All patients underwent a clinical and 
neuropsychological pre-surgical evaluation, as per the “Core 
assessment program for surgical interventional therapies in 
Parkinson’s disease—CAPSIT-PD” [10]. The ethical com-
mittee approval was obtained (Comitato Etico Interaziendale 
Città della Salute e della Scienza di Torino; CS/855; proto-
col number 475); a written informed consent was obtained 
from the patients. The demented patients gave their informed 
assent, and a written informed consent was obtained from 
their legal representative, in both cases the spouse.

Assessment

An extensive clinical, neuropsychological, instrumental, 
and genetic assessment was performed as per the following 
protocol.

Clinical evaluation

Patients were evaluated with a complete Unified Parkinson’s 
Disease Rating Scale (UPDRS) [11]. The motor section 
(UPDRS part III) was performed in the four possible clinical 
conditions: Medication-OFF/Stimulation-OFF, Medication-
ON/Stimulation-OFF, Medication-OFF/Stimulation-ON, 
and Medication-ON/Stimulation-ON. The UPDRS axial 
sub-score was calculated by the sum of items 18 (speech), 
22 (neck rigidity), 27 (arising from a chair), 28 (posture), 29 
(gait), 30 (postural stability) [12]. Additional clinical scales 
included the Non-Motor Symptoms Scale (NMSS) [13], the 
Schwab and England activities of daily living scale [14], 
and the PD Questionnaire 39 (PDQ-39) [15]. Dysphagia 
was evaluated and rated as per the Dysphagia Severity Scale 
[16], by a specialist after a fibroscopic evaluation.

Medications were logged and the l-dopa equivalent daily 
dose (LEDD) was calculated [17].

Neuropsychological assessment

Patients underwent a standardized cognitive test battery 
assessing reasoning, memory and frontal executive func-
tions [18], the Beck Depression Inventory (BDI) [19], the 
State-Trait Anxiety Inventory [20] and the Marin Apathy 
Scale were applied [21]. PD mild cognitive impairment (PD-
MCI) and PD dementia (PD-D) were defined according to 
the Movement Disorders Society criteria [22, 23].

Autonomic and peripheral symptoms assessment

The Scale for Outcome in Parkinson’s Disease-Autonomic 
(SCOPA-AUT) [24], four limbs nerve conduction studies, 
and a standardized battery of autonomic tests, including 
the measurements of heart rate variability and beat-to-beat 
blood pressure monitoring during the Valsalva maneuver, 
deep breathing, and lying-to-standing test and blood pres-
sure (BP) response to handgrip, as well as a 24-h ambulatory 
BP monitoring were used to evaluate autonomic functions. 
Orthostatic hypotension was defined as a fall in systolic BP 
of at least 20 mmHg or diastolic BP of at least 10 mmHg 
within 3 min of standing [25]. The response to handgrip was 
considered abnormal when diastolic BP increased more than 
16 mmHg [26]. Cardiovascular autonomic neuropathy was 
defined by at least two abnormal parasympathetic tests and 
at least one abnormal sympathetic test [27].

Neuroimaging assessment

The neuroimaging assessment consisted of:

• Brain MRI (1.5  T; T1, T2, FLAIR, Gradient Echo 
sequences);

• Single Photon Emission Tomography (123I-FP-CIT 
SPECT) was rated as per the following semi-quanti-
tative scale [28]: “Abnormal—grade 1” (asymmetric 
uptake with normal putaminal activity in one hemisphere 
and a reduction in the contralateral putamen); “Abnor-
mal—grade 2” (significant bilateral reduction in puta-
men uptake with normal/almost normal activity in the 
caudate); “Abnormal—grade 3” (virtually absent uptake 
bilaterally in both putamen and caudate).

• 123I-MIBG myocardial scintigraphy tracer uptake was 
measured within both heart and mediastinum ROIs to 
calculate the heart to mediastinum (H/M) uptake ratio. 
Postsynaptic myocardial denervation was defined as a 
H/M ratio < 1.6 [29].

Genetic testing

A custom panel of 34 genes, including monogenic PD muta-
tion and variants associated with increased risk of PD, was 
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designed with the HaloPlex online design tool (SureDesign, 
Agilent Technologies) and sequenced on MiSeq platform 
(Illumina, Inc., San Diego, CA, USA) using a Next Genera-
tion Sequencing approach.

Results

The prevalence of patients with PD duration ≥ 35 years 
followed up at our Center was 2% (5/255). All patients 
(4 males and 1 female) agreed to participate in the study. 
Demographic and clinical characteristics are summarized 
in Table 1.

Patient 1 was a 76-year-old male. His first PD symptom 
consisted of upper limb tremor starting at the age of 40. 

After 10 years of optimal response to oral dopaminergic 
therapies, he developed severe motor fluctuations in the form 
of peak-dose dyskinesia and wearing off. Concomitant medi-
cal conditions consisted of simple partial seizures, treated 
with lamotrigine, and benign prostatic hypertrophy (BPH). 
At the age of 63, he underwent STN-DBS with significant 
improvement of motor complications. At the time of surgery, 
he had moderately disabling L-dopa-induced dyskinesia, 
mild resting tremor, moderate-to-severe bradykinesia and 
rigidity, and moderate gait and postural instability in the 
OFF-condition. After 13 years of treatment with STN-DBS, 
dyskinesia affected him for less than 25% of his waking day 
and he spent less than 25% of his waking day in OFF. He 
reported constipation, hyposmia, drooling, and REM sleep 
behavior disorder (RBD). His motor, non-motor, cognitive, 

Table 1  Demographic and 
clinical features

Results are reported as average ± standard deviation (min–max)
LEDD levodopa equivalent daily dose, NMSS Non-Motor Symptoms Scale (range 0–360), PDQ-39 S-I Par-
kinson’s Disease Questionnaire Single Index (range 0–100), SCOPA-AUT  Scale for Outcome in Parkin-
son’s Disease-Autonomic (range 0–69), S&E Scale Schwab and England Scale (range 0–100), STN-DBS 
Subthalamic Nucleus Deep Brain Stimulation, UPDRS Unified Parkinson’s Disease Rating Scale (section-
II range 0–52; section-III range 0–108; section-III axial range 0–24; section-IV range 0–20; item 32, 33 
and 39 range 0–4)

Demographic features
 Age (years) 72.4 ± 4.9 (67–76)
 Age at PD onset (years) 35.6 ± 5.8 (27–40)
 Disease duration (years) 36.8 ± 1.9 (35–40)
 STN-DBS duration (years) 14.6 ± 1.5 (13–16)

Therapy features
 Total LEDD (mg) 661.5 ± 389.7 (200–1175)

Motor symptoms features
 UPDRS-III Med-OFF/Stim-OFF 73.2 ± 9.9 (64–90)
  Axial sub-score 19.8 ± 2.7 (18–24)

 UPDRS-III Med-OFF/Stim-ON 47.5 ± 12.8 (35–68)
  Axial sub-score 14.9 ± 3.6 (12–21)

 UPDRS-III Med-ON/Stim-OFF 59.0 ± 16.2 (37–82)
  Axial sub-score 17.6 ± 4.7 (11–23)

 UPDRS-III Med-ON/Stim-ON 34.6 ± 10.8 (29–54)
  Axial sub-score 12.4 ± 3.5 (9–18)

 UPDRS-IV 8.2 ± 2.6 (5–11)
  Dyskinesia duration (item 32) 1.4 ± 1.1 (0–3)
  Dyskinesia severity (item 33) 0.8 ± 0.8 (0–2)
  Percentage of waking day spent in OFF (item 39) 1.2 ± 0.4 (1–2)

Non-motor symptoms features
 NMSS 56.8 ± 27.5 (19–83)
 SCOPA-AUT 19.0 ± 9.7 (8–28)

Activities of daily living and quality of life features
 UPDRS-II Med-OFF 25.8 ± 2.6 (23–30)
 UPDRS-II Med-ON 17.2 ± 5.4 (10–22)
 S&E Scale Med-OFF 45 ± 16.6 (25–60)
 S&E Scale Med-ON 65 ± 22.4 (35–90)
 PDQ-39 S-I 46.2 ± 16.7 (24.7–60.1)
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radiological, autonomic, and genetic assessment is summa-
rized in Tables 2, 3 and 4.

Patient 2 was a 67-year-old female who developed PD at 
the age of 27. Initial symptoms consisted of resting tremor 
and bradykinesia involving the right upper limb. After 
18 years of management with oral medications, she devel-
oped disabling peak-dose dyskinesia and wearing-off refrac-
tory to oral treatments. She underwent STN-DBS surgery 
at the age of 51. At the time of surgery, she had moderately 
disabling L-dopa-induced dyskinesia, mild resting tremor, 
severe bradykinesia and rigidity, moderate gait impairment 
and severe postural instability in the OFF-condition. After 
16 years of STN-DBS treatment, the percentage of wak-
ing day spent in OFF was 10%. The percentage of the day 
spent with mild dyskinesia was 15%. She used a wheelchair 
for long-distance transportations. She reported constipa-
tion, hyposmia, drooling, mild urge-incontinence, moder-
ate dysphagia, and severe speech impairment. Her motor, 
non-motor, cognitive, radiological, autonomic, and genetic 
assessment is summarized in Tables 2, 3 and 4.

Patient 3 was a 76-year-old male. His first symptoms 
were rigidity and bradykinesia at the right upper limb, start-
ing at the age of 39. After 16 years of management with 
oral dopaminergic therapies he developed disabling motor 
fluctuations, in particular wearing-off. Concomitant medical 
conditions consisted of BPH. At the age of 60 he underwent 
STN-DBS. At the time of surgery, he had severely disabling 
L-dopa-induced dyskinesia, mild-to-moderate bradykinesia 
and rigidity, moderate gait impairment and mild postural 
instability in the OFF-condition. After 16 years of STN-
DBS, the percentage of waking day spent in OFF was 25%. 
The percentage of waking day spent with dyskinesia was 
55%. He reported mild constipation, hyposmia, drooling, 
RBD, moderate swallowing problems. Significant state/trait 
anxiety and apathy were also present. His motor, non-motor, 
cognitive, radiological, autonomic, and genetic assessment 
is summarized in Tables 2, 3 and 4.

Patient 4 was a 76-year-old male with PD onset at the age 
of 40. His first symptoms consisted of rigidity and bradyki-
nesia involving the left upper limb. After 15 years of good 
response to dopaminergic therapies, he developed motor 
fluctuation, with peak-dose dyskinesia and wearing-off. At 
the age of 61 he underwent STN-DBS surgery. At the time 
of surgery, he had moderately disabling L-dopa-induced dys-
kinesia, mild resting tremor, mild-to-moderate bradykinesia 
and rigidity, moderate gait impairment and mild postural 
instability in the OFF-condition. After 15 years of STN-DBS 
treatment, dyskinesia affected him for 30% of his waking day 
and he reported to spend 30% of his waking day in OFF. He 
reported mild constipation, hyposmia, drooling, RBD, mild 
dysphagia, mild mood depression, and anxiety. His motor, 
non-motor, cognitive, radiological, autonomic, and genetic 
assessment is summarized in Tables 2, 3 and 4. Ta
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Patient 5 was a 67-year-old male with PD onset at the 
age of 32, presenting with bradykinesia at the right upper 
limb. After 17 years of management with oral dopaminer-
gic therapies, he developed severely disabling peak-dose 
dyskinesia. At the age of 54 he underwent STN-DBS sur-
gery. At the time of surgery, he had moderately disabling 

L-dopa-induced dyskinesia, mild resting tremor, moderate-
to-severe bradykinesia and rigidity, severe gait impairment 
and moderate postural instability in the OFF-condition. 
After 13 years from STN-DBS he reported a good control 
of both dyskinesia and OFF periods, in both cases affect-
ing him for less than 25% of the waking day. He reported 

Table 4  Non-motor, cognitive, autonomic, and genetic data

CBT Corsi’s block tapping test, CPM 47 raven coloured progressive matrices, CVF category verbal fluency, DCT digit cancellation test, FAB 
frontal assessment battery, HRV heart rate variability, NMSS Non-Motor Symptoms Scale, PAL Paired Associate Learning, PVF Phonemic Ver-
bal Fluency, TMA Trail Making Test A, TMB Trail Making Test B, WST Weigl Sorting Test
a 0 = normal; 1 = limited performances; 2 = moderate impairment; 3 = severe impairment
b The NGS custom panel of 34 genes used for the sequencing analysis: Genes associated to idiopathic PD and EOPD: SNCA (PARK1), PRKN 
(PARK2),  UCHL1 (PARK5),  PINK1 (PARK6),  DJ1 (PARK7),  LRRK2 (PARK8),  GBA,  Omi/HTRA2,  VPS35,  EIF4G1,  DNAJC6; 
Genes associated to atypical forms of Parkinsonism: ATP13A2,  ATP6AP2,  ATP7B,  DNAJC13,  FBXO7, GRN,  HGSNAT,  MAPT/
STH, PANK2, PLA2G6, POLG1, SLC30A10, SPG11, SYNJ1, TARDBP, VPS13C; Genes associated to genetic Dystonia conditions in differen-
tial diagnosis with PD: GCH1 (DYT5), TH (DYT5), PRKRA (DYT16), SPR, TAF1 (DYT3), ATP1A3 (DYT12), SGCE (DYT11)

ID #1 #2 #3 #4 #5

Non-motor symptoms assessment (NMSS domains)
Cardiovascular/falls 4 0 21 8 0
Sleep/fatigue 6 8 16 13 5
Mod/cognition 3 6 10 11 3
Perceptual problems/hallucinations 0 3 1 4 0
Attention/memory 4 27 2 27 1
Gastro-intestinal tract 14 11 11 12 5
Urinary 2 3 6 1 1
Sexual function 0 4 2 3 0
Miscellaneous 4 7 7 4 4
Cognitive assessmenta

Reasoning
 CPM 47 1 3 0 3 1

Memory
 CBT 2 3 0 2 1
 PAL 1 3 0 2 1

Attention
 DCT 1 3 1 3 1
 TMA 1 3 1 3 0

Executive functions
 TMB 3 3 0 3 1
 FAB 3 3 0 3 0

Language
 CVF 1 3 0 1 1
 PVF 0 3 0 1 0

Autonomic and cardiovascular assessment
Orthostatic hypotension Asymptomatic

(∆ = − 25/12)
No
(∆ = − 4/2)

Symptomatic
(∆ = − 32/15)

Symptomatic
(∆ = − 28/17)

No
(∆ = − 13/8)

HRV
 Deep breathing Normal Normal Impaired Normal Normal
 Valsalva maneuver Normal Normal Impaired Impaired Normal
 Lying to standing Impaired Normal Impaired Impaired Normal

Genetic assessment
Genetic  panelb Negative Negative Negative Negative Negative
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moderate speech impairment, mild constipation, hyposmia, 
RBD, and mild dysphagia. His motor, non-motor, cognitive, 
radiological, autonomic, and genetic assessment is summa-
rized in Tables 2, 3 and 4.

Discussion

We reported an extensive clinical and instrumental char-
acterization of 5 long-term surviving patients with over 
35 years of PD, and observed that STN-DBS and l-dopa 
continued to remain effective on motor symptoms, even in 
the very advanced phase of PD. Only two patients (Patient 
2 and 4) met the criteria for “late-stage” PD, namely severe 
axial or cognitive impairment, which suggest that severe 
functional disability is not a mandatory outcome in PD, even 
after 35 years of disease.

Still, the majority of patients was affected by disabling 
non-motor complications, consisting of constipation, hypos-
mia, RBD, and dysphagia. Two patients developed dementia, 
and one a single domain amnestic MCI. While cognitive 
decline is one of the features associated with the long-term 
progression of PD [5, 6, 30], we cannot exclude an effect due 
to the placement of the STN-DBS leads through the frontal 
lobes or to the stimulation of subthalamic associative areas 
[31]. Moreover, two patients had a severe autonomic neurop-
athy associated with symptomatic OH and one met the cri-
teria for asymptomatic OH with only mild alterations at the 
autonomic testing. All of these patients had a sensory–motor 
axonal neuropathy, possibly due to the chronic exposure to 
L-dopa [32], to PD-associated peripheral neurodegeneration 
[33], or to a combination thereof. Non-motor and autonomic 
features were associated with higher axial symptoms sever-
ity (Patient 2, 3 and 4) and rate of falls, worse quality of life, 
and greater dependence in the ADL [34, 35]. Of interest, 
two patients (Patient 1 and 5) maintained a good quality of 
life, without significant motor and non-motor impairment.

Alterations at the functional imaging studies were con-
sistently observed in all patients, with an almost complete 
depletion of the nuclear activity at the 123I-FP-CIT SPECT 
and an important postsynaptic myocardial denervation at the 
123I-MIBG scintigraphy. Conventional MRI did not show 
any specific alterations, but only a mild sub-cortical, sym-
metrical frontal atrophy.

While an extensive panel of genetic analysis did not dis-
close any pathological mutations or genetic variant associ-
ated with PD, suggesting that not all cases of young-onset 
PD or mildly progressive PD are associated with genetic 
alterations, final conclusions cannot be drawn due to the 
limited number of cases. Other important limitations con-
sist of the selection biases associated with the young onset, 
the long survival also due to the absence of detrimental 

comorbidities, and the relatively “benign” clinical pheno-
type of patients undergoing STN-DBS after an average PD 
duration of 22 years.

Taking into account these limitations, our main findings 
can be summarized as follows: (1) all patients reported a 
satisfactory response to l-dopa and STN-DBS despite the 
very long duration of PD motor symptoms and the almost 
complete nigro-striatal denervation. Of interest, the com-
bined efficacy of STN-DBS and l-dopa was greater than 
each one of these therapies alone, suggesting a potential 
synergism; (2) axial and non-motor symptoms represented 
the main determinants of disability; (3) dementia and other 
non-motor complications do not represent a mandatory 
outcome in PD, even after more than 35 years since the 
onset of motor symptoms.
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