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Abstract

Objective: This study aimed to explore the availability of striatal dopamine transporter (DAT) after deep
brain stimulation (DBS) by single photon emission computed tomography (SPECT) using technetium-
99m-labeled tropane derivative (""Tc-Trodat-1). Subjects and Methods: In this cohort, 28 patients with PD
were enrolled (including 18 males and 10 females). Among these patients, the age range was 55-75 years.
All patients referred for optimized DBS programming were recruited for *"Tc-Trodat-1 imaging and sym-
ptom assessment. Dopamine transporter SPECT was performed under medication-off state before DBS
and at the 6" month after DBS, respectively. The clinical scales including Unified Parkinson Disease Rating
Scale (UPDRS), Modified Hoehn & Yahr Scale (MHYS) and Ability of Daily Life Scale (ADLS) were carried out
before DBS and at 6 months after DBS under medication-on and medication-off, respectively. Dopamine
transporter availability was assessed based on DAT SPECT. In addition, the correlation between DAT availa-
bility and clinical scales was investigated. The data were analyzed using SPSS 23.0. Results: The mean
UPDRS total, MHYS and ADLS scores were 62.36, 2.23 and 42.07 under medication-on, respectively. The
medication improvement rate of UPDRS total, MHYS and ADLS scores were 27.55%, 21.88% and 54.19%,
respectively. Interestingly, we found PD patients with MHYS grade | usually presented unilateral symptoms,
but DAT imaging showed that DAT uptake of the bilateral striatum was lower than that of the normal and
the S-value of the contralateral side was significantly lower than that of the ipsilateral side. Furthermore, we
found that DBS can improve the laterality of symptoms. The DBS improvement rate of UPDRS total scores,
ADLS scores and DAT S-value were 37.65%, 72.51% and 18.21%, respectively. The symptom laterality was
significantly correlated with the DAT S-value at baseline and at 6 months after DBS (r=0.63, 0.69 and 0.66,
0.75). The dosage of levodopa was 696.43+146.52 and was 455.36+107.44 before DBS surgery and at DBS-
on, respectively. Conclusion: Deep brain stimulation can significantly improve the symptom of PD. Dopa-
mine transporter S-value was well correlated with the change of symptoms laterality. Therefore, DAT ima-
ging can be used to diagnose PD in the early stage and to evaluate the curative effect of DBS. However, the
validation of this result requires further study.
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Introduction

arkinson's disease (PD) is a chronic progressive disease that affects predominately

dopaminergic neurons in substantia nigra, mostly seen in middle-aged and older

adults. Approximately one percent of older adults over the age of 55 suffer from
the disease. In general, the typical feature of PD is that the onset is insidious and gradu-
allyaggravated, and the most obvious tremor is at rest state. The stiffness of the limbs ca-
uses reduced movement and gradually loses normal work and living ability. Other chan-
ges include facial expression changes, mask-like face, slow speech, low pitch, monoto-
nous tone, salivation, body in abowed posture, and the oil overflows the skin [1-3].

Deep brain stimulation (DBS) has been used for PD for more than two decades and has
shown efficacy in alleviating symptomsin advanced PD. Deep brain stimulation is consi-
dered to be the best treatment for PD, and is more and more accepted. Deep brain elec-
trical stimulation is a stereotaxic neurosurgical procedure of implanting electrodes in
deep brain nuclei and generating pulses through stimulation generators to chronically
stimulate the nuclei. At present, the subthalamic nucleus (STN) is considered to be the
besttargetfor DBS [4].

Some studies have shown that greater benefit at >130Hz frequencies, while inert at
lower frequencies (<50Hz) in rodent PD models [5, 6]. Many studies also have found the
optimal frequency range of STN DBS is 90-220Hz to improve motor symptoms for PD in
humans. However, some studies have reported that low frequency (<60Hz) is more con-
ducive to improve gait/posture instability symptoms [7-10]. In the present study we use
dopamine transporter (DAT) imaging to evaluate the impact of DBS in STN, and we use
the unified Parkinson disease rating scale (UPDRS), modified Hoehn & Yahr scale (MHYS)
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and ability of daily life scale (ADLS) to estimate clinical sym-
ptoms. The aim of this study is to investigate the impact on
clinical symptoms after DBS.

Subjects and Methods

Dataacquisitions

In this cohort, 28 patients with PD (according to the diagnos-
tic criteria of primary PD in China) were enrolled continu-
ously (including 18 males and 10 females), who underwent
DBS atourinstitutionbetween October 2014 and April 2019.
The clinicalinformation of this cohortis summarized inTable
1. Clinical symptoms were evaluated using UPDRS, MHYS
and ADLS before DBS and then 6 months after DBS, under
medication-on and medication-off, respectively. The mean
age was 65.11+5.60 years (range from 55 to 75 years). The
age diagnosed PD was 57.32+4.82 years. The mean UPDRS
total scores, MHYS grade and ADLS scores were 86.07, 2.86
and 27.29 at medication-off, respectively. However, the ave-
rage UPDRS total, MHYS and ADLS scores were 62.36, 2.23
and 42.07 at medication-on, respectively. Furthermore, at
baseline, the correlation between MHYS grade and UPDRS-
Il was significant (r:0.91, P<0.001). The dosage of levodopa
was 696.43+146.52,455.36+107.44 before DBS surgery and
at DBS-on, respectively. The mean clinical frequency was
143.32+8.47Hz. Dopamine transporter imaging was perfor-
med before DBS and then 6 months after DBS under medi-
cation-off, respectively. Patients demonstrating mild cogni-
tiveimpairment or dementia or previous psychotic episodes
were excluded.

Table 1. Demographic andclinical features of the DBS patients.

Baseline clinical data Value (MeantSD)

Age (years) 65.11+5.60
Sex

Male 18
Female 10

Age at PD onset(years) 57.32+4 .82
Age at STN-DBS(years) 61.21+5.05
UPDRS total medication-on score 62.36+16.38
MHY S medication-on score 2.23+0.86
ADLS medication-on score 42.07+8.05

Dosage of levodopa(mg) 696.43+146.52

Stimulation settings

Amplitude (V) 2.94+0.11
Pulse width (usec) 65.54+3.69
Frequency (Hz) 143.3218.47

STN-DBS surgery

Withdrawal of all medications for PD 24 hours before ope-
ration. First, the head frame was installed under local anes-
thesia. Then, under computed tomography (CT)/magnetic
resonance imaging (MRI) guiding, the stereotactic head fra-
me mark and anatomical target location were confirmed,
and quadripolar leads were precisely localized in STN. The
micro-electrode recording system and test stimulation were
used for the corresponding electrophysiological tests during
the operation. Finally, the pulse generator was implanted in
subclavicular area and connected to the subcutaneous elec-
trode under general anesthesia. One month after DBS surge-
ry, the stimulator was turned on and adjusted by the prog-
ram-controlled doctor to the optimal parameters of brain pa-
cemaker control. Some patients were treated with levodopa
to achieve the best symptom control.

Assessment of symptom

Clinical symptoms were evaluated according to the protocol
of our brain science center. Clinical scales were performedin
3 days before DBS surgery under medication-on and medi-
cation-off state using UPDRS, MHYS and ADLS, respectively.
Clinical symptoms also were assessed at 6 months after DBS
surgery under medication-on and medication-off state,
with DBS-on and DBS-off, respectively. Deep brain stimula-
tion-off values were recorded at least 30 minutes after DBS
shutdown. Deep brain stimulation parameters and dosage
of levodopa were adjusted based on the clinical symptom.
The dosage of levodopa was recorded at each time point.
Medication improvement rate (%)=(medication-on score -
medication-off score)/medication-on scorex100%.
*"Tc-Trodat-1imaging

Dopamine transporter imaging was performed using a du-
al-head single-photon emission computed tomography
(SPECT) with Fan-Beam collimator at clinically optimized
setting. The first DAT imaging was conducted in one week
before the DBS surgery in medication-off state. The follow-
up DAT imaging was conducted under medication-off and
DBS-on at the 6" month, in two weeks after clinical asses-
sment. Dopamine transporter SPECT was carried out at th-
ree hours after intravenous injection of 740MBq techneti-
um-99m-labeled tropane derivative (*"Tc-Trodat-1). Dopa-
mine transporter images were acquired and reconstructed
using a OSEM algorithm. Mean uptakes of both striatum and
occipital cortex were obtained using region of interest (ROI).
Then, uptake value of striatum (S-value) was calculated:
(mean counts of the striatum ROI)/(mean counts of the
occipital cortex ROI)]. Deep brain stimulation improve-ment
rate (%)=(S,.-value-S,_-value)/S, -valuex100%.
Statistical analysis

SPSS 23 was used for statistical analysis. The continuous da-
ta of normal distribution were presented as meanzstandard
deviation or percentages, and paired t test was used for
comparison. In this study, the correlation was analyzed
using Pearson analysis and Spearman rank analysis for nor-
mal distribution data and for non-normal distribution data,
respectively. There was significant difference if P<0.05.
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Results

Improvement of clinical scales score under medica-
tion-onand DAT S-valueunder DBS-on

Compared with medication-off, the UPDRS score, MHYS
grade and ADLS score at medication-on state were impro-
ved, and the difference was statistically significant (P<0.001).
The improvement rate of UPDRS score, MHYS grade and

ADLS score were 27.55%, 21.88% and 54.19% after medica-
tion-on, respectively (Table 2). In addition, compared to the
baseline, the UPDRS score, ADLS score and DAT S-value we-
re obviously improved after DBS-on (P<0.001). The impro-
vement rates of UPDRS score, ADLS score and DAT S-value
were 37.65%, 72.51% and 18.21 at DBS-on, respectively
(Table 3, Figure 1). Furthermore, the improvement rate of
UPDRS total scores at DBS-on was better than that of
medication-on, and the improvement was statistically signi-
ficant (P<0.001).

Table 2. Comparison ofvarious scales in medication-off and medication-on state before DBS (Mean+SD).

Status UPDRS-I UPDRSH-II UPDRS-III UPDRS-IV HMYS ADLS
Medication-off 6.54+1.64 20.14+4.69 53.79+11.94 5.61+£1.59 2.86+1.07 26.46+6.36
Medication-on 4.71+1.51 15.07+4.35 36.86+10.60 5.7+1.44 2.20+0.93 42.07+8.05
Improvement rate 27.87 25.18 31.47 1.91 27.55 21.88
T value 413 3.44 6.67 -0.26 413 3.67
P value 0.00 0.00 0.00 0.48 0.00 0.00
Table 3. Comparison of UPDRS, ADLS and DAT in DBS-off and DBS-on state (Mean+SD).
Status (Med-off) UPDRS total ADLS S-value
DBS-off 86.07+18.35 26.4+6.36 1.40+0.22
DBS-on 53.57+11.79 46.07+8.49 1.66+0.22
Improvement rate (%) 37.65 72.51 18.21
T 21.56 3.44 25.54
P 0.00 0.00 0.00

B

N

Figure 1. Picture Aisanormal DAT SPECT. Picture Band Chelong to a representative case. UPDRS total scores, MHYS grade and ADLS of the patient at baseline were 102,
4and 20, respectively. And the DAT S-value was 1.11 of right side and 1.34 of left side at baseline [B], respectively. DAT SPECT also showed higher uptake in both striatum
after DBS[C], which wasa correct reflection of the changed symptom laterality. UPDRS total scores and ADLS of the patient were 64 and 38 at DBS-on, respectively.
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Relativity between Symptom scores and DAT ima-
ging

At medication-off state, there was a significant correlation
between clinical scales scores and DAT S-value (Table 4, Fi-
gure 2).The correlation at baseline state between DAT S-va-
lue and UPDRS total score was significant (r:-0.63, P<0.001).
The positive correlation at baseline state between DAT S-
value and ADLS score was significant (r:0.69, P<0.001). Inte-
restingly, the DAT S-value was also well correlated with the

clinical scales scores even 6 months after DBS. The cor-
relation at DBS-on/medication-off state between DAT S-va-
lue and UPDRS total score was significant (r:-0.66, P<0.001).
At DBS-on/medication-off state, the positive correlation
between DAT S-value and ADLS score was significant (r:0.75,
P<0.001). We further assessed the correlation between
improvement rate of DAT S-value and clinical scales to be
significant (P<0.001,0.001, respectively) (Figure 3).

Table 4. Correlation analysis of UPDRS, ADLS and DAT imaging.

UPDRS total score UPDRS total score ADLS score ADLS score
Status (med.-OFF) (DBS-off) (DBS-on) (DBS-off) (DBS-on)
DAT S-value r: -0.63 / r:0.69 /
(DBS-off)
P:0.00 P:0.00 /
(DDABTSSQS'UG / r.-0.66 / r0.75
/ P:0.00 / P:0.00
A correlation between MHYS and DAT S-value at med-off/DBS-off B correlation between MHYS and UPDRS-1Il at med-off/DBS-off

y = -0.0884x + 1.6566
R=-0.69

MHYS grade

1 11 12 13 14 LS 16 L7

DAT S-vlue

y =0.0819x - 1.547
R=0.91

MHYS grade

30 35 a0 a5 50 55 0 6 70 75 80

UPDRS-Ill score

Figure 2. Correlation between MHYS grade and DATimaging (A) and correlation between MHYS grade and UPDRS-11 (B) at baseline.

Correlation of the improvement rate between UPDRS score and
DAT S-value
' 025 L]

y = 0.215x + 0.0953 .

R=0.74

02

improvement rate of DAT 5-value
)

0.4 045 05 0.55 06

improvement rate of UPDRS total score

Correlation of the improvement rate between ADLS score and
DAT S-value

y =0.1075x + 0.1115 .

R=0.69 .

016

014

improvement rate of DAT S-value

012

06 07 08 08 1

improvement rate of ADLS score

Figure 3. Correlation of improvement rate between UPDRS scores and DAT imaging (A) and correlation of improvement rate between ADLS scores and DAT imaging (B)

after DBS.
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Discussion

The study was designed as a single-center, self-control stu-
dy before and after STN-DBS operation. In this study we first
analyzed the correlation between UPDRS-III score, MHYS
grade and DAT S-value under baseline state (medication-off
before DBS), and we found that symptom laterality was very
common at the early stage of PD patients and gradually in-
volved bilateral with the progression of the disease. Our stu-
dy also showed that the DAT S-value decreased with the
progression of PD. Furthermore, we found that the DAT up-
take decreased obviously in contralateral putamen at the
early stage of PD patients. Thus, PD may be diagnosed accu-
rately in the early stages by analyzing the DAT uptake of the
contralateral striatum, especially of the putamen.

We also analyzed the correlation between UPDRS score,
ADLS score and DAT S-value after DBS and found that DBS
can improve the laterality of symptoms. The symptom late-
rality was significantly correlated with the DAT S-value not
onlyin baseline state, but also at 6 months after DBS, indica-
ting that DAT imaging can present the dynamic change of
progress of PD.

For more than 20 years, DBS has been widely used to alle-
viate motor symptoms in PD patients. Despite such a long
history, the mechanism of DBS on motor function is still un-
clear. However, it is well recognized that DBS can obviously
improve motor function. In our study the DBS improvement
rate of UPDRS-IIl was 31.45% at medication-off. Many stu-
dies reported that DBS was effective, safe, and durable in
most PD [11-13]. A randomized trial with advanced PD
showed that patients who received DBS had significantly
improved the quality of life and UPDRS-IIl scores compared
to medication only [11]. Some scholars also found that after
DBS, the motor symptoms of early PD patients were allevi-
ated, the quality of life wasimproved, and the motor compli-
cations induced by levodopa were reduced [12]. Another
prospective study of early PD showed that DBS can slow
down progress [14]. In this study, UPDRS-I, UPDRS-II scores
were improved significantly after DBS (P<0.001), sugges-
ting that in addition to motor symptoms, DBS also can im-
prove the overall non-motor symptoms, such as anxiety and
depression. The improvement rate of ADLS score was as
high as 72.51%, indicating that the quality of life of PD pati-
ents was significantly improved after STN-DBS operation.
Moreover, after DBS surgery, anti-PD medication was signi-
ficantly reduced, and the levodopa reduction rate of mean
dosage was 34.62%.

Interestingly, we found PD patients with MHYS grade |
usually presented unilateral symptoms; however, DAT
SPECT showed that not only the S-value of the contralateral
side was significantly lower than that of the ipsilateral side,
but the DAT uptake of the bilateral striatum was lower than
that of the normal. These results indicated that there may be
damage to the striatum before the onset of symptoms. In
addition, many studies found that symptom asymmetry of
PD is rooted in asymmetrical neuronal damage. Symptom
asymmetry is a typical diagnostic point of PD, and it can ex-
clude other types of neurodegenerative diseases, such as

multisystem atrophy, supranuclear paralysis, and essential
tremor[15-17].

Many studies reported that compared to patients with
left-side-dominant symptom, their motor symptoms prog-
ressed rapidly, their muscle strength decreased obviously
and they had more difficulties in attention and working me-
mory, in PD patients with right-side-dominant. Moreover,
patients with right-side-dominant symptom are more likely
to suffer from psychosis. Interestingly, the PD patients with
left-side-dominant symptom had a longer survival after di-
agnosis and delayed ambulatory inhibition than the pati-
ents with right-side—-dominant symptom [18-21]. There-
fore, itis very important for precise management of PD pati-
ents to accurately assess the laterality of symptoms. Unlike
medications, DBS is advantageous in managing the sym-
ptom laterality owing to its asymmetrical stimulation to
brain hemispheres. Of course, the success of DBS is closely
related to the optimization of stimulation parameters, and
the purpose of stimulation parameter optimization is to ma-
ximize the therapeutic effect and to minimize the adverse
effect [22-24]. Therefore, we have made efforts to find an
accurate of left-right balance. During 6 months after DBS,
we continuously adjusted the maintenance dose and the
DBS parameters until the patient was in a better state. How-
ever, we were unable to assess whether DBS could slow
down the progression of PD because our study lacked a con-
trol group. We could observe the dynamic change of bilate-
ral DAT S-value after DBS owing to the different beneficial
effects from DBS. Therefore, the DAT imaging could provide
more accurate laterality-balanced DBS parameters and co-
uld reduce the effort and time. We found that the optimized
dose of levodopa was 455.36+107.44 and the appropriate
stimulation frequency was 143.32+8.47Hz.

There were many neuroimaging tools to assess the latera-
lity of symptom of PD, such as MRl and DAT imaging. Dopa-
mine transporter SPECT was an important imaging exami-
nation to differentiate movement disorders whether indu-
ced by dopaminergic neuron degeneration. In this study we
found DAT S-value was well correlated with disease dura-
tion and clinical scores in PD. The correlation between DAT
imaging and MHYS grade was significant (r=-0.69, P<0.001)
at baseline. The correlations between DAT imaging and
UPDRS and ADLS scores were significant (r=-0.63, P<0.001
and r=0.69, P<0.001, respectively). The correlation of impro-
vement rate between DAT S-value and UPDRS scores was
significant after DBS (r=0.74, P<0.001). Interestingly, we also
found that patients with a high DAT S-value at baseline
usually experienced high improvement after DBS. These re-
sults clearly showed that we can monitor the dynamic chan-
ge of the symptom laterality using DAT SPECT.

In our study, DAT SPECT was performed at medication-off
state to reflect more realistic striatum function. We found
that most of the patients experienced improvement after
DBS.There have been preclinical studies that STN-DBS could
enhance the survival of dopaminergic neurons in the rat
model of PD [25-27]. However, there was a clinical study that
DAT uptake of striatum was similarly decreased in the DBS
group compared with the control group [28].

There were some limitations of this study. First, it was a
single-center retrospective study, which might have resultin

Hellenic Journal of Nuclear Medicine °©

September-December 2022

www.nuclmed.gr



Original Article

selection bias. Second, the number of patients of this cohort
was relatively small. Third, the study lacked a proper control
group. Last, the follow-up DAT SPECT was carried outonly at
DBS-on state, which may be affected by the stimulation of
DBS. Therefore, further large-scale studies are required to
assess the STN effects of DBS using DAT imaging with a
proper control group.

In conclusion, the study showed the DAT S-value decre-
ased with the progression of PD.We also found that the DAT
uptake obviously decreased in contralateral putamen at the
early stage of PD patients. Furthermore, our study showed
that there was significant improvement of the symptom la-
terality after DBS, especially that of motor symptoms, which
were evaluated by both clinical scales and DAT S-value. Fur-
thermore, clinical scales and DAT S-value showed significant
correlation at baseline and DBS-on. These results would be
veryimportantfor precise managementofthe PD.
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