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Determination of Parkinson Disease Laterality After Deep Brain
Stimulation Using 123I FP-CIT SPECT

Hye Ran Park, MD, PhD,* Seunggyun Ha, MD, PhD,†‡ Dong Soo Lee, MD, PhD,‡§
Hyung-Jun Im, MD, PhD,§ and Sun Ha Paek, MD, PhD||¶

Introduction: Symptom laterality is one of the main characteristics of
Parkinson disease (PD) and reported to be associated with motor and
nonmotor symptom severity and prognosis. This study aimed to evaluate
the changes of laterality after deep brain stimulation (DBS) and the associ-
ation between dopamine transporter SPECT using 123I FP-CIT (DAT
SPECT) and symptom laterality in PD before and after DBS.
Methods:Nineteen patients with PDwho received bilateral subthalamic nu-
cleus DBS were enrolled. The clinical scores including Unified Parkinson
Disease Rating Scale (UPDRS) and Hoehn and Yahr were evaluated at base-
line, 6 months, and 1 year after DBS. Also, the patients underwent DAT
SPECTbefore and 6months and 1 year afterDBS. Symptom andDAT laterality
indices were determined based on the UPDRS part 3 and DAT SPECT, re-
spectively. The association between DAT and symptom laterality was
assessed at baseline and 6 months and 1 year after DBS.
Results: At baseline, 11, 6, and 2 among 19 patients had left-side–dominant,
right-side–dominant, and symmetric motor symptom, respectively. Among
19 patients, there were 10 patients who showed changed symptom laterality
within 1 year after DBS. The agreement between symptom laterality and
DAT laterality was good to excellent at baseline and 6 months and 1 year af-
ter DBS (weighted κ = 0.742, 0.736, and 0.813). Furthermore, symptom and

DAT laterality indices showed significant correlation at baseline (r = 0.542,
P = 0.02), 6 months (r = 0.579, P = 0.01), and 1 year after DBS (r = 0.689,
P = 0.02). Symptom laterality could be determined by DAT laterality index
with areas under curve of 0.833 (P = 0.045), 0.982 (P < 0.001), and 1.000
(P < 0.001) at baseline and 6 and 12 months after DBS, respectively.
Conclusions: The symptom laterality could be altered after DBS and was
well correlated with laterality evaluated by DAT SPECT. An objective eval-
uation of laterality using DAT SPECTwould be helpful for the management
of patients with PD especially for adjusting the DBS programming for fine
balancing of the asymmetric symptom after DBS. The large-scale study is
warranted for validation of this result.

Key Words: deep brain stimulation, dopamine transporter, laterality,
Parkinson disease, SPECT

(Clin Nucl Med 2020;00: 00–00)

P arkinson disease (PD) is a neurodegenerative disorder that af-
fects predominately dopaminergic neurons in substantia nigra.1

Parkinson disease is characterized by a unilateral onset and persisting
asymmetry of motor symptoms. The laterality of motor symptom has
been reported to have associations with motor and nonmotor symp-
toms and prognosis.2–5 The laterality of PD patients is clinically de-
termined by Unified Parkinson Disease Rating Scale (UPDRS)
motor score and could be evaluated by neuroimaging techniques in-
cluding magnetoencephalography, MRI, and dopamine transporter
(DAT) imaging by SPECT or PET.6–8

Deep brain stimulation (DBS) is a neurosurgical procedure
that includes implantation of electrodes to produce chronic electri-
cal stimulation at specific brain regions.9 Deep brain stimulation
had shown efficacy in the alleviation of symptoms in advanced
PD.10 In a recent randomized clinical trial of patients with relatively
early PD, the DBS group showed better quality of life and motor
function than medication-only group in 2-year follow-up.11 Also
in a pilot trial, early DBS group showed a slower progression of rest
tremor than the medication-only group, which was assessed in off-
medication and off-stimulation state.12 Furthermore, DBS provides
the opportunity to modify stimulation parameters in each hemisphere
separately in contrast to medication, which is a huge advantage of
DBS in managing lateralized motor symptom.13 While unilateral
DBS can be applied to highly asymmetric patients,14 the baseline
laterality is an important factor for the effectiveness and decision-
making process between unilateral and bilateral DBS.15 Also,
Ehm et al16 reported that 7 of 8 PD patients with highly asymmet-
rical symptoms who underwent unilateral DBS showed aggravation
of the ipsilateral symptom after the initial surgery while the motor
benefit in the contralateral symptom remained. Four of them
underwent a second surgery about 5 years after the initial surgery.16

In addition, the DBS programming is a time-consuming task, and
the patients suffer during the period. Once the DBS lead is placed
on the target using standard surgical techniques, DBS programming
begins within a week. The initial DBS programming setting usually
takes 3 to 6 months, and the patients should visit the hospital almost
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every month during this period. In addition, the parameters should
be adjusted at intervals of 6 to 12 months afterward.17–19 In this re-
gard, dynamic and objective evaluation of laterality could be impor-
tant information for managing asymmetric motor symptoms of PD
before and after DBS. However, the impact of bilateral DBS on
symptom laterality and the role of neuroimaging on it have not been
well evaluated.

Herein, we evaluated the dynamic change of the symptom
laterality after bilateral DBS and the role of DAT SPECT in the as-
sessment of the symptom laterality before and after DBS. We hy-
pothesized that the symptom laterality can be changed after the
bilateral DBS and DAT SPECT can reflect the alteration of the
symptom laterality after DBS.

METHODS

Patients
Nineteen patients with PDwere enrolled in the study (Fig. S1,

Supplemental Digital Content 1, http://links.lww.com/CNM/A231).
The patients underwent bilateral subthalamic nucleus (STN) DBS.
The patients underwent DAT SPECT before DBS and 6 and
12 months after DBS. Also at the same time point, clinical evalua-
tion was performed including UPDRS, Hoehn and Yahr (H&Y)
score, and levodopa equivalent daily dose (LEDD). The retrospec-
tive study using the Seoul National University Hospital cohort
was approved by the institutional review board of our institute,
and informed consent was waived because of the retrospective de-
sign. All procedures performed in studies involving human partici-
pants were in accordancewith the ethical standards of the institutional
and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Surgery
Bilateral simultaneous STN DBS implantations were done in

all patients as previously described.20 In brief, the STN was located
by stereotactic target planning with MRI using SurgiPlan software
and electrophysiological monitoring (microrecording and electric
stimulation). The electrode for stimulation was inserted at the pre-
cisely localized STN. An implantable pulse generator was im-
planted in the subclavicular area, and the electrode was connected
to the generator under general anesthesia.

UPDRS Score
Clinical evaluation was performed according to the previ-

ously described movement disorder center protocol.21 Preoperative
evaluations were done for 3 dayswhile the patients were admitted to
the movement disorder center. Motor tasks of the patients were
videotaped, and UPDRS and H&Y stage were evaluated on-
medication and off-medication. In the motor UPDRS score, half
point was allowed. The LEDD was also calculated. Postoperative
evaluation was carried out at 6 and 12 months after the surgery.
The postoperative motor UPDRS scores were checked in both on-
and off-medication states with the on- and off-stimulation. Off-
stimulationvalueswere obtained at least 30minutes after the switching
off of the stimulator. Motor symptoms were assessed using the re-
vised Movement Disorder Society UPDRS part 3 (UPDRS-III) at
baseline and 6 and 12 months after DBS. Symptom laterality index
was calculated by the absolute difference of the left- and right-sided
motor score (left − right) in UPDRS-III during off-medication and
off-stimulation, and symptom laterality was determined as left dom-
inant when the index is positive, right dominant when the index is
negative, and symmetric when the index is zero. Deep brain stimu-
lation parameters were adjusted according to the clinical symptom

(Table S1, Supplemental Digital Content 2, http://links.lww.com/
CNM/A232).

DAT SPECT and Analysis
SPECT images were acquired by a dedicated triple-head

gamma camera (TRIONIX Triad XLT 3; Trionix Research Labora-
tory, Inc, Twinsburg, Ohio) with Fan-Beam collimator. Patients
were intravenously injected 185 MBq (range, 170–200 MBq) of
123I FP-CIT. The baseline DAT SPECTwas performed at median
of 5 days before the DBS. The follow-up DAT SPECT scans were
obtained at median of 26 and 55 days after the clinical tests were
done 6 and 12 months after DBS, respectively. Dopamine trans-
porter SPECT was performed in on-medication state at baseline
and in on-medication and on-stimulation state at post-DBS. Three
hours after the injection, images were acquired with the image pa-
rameters of 40 step-and-shoot for 45 seconds per each step. Images
were reconstructed as follows: (1) 128 � 128 matrices, (2) filtered
back projection, (3) Butterworth filter with high cut frequency of
0.4 and roll-off degree of 5.0, and (4) Chang's method for attenua-
tion correction. Spatial normalization was performed in Statistical
Parametric Mapping (SPM8; University College of London, London,
UK) using an in-house template with Montreal Neurological Insti-
tute space. Mean uptakes of both caudoputamen (CP) and occipital
cortex were measured using volume of interest (VOI) from the Ko-
rean Structural Statistical Probabilistic Anatomical Map.22 Specific
binding values of both CPs were calculated using the occipital cor-
tex as reference tissue.23,24 Specific binding value of CP was calcu-
lated as follows: [(mean counts of the CP VOI − mean counts of
occipital cortex VOI)/(mean counts of the occipital cortex VOI)].23

Dopamine transporter laterality index was calculated as left
CP-specific binding value / right CP-specific binding value. FP-CIT
laterality was determined as left dominant when the index is greater
than 1 and as right dominant when the index is lower than 1.

Statistical Analysis
Nonparametric tests were used for the analysis because of the

small number of subjects. Spearman test was performed to show the
correlation between the 2 measurements. Receiver operating char-
acteristic analysis was done to evaluate the performance of DAT
laterality index to determine symptom laterality of the patients.
The optimized cutoff was determined based on the Youden index.
Weighted κ value was used to demonstrate the agreement between
the 2 classifications. All statistical analyses were performed using

TABLE 1. Patients Characteristics

Baseline Characteristics Value

Age, mean (range), y 57 (41–68)
Sex, n (%)
Male 10 (53)
Female 9 (47)

Duration of symptom, mean (range), y 11.5 (6–23)
Duration of levodopa, mean (range), y 11.2 (5–23)
UPDRS total, mean (range) Mx On: 33.7 (0–72)

Mx Off: 71.6 (37–126)
H&Y, mean (range) Mx On: 2.43 (0–3)

Mx Off: 2.97 (1.5–5)
LEDD, mean (range), mg/d 1449 (465–2075)

Mx Off indicates off-medication; Mx On, on-medication.
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SPSS software (SPSS Inc, Chicago, Ill). P < 0.05 was considered
statistically significant.

RESULTS

Baseline Characteristics of the Patients
The patient characteristics are summarized in Table 1. Mean

age of the patients was 57 years. The duration of motor symptom
ranged from 6 to 23 years (mean, 11.5 years). Fourteen patients
started levodopa treatment at the same year of motor symptom on-
set. Whereas 3 patients started levodopa treatment 1 year after the
symptom onset, 1 patient started 2 years after the symptom onset.
The mean UPDRS total and H&Y scores were 33.7 and 2.43 on-
medication and 71.6 and 2.97 off-medication, respectively. The
mean specific binding value of both CPs ranging from 0.14 to
3.50 (mean, 1.21) waswell correlated with duration of symptom on-
set and the length of levodopa usage (Fig. S2, Supplemental Digital
Content 3, http://links.lww.com/CNM/A233).

Association of Symptom Laterality and
DAT Laterality

At baseline, symptom laterality index and DAT laterality in-
dex showed significant correlation either on- or off-medication
(P = 0.015, 0.017, respectively) (Fig. 1A, Table 2). Interestingly,
the DAT laterality index was well correlated with the symptom
laterality index even 6 and 12 months after DBS. Six months after
DBS, the correlation was significant or trended toward significance
regardless of stimulation or medication status ([r, P] = [0.682, 0.01]
at on-medication on-stimulation, [0.565, 0.07] at on-medication off-
stimulation, [0.496, 0.043] at off-medication on-stimulation, and
[0.579, 0.01] at off-medication off-stimulation; Fig. 1B, Table 2).
Also, the correlation was significant at 12 months after DBS
(Fig. 1C, Table 2). Further analysis was done using off-medication
score at baseline and off-medication/off-stimulation score at 6 and
12 months after DBS, assuming that off-medication/off-stimulation
scores may be the most accurate surrogate of the disease status. In-
terestingly, the symptom laterality of the patients was altered in 10
among 19 patients during the 12-month period after DBS (Fig. 2,

Table S2, Supplemental Digital Content 4, http://links.lww.com/
CNM/A234). When the baseline characteristics of altered and
unaltered patients were compared, there was no significant difference
in onset duration, baseline UPDRS total, symptom laterality index
(absolute value), H&Y, and LEDD. However, the DAT laterality
index at baseline was higher in the unaltered patients (P = 0.043),
indicating patients with more symmetric DAT uptake in both
striatum are more prone to experience alteration of laterality after
DBS. We assessed the agreements between DAT laterality and
symptom laterality, which were found to be good to excellent at
baseline and 6 and 12 months after DBS. The weighted κ values
were 0.742, 0.736, and 0.813, respectively (Table 3). We further
assessed the performance of DAT laterality index for determination
of symptom laterality. The areas under the curve (AUCs) of DAT
laterality index to determine symptom laterality (off-medication,
off-stimulation) were 0.833 (confidence interval [CI], 0.577–
0.966; P = 0.046), 0.982 (CI, 0.752–1.000; P < 0.001), and 1.000
(CI, 0.715–1.000; P < 0.001) at baseline and 6 and 12 months
after DBS, respectively (Figs. 3A–C). Meanwhile, AUCs of DAT
laterality index to determine symptom laterality (on-medication, on-
stimulation) were 0.920 (CI, 0.663–0.997; P < 0.001), 0.933 (CI,
0.653–0.999; P < 0.0001), and 0.667 (0.334–0.908; P = 0.438) at
baseline and 6 and 12 months after DBS, respectively (Figs. 3D–
F). In addition, the optimized cutoffs for the best determination of
symptom laterality were 0.91, 1.04, 1.03, 0.91, 0.85, and 0.88,
respectively (Figs. 3A–F). Interestingly, DAT laterality index was
more predictable for symptom laterality at off-medication and off-
stimulation state than that at on-medication and on-stimulation
state 12 months after DBS (AUC, 1.000 vs 0.667). Even though a
patient experienced alteration of symptom laterality after DBS,
DAT SPECT and DAT laterality index could reflect the alteration
correctly (Fig. 4).

DISCUSSION
We found that the symptom laterality of PD can be changed

after DBS. The symptom laterality was associated with the DAT
laterality not only at baseline, but also at 6 and 12 months after DBS.

FIGURE 1. Correlation between DAT and symptom laterality at baseline (A) and 6 and 12 months after DBS (B, C). Of note,
symptom laterality index was calculated off-medication and off-stimulation.

TABLE 2. Correlation Between Symptom Laterality Index and DAT Laterality Index

Baseline 6 mo After DBS 12 mo After DBS

r P r P r P

On-medication 0.549 0.015
On-stimulation 0.682 0.010 0.596 0.069
Off-stimulation 0.565 0.070 0.635 0.036

Off-medication 0.542 0.017
On-stimulation 0.496 0.043 0.604 0.049
Off-stimulation 0.579 0.012 0.689 0.019

DAT indicates dopamine transporter; r, correlation coefficient.
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These results indicate that DAT SPECT can reflect the dynamic
change of PD laterality after DBS.

Deep brain stimulation was first applied to PD patients to al-
leviate motor symptoms in 1993, and DBS has been reported to be
effective, safe, and durable in many studies including large-scale,
randomized controlled clinical trials.10,11,25 The first randomized
trial was performed in 156 patients with advanced PD. The patients
were randomly assigned to receive bilateral DBS of the STN or
medication therapy. At 6 months, patients who received DBS had
significantly better quality of life and motor scores compared with
the ones who received medication only. The most beneficial effect
of DBS was the improvement of motor function in the off state
(when the effect of medication is the lowest).10More recently, a ran-
domized trial in early PD patients also showed alleviated motor
symptoms, better quality of life, and less levodopa-induced motor
complications in the DBS group at 2-year follow-up.11 Further-
more, it has been suggested that DBS could slow the progression.
A prospective pilot clinical study randomized the 28 enrolled pa-
tients with early PD to receive DBS plus medication or medication
only. At 6, 12, 18, and 24 months after the randomization, UPDRS-
III was compared at the eighth day after 7 days of off-medication
and off-stimulation. Interestingly, DBS plus medication group
showed a lower rest tremor score change from baseline to 2 years
and fewer new tremor symptoms compared with the medication-
only group.12 Because the patients were not randomized to have a
control group in this study, the ability of DBS to slow the progression
of neurodegeneration could not be evaluated. However, we were able
to observe a significant level of alteration of DAT laterality index
after DBS, which may be caused by different beneficial effects of
DBS to both striatum.

Symptom asymmetry of PD is rooted from asymmetrical in-
volvement of neuronal degeneration in the PD. In most cases of PD,
symptoms begin on one side of the body and spread to the other side
of the body.26 The asymmetry is diagnostically important because it
is a point of differential diagnosis from other types of neurodegen-
erative disorders such as multiple system atrophy, supranuclear
palsy,27 and essential tremor.28 More recently, laterality has been
found to be associated with prognosis of motor symptom, cognitive
function, and nonmotor symptom such as psychosis.29 Baumann
et al4 reported that PD patients with right-side–dominant symptom
showed more rapid progression of the motor symptoms than the
ones with left-side dominance. Frazzitta et al30 reported patients
with right-side–dominant symptom showed decreased muscle
strength compared with patients with left-side–dominant symptom.
Also, left-side–dominant symptom showed association with a lon-
ger survival after diagnosis and delayed ambulatory inhibition com-
pared with right-side–dominant symptom.31 The patients with
right-side–dominant symptom experience more difficulties in atten-
tion and workingmemory.32 Also, patients with extreme right-side–
dominant symptom had more psychosis compared with the patients
with left-dominant symptom.29 Thus, accurate assessment of laterality
is important for precise management of the patients with PD. Unlike
other PD medications, DBS can stimulate brain hemispheres asym-
metrically, which is advantageous in managing asymmetric appen-
dicular symptom.13 Also, the success of DBS partially depends on
the optimization of stimulation parameters. Deep brain stimulation
programming is an iterative process in the clinic to maximize the
therapeutic effect while minimizing the adverse effect and to find
the accurate left-right balance, which requires huge amount of time
and efforts of both patients and clinicians.33 Therefore, the information

FIGURE 2. Symptom laterality index changes in patients with altered (A) and unaltered laterality (B) after DBS. Of note,
symptom laterality index was calculated off-medication and off-stimulation.

TABLE 3. Agreement Between DAT Laterality and Symptom Laterality

A. Baseline B. 6 mo After DBS C. 12 mo After DBS

DAT
Laterality

Symptom Laterality

Sum
DAT

Laterality

Symptom Laterality

Sum
DAT

Laterality

Symptom Laterality

SumLD RD LD RD LD RD

LD 10 1 11 (64.7%) LD 7 2 9 (60.0%) LD 6 1 7 (63.6%)
RD 1 5 6 (35.3%) RD 0 6 6 (40.0%) RD 0 4 4 (36.4%)
Sum 11 (64.70%) 6 (35.30%) 17* Sum 7 (46.70%) 8 (53.30%) 15† Sum 6 (54.50%) 5 (45.50%) 11‡

*Symmetric: 2 excluded.
†Symmetric: 3 excluded. No DAT SPECT: 1 excluded.
‡No DAT SPECT: 7 excluded. No DAT SPECT and UPDRS: 1 excluded.
LD indicates patients with left-dominant symptom; RD, patients with right-dominant symptom.
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of DAT laterality index may reduce the effort and time and potentially
provide more accurate laterality-balanced DBS parameters. Specif-
ically, DBS parameters are adjusted under consideration of the DBS
electrode location and its association with clinical symptoms. In the
clinic, it may be adjusted several times to find a maintenance dose
in the short term after surgery. During 6 months after DBS, the pa-
tients should visit the hospital every month to adjust the DBS pa-
rameters. Even after the parameter was set, the parameters are
adjusted at intervals of 6 to 12 months.17–19 However, the availability
ofDATSPECTwill shorten the time frame and number of adjustments.

Laterality of PD can be assessed by neuroimaging tools
including magnetoencephalography, MRI, and DAT SPECT.

Magnetoencephalography revealed the asymmetry of beta activ-
ity during movement in patients with right- and left-dominant
symptom.8 Also, diffusion tensor imaging parameters were differ-
ent significantly between both substantia nigra and putamen, and
the diffusion tensor imaging results were well correlated with
the symptom laterality.7 Dopamine transporter–targeting PET and
SPECT have been utilized to measure reduction of dopaminergic
neuron.34,35 Dopamine transporter imaging is useful for differenti-
ating movement disorders between with and without dopaminergic
neuron degeneration.35 Dopamine transporter uptake in striatum
has correlation with disease duration, clinical scores, and prognosis
in PD.36 Dopamine transporter SPECT was able to reflect the

FIGURE 3. Receiver operating characteristic analysis of DAT laterality index for determination of symptom laterality before and
after DBS. Determination of the symptom laterality (off-medication and off-stimulation) at baseline (A) and 6 months (B) and
12 months after DBS (C). Determination of the symptom laterality (on-medication and on-stimulation) at baseline (D) and
6 months (E) and 12 months after DBS (F).

FIGURE 4. Representative case. One patient with left-side–dominant symptom at baseline showed right-side–dominant
symptom after DBS. The symptom was tested at off-medication and off-stimulation state. The DAT SPECT showed higher
uptake in the left CP at baseline, but the uptake was higher in the right CP after DBS, which was a correct reflection of the
changed symptom laterality.
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laterality, which has an association with symptom laterality.6 How-
ever, there has not been a study to evaluate the alteration of laterality
after DBS using a neuroimaging tool. This study clearly showed
that we can monitor the laterality even after DBS using DAT
SPECT. Also, we also found that patients with a low DAT laterality
score at baseline are prone to experience alteration of the laterality
after DBS. There were also patients with highly asymmetric symp-
tom at baseline who experienced the changed laterality after DBS.
Specifically, patient 15 was one of the most highly asymmetric to
the left side with a symptom laterality index of 6 at baseline but
changed to right-sided with symptom laterality index of −4 after
DBS (Fig. 2B). We reviewed the electrode position using fusion im-
age of postoperative CT (1 month after) and preoperative MRI and
found the left electrode was off located from the target to the medial
side (Fig. S3, Supplemental Digital Content 5, http://links.lww.
com/CNM/A235).We assume that the misplacement of the electrode
may have altered the patient's symptom laterality.

In our study, DAT SPECTwas performed at on-medication
and on-stimulation state to acquire the best image quality. The en-
rolled patients were not taking any medicine that potentially
changes the DAT SPECT finding such as cocaine, amphetamine,
ephedrine, modafinil, or adrenergic agonists.37 The patients were
under levodopa treatment that does not influence the finding of
DAT SPECT.38 However, it has not been investigated whether
DBS stimulation can influence the DAT SPECTor not. In our study,
we observed that DAT SPECT (performed on-medication and
on-stimulation state) was more predictive of the symptom laterality
at off-medication and off-stimulation state than that at on-
medication and on-stimulation state, especially at 12 months after
DBS (Figs. 3C, F). This result indicates that DAT SPECT may
not be affected by DBS stimulation because DBS stimulation was
applied asymmetrically to adjust the symptom asymmetry.

There has not been a study that assessed whether laterality is
altered after bilateral DBS. A recent study showed alteration of
laterality after unilateral DBS in patients with highly asymmetric
symptom.16 In our study, we found that more than half of the pa-
tients experienced altered laterality after DBS. The altered laterality
on DAT SPECT could be caused by (1) asymmetric preservation of
dopaminergic neurons by DBS, (2) asymmetric progression of do-
paminergic neuron after DBS, and (3) direct effect of the stimula-
tion. We assume it was not caused by the direct effect of the
stimulation because DAT laterality index (obtained on-stimulation)
showed correlation with not only on-stimulation symptom laterality
index but also off-stimulation symptom laterality index. Currently,
we are not sure if the altered laterality is caused by asymmetric neu-
roprotection or neurodegeneration because we do not have the
matched control group. However, there have been preclinical stud-
ies that support the notion of the neuroprotective effects of DBS. In
a study using anMPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine)–
inducedmonkey model of PD, DBS reduced beta oscillation, which
is related to the abnormally enhanced synchronized output.39 Piallat
et al40 reported that subthalamic lesion provides neuroprotection in
the rat model of PD. Temel et al41 also reported that the silencing of
the hyperactive STN byDBS could enhance the survival of dopami-
nergic neurons in the rat model of PD. However, in a clinical study
using DAT SPECT, DAT binding in striatum was similarly decreased
in the DBS group compared with the nonoperated group.42 Thus,
further large-scale study is warranted to evaluate the neuroprotec-
tive effects of DBS using DAT SPECTwith proper control group.

The limitation of this study includes the small number of en-
rolled patients especially at 12 months after DBS. However, there
has not been a study that evaluates the possibility of DAT SPECT
for evaluation of the laterality at multiple time points after DBS.
The wide range of disease duration of the enrolled patients could
be one of the limitations for statistical analysis. However, we did

not consider this as a confounder, because the assessed symptom
laterality and DAT SPECT laterality were normalized variables in
each patient (using values from the left and right sides). Also,
DAT SPECTwas performed only on-stimulation state to obtain bet-
ter image quality. Thus, it is hard to exclude the effect of the stimu-
lation in the DAT image. However, interestingly, DAT laterality
index waswell correlated to the symptom laterality index regardless
of the states (on/off-medication, on/off-stimulation). Further studies
are warranted to evaluate the clinical significance and utility of the
laterality assessed by DAT SPECT after DBS.

CONCLUSIONS
We found that the laterality could be changed after DBS,

which was assessed both by symptom laterality index and DAT
laterality index. Furthermore, symptom laterality and DAT laterality
showed significant association before and after DBS. This finding
could be further utilized for fine tuning of the DBS programming
for precise management of the PD lateralized symptoms before
and after DBS.
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