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ABSTRACT

AIM: To investigate the effect of preoperative levodopa responsiveness to clinical outcomes in the first postoperative year, and to 
evaluate the changes in the postoperative levodopa responsiveness in patients undergoing subthalamic nucleus (STN) deep brain 
stimulation (DBS).  
MATERIAL and METHODS: Forty-nine Parkinson’s Disease (PD) patients undergoing bilateral DBS of the STN were included in 
this study. Their clinical motor symptoms were assessed preoperatively by UPDRS Part III score in both OFF and ON medication 
states. Postoperatively, the assessments were obtained in three consecutive conditions. Preoperatively and postoperatively, the 
percentage difference between these two scores was evaluated as levodopa response. 
RESULTS: Mean age was 54.6 ± 9 years (27–70). Levodopa response significantly decreased postoperatively by 56% a year. 
Compared with preoperative med on and postoperative stim on / med on scores, the clinical results of the first year were obtained 
and an improvement of 25% on the UPDRS 3 score was observed. Compared with preoperative levodopa response and clinical 
outcomes, better clinical results were obtained in patients with higher preoperative levodopa response (p<0.05).
CONCLUSION: In this study, we confirm that the response of L-dopa decreases after DBS of the STN. The reasons for this finding 
are not clear. However, DBS of the STN allows for the reduction of PD medications and improvement of daily life activities, motor 
function, motor fluctuations, and dyskinesia. 
KEYWORDS: Parkinson’s disease, Deep brain stimulation, Levodopa response, Subthalamic nucleus

ABBREVIATIONS: CT: Computed tomography, DBS: Deep brain stimulation, LEDD: Leva-Dopa daily dosage, MER: Microelectrode 
recording, MMT: Mini mental test, MR: Magnetic resonance, MRI: Magnetic resonance imaging, SNr: Substantia nigra pars 
reticulata, STN: Subthalamic nucleus, PD: Parkinson’s disease, UPDRS: Unified Parkinson’s disease rating scale
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allows for controlling motor symptoms of PD for 5 to 10 years 
on average. However, motor fluctuations and dyskinesia are 
the main problems in the majority of patients in the moderate-
to-advanced stages of the disease (23,24). Subthalamic 
nucleus (STN) deep brain stimulation (DBS) has been an 

█   INTRODUCTION

Parkinson’s disease (PD) results from dopaminergic 
deficiency and the primary treatment of PD is dopamine 
replacement therapy. Dopamine agonists and levodopa 
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effective surgical method used in mid- to advanced-stage 
Parkinson’s disease for nearly three decades. Despite the 
debate over its mechanisms of action, STN DBS, like the 
dopaminergic therapy, is suggested to relieve the symptoms 
of PD by regulating the rate of discharge of the basal ganglia 
output nucleus (2,4,11). In parallel, STN DBS has gained 
wide recognition that the preoperative level of the levodopa 
responsiveness predicts the degree of response to STN-DBS 
in PD (20). An important criterion for the success of DBS is the 
selection of patients fit for this mode of treatment. A favorable 
response to levodopa; which is a preoperative reduction by no 
less than 25% in the UPDRS-III motor scores from an “off”-
medication state to “on”-medication, is still regarded as one 
of the most important criteria in determining the suitability of a 
patient for STN-DBS (17,18,28). Nevertheless; in some recent 
publications, it has been shown that the degree of preoperative 
L-dopa response does not predict long-term outcomes of 
STN-DBS (20) with case reports indicating that some patients 
respond to STN-DBS even though there was not a previous 
response to L-dopa preoperatively (29). While being effective 
in PD, the effects of STN-DBS on the postoperative levodopa 
responsiveness have not been established clearly. It has 
been reported in some studies that there is a marked loss of 
levodopa response in the postoperative period; however, a 
clarified rationale has not been suggested (15,21). Along with 
the clinical outcomes achieved in the first year after STN DBS; 
our study aimed to investigate the effects of the preoperative 
levodopa responsiveness on the clinical outcomes observed 
in the postoperative one-year and to evaluate the changes in 
the postoperative levodopa responsiveness.

█   MATERIAL and METHODS
The PD patients, who underwent STN-DBS from October 
2011 to December 2015 in the DBS center of Ondokuz 
Mayıs University, were included in the study. The data were 
obtained from the patients at the end of a one-year follow-
up. The clinical motor symptoms during the preoperative year 
before STN-DBS and those in the postoperative year were 
evaluated with the United Parkinson’s Disease Rating Scale 
(UPDRS) Part III scores. Preoperatively and postoperatively, 
the “off”-medication state was examined at least 12 hours 
after the discontinuation of antidopaminergic treatments. The 
“on”-medication state was examined after administering a 
1.5-fold dose of levodopa in the morning. Three consecutive 
examinations were postoperatively carried out depending on 
whether stimulation was on or off (Medication Off-Stimulation 
Off, Medication Off-Stimulation On, and Medication On-
Stimulation On). The percentage differences from the “off”-
state to the “on”-state in the UPDRS III scores between the 
preoperative and postoperative periods were calculated and 
accepted as the levodopa response under the influence of 
stimulation. The percentage difference between med on and 
med off scores in the preoperative period and the percentage 
difference between Med On/Stim On and Med off/Stim On 
scores in the postoperative period were accepted as levodopa 
response. The clinical response to DBS was calculated 
according to the percentage of the difference between 
the preoperative “on”-medication and the postoperative 

“medication on-stimulation on” examination scores. The 
doses of PD medications were adjusted at each visit and 
converted to the L-dopa equivalent daily dose (LEDD). Also, 
all patients were subjected to Hoehn Yahr, Schwab England, 
Beck, and Mini-Mental tests both in the preoperative and 
postoperative periods. 

Dopamine agonists and L-dopa medications were discontin-
ued 12 hours before the operation in all patients after taper-
ing them down for one week and three days, respectively, 
before the operation. Using 1.5 Tesla and 3-Tesla MRI (Sie-
mens, 1.5-Tesla MR Scanner, Erlangen, Germany) scanners, 
T2-weighted axial brain MRI with a section thickness of 2 mm 
and a single-dose contrast-enhanced T1-weighted axial brain 
MRI with a section thickness of 1 mm were taken in all patients 
1-3 days before the operation. The dorsolateral region of the 
STN (motor STN) was targeted on these images at the plan-
ning station by the combination of both the indirect and direct 
targeting methods (Framelink-5, Medtronic, and Minneapolis, 
USA). Then, the tracks were determined; through which the 
target point was aimed. Evaluating the location of sulci and 
arterial structures on the track, the number of microelectrodes 
to be placed and that of the microelectrode recordings (MER) 
to be performed during the operation were noted. Following 
the application of stereotactic frames to all patients under 
local anesthesia, CT scans of the patients were taken at 
1-mm intervals in the morning of the operation. MR-CT image 
fusion was performed at the planning station and the coordi-
nates were retrieved. The operations were performed under 
local anesthesia in the majority of the patients. The operation 
started in all patients contralateral to the PD-dominant side. In 
patients; who fail to describe a dominant side, the operation 
started contralateral to the side of hand dominance. A com-
bination of intraoperative MER and macro-stimulation was 
used intra-operatively in all patients. In the patients operated 
under general anesthesia, the doses of anesthetic agents 
were reduced 10 minutes before the MER and possible side 
effects were tested by macro-stimulation. After inserting the 
permanent electrodes, T2-weighted brain MR or CT images at 
2-mm intervals were taken to look for a possible intracranial 
pathology (contusion, hematoma, etc.) or check the position 
of the electrode. The location of the permanent electrode was 
confirmed through the image fusion of the postoperative MR 
or CT images with the preoperative MR images at the plannig 
station. Preceded by this imaging state; in the second stage 
of the surgery under general anesthesia, the permanent elec-
trodes were connected with extension wires to a neurostimu-
lator placed subcutaneously under the clavicle. 

The statistical tests included the Wilcoxon test for the com-
parison of non-parametric data (preoperative/postoperative 
UPDRS scores), the t-test for the comparison of parametric 
values (preoperative-postoperative LEDD), and the linear 
regression analysis for testing whether the improvement in 
L-dopa response and UPDRS-III would predict a postoper-
ative benefit.

█   RESULTS
The 49 patients included in the study were at a mean age of 



  3 Turk Neurosurg, 2020 | 3

Kocabicak E. et al: Effects of DBS of the STN on the Postop L-Dopa Response

54.6 ± 9 years (from 27 to 70 years). Of these patients, 29 
were men and 20 were women. 70% (n=34) of the patients 
had tremor dominant PD while 30% (n=15) had non-tremor 
dominant PD. The time elapsed from the diagnosis to surgery 
was 9.5 years on average and the mean follow-up period 
was 1.1 years. The comparison between the preoperative 
and postoperative scores revealed the clinical outcomes 
in the first year, demonstrating an improvement by 27% 
in the UPDRS III scores (stimulation on-medication on/
medication on). Despite the possible disease progression, 
the mean postoperative motor score of UPDRS III (med 
on/stim on) was found to be significantly lower than the 
preoperative score (med on) (p<0.05). UPDRS III scores of 
the preoperative and postoperative period are presented in 
Table I. While preoperative LEDD was 1.260 ± 525.1 mg, it 
was found to be 625.9 ± 562.5 mg postoperatively; showing 
a statistically significant reduction by 47% (p<0.01). There 
was not a correlation between the L-dopa responsiveness 
and postoperative LEDD reduction. The levodopa response 
significantly decreased by 56% in the first postoperative 
year (Table II). When the preoperative levodopa response 
and clinical outcomes were compared, it was observed that 
better clinical outcomes were achieved in the patients with 
higher preoperative levodopa responsiveness (p<0.01). The 

difference between the preoperative and postoperative scores 
of neither MMT nor Beck depression scale were not found to 
be statistically significant; whereas, a significant improvement 
was observed in Hoehn Yahr and Schwab England scores 
(Table III). For MER, a total of 285 microelectrodes were 
implanted. The ratio of permanent electrodes inserted in 
the central track was 71% on the first side and 56% on the 
second side. In total, 97 permanent electrodes were implanted 
(49 on the first side, 48 on the second side). All patients were 
operated bilaterally excluding one patient. Local or general 
anesthesia was used for applying DBS in 46 and 3 patients, 
respectively. One patient developed hemorrhage which did 
not require surgery and did not leave permanent sequelae in 
the early postoperative period. No irreversible complications 
developed in the preoperative or postoperative period in the 
patients who underwent DBS (Table IV).

█   DISCUSSION
In this study, we evaluated the one-year data of 49 patients 
who were applied STN-DBS in our center and observed a 
strong correlation between the degree of preoperative motor 
responsiveness to L-dopa and the effectiveness of STN-DBS. 
Based on our data, the degree of L-dopa responsiveness in 
PD patients predicted the clinical effectiveness of STN-DBS 
in the first year. In the literature, there are studies that similarly 
showed better clinical outcomes in the early post-DBS period 
in patients with high preoperative levodopa responsiveness 
(1,5). A five-year study conducted by Piboolnurak et al. found no 
correlation between the preoperative L-dopa responsiveness 
and the third and fifth-year outcomes of STN-DBS. That 
study argued that the preoperative L-dopa responsiveness 
did not predict the postoperative long-term outcomes of DBS 
because of the involvement of a mechanism excluding the 
nigrostriatal dopaminergic pathway (20). Thus; although the 
L-dopa responsiveness is a good indicator showing that the 
patient has idiopathic PD, the degree of response may not 
predict the outcome of STN-DBS in the long term.

Another important finding of our study is the marked decrease 
in levodopa responsiveness in the post-DBS period. Levodopa 

Table I: UPDRS III Scores Before and After Surgery

Preop Postop 1 year

Med Off Med On Stim Off
Med Off

Stim On
Med Off

Stim On
Med On

49.1 20.7 48.7 19.7 15.1

Table II: Levodopa Dosage and Response

Preop Postop 1 year Reduction

LEDD (mg) 1260 660 47.6%

LED Response (%) 56.4 24.4 56%

Table III: The Other Clinical Tests

H&Y
(Preop)

H&Y
(Postop)

SCH-ENG
(Preop)

SCH-ENG
(Postop)

MMSE
(Preop)

MMSE
(Postop)

Beck
(Preop)

Beck
(Postop)

3.2 2.3  44/100 72/100 29.2 28.7 7.9  7.7

p<0.01 p<0.01 p>0.05 p>0.05 

Table IV: Intraoperative and Postoperative Adverse Effects

                                                  Intraop 
 n (%)

Postop
n (%)

Intracranial hemorrhage
Seizure
Death
Local infection
Syncope
Speech disorder
Gait weight
Hypomania
Impulse control disorder
Psychosis
Paresthesia

 - 
 - 
 - 
 - 

2 (3.8)
2 (3.8)

 - 
 - 
 - 
 - 

6 (11.5) 

1 (1.9)
-
-

2 (3.8)
1 (1.9)
2 (3.8)
4 (7.6)
2 (3.8)
1 (1.9)
2 (3.8)
2 (3.8)
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and did not leave sequelae. Temel et al. found no differences 
between single and multiple microelectrode use in developing 
intracranial hemorrhage (25). In another two-center study of 
ours; 1312 microelectrodes were used in 220 patients and 
symptomatic intracerebral hemorrhage was observed at a rate 
of 1.8% (27).

Local infection developed in two (3.8%) patients and they 
were treated with antibiotics. The infection did not require the 
DBS system to be removed. The most frequent and feared 
complication in DBS is the infection, and a meta-analysis on 
34 studies in the literature found an infection rate of 1.6% 
(10). In our series, hypomania in two patients and psychosis 
in two patients developed in the early postoperative period. 
The symptoms of these patients were kept under control with 
psychiatric medical treatment and by altering the stimulation 
settings. One of the most frequent postoperative complications 
occurring after STN-DBS is early hypomania and psychosis. 
Hence, vigilance is required in the early postoperative period 
and patients should be followed up closely.

█   CONCLUSION
The responsiveness to L-dopa in our study decreased after 
applying STN-DBS; however, the reasons for this finding have 
not been clarified. However, STN-DBS allows for the reduction 
in the doses of PD drugs and improves the activities of daily 
living, motor function, motor fluctuations, and dyskinesia. 
While the benefits of medication decline over time, the benefits 
of DBS in motor scores in stim “on”/med “on” states sustain 
significantly in the first year.
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