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Abstract
Patients with Parkinson’s Disease (PD) treated with Deep Brain 
Stimulation (DBS) typically reduce anti-PD medication use by 
25-50% within 6 months of device placement, but whether the 
reduction is maintained long-term is less clear. We performed a 
medical record review of 18 patients with PD treated with DBS and 
18 matched control patients treated with medications alone and 
compared their patterns of medication use. Dose and frequency 
were extracted from each progress note and converted to levodopa 
equivalent daily dose and cost. Participants were 20 men and 16 
women, with an average age of 63.5 years and 12.9 years since 
the initial diagnosis of PD. Before initiation of DBS therapy, average 
daily medication dose increased by 61 levodopa equivalents per 
year; after implantation, daily dose decreased by 170 levodopa 
equivalents per year (p=0.0172). Annual cost associated with 
medical management of PD averaged $6661 ± 3894, which 
decreased by $2.93/day after implantation (p=0.0199).  Our results 
demonstrate that reductions in anti-PD medication use continue for 
at least three years after DBS initiation, and generate significant 
cost savings.

Keywords
Clinical neurology, Movement disorders, Surgery/stimulation, Cost 
effectiveness research, Parkinson’s disease/Parkinsonism

Abbreviations
DBS: Deep Brain Stimulation, IRB: Institutional Review Board, 
LEDD: Levodopa Equivalent Daily Dose, MED: Control Group 
(standard medical therapy), PD: Parkinson’s Disease, STN: 
Subthalamic Nucleus, TDD: Total Daily Dose of PD Medication, 
USD: United States Dollar, UPDRS: Unified Parkinson’s Disease 
Rating Scale

Introduction
Several classes of medication effectively treat the symptoms of 

Parkinson’s disease (PD), including levodopa, dopamine agonists, 
catechol-O-methyl transferase inhibitors, and monoamine oxidase 
type B inhibitors, [1] but long-term use can cause motor fluctuations, 
dyskinesias and impulse control disorders. Despite optimal 
management, levodopa-associated motor complications develop in 
50-75% of patients within seven years of diagnosis [2]. Clinical use 
of deep brain stimulation (DBS) has dramatically expanded since its 
approval in 1995.  The therapy dramatically reduces motor symptoms 
[3] and patients can expect to reduce their daily dose of anti-PD 
medications by 25-50% within six months [1,4]. The longer-term 
patterns of medication use associated with adjunctive DBS are less 
clear.  Reduction in total daily dose, if maintained, could potentially 
enhance quality of life and lessen the economic burden of the 
disease.  We sought to determine whether reduction in medication 
dosages is sustained long-term, and to compare the rates of change in 
medication dose (and associated cost) before and after starting DBS.

Materials and Methods
Participants

With approval from the Vanderbilt IRB, a retrospective analysis 
of 36 patients was conducted. Billing and coding records from the 
Movement Disorders Clinic were queried for patients with idiopathic 
PD who had undergone bilateral DBS lead placement within the 
sub thalamic nucleus (STN; DBS+MED group, 18 patients), and 
age- and gender-matched PD patients who had not undergone DBS 
implantation (MED group, 18 patients).  Exclusion criteria for both 
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groups were clinical trial participation, previous surgical intervention 
for PD, or less than two clinic visits after implantation. A waiver of 
written informed consent was granted by the institutional IRB.

Data extraction

Our center uses an electronic medical record which includes all 
hospital and clinic records since 1991. Pre-1991 medical records are 
stored on campus in paper form, but we did not request these records 
because the first DBS surgery at Vanderbilt was not until 1995, and 
four years of pre-DBS medication data was felt to be satisfactory.

For each patient, trained research assistants reviewed physician 
and nurse notes associated with every visit to the Movement Disorders 
clinic and hospitalization, and extracted dose and frequency of each 
anti-PD medication. For DBS patients, device settings (amplitude, 
pulse width, and frequency) were also recorded. In the event that 
the dose of medication actually being used (as documented in clinic 
progress notes) differed from the dose prescribed by the physician, 
actual medication dose was used.

Statistical analysis

The levodopa Equivalent Daily Dose (LEDD) was calculated from 
Total Daily Doses (TDD) of the available PD medications using the 
following accepted formula:

LEDD=TDD(levodopa)+25×TDD(rot ig i t ine)+100×TDD 
(pramipexole)+20×TDD(ropinirole)+0.5×TDD(amantadine)[4-6].

This value was multiplied by 1.15 if the patient took entacapone 
or selegiline because these agents act by sustaining or increasing 
plasma levels of levodopa [7]. For both study arms, patient age at 
first prescription of any anti-PD medication was used as a marker 
for disease onset because both patient report of symptoms onset and 
diagnosis itself proved unreliable and frequently unavailable. This 
allowed selection of control (MED) patients who were matched by 
disease duration. The duration of time between diagnosis and DBS 
surgery in the DBS+MED group was used to estimate a theoretical 
date on which control group patients would have received DBS if they 
had chosen to do so or been eligible (“date of DBS”).

A random coefficient model, which falls into the more general 
class of mixed effects models, was used to estimate and compare rates 
of medication increase. This model included a systematic component 
modeling the mean trajectory for each group, and a random component 
(the random coefficients) modeling how each patient’s trajectory varied 
about the group mean trajectory. To ensure reliable statistical estimation 
of the trajectory before “date of DBS”, when the two groups did not differ 
in their trajectories, we pooled visits from both groups to estimate a 
single trajectory. Each model included LEDD as the outcome variable, 
fixed effects group (DBS+MED, MED), and three linear variables 
indicating linear trajectories before and after “date of DBS” (both groups 
before, DBS group after, MED group after). In addition, to account 
for correlations of repeated measurements from the same patient, we 
included random time and intercept effects for each patient. To separate 
out acute symptomatic effects of surgery, data was analyzed starting six 
months after implantation. LEDD values of 0 were assumed to represent 
temporarily holding of PD medications for detailed evaluation or 
preoperative assessment, and were excluded. To improve accuracy of 
the results, we used the Kenward-Rogers adjusted degrees of freedom 
solution for statistical inference, an approach specifically proposed for 
small sample settings [8].

To characterize change in DBS parameters over time, a linear 
regression model including pulse width, amplitude and frequency 
was fitted for each patient. The slope of the model estimates parameter 
annual rates of change, which were compared with the Wilcoxon 
signed rank test.

Wholesale medication costs were taken from the 2008 edition of 
the Red Book of Pharmaceutical Costs. This was necessary because 
several patients had received transdermal rotigitine, which was briefly 
available in 2008. For medications that were available in both branded 
and generic formulations, the cost of the generic was used.  When 

multiple generic formulations were available, the least expensive 
option was used. Per-pill cost was multiplied by the daily frequency 
of that medication for each clinic visit, and the random coefficient 
model was used with average cost as the outcome variable.

Results
The records of 186 patients were reviewed to enroll 36 participants 

(18 in each arm). The participants were 20 men and 16 women with 
an average age of 63.5 years and disease duration of 12.9 years (Table 
1). The average duration of clinic follow-up across all participants 
was 12.08 ± 6.24 years and there were no differences in baseline 
characteristics between groups. Patients in the DBS+MED arm were 
followed an average of 2.83 ± 1.2 years since device implantation.

Figure 1 demonstrates the change in medication use for the 
two study groups. Before surgery, the rate of change was similar 
between groups (p=0.2419), averaging an increase of 61 levodopa 
equivalents per year (Table 2). The average daily dose at the time of 

         

Figure 1: Change in Levodopa Equivalent Daily Dose (LEDD) compared 
between patients treated with anti-PD medications alone (MED) versus 
medications with adjunctive DBS (DBS + MED)

Table 1: Patient demographic information and clinical characteristics

MED only
(Mean ± SD)

DBS + MED
(Mean ± SD)

Number of patients 18 18

Male gender (%) 44 44

Age (years) 65.2 ± 8.6 61.8 ± 8.2

Age at onset (years) 51.0 ± 9.1 49.8 ± 8.5

Disease duration (years) 14.0 ± 6.4 11.7 ± 5.9

Time since DBS implant (years) 2.83 ± 1.2

LEDD at time of implant 1041.4 ± 617.1

Cost per day at time of implant (USD*) 18.3 ± 10.7

*USD: United States Dollars

Table 2: Estimated rate of change per year for MED and DBS + MED groups.  

 
Before DBS

(Estimate (SE))

After DBS

(Estimate (SE))

P-value*

 
LEDD:
     MED only 61.14 (54.07) 93.48 (45.94) 0.6642
     DBS + MED 61.14 (54.07) -170.34 (62.74) 0.0172
Average daily cost in US dollars:
     MED only 1.34 (0.90) 1.39 (0.92) 0.9662
     DBS + MED 1.34 (0.90) -2.93 (1.38) 0.0199

Annual rate of changes and their standard errors are estimated based on the 
Mixed Effects model described in the Statistical Analysis section, and p-values 
are for testing the null hypothesis that the estimated rates are the same before 
and after “date of DBS.”  For MED patients, the “date of DBS” represents the 
date at which they would have DBS, based on the timing of surgical intervention 
in their DBS + MED group counterparts.
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may specifically request device adjustment rather than a change in 
medication out of concern for high medication costs, side effects, or 
the impracticality of taking a medication dosed multiple times per 
day. Finally, the continued widening of the gap between DBS and 
standard therapy groups could be explained by a potential disease-
modifying effect, such as stabilization of motor symptoms or delay 
of motor fluctuations [9]. To date, no prospective clinical trials have 
attempted to test this theory, but studies in animal models [10,11] 
and humans [12] have yielded intriguing results.

There are several important limitations to this study. First, we were 
not able to obtain data on medication brands used by individualized 
patients, and we did not consider the effects of inflation in our analysis, 
instead using least expensive 2008 generic prices for all calculations. 
While this simplification changes our numbers, it presumably affects 
all data equally and would not change the significance of our findings. 
Second, we could not exclude patients with presentations that would 
have made DBS relatively contraindicated (e.g., predominantly axial 
symptoms, prominent neuropsychiatric features, or suboptimal 
response to levodopa), because these findings were inconsistently 
documented and our center did not routinely perform standardized 
rating scales (such as UPDRS) during the period of interest.  If the 
control arm did include a disproportionate number of these patients, 
marked differences in baseline characteristics would be present 
(including baseline pattern of medication utilization). Encouragingly, 
we compared baseline characteristics and medication use between the 
two study groups before DBS implantation and found no differences 
in rate of dose increase or cost. The final limitation is the small sample 
size, and we acknowledge the need for replication of these results. 
That our data achieved statistical significance despite the small sample 
underscores the dramatic treatment effect.

Our results demonstrate an immediate reduction in total 
medication dose and cost associated with initiation of STN DBS, 
and also that this benefit continues for several years. The degree and 
duration of medication reduction is important, because large and 
frequent doses of levodopa are associated with earlier onset of severe 
motor fluctuations and greater disability. These findings may also be 
relevant to target selection, as sub thalamic and pallidal stimulation 
have similar efficacy and risk profiles, but STN stimulation results in 
greater medication reduction [13]. It is important to note that surgery 
itself is expensive, and likely not entirely offset by reduced medication 
costs. However, even partially offset costs may be welcome for some 
patients who need DBS but are already facing other economic 
hardships from their PD, such as loss of employment and reliance 
on paid caregivers. Perhaps more important than cost, the ability to 
meaningfully reduce total medication dose for years may delay or 
reduce complications of therapy, in turn providing a higher quality 
of life, less economic burden, and improved treatment compliance. 
This study is small and exploratory, and should be confirmed in a 
larger retrospective analysis making use of electronic medical record 
technology, or prospectively, as a secondary endpoint in a large 
randomized controlled trial.
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DBS implantation was 1041.4 units. Overall medication dosages were 
reduced immediately following device programming and continued 
to decline, by an average of 170 units per year (p=0.0172). In contrast, 
patients in the MED-only arm required progressively higher doses 
of medications (average annual increase of 93 units after theoretical 
“date of DBS”, p=0.6642) for symptom control.

The annual cost of anti-PD medication in patients at the time 
of DBS implantation was $6661 ± 3894 (Table 2).  Before initiation 
of DBS, the daily cost was similar between groups and increased 
by an average of $1.34 per year (Figure 2). In patients who did not 
receive DBS, daily cost continued to increase by a similar rate ($1.39, 
p=0.9662). In patients who chose to receive DBS, the daily cost after 
implantation decreased by an average of $2.93 per year (p=0.0199).

Device stimulation parameters are presented in Table 3. Briefly, 
the mean amplitude was 1.41V which increased by an average of 0.76 
per year. The mean frequency was 135.74 Hz and increased by 7.42 
Hz annually. The mean pulse width was 66.89µs and increased by 
6.34µs annually.

Discussion
We analyzed patterns of long-term medication use in PD patients 

treated with deep brain stimulation in addition to standard medical 
therapy, and compared them to patients on medication alone. STN 
DBS resulted in a significant decrease in medication use, and not only 
was that benefit sustained long-term, but in fact, the gap between the 
groups continued to widen while the therapy was continued.  Patients 
who received DBS also paid significantly less for medications at six 
months and these cost benefits were similarly compounded over time.  

Although a rapid reduction in medication dose has been 
documented [1,4], the continued divergence between the groups 
was unforeseen. We suggest several possible explanations. First 
and foremost, the complications associated with high doses of 
PD medications are common and disabling. When treatment 
adjustments are needed, many clinicians prefer to up titrate 
stimulation parameters rather than medication dose to avoid these 
complications. In addition, the clinical effect of stimulation itself is 
immediately evident and the side effects are mild and resolve after 
adjustment of device settings, so physicians have the ability to assess 
the patient’s response to several “doses” within a single clinic visit, 
whereas a similar approach to medication titration would take 
several months. This is occasionally reinforced by patients, who 

         

Figure 2: Change in daily cost of medication use compared between 
patients treated with anti-PD medications alone (MED) or medications with 
adjunctive DBS (DBS + MED)

Parameter Mean Setting Standard Deviation Mean Annual Change Standard Deviation of Change Minimum Change Maximum Change
Amplitude (V) 1.41 0.75 0.76 1.08 -0.12 5.79
Frequency (Hz) 135.74 44.13 7.42 19.97 -4.5 101.81
Pulse Width (µs) 66.89 26.87 6.34 12.50 -5.35 54.09

Table 3: Estimated annual change in STN stimulation parameters. 
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