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CHAPTER 5

Stimulation challenge test after 
STN DBS improves satisfaction in 
Parkinson’s Disease patients



Abstract

Objective 

Although subthalamic Deep Brain Stimulation (STN DBS) is proven effective in improving 

symptoms of Parkinson’s Disease (PD), previous literature demonstrates a discrepancy 

between objective improvement and patients’ perception thereof. We aimed to examine 

whether postoperative stimulation challenge tests (SCT) alters patients’ satisfaction after 

STN DBS for PD.

Methods 

Fifty-four PD patients underwent preoperative levodopa challenge tests and were routinely 

invited for SCT 1-2 years postoperatively. SEverity of predominantly Nondopaminergic 

Symptoms in PD (SENS-PD) scores quantified non-dopaminergic disease severity. Motor 

functioning was quantified using Movement Disorders Society Unified Parkinson’s Disease 

Rating Scale (MDS-UPDRS) III scores; a ratio between conditions ON and OFF (preoperative 

Med-ON vs. Med-OFF, and postoperative Med-ON/Stim-ON vs. Med-OFF/Stim-OFF ) reflected 

treatment benefit. ‘Global Impression of Change’ (GIC) and ‘Global Satisfaction with Surgery’ 

(GSS) Likert scales were filled out before and immediately after SCT.

Results 

Postoperative Med-ON/Stim-ON severity was lower than preoperative ON severity. Disease 

severity scores were not different between assessments. GIC and GSS scores were higher after 

SCT versus before (GIC: Z=-3.80, r=0.37, subjects indicating maximum scores before SCT: 32.1%, 

after SCT: 57.1%; GSS: Z=-3.69, r=0.35, maximum scores before SCT: 25.0%, after SCT: 46.4%). 

Higher non-dopaminergic disease severity was associated with lower GIC and GSS scores 

(GIC: OR 1.2 (95%CI 1.0 – 1.3); GSS: OR 1.2 (95%CI 1.1 – 1.3), while motor-scores and magnitude of 

DBS-effects were not.

Conclusion 

SCT improves patients’ satisfaction and is recommended especially in case of suboptimal 

subjective valuations. This information should be considered in clinical practice and in the 

context of clinical trials. 
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Introduction

Subthalamic Deep Brain Stimulation (STN DBS) is an effective treatment for patients with 

Parkinson’s Disease (PD) with motor complications refractory to medication. STN DBS yields 

an average motor improvement of approximately 40%, and reduces medication requirements 

by approximately 50%.1 However, previous literature demonstrates a discrepancy between 

objective improvement and patients’ perception thereof,2 with several patients reporting 

mixed or negative valuations in terms of postoperative satisfaction.2, 3 

Many centres perform a stimulation challenge test (SCT) during DBS follow-up to evaluate 

the benefit of either STN DBS alone or combined with medication, compared to the benefit 

provided by medication alone. This procedure is considered a standard quality check to 

verify efficacy of STN DBS against the benchmark of levodopa response, and identify poor 

responders.4, 5 However, this test is time-consuming and bothersome for some patients. 

Hence, SCTs are sometimes performed only when clinically indicated, in case of suboptimal 

responses or complex side-effects.

We hypothesized that, in addition to the above-mentioned benefits, switching the stimulator 

OFF after overnight withdrawal from dopaminergic medication makes patients more aware 

of the severity of their motor symptoms in a practically defined OFF-state and allows them to 

compare this directly to their motor functioning during the ON-state afterwards. 

The aim of this study was to examine whether postoperative ON-OFF testing alters patients’ 

perceived impression of DBS effects and improves satisfaction after surgery. 

Methods

Study participants

Seventy-four consecutive patients who underwent STN DBS surgery between September 2015 and 

April 2019 at the Leiden University Medical Centre / HAGA Teaching Hospital received routine 

preoperative levodopa challenge tests and were invited for a SCT 1-2 years postoperatively in the 

context of routine follow-up examinations. A formal ethical evaluation was waived by the local 

medical ethics committee as all data originated from standard clinical procedures. 

Outcome measures

PD patients were examined after overnight withdrawal from dopaminergic medication in the 

following sequence: (1) Stimulation ‘ON’ (Stim-ON) / Medication ‘OFF’ (Med-OFF), (2) Stim-
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OFF/Med-OFF, (3) Stim-ON/Med-ON, (4) Stim-OFF/Med-ON. After the Med-OFF conditions, 

patients were given a supra-threshold dosage (dispersible Levodopa/Benserazide) of 120% 

of the morning levodopa equivalent dose. Between conditions (1) and (2), and between (3) 

and (4), 15 minutes were provided to adjust to the altered settings; 60 minutes were required 

between conditions (2) and (3) to ensure maximum medication benefit. 

The Movement Disorders Society Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) III 

scores were used to quantify motor functioning.6 A ratio between conditions ON and OFF (i.e. 

preoperative Med-ON vs. Med-OFF, and postoperative Med-ON/Stim-ON vs. Med-OFF/Stim-

OFF) was used to reflect treatment benefit. The SEverity of predominantly Nondopaminergic 

Symptoms in PD (SENS-PD) scale 7 was used to assess nondopaminergic disease severity during 

Stim-ON/Med-ON. The SENS-PD scale is a composite score comprising six predominantly non-

dopaminergic domains: postural instability and gait difficulty (PIGD), psychotic symptoms, 

excessive daytime sleepiness, autonomic dysfunction, cognitive impairment, and depressive 

symptoms. This scale, validated for PD patients, includes symptoms typically unresponsive 

to dopaminergic medication and may more accurately reflect progression of an underlying 

disease-mechanism than dopamine-sensitive measures,8 particularly in PD patients sensitive 

to motor-fluctuations such as the DBS population. Higher scores on all scales indicate greater 

impairment.

Four weeks prior to testing, patients filled out two 7-point Likert scales at home: ‘Global 

impression of change’ (GIC) ranging from ‘symptoms worsened a lot’ to ‘symptoms improved 

a lot’, and ‘Global satisfaction with surgery’ (GSS) ranging from ‘very dissatisfied’ to ‘very 

satisfied’. Both Likert scales were filled out again immediately after the SCT. 

Statistical analysis

Symptom severity scores before and after DBS were compared using Repeated Measures 

General Linear Models. Responses in GIC and GSS were compared before and after SCT using 

Wilcoxon signed rank tests. Wilcoxon test statistics were approximated towards a standard 

normal distribution to give a standardized Z statistic, which was subsequently divided by the 

square root of the sample size to provide an effect size. The critical cut-off for Z statistics for 

α=0.05 is 1.96, and for α=0.01 is 2.58. The effect of symptom severity (either MDS-UPDRS III or 

SENS-PD scores) on GIC and GSS response was assessed using ordinal regression (Polytomous 

Universal Models); responses were pooled on three levels for analytic purposes (0=very 

satisfied / a lot improved (i.e. optimal responses), 1=satisfied / improved, 2=slightly satisfied 

/ slightly improved or lower scores). The assumption of proportional odds was confirmed 

by checking the individual multinomial logistic regression coefficients. All analyses were 

performed using IBM SPSS 25 Software (SPSS Inc., Chicago, Illinois, USA). De-identified data 

may be shared upon request.
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Results

Fifty-four patients (32% female, mean ± SD age 62.7 ± 7.8 years) were included. Reasons for 

exclusion were: refusal of the SCT (n=15), forgotten to withdraw dopaminergic medication 

(n=1), patient moved (n=1), previous SCT elsewhere (n=1), severe comorbidity unrelated to 

this study (n=1, malignancy, not invited to participate), and language barrier (n=1). Excluded 

patients were not demographically different.

Postoperative (mean (SD)) Med-ON/Stim-ON scores (17.5 (7.8)) were lower than preoperative 

ON-scores (20.5 (9.3)). DBS markedly reduced MDS-UPDRS-III scores postoperatively (mean 

(SD) Med-OFF/Stim-ON 25.7 (9.1), Med-OFF/Stim-OFF 47.9 (9.6)). MDS-UPDRS-III OFF-severity 

was not different before and after surgery, neither was non-dopaminergic disease severity 

(table 5.1). Both GIC (optimal response (i.e. ‘my symptoms improved a lot’) before SCT: 32%, 

after SCT: 57%) and GSS scores (optimal response (i.e. ‘very satisfied with surgery) before SCT: 

25%, after SCT: 46%) were higher after SCT (GIC: Z=3.80, r=0.37; GSS: Z=3.69, r=0.35) (figure 5.1), 

demonstrating a medium-to-large effect according to Cohen’s Criteria. 

Greater postoperative non-dopaminergic severity was associated with lower GIC and GSS 

scores (GIC: OR (95%CI) 1.2 (1.0 – 1.3); GSS: OR (95%CI) 1.2 (1.1 – 1.3)). Motor severity, either 

Med-OFF/Stim-OFF, Med-ON/Stim-ON, or a ratio reflecting motor improvement produced 

by combined stimulation and medication with respect to postoperative OFF, were not 

associated with GIC and GSS responses after SCT (supplementary table 5.1). 

Table 5.1. Clinical characteristics

Preoperative Postoperative 95%CI of difference c

N 54
Female sex (% (n)) 32 (18)
Age (years) a 62.7 (7.8)
Follow-up (months) a 16.7 (5.5) 

(range 11-28)
MDS-UPDRS-III Med-ON a 
(Med-ON / Stim-ON) b 20.5 (9.3) 17.5 (7.8) 0.2 – 5.7

MDS-UPDRS-III Med-OFF a 
(Med-OFF / Stim-OFF)

45.1 (12.7) 47.9 (9.6) -6.6 – 0.9

MDS-UPDRS-III 
Med-OFF / Stim-ON a 25.7 (9.1) 15.5 – 23.2 d

Ratio MDS-UPDRS-III ON over OFF (Med-ON / Stim-
ON over Med-OFF / Stim-OFF) a, b 0.45 (0.15) 0.37 (0.15) 0.04 – 0.14

SENS-PD a 11.4 (4.6) 12.1 (5.6) -2.3 – 0.7
a mean (SD), b three patients used no medication after DBS, MDS-UPDRS-III scores in the Med-OFF/Stim-ON condition 
were then used. c computed using generalized linear models (repeated measures), d relative to preoperative MDS-UPDRS 
III Med-ON
SENS-PD: SEverity of predominantly Nondopaminergic Symptoms in PD; MDS-UPDRS: Movement Disorders Society 
Unified Parkinson’s Disease Rating Scale
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Discussion

In this study we show that patients are generally satisfied after STN DBS and that satisfaction 

and subjective perception of benefit after surgery increase after a postoperative SCT. These 

results could be driven by a tendency to forget the experienced preoperative motor severity, 

since patients generally no longer experience motor fluctuations to the same degree as 

before surgery. In a previous study, where PD patients were asked to recall their preoperative 

QoL scores six months after surgery, they substantially overestimated their preoperative 

functioning,9 indicating impaired perception of the postoperative improvement due to 

recall bias. Experiencing the OFF condition during the SCT confronts patients with their 

actual motor severity and provides a more accurate perception of their disease severity 

and the relief that DBS has brought. These results may have clinical utility to improve 

patient awareness and thus satisfaction, particularly for patients who consider themselves 

dissatisfied with the results of DBS. Our analyses included patients who reported optimal 

satisfaction and could by definition either remain optimally satisfied after SCT, or regress 

towards a lower level of satisfaction, whereas including only suboptimally satisfied patients 

would have provided even larger effect sizes. 

In the Netherlands, performing SCTs at least once postoperatively (typically around 1-year 

follow-up) is considered routine clinical practice to estimate the magnitude of stimulation-

induced motor benefits and accordingly optimize treatment when needed.10 Our study 

demonstrates clear patient benefits in terms of improved postoperative satisfaction as well, 

and provides further arguments in favour of postoperative SCTs.

Strikingly, the magnitude of motor improvement due to DBS was not correlated to either GIC 

or GSS, indicating that the exact amount of improvement does not influence perception of 

change or satisfaction. This is in line with previous studies 2, 3 that demonstrated no correlation 

between subjective perception of outcome and objective motor improvement. We speculate 

that patients may have different, possibly unrealistic, expectations of DBS surgery, which 

may contribute to perceiving the overall post-operative situation as less satisfactory.3, 11 On 

the opposite, we found that greater non-dopaminergic disease severity correlated with lower 

GSS and GIC scores. Previous literature indicated that non-dopaminergic disease severity is 

mostly unaffected by DBS,12 which is confirmed by our results, and that non-motor symptoms 

are important determinants of quality of life in PD.13 We speculate that the stimulation-

induced relief of severe motor fluctuations shifts patients’ focus to those aspects of the 

disease that are unresponsive to STN DBS. Although this was not systematically investigated, 

several patients indeed reported non-dopaminergic symptoms such as cognitive impairment 

and balance impairments to be more prominent post-surgery. 
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In this study we show, for the first time, that use of a SCT can improve postoperative satisfaction 

in a cohort of consecutive patients. A four-week interval was considered sufficient to ensure 

that patients would not exactly recall their initial responses to GIC and GSS questionnaires. 

Limitations include the substantial number of patients that refused participation (20%, 

n=15). Reasons for refusal were not systematically documented, but included unavailability, 

difficulty to reach the centre, and anxiety at the idea of switching the stimulator off. Another 

consideration is the possibility of ‘participant reactivity’ - where patients may be prone 

to please the investigator by providing more favourable responses after personal contact 

compared to the situation prior to the SCT, especially after prolonged patient-caregiver 

relationships. This factor was likely limited in our study, as the treating neurologist was not 

involved in the ON-OFF testing. 

A SCT provides a reliable method to quantify motor improvement after DBS, but is also 

useful to increase patients’ postoperative satisfaction. In addition, this information should 

be taken into account when designing clinical trials with patients’ satisfaction as outcome. 

We recommend to use the SCT as part of the routine follow-up after DBS, especially in case of 

suboptimal postoperative satisfaction. Future research should identify whether increases in 

GIC and GSS after a SCT are sustained or whether this fades over time. 

Acknowledgements

The authors would like to thank Mrs. G.E.L. Hendriks for her help in patient recruitment and 

data collection and Mrs G. van Holten-Noorlander en Mrs. P. de Maa for patient care. 

5

78

CHAPTER 5



References

1.	 Deuschl G, Schade-Brittinger C, Krack P, et al. A randomized trial of deep-brain stimulation for Parkinson’s disease. 

N Engl J Med 2006;355:896-908.

2.	 Maier F, Lewis CJ, Horstkoetter N, et al. Subjective perceived outcome of subthalamic deep brain stimulation in 

Parkinson’s disease one year after surgery. Parkinsonism Relat Disord 2016;24:41-47.

3.	 Maier F, Lewis CJ, Horstkoetter N, et al. Patients’ expectations of deep brain stimulation, and subjective perceived 

outcome related to clinical measures in Parkinson’s disease: a mixed-method approach. J Neurol Neurosurg 

Psychiatry 2013;84:1273-1281.

4.	 Hartmann CJ, Wojtecki L, Vesper J, et al. Long-term evaluation of impedance levels and clinical development in 

subthalamic deep brain stimulation for Parkinson’s disease. Parkinsonism Relat Disord 2015;21:1247-1250.

5.	 Chou KL, Taylor JL, Patil PG. The MDS-UPDRS tracks motor and non-motor improvement due to subthalamic 

nucleus deep brain stimulation in Parkinson disease. Parkinsonism Relat Disord 2013;19:966-969.

6.	 Goetz CG, Tilley BC, Shaftman SR, et al. Movement Disorder Society-sponsored revision of the Unified Parkinson’s 

Disease Rating Scale (MDS-UPDRS): scale presentation and clinimetric testing results. Mov Disord 2008;23:2129-

2170.

7.	 van der Heeden JF, Marinus J, Martinez-Martin P, van Hilten JJ. Evaluation of severity of predominantly non-

dopaminergic symptoms in Parkinson’s disease: The SENS-PD scale. Parkinsonism Relat Disord 2016;25:39-44.

8.	 Geraedts VJ, Marinus J, Gouw AA, et al. Quantitative EEG reflects non-dopaminergic disease severity in Parkinson’s 

disease. Clin Neurophysiol 2018.

9.	 Gronchi-Perrin A, Viollier S, Ghika J, et al. Does subthalamic nucleus deep brain stimulation really improve quality 

of life in Parkinson’s disease? Mov Disord 2006;21:1465-1468.

10.	 Temel Y, Leentjens AF, de Bie RMA. Handboek diepe hersenstimulatie bij neurologische en psychiatrische 

aandoeningen. Houten: Springer Nature 2016.

11.	 Geraedts VJ, Kuijf ML, van Hilten JJ, Marinus J, Oosterloo M, Contarino MF. Selecting candidates for Deep Brain 

Stimulation in Parkinson’s disease: the role of patients’ expectations. Parkinsonism & Related Disorders.

12.	 Almeida L, Deeb W, Spears C, et al. Current Practice and the Future of Deep Brain Stimulation Therapy in 

Parkinson’s Disease. Seminars in neurology 2017;37:205-214.

13.	 Prakash KM, Nadkarni NV, Lye WK, Yong MH, Tan EK. The impact of non-motor symptoms on the quality of life of 

Parkinson’s disease patients: a longitudinal study. Eur J Neurol 2016;23:854-860.

5

79

STIMULATION CHALLENGE TEST AFTER STN DBS IMPROVES SATISFACTION IN PARKINSON’S DISEASE PATIENTS



Supplementary material

Supplementary table 5.1. Correlation with motor function and non-dopaminergic disease severity

GIC GSS
OR a 95%CI OR a 95%CI

Postoperative SENS-PD 1.168 1.043 – 1.309 1.185 1.059 – 1.327
Postoperative MDS-UPDRS-III ratio ON-ON / OFF-OFF b 2.299 0.066 – 80.153 7.4 0.236 – 231.659
Postoperative MDS-UPDRS-III ON-ON b 0.991 0.925 – 1.062 1.008 0.944 – 1.076
Postoperative MDS-UPDRS III OFF-OFF 0.962 0.908 – 1.019 0.954 0.902 – 1.009

a ORs computed using ordinal regression on three levels (0 = very satisfied / a lot improved; 1 = satisfied / improved, 2 
= slightly satisfied / slightly improved or lower scores ). ORs > 1 indicate that higher symptom severity indicates lower 
postoperative satisfaction / subjective improvement. Separate analyses were carried out due to multicollinearity.
 b Three patients used no medication after DBS: for these patients MDS-UPDRS-III scores in the Med-OFF / Stim-ON 
condition were used. 
GIC: global impression of change; GSS: global satisfaction with surgery; SENS-PD: SEverity of predominantly 
Nondopaminergic Symptoms in PD, Cog: subscale cognition, Psy: subscale psychotic symptoms, PIGD: subscale 
postural-instability-and-gait-difficulty, Aut: subscale autonomic symptoms, Sleep: subscale sleep problems, Dep: 
subscale depression; MDS-UPDRS: Movement Disorders Society Unified Parkinson’s Disease Rating Scale.
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