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Abstract

Background—Presence of dementia is a contraindication for DBS treatment of Parkinson’s 

disease. Recent evidence suggests that borderline cognitive function, as measured with a common 

screening measure, the Mattis Dementia Rating Scale, has a negative impact on quality of life 

(QoL) after DBS of the STN.

Methods—We attempted to replicate and extend this finding in a larger group of patients with a 

wider range of preoperative global cognitive performance.

Results—Our data indicate that performance on the screening measure is not associated with 

QoL or medical outcomes, even with scores well below the cutoff for identifying dementia.

Conclusions—This cognitive screening measure lacks sufficient sensitivity to warrant its use in 

predicting which patients will show QoL benefit from DBS.
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Substantial effort has gone into studying the factors that affect motor outcome in patients 

with Parkinson’s disease (PD) who undergo DBS of the STN (STN DBS). There is also 

growing interest in determining the factors that predict or accompany quality of life (QoL) 

changes after this procedure. However, there are little data regarding the role of cognitive 

impairments in QoL outcome. A recent study1 looked at QoL outcomes as a function of 

preoperative performance on a cognitive screening measure, the Mattis Dementia Rating 

Scale (DRS).2 The study showed that patients with the poorest performance (bottom 

quartile) in their sample—still above the recommended cut-off for dementia in PD—failed 

to show significant improvements in QoL post–STN DBS. Our clinical experience suggests 
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that the DRS lacks sufficient sensitivity and specificity to the cognitive impairments most 

relevant to DBS QoL outcome.3 As such, we attempted to replicate this finding in a larger 

DBS sample with similar or poorer preoperative DRS scores. Unlike the previous study,1 we 

hypothesized that baseline DRS score would not be related to QoL outcome post-DBS.

Patients and Methods

The study was approved by the Cleveland Clinic Institutional Review Board (IRB; 

Cleveland, OH).

Patients

We retrospectively identified patients from an IRB-approved data registry of all patients 

diagnosed with idiopathic PD observed for DBS evaluations at Cleveland Clinic. Patients 

who had undergone previous neurosurgery were excluded. One hundred six patients (79 

males) who had undergone STN DBS placement between 2006 and 2013 had completed the 

DRS-2nd Edition (DRS-2) and QoL measures (Parkinson Disease Questionnaire-39; 

PDQ-39)4 both before and 6 months after surgery. Our decision-making procedure for DBS 

candidacy and surgical plan has been described elsewhere.3– 5 Forty-four patients underwent 

bilateral STN-DBS implantations and 62 patients had unilateral procedures (20 right [7 left-

handed]; 42 left [38 right-handed]).

DRS-2 and PDQ-39

The DRS-2 is a standardized cognitive screening tool that yields a maximum total score of 

144. The interpretative manual recommends a cut-off score of less than 123 for diagnosis of 

dementia; however, lower cutoffs (i.e., 116–123 points) have been recommended for use in 

individuals with PD to correct for the negative impact of motor impairment on test 

performance.6–8 Patients completed the DRS-2 during both pre- and 6-month postoperative 

neuropsychological evaluations. Patients were grouped into one of five categories based on 

preoperative DRS-2 performance. The first four groups were formed using the same criteria 

as Witt et al.1 in order to directly compare our results with theirs. We created a fifth group of 

patients who scored lower than the range included in that study and with greater likelihood 

of clinically significant cognitive impairment. Raw scores permitted inclusion of patients 

below the normative age range. DRS score ranges for each group are provided in Table 1.

QoL was assessed using the PDQ-394 during preand postoperative neuropsychological 

evaluations. This measure assesses the degree to which patients experience negative effects 

of PD in eight domains.

Neuropsychological Evaluation

Neuropsychological variables for the sample are summarized in Table 1. We selected 

measures of language, visuospatial function, processing speed, attention span, executive 

function, single-trial learning, and delayed memory based on sensitivity to PD, frequency of 

reporting in the STN-DBS literature, and to minimize colinearity and the number of 

statistical comparisons. Depression symptoms were assessed using the Beck Depression 

Inventory-2nd Edition (BDI-II).9
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Motor Function

All patients underwent evaluation by a movement disorders neurologist to confirm 

diagnosis, gauge surgical appropriateness, establish levodopa daily dosage, and complete the 

UPDRS-III in the off and on medication states.

Statistical Analysis

Preoperative characteristics of the five DRS-based groups were examined using one-way 

analysis of variance (ANOVA). Post-hoc comparisons (Tukey’s honestly significant 

difference [HSD]) were employed where omnibus testing indicated significant group 

differences. Repeated-measures ANOVAs examined preto postoperative changes in PDQ-39 

and other clinical measurements across the five DRS groups. Paired-samples t tests with 

Bonferroni’s correction for multiple comparisons were used to identify significant changes 

in PDQ-39 subdomains. The five groups were combined and Pearson’s correlations 

evaluated the relationship between preoperative DRS-2 scores, preoperative QoL, and 

clinical change scores post–STN DBS. To examine individual differences in QoL outcome, 

each patient was also classified as reporting improved, worsened, or stable Qol using 

published PD-specific Reliable Change Indices (RCIs),10 and Phi statistic examined group 

difference in individual outcomes.

Results

Preoperative Characteristics

Table 1 shows the overall characteristics of the sample and baseline clinical and cognitive 

characteristics for patients in the five DRS-2 groups. Using International Parkinson and 

Movement Disorder Society Task Force Diagnostic Criteria,11 55 patients (51.9%) had Mild 

Cognitive Impairment (MCI)-Multiple Domain, 33 (31.1%) had MCI-Single Domain, and 

18 (17%) did not show clear evidence of change from their presumed cognitive baseline. 

Note that the latter group is labeled “normal” despite the fact that long-standing cognition 

may actually fall in the impaired range. There was no significant difference between DRS-

based groups in the number of patients who underwent unilateral or bilateral procedures 

(χ2=2.3; P=0.7) or in the proportion of patients meeting different MCI criteria (Φ=0.31; 

P=0.28). One-way ANOVAs indicated significant group differences in age, UPDRS-III on 
medications score, and all age-corrected cognitive variables, except naming, perseverative 

errors, single-trial learning, and delayed memory. With the exception of the Oral Symbol 

Digit Modalities processing speed test, the average scaled/standard scores on all 

neuropsychological measures for group 5 were within broad normal limits. Likewise, most 

patients endorsed minimal-to-mild depression. Two patients with severe BDI-II scores were 

included in group 4, whereas 11 with moderate BDI-II scores were included in groups 2 to 

5.

Group Differences in STN-DBS Outcomes

Table 1 displays mean pre- to postoperative change scores on clinical measures for each 

DRS-2 group. Overall, QoL ratings improved postsurgery (F(1,101)=41.8; P<0.001), but the 

magnitude of change did not significantly differ across the DRS-based groups. A similar 
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main effect of surgery, but no effect of DRS group, was also observed for medication 

reductions (F(1,101)=22.3; P<0.001) and improvements in UPDRS-III scores both on 
medication (F(1,82)=5.7; P=0.02) and off medication (ON stimulation; F(1,73)>102.4; 

P<0.001). Independent t test indicated that there was no difference in QoL change between 

patients who underwent uni- versus bilateral procedures (t(104)=−0.36; P>0.7).

There was no overall effect of surgery on DRS-2 scores, although there was an interaction 

between time (pre-post) and group (F(1,101)=3.3; P=0.01). Tukey’s HSD comparisons 

indicated that groups 1, 2, and 3 showed similar declines in DRS-2 scores postsurgery 

(likely reflecting a ceiling effect, such that higher scores are more able to decrease), whereas 

improvements in groups 4 and 5 were significantly different from all other groups, including 

one another (likely reflecting some floor effect/regression to the mean, such that lower 

scores are more likely to increase). There was no effect of surgery or group on depression 

scores.

Correlations Between Preoperative DRS-2 and STN-DBS Outcomes

Figure 1 depicts the relationships between baseline DRS-2 score and change scores on 

outcome measures. There were no significant relationships between preoperative DRS-2 

score and QoL change postsurgery (Fig. 1A), improvements in off medication motor scores 

(off med vs. off-med/ON-stim; Fig. 1B), improvements in on medication motor scores (on 
med vs. on-med/ON-stim), or reduction in dopaminergic dosage (Fig. 1C). Moreover, 

preoperative DRS-2 score was not associated with preoperative QoL ratings.

Individual Difference Analysis

Similar to previous work,10 we found that 45% of our sample reported improvements in 

QoL on the PDQ-39 postsurgery based on RCIs. Approximately 51% of patients reported 

stable QoL, whereas 4% reported worsening of QoL. Phi statistic indicated no group 

differences in the proportion of patients reporting improved, stable, or worsened QoL across 

DRS-2 categories (Φ=0.20; P=0.84; see Table 1). Of the 13 patients who reported moderate-

to-severe preoperative depression, 7 reported improved QoL and 6 reported stable QoL.

Discussion

In our sample, QoL and UPDRS-III motor scores improved and medications were reduced 

postSTN DBS. Preoperative DRS-2 scores, however, were not related to postoperative QoL, 

motor, or medication outcome. Our efforts to replicate and expand on an earlier finding 1 

demonstrate that there were no differences in QoL changes in patients grouped according to 

DRS-2 performance. Moreover, similar proportions of patients within each DRS-based 

group showed improved or stable PDQ-39 scores. These data argue against the use of the 

DRS-2 as an indicator of which patients are likely to benefit from surgery. Rather, our earlier 

work suggests that a combination of particularly sensitive variables are helpful for predicting 

QoL post-DBS, including Rey Auditory Verbal Learning Test (RAVLT) T1, BDI-II, and 

QoL presurgery.3 Note that these were found to be the most useful variables among 

nondemented patients who were judged to be good surgical candidates on the basis of full 
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cognitive and motor evaluations and are not considered to be stand-alone indicators of QoL 

outcome or surgical candidacy.

There are several important factors that may explain the discrepancy between these two 

studies. First, the sample sizes of patients with poor dementia screening scores were vastly 

different. The conclusion regarding worse outcomes with lower DRS scores was originally 

based on a small sample where the poorest performing group contained only 12 patients. 

Here, we more than tripled the number of patients scoring in that range, but failed to 

replicate the original finding. Of note, the characteristics of the samples (e.g., age, self-

reported depression, UPDRS-ON scores) were fairly comparable.

A potentially important difference between the studies is that the DRS-based groups in the 

previous study differed in their preoperative performance on the immediate recall trials of 

the RAVLT, whereas our patient groups did not differ on the first recall trial of the same test. 

We have previously published data to show that single-trial learning on the RAVLT is the 

best cognitive predictor of QoL outcome.3 The German and English versions of this 

language-based memory measure may be psychometrically disparate. As such, the potential 

immediate-recall differences in the two populations under study may account for the 

incongruent findings regarding the association of the DRS and QoL outcomes.

In summary, our study of a large sample of nondemented patients with PD, whose baseline 

DRS scores range widely, argues against using the DRS as a predictive tool in determining 

QoL post-DBS. These data serve as a cautionary note for placing undue emphasis on 

cognitive screening measures in ascertaining surgical candidacy.
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FIG. 1. 
Nonsignificant correlations between preoperative DRS-2 score and outcome measures. (A) 

PDQ-39 change. Positive scores represent improved QoL. (B) UPDRS-III change (off 
medication minus off medication/ON stimulation). Positive scores represent improved motor 

function. (C) LEDD change. Positive scores represent postsurgical reductions in medication. 

LEDD, levodopa equivalent daily dose.
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