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Abstract

Background—Speech changes following bilateral subthalamic nucleus deep brain stimulation
(STN-DBS) can be variable, with the majority of patients experiencing speech deterioration over
time. The aim of this study was to describe the perceptual characteristics of speech following
chronic STN-DBS and to analyse clinical and surgical factors that could predict speech change.

Method—Fifty-four consecutive patients (34 male, mean age 58.8+6.3years, mean disease
duration 12.5+4.7years, mean levodopa equivalent 1556+671mg/day, UPDRS-111 off-medication
48.1+17.9 range 20-89, UPDRS-I1I on medication 12.4+7.8 range 2-31) participated in this
study. They were assessed before and at one year following surgery using the Assessment of
Intelligibility for the Dysarthric Speech, the perceptual scale from Darley et al and the UPDRS-III.

Results—Speech intelligibility deteriorated on average by 14.4% (p=0.0006) after one year of
STN-DBS when off-medication and by 12.3% (p=0.001) when on-medication. The effect on
speech was not linked to age at surgery, unlike the effect on motor outcome. The most significant
predictive factors for deterioration of speech intelligibility when patients were off-medication/on-
stimulation were a lower pre-operative speech intelligibility on-medication, a longer disease
duration and medially placed left hemisphere active electrode contact.

Conclusion—Speech change following STN-DBS is variable and multifactorial. Consistent
pre-operative speech evaluation would help inform patients on the possible effects of surgery.
Appropriate consideration of speech deficits might assist surgical targeting, particularly of the left
electrode.

Keywords
speech; deep brain stimulation; Parkinson’s disease; predictive factors

Introduction

Speech in people with Parkinson’s disease (PD) can be adversely affected? at any stage of
the disease process2. Medical and surgical treatments can have variable effect on speech34,
regardless of their beneficial effects on other motor symptoms of the disease.

Deep brain stimulation in the subthalamic nucleus (STN-DBS) is an effective treatment

for patients with PD who develop motor fluctuations®®. Clinical predictive factors for
motor improvement have been clearly described. Patients with good pre-operative levodopa
response tend to enjoy greater motor benefits®7:8.9, Speech disturbance is a frequent

and disabling side effect of stimulation10.8.64.11 |n their qualitative study, Ahlberg and
colleagues!? discussed the need for patients to be better informed before surgery regarding
possible side effects on speech, in order to facilitate adjustment to the new speech condition.

In our previous study* we investigated the relationship of clinical and surgical factors on
speech response to stimulation. Of the surgical factors, contacts positioned medially in the
left STN area, abutting on, or into the medial zona incerta and prelemniscal radiations
(Raprl) had more detrimental effect on speech intelligibility than contacts within the MRI
defined STN borders, confirming results from other studies'314. We have also demonstrated

Mov Disord. Author manuscript; available in PMC 2022 January 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tripoliti et al. Page 3

a strong relationship between amplitude of stimulation in the left hemisphere and poorer
speech intelligibility*1°. However, studies on the predictive value of pre-operative clinical
factors on speech after bilateral STN-DBS are lacking.

This study aimed to analyse in greater detail the perceptual speech changes following
bilateral STN-DBS and the clinical and surgical factors that could predict speech change.

Patients and methods

Fifty-four consecutive patients who underwent bilateral STN DBS between 2005 and 2007
participated in this study (Table 1). They were assessed before and at one year following
surgery.

The study was approved by the National Hospital for Neurology and Neurosurgery and the
Institute of Neurology joint Research Ethics Committee (ref nr: 03/NI38).

Surgical procedure and contact localisation were performed as previously described16.17.18.4:
The subthalamic target was visualized on preoperative stereotactic MRI at 1.5T using
T2-weighted, fast-acquisition sequences in all patients. Postoperative stereotactic MR
images using an identical sequence were imported into the planning software allowing
3-dimensional reconstruction of the images along the electrode trajectory (FrameLink,
Medtronic). Stereotactic localization of the four electrode contacts was performed using

a template superimposed on the electrode artifact4’. The coordinates of each contact were
transposed onto the preoperative stereotactic MRI. Two neurosurgeons (LZ, MH) blinded

to the results of STN-DBS on speech, independently assessed and agreed on the anatomic
position of each contact in relation to the visualized STN in the axial and coronal planes.

Patient evaluation

At baseline, patients were assessed after overnight withdrawal of medication (off-
medication) and on-medication. One-year after bilateral STN-DBS patients were assessed
off-medication/on-stimulation and on-medication/on-stimulation. Evaluations for each
patient were carried out on the same day and in the same order. The on-medication
assessment took place one hour after the administration of a suprathreshold dose of
levodopa. Speech assessment consisted of the Assessment of Intelligibility for Dysarthric
Speech (AIDS)? and a 60-second monologue.

Data analysis

A native English speaking Speech and Language Therapist, independent to the study and
blinded to the conditions, rated the 22 sentences from AIDS using the scale of Darley and
colleagues?C scale (henceforth “DAB scale”). The 35 speech dimensions listed by Darley
et al20 were grouped under six clusters as described in Plowman-Prine and colleagues??.
Each speech cluster was assessed on a seven-point interval scale, where one represented
the greatest deviation from normal speech and seven represented normal speech. Mean
speech ratings were calculated individually for each of the six speech clusters (articulation,
respiration, resonance, phonation, prosody and rate) and collectively for the whole scale
across medication and stimulation settings. All perceptual analysis was performed in the
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same quiet speech laboratory with identical equipment so as to minimize variability across
listening tasks. Assessment of overall speech intelligibility was always determined first in
order to eliminate familiarity effects from rereviewing a given sample. After the speech
intelligibility rating, each sample of the AIDS sentences was played up to six times so

that the rater could listen to the sample once while rating the particular speech cluster
with the specific speech dimensions. Speech intelligibility was assessed using the sentence
task of the AIDS as previously described®4:15, Sound pressure level (dB SPL) for the
read sentences was extracted using the Computerised Speech Lab (Pentax, USA) software
program®. Speaking rate was obtained by dividing the total number of words (220) by the
duration of the sentence sample in minutes, as instructed in the AIDS manual®® (p 11).

Statistical analysis

Results

Primary outcomes were the change in speech intelligibility and perceptual rating (total

of the DAB scale) from baseline to one-year off-medication (one-year off-medication/on-
stimulation minus baseline off-medication), and on-medication (one-year on-medication/on-
stimulation minus baseline on-medication). Secondary outcomes were the loudness
measures and the subscores of the DAB scale (respiration, articulation, phonation,
resonance, prosody and rate). To assess the impact of STN-DBS and medication on acoustic
and perceptual data across times we used one-way ANOVA with post hoc tests using
Bonferroni adjustment for multiple comparisons.

We then used a series of univariate regression models to identify pre-operative and

operative factors, which had a significant impact on speech outcome. Pre-operative factors
of interest were selected a priori, based on the literature, and included pre-operative

speech intelligibility off- and on-medication, pre-operative UPDRS-I11 score off- and
on-medication, disease duration and age at surgery. Pre-operative factors surviving the
univariate analyses were then evaluated using multivariate regression models with left

active contact as a covariate. The latter was identified as significant in speech change from
previous analysis of the anatomical localisation and STN segment?. Interactions between the
significant factors were sought. The outcome variables for the regression were the change

in speech intelligibility (in %) after one year of STN-DBS (one year off-medication/on-
stimulation minus baseline off-medication) and the change in the total perceptual scale (/42).

Statistical analysis was performed on SPSS-18 for Mac and Prism 5 for Mac (Graphpad
software, Inc). STATA version 8.0 was used for all regression analyses.

Effects of STN-DBS on speech intelligibility and perceptual speech features at one year

(N=54)

Speech intelligibility deteriorated on average by 14.4% (p=0.0006) after one year of STN-
DBS when the patients were off medication and by 12.7% (p=0.001) when the patients were
on-medication. In terms of perceptual ratings the total of the DAB scale (with a score of

42 marking near normal speech) deteriorated by 5.1 points (p=0.001) off-medication and

by 6 points (p=0.0001) on-medication. When comparing on-medication conditions, analysis
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of the perceptual subscales scores showed a more significant decline in the subscale of
articulation (mean decline of 1.2 points, p=0.0001), followed by prosody (mean decline

of 1.18 points, p=0.001), phonation (mean decline of 1.01, p=0.0001), respiration (mean
decline of 0.94, p=0.001), rate (0.90, p=0.001) and finally resonance (0.76, p=0.05). When
comparing off-medication conditions, analysis of the perceptual subscales showed a more
significant decline in the subscale of articulation (mean decline of 1.5 points, p=0.0001),
followed by respiration (mean decline 0.92, p=0.001) and then rate of speech (mean decline
0.86, p=0.01) and resonance (mean decline 0.6, p=0.01). There was no significant decline
for the subscales of prosody and phonation when off-medication (Table 2).

Predictive value of clinical and surgical data

The univariate regression analyses demonstrated that pre-operative speech performance,
disease duration and UPDRS-III off-medication were each predictive of speech outcome
after one year, whereas age was not predictive of any speech outcome (Table 3).

We then analysed the significant variables from the univariate regression with left
hemisphere active contact position as a covariate using a multivariate regression (Table

4). The most significant predictive factors for deterioration of speech intelligibility when off-
medication/on-stimulation were a poorer pre-operative speech intelligibility on-medication,
a longer disease duration and medially placed left hemisphere active contact. Only the poor
pre-operative speech off-medication was a significant factor for the speech intelligibility
deterioration when on-medication/on-stimulation (Table 4).

Interactions were sought between ‘left contact location’, ‘pre-operative speech intelligibility
and “‘duration of PD’, and the outcome variable ‘intelligibility change’, using multivariate
regression models including the covariates listed in Table 4. A significant interaction was
found between ‘left contact location” and “duration of PD’ (p=0.002) but not between ‘left
contact location’ and ‘pre-operative speech intelligibility’ (p=0.318). This was a consistent
finding regardless of whether the outcome variable was intelligibility change in the “on-
medication” or in the “off-medication” state.

This suggests that a location of the active electrode medial to the left STN is of particular
importance, affecting speech negatively particularly in patients with a longer history of PD.
Additionally, medially placed left brain electrodes have similar negative effects on speech
outcome across all patients regardless of baseline speech intelligibility.

Discussion

Impact of electrode positioning on speech outcome

It is clear from the data analysis that electrode positioning in the left hemisphere is critically
important for speech especially if the electrode is located medially to the STN. The critical
role of electrode positioning has been recently emphasised?2: 23,

Our results on speech outcome are in agreement with the literaturel3: 24 25 namely that
speech deterioration can be a significant side effect of bilateral STN stimulation when
the left active contact is positioned medial to the STN, in the adjacent medial zona
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incerta and the pre-lemniscal radiations (in between the red nucleus and the subthalamic
nucleus). According to Morel26 cerebellothalamic and pallidothalamic tracts correspond to
Hassler’s pre-lemniscal radiation (“ra.prl””) and to the prerubral field or Field H of Forel.
The involvement of the cerebellothalamic and pallidothalamic tracts in speech deterioration
could explain the delayed onset of speech problems and the non-parkinsonian perceptual
characteristics of speech after bilateral STN-DBS?’.

The significant role of the left rather than the right electrode contact on speech deterioration
after bilateral?® and unilateral?® STN-DBS has been previously documented. Our data adds
to the imaging evidence on the preponderance of the left hemisphere supporting speech
articulation39-31.32_ Sowman and colleagues33 used Transcranial Magnetic Stimulation on
the cortical M1 area and found left lateralisation for control of facial muscles during speech
production (as opposed to non-speech isometric tasks), with greater excitability change in
the left hemisphere.

Perceptual characteristics of speech following one year of STN-DBS

In our cohort of 54 consecutive patients we used the DAB scale to identify the perceptual

changes on speech after one year of STN-DBS. In their original studies of 1969, Darley et
al?0 analysed the speech of 32 non-medicated PD patients, using the same scale, and they
described the characteristics of hypokinetic dysarthria (p 257).

In our study patients pre-operatively without medication seem to present with similar
characteristics, i.e. more severely affected prosody, followed by phonation, and respiration
(Table 2). However the pattern was different one-year after STN-DBS, pointing towards

a treatment-specific rather than disease-progression effect. The characteristics that seemed
to deteriorate more significantly when patients were off-medication/on-stimulation were
articulation, followed by respiration (which reflects patients’ subjective complaint of tighter
breathing). There is no effect of stimulation alone on phonation and prosody. When in

the on-medication/on-stimulation condition however, the pattern changes and the impact on
articulation, prosody and phonation become significant. This reflects again the more severe
overall deterioration of speech when on-medication/on-stimulation. Patients complained of
imprecise articulation mainly affected by reduced lip and tongue movements (“thick tongue
effect”) and difficulty controlling voice volume, which is usually explosive but more often
reduced and breathy. Voice often sounds more nasal and it becomes strained-strangled with
prolonged speaking. These speech characteristics are more common in spastic-pseudobulbar
dysarthria, following bilateral cortical lesions34. The possibility of electrical stimulation

in the subthalamic nucleus area spreading and affecting other areas involved in speech
motor control has been explored before mainly in relation to the corticobulbar3® and
cerebellothalamic?’ tracts debate. Whichever basal ganglia-cortical pathway used, our
results imply a delayed cortical involvement: the cortical control of articulation is mediated
primarily by the ventral half of the lateral sensorimotor (Rolandic) cortex (vSMC)36. There
is increasing clinical and imaging evidence of the links between basal ganglia and SMC in
the area of speech motor control37:38:39,
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Pre-operative predictive factors

One of the main aims of this study was to provide clinicians and patients with information
on the possible effects of STN-DBS on their speech prior to surgery. Unlike motor outcome,
the effect on speech was not linked to age at surgery or pre-operative motor scores’:9:4041,42
It was however linked to disease duration and medially placed active contact in the left
hemisphere. Disease duration has been linked to speech and swallowing deterioration: “In
the vast majority of paralysis agitans disorders of speech become obvious as the disease
advances™43. Merola and colleagues*? reported that the median duration of disease at the
time of onset of speech difficulties was 29.16 years. Contrarily Metter and Hanson? report
no link between disease duration and degree of speech impairment. The reason why longer
disease duration would be predictive of poorer speech outcome may also be related to

the severity of speech problems pre-operatively. There is no longitudinal study on speech
progression to provide more conclusive data.

The strongest clinical predictive factor for speech deterioration when off-medication / on-
stimulation was the residual speech problem when on-medication pre-operatively. Thus,

the better the speech on-medication pre-operatively, the better the outcome one year

post, off-medication/on-stimulation. Or inversely, the fact that the severity of the residual
parkinsonian speech score when on-medication was predictive of a poor post-operative
outcome is probably explained by the presence of non-dopaminergic lesions within the basal
ganglia* which would not respond to medication and thus stimulation. Additionally the
only predictor of poor speech outcome at the on-medication/on-stimulation condition was
the pre-operative off-medication speech. This could reflect the residual ability to compensate
and mediate the combined effects of medication and stimulation on the motor control of
speech following STN-DBS. The role of dopaminergic neuromodulation in normal speech
motor control remains unknown and is based largely on indirect clinical evidence, from
pathological processes such as PD, spasmodic dysphonia and stuttering. There is evidence
of the critical role of dopamine on learned vocal expression in songbirds*>. More recently
Simonyan and colleagues® used PET, fMRI and DT to investigate the extent of striatal
dopamine release and its influence on the organisation of functional striatal speech networks
during production of meaningful English sentences. They found that “in the associative
striatum speech-induced dopamine release established a significant relationship with neural
activity and influenced the left-hemispheric lateralization of striatal functional networks”.
This is the first evidence for the neurochemical underpinnings of hemispheric dominance

of human speech and language control. However the fact that parkinsonian speech does

not respond to dopaminergic therapy or indeed to deep brain stimulation shows a different
mechanism for speech motor control in PD.

Conclusion

To the best of our knowledge, this is the first study on a large consecutive cohort of patients
to systematically examine the perceptual speech changes and the predictive value of clinical
and surgical factors on speech response to bilateral STN-DBS. It confirms the clinical
impression that compromised pre-operative speech is a predictor of poor outcome. Age at
surgery was not predictive factor for speech outcome, but disease duration was. Additionally,
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medially placed left hemisphere electrodes have equally negative effects on speech outcome
across all patients regardless of baseline speech intelligibility.

There is a need however to further examine the large variability in speech response to
STN-DBS and the so far unexplained delay in the onset of speech difficulties after bilateral
STN DBS.
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Table 1
Patient characteristics (N=54)
Baseline patient characteristics
Male/Female 34/20
Age mean + SD (range) 58.8 + 6.3 (42 to 69)
Disease duration mean + SD (range) 12.5+4.7 (6 to 25)

Levodopa equivalent daily dose (LEDD) (mg/day) 1556 + 671

UPDRS-III off medication
UPDRS-I1I on-medication

48.1 + 17.9 range 20-89
12.4 + 7.8 range 2-31
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Changes in intelligibility (% of words understood) and perceptual speech characteristics (as per Darley,
Aronson & Brown, 1975) in 54 consecutive PD patients following one year of bilateral STN-DBS (mean *

SD).
Baseline off-medication  Baseline on-medication  one one
year off-medication/on- year on-medication/on-
stimulation stimulation
Speech intelligibility 98% (4.3) 97% (7.7) 83.9% (28) 84.3% (26.6)
dB max reading 69.3 (6.9) 73.4(7) 74.8 (6) 76.2 (6.5)
Rate (words per minute)  149.3 (26.8) 147 (26) 150.2 (36.3) 140.5 (37.9)
Total
perceptual score (/42) 32.4 (4.6) 325(5.2) 27.3(8.8) 26.5(8.9)
articulation (/7) 5.9 (0.8) 5.6 (1.3) 4.4 (1.9) 44(1.9)
respiration (/7) 5(1) 49(1.1) 4.1 (1.6) 39(17)
resonance (/7) 5.6 (1) 5.6 (0.8) 4.9 (1.6) 4.9(1.3)
phonation (/7) 48(1) 51(1) 4.4 (1.5) 4.1(1.6)
prosody (/7) 4.9 (1.5) 5.3 (1.4) 41(18) 41(2)
Rate control (/7) 6(0.9) 5.8(1.3) 5.2(1.6) 49 (1.7)
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Univariate analysis of pre-operative clinical predictive factors on speech intelligibility change off- and on-

medication and perceptual rating (DAB scale) change one year after STN-DBS (N=54).

Outcome Variable Predictive Variable  B-coefficient P<
Change in speech intelligibility AIDS pre-off to one year off/on ~ AIDS pre-on -1.8 0.0001
AIDS pre-off -25 0.01
UPDRS-III pre-on 0.75 0.23
UPDRS-III pre-off  0.78 0.004
Duration of PD 2.77 0.001
Age at surgery 0.08 0.87
Change in speech intelligibility AIDS pre-on to one year on/on  AIDS pre-on 0.31 0.52
AIDS pre-off -3.99 0.0001
UPDRS-III pre-on 0.68 0.24
UPDRS-III pre-off  0.51 0.03
Duration of PD 1.99 0.004
Age at surgery 0.30 0.51
Change in DAB scale pre-off to one year off/on AIDS pre-on -0.43 0.001
AIDS pre-off -0.99 0.41
UPDRS-III pre-on 0.23 0.18
UPDRS-III pre-off  0.23 0.001
Duration of PD 0.47 0.042
Age at surgery 0.02 0.86
Change in DAB scale pre-on to one year on/on AIDS pre-on 0.13 0.2
AIDS pre-off -0.94 0.0001
UPDRS-III pre-on  0.32 0.025
UPDRS-III pre-off  0.16 0.007
Duration of PD 0.43 0.014
Age at surgery -0.05 0.63
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Table 4

Multivariate regression of pre-operative clinical predictive factors with left electrode contact anatomical

Page 14

description (medial versus inside) as covariate, on speech intelligibility change off- and on- medication and

perceptual rating (DAB scale) change one year after STN-DBS (N=54)

Outcome variable Predictive variable B-coefficient  P<

Change in speech intelligibility AIDS pre-off to one year off/on  AIDS pre-on -1.73 0.001
AIDS pre-off -0.74 0.398
UPDRS-III pre-on -0.28 0.614
UPDRS-III pre-off 0.00 0.990
Duration of PD 2.35 0.002
Left active contact position  9.25 0.006

Change in speech intelligibility AIDS pre-on to one year onfon  AIDS pre-on 0.67 0.147
AIDS pre-off -3.05 0.002
UPDRS-III pre-on -0.88 0.172
UPDRS-III pre-off 0.29 0.360
Duration of PD 1.33 0.060
Left active contact position 6.65 0.063
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