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Abstract. There is evidence that men are more likely to undergo deep brain stimulation (DBS) for Parkinson’s disease (PD),
suggesting that women are relatively undertreated. 121 consecutive PD patients undergoing awake DBS with microelectrode
recording and intraoperative clinical testing (30 patients, 5 women) or asleep MRI-guided and CT-verified (91 patients, 38
women) bilateral subthalamic nucleus DBS were included in this study. The results showed an increase in the proportion
of female patients from 16.7% to 41.8% after changing our operative technique (OR = 5.61; 95%CI: 1.52–20.78; p = 0.010)
from awake to asleep, suggesting that women are more likely to undergo DBS when operated asleep.
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INTRODUCTION

Parkinson’s disease (PD) affects men and women
differently in various ways. For example, PD is more
common in men [1, 2], and the disease presentation
and healthcare behavior show considerable differ-
ences between genders. A recent review showed that
men are more likely than women to undergo deep
brain stimulation (DBS) of the subthalamic nucleus
(STN), and this difference is greater than what can
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be expected based on prevalence alone [3]. It could
therefore be that women with PD are relatively under-
treated. After we changed the operative method at
our center from an awake surgical procedure with
microelectrode recording (MER) and intraoperative
clinical testing (ICT) to an asleep MRI-guided and
CT-verified approach, we noticed a change in gender
distribution.

METHODS

121 consecutive patients, who underwent awake
(30 patients, 5 women) or asleep (91 patients, 38
women) bilateral STN-DBS between 20 March 2018
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Table 1
Multinomial logistic regression with gender as factor, type of surgery as dependent variable and covariates listed in the table below. The means
and standard deviations (SD) of the mean, as well as the odds ratio, the lower and upper boundary of the 95% confidence interval (CI) and
the p-value are given. UPDRS, Unified Parkinson’s Disease Rating Scale; PDQ-39, Parkinson’s DiseaseQuestionnaire 39; PAS, Parkinson
Anxiety Scale; BDI, Beck Depression Inventory;MoCA, Montreal Cognitive Assessment; QUIP, Questionnaire for Impulse Control Disorders

in PD; ZCL, Disease Cognition List; ESS, Epworth Sleepiness Scale

Gender Type of Mean SD Odds 95% CI 95% CI p
surgery ratio Lower Upper

boundary boundary

Age 1.005 0.944 1.071 0.871
Women Asleep 62.42 1.16

Awake 64.80 1.69
Men Asleep 62.04 1.37

Awake 61.00 3.78
Disease duration 1.073 0.933 1.234 0.321
Women Asleep 9.32 3.07

Awake 10.06 2.61
Men Asleep 9.21 3.48

Awake 9.71 4.15
UPDRS I 0.943 0.929 1.072 0.369
Women Asleep 12.26 5.31

Awake 11.20 2.39
Men Asleep 10.38 4.32

Awake 9.20 5.32
UPDRS II 0.976 0.829 1.072 0.592
Women Asleep 15.39 6.41

Awake 17.20 4.15
Men Asleep 16.25 8.37

Awake 14.40 6.08
UPDRS III OFF 0.990 0.938 1.045 0.725
Women Asleep 49.53 12.56

Awake 50.40 11.44
Men Asleep 51.79 13.19

Awake 49.60 13.48
UPDRS III ON 0.968 0.903 1.038 0.361
Women Asleep 19.79 8.49

Awake 20.40 12.10
Men Asleep 20.94 10.75

Awake 19.24 9.98
UPDRS IV 0.861 0.737 1.005 0.058
Women Asleep 11.37 3.12

Awake 11.00 1.41
Men Asleep 10.26 3.62

Awake 9.40 3.74
PDQ-39 0.610 1.006 0.984 1.028
Women Asleep 57.18 16.64

Awake 62.80 20.39
Men Asleep 44.64 20.82

Awake 45.88 19.19
PAS Total 0.973 0.887 1.069 0.570
Women Asleep 13.95 6.17

Awake 16.00 7.18
Men Asleep 10.45 5.76

Awake 9.52 7.04
BDI 1.011 0.911 1.120 0.845
Women Asleep 11.47 5.73

Awake 13.20 3.42
Men Asleep 11.17 6.69

Awake 10.39 5.20
MoCA 1.079 0.925 1.258 0.334
Women Asleep 25.89 3.11

Awake 25.60 2.88

(Continued)
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Table 1
(Continued)

Gender Type of Mean SD Odds 95% CI 95% CI p
surgery ratio Lower Upper

boundary boundary

Men Asleep 25.36 4.52
Awake 25.95 1.88

QUIP 0.955 0.824 1.107 0.541
Women Asleep 25.89 2.22

Awake 25.60 0.00
Men Asleep 25.36 4.03

Awake 25.95 3.68
DCL Total 0.992 0.909 1.081 0.848
Women Asleep 42.63 6.84

Awake 40.60 2.51
Men Asleep 44.42 6.16

Awake 44.08 5.15
ESS 0.802 0.661 0.973 0.072
Women Asleep 5.84 3.85

Awake 3.80 2.68
Men Asleep 5.50 3.32

Awake 4.16 2.39

and 21 September 2021, were included. Baseline
data included age, gender, disease duration, Unified
Parkinson’s Disease Rating Scale part I-IV (part III
ON and OFF medication), PDQ-39, Parkinson Anx-
iety Scale total score, Beck Depression Inventory,
Montreal Cognitive Assessment, Questionnaire for
Impulse Control Disorders in PD, Disease Cognition
List total score, and Epworth Sleepiness Scale. On 1
July 2019 we changed our operative technique from
awake MER-guided surgery to asleep MRI-guided
and CT-verified surgery. There was no change in the
way patients were recruited, screened, or considered
suitable for surgery. All personnel and all preop-
erative procedures remained identical. Multinomial
logistic regression was used to assess the relationship
between type of surgery (asleep vs. awake, dependent
variable) and gender (men vs. women, factor), with
the other studied measures as covariates (Table 1).
Statistical significance was set at p < 0.05.

RESULTS

The difference in gender distribution for both
types of surgery is shown in Fig. 1. The pro-
portion of female patients increased significantly
from 16.7% to 41.8% after the change in operative
method (OR = 5.61; 95%CI: 1.52–20.78; p = 0.010).
The other investigated factors did not reach statis-
tical significance (Table 1). Nevertheless, there was
a trend towards statistical significance for UPDRS
part IV in favor of women (OR = 0.861; 95%CI:
0.737–1.005; p = 0.058). There was a similar trend

Fig. 1. Difference in distribution gender x type of surgery (awake
vs. asleep).

for the Epworth Sleepiness Scale (ESS) (OR = 0.802;
95%CI: 0.661–0.973; p = 0.072).

DISCUSSION

Our findings provide a first indication that women
are more likely to undergo STN-DBS when an asleep
MRI-guided and CT-verified operative method was
used. In fact, this change normalized the female-male
ratio to closely the ratio as expected in the gen-
eral population of PD. Similar findings have been
reported for other neurosurgical treatment options
for PD, such as pallidotomy and thalamotomy [4].
Furthermore, differences in gender distribution have
been reported for surgery other than neurosurgery
[5]. Prior to this switch, the gender distribution at
our center resembled the international experience,
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with a predominance of men opting for surgery at the
time when this was still performed awake. The rea-
son why men were previously more likely to undergo
an awake surgical procedure is unclear. A possible
explanation is gender referral bias [3]. However, this
is unlikely since preoperative recruitment and screen-
ing were not changed. Furthermore, women with PD
tend to be more anxious than men [1, 6], which might
lead to women avoiding surgery [7]. However, our
analysis showed no gender differences in anxiety.
We also believe that our results were not influenced
by any cultural differences, as all except for four (1
female) out of 121 patients had the same cultural
background. We cannot rule out that some differences
were missed, because of the unequal sample sizes
resulting in a wide 95% CI. There was a trend towards
statistical significance for UPDRS part IV in favor of
women. This would be consistent with the existing
literature that women are more likely to develop dysk-
inesias [1]. Regarding the similar trend in the ESS,
both means would classify as normal based on the
scale-specific cutoff criteria [8]. Therefore, this trend
is not clinically relevant. Further prospective studies
should confirm this finding, which may help to alle-
viate undesirable gender differences in Parkinson’s
care.
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