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Abstract

Background Patients suffering from Parkinson’s disease (PD) may experience pain during stereotactic frame (SF) fixation
in deep brain stimulation (DBS). We assessed the role of hypnosis during the SF fixation in PD patients undergoing awake
bilateral subthalamic nucleus (STN) DBS.

Methods N=19 patients were included (N =13 males, mean age 63 years; N=10 allocated to the hypnosis and N=9 allocated to
the control groups). Patients were randomly assigned to the interventional (hypnosis and local anesthesia) or non-interventional
(local anesthesia only) groups. The primary outcome was the pain perceived (the visual analogue scale (VAS)). Secondary out-
comes were stress, anxiety, and depression, as measured by the perceived stress scale (PSS) and hospital anxiety and depression
scale (HADS). Procedural distress was measured using the peritraumatic distress inventory (PDI-13).

Results In the hypnosis group, VAS,, ., was 5.6 +£2.1, versus 6.4 + 1.2 in the control group (p =0.31). Intervention and
control groups reported similar VAS ., scores (7.6 +2.1 versus 8.6+ 1.6 (p=0.28), respectively). Both groups had similar
HADS scores (6.2 +4.3 versus 6.7+ 1.92, p=0.72 (HADSa) and 6.7 +4.2 versus 7.7+ 3, p=0.58 (HADSA)), so were the
PSS scores (26.1 +6.3 versus 25.1+7, p=0.75). Evolutions of VAS, ... (R*=0.93,95% CI [0.2245, 1.825], p=0.03) and
PDI-13 scores (R*=0.94, 95% CI [1.006, 6.279], p=0.02) significantly differ over follow-up with patients in the hypnosis
groups showing lower scores.

Conclusion In this unblinded, randomized study, hypnosis does not influence pain, anxiety, and distress during awake SF fixation
but modulates pain memory over time and may prevent the integration of awake painful procedures as a bad experience into the
autobiographical memory of patients suffering from PD. A randomized controlled study with more data is necessary to confirm
our findings.
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Introduction

The use of a stereotactic frame (SF) mounted on the patient’s
head is required in deep brain stimulation (DBS) surgery.
When it comes to awake procedures, the patient is able to
sit up with the head straight, ensuring speedy and accu-
rate mounting of the device. While the mounting may be
reported to be painful and uncomfortable, it has to be car-
ried out with special attention as the SF must be positioned
as symmetrical as possible and parallel to Reid’s baseline
[3]. In the case of awake DBS, pain and discomfort may be
experienced by patients suffering from Parkinson’s disease
(PD) during SF fixation as well as during scalp incision and
may compromise their adherence to the procedure.

On the surgeon’s side, causing an unpleasant experience
to the patient may feel distressing, discouraging, and some-
what disappointing. This can be even more true in patients
suffering from PD, as it has been reported that they show
lower tolerance and increased vulnerability to pain [39, 61]
as well as a higher incidence of anxiety [23]. Furthermore,
the procedure is mostly carried out with the patient being
OFF-medication with motor and non-motor symptoms [45].
Altogether, these factors may exacerbate the perceived pain
and aggravate the anxiety related to the SF mounting and the
overall DBS procedure. In order to reduce pain during SF
mounting on the head, local anesthesia (LA) is traditionally
used at the site where the pins penetrate the skin prior to the
scalp incision [43]. Alternatively, a supra-orbital block or a
cranial block can be performed [59]. However, the pressure
felt during pins insertion may still be perceived as uncom-
fortable and distressful. More recently, fully asleep DBS
procedure has been brought to the field [42] but is yet to be
democratized since it implies pre-surgical high-resolution
imaging and intraoperative control using—if not magnetic
resonance imaging (MRI)—at least a CT scan [47].

The role of hypnosis and hypnosedation (hypnosis with
the adjunct of a sedative drug) during surgical procedures
has been discussed over the past 15 years [2, 19-21, 35,
36, 40, 50, 54, 57] and both are currently practiced world-
wide in various surgical fields such as thyroid surgery or
gynecologic surgery, for example [48-50, 57]. Yet, the clini-
cal potential of hypnosis in pain modulation is now well
established [20, 21, 36, 40]; in a recent review including
49 studies and 135 patients, Fernandez er al. showed that
hypnosis globally reduces the sympathetic responses and/
or increases parasympathetic tone [22], eventually leading
to reduced perioperative stress.

While the successful use of hypnosedation during awake
neurosurgical procedures has been reported [4], the role of
hypnosis during stereotactic procedures, in particular dur-
ing SF mounting, has not yet been explored, mainly because
brain mechanisms of hypnosis are poorly known and the
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hypnotizability varies among patients. Hence, the impact of
hypnosis on the daily medical practice is probably reduced
and the use of hypnosis may be seen as somewhat mysteri-
ous among the scientific community. Still, imaging studies
and solid fundamental data are available in the literature [7,
11-13, 31, 58].

Another reason for the lack of data is the difficulty to set
up a solid, blinded methodology aiming to determine the
clinical, quantitative role of hypnosis.

In this context and in the perspective to improve our
patients’ comfort and adherence to their treatment, our
aim was to assess the role of hypnosis as an adjunct to LA
to decrease pain and distress during the SF fixation in PD
patients undergoing awake bilateral subthalamic nucleus
(STN) DBS. Our hypothesis was that the adjunct of hypno-
sis to LA would reduce the overall procedural pain, anxiety,
and perceived stress.

Methods
Generalities

This was a randomized, unblinded study designed with
the collaboration of our epidemiology unit. Two groups
were established: the hypnosis and the control group. We
decided not to blind the study for both investigators and
participants because it seemed unethical to suggest a fake
hypnosis session to patients included in the control group.
Therefore, patients knew their treatment allocation prior to
the surgery. This certainly introduces a suggestibility bias,
the caregiver being susceptible to transfer his/her expecta-
tions to the patient.

The study was registered on ClinicalTrials.gov (NCT
03074422) and was approved by the local ethics committee
(IRB approval 2016-01843). Informed consent was obtained
for all the patients included in the study.

Milestones and related assessments/outcomes are sum-
marized in Fig. 1.

Patients’ inclusion

A total of N=19 patients with a diagnosis of PD based on
the UK Parkinson’s Disease Society Brain Bank Criteria
[28] were prospectively and consecutively included in the
study (N =13 males, mean age 63 years (43—73 years)
(Table 1). All patients underwent STN DBS at our center.
N =10 patients were allocated to the hypnosis group and
N =9 patients were allocated to the control group. All
patients had a diagnosis of PD. Aside from their alloca-
tion, cohorts were similar in terms of gender and age.
The study started in January 2016 and the last patient
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Fig.1 Summary of screening, inclusion, intervention, and follow-up
milestones of the study. Patients suffering from Parkinson’s disease
were screened during the regular multidisciplinary assessment for
deep brain stimulation involving neurologists and neurosurgeons.
Study inclusion was achieved 1 month before surgery. Patients
were unblindedly randomized into the hypnosis or into the con-
trol group the day prior to the surgery. Procedural pain and distress
were assessed after the mounting of the stereotaxic frame as well as

Table 1 Baseline demographic data of the study

Hypnosis (n=10) Control (n=9) p-value
Baseline demographics
Age 63.8 (51-73) 61.7 (43-72) -
Sex SM/SF 8M/1F 0.06

was recruited in December 2021. Including the last FU
visit, the study ran from January 2016 to December 2022.

One month prior to surgery, the study was presented
to the patient by the surgeons (MVC and SM). Once
enrolled, patients underwent a comprehensive pre-opera-
tive neuropsychological assessment performed by a senior
neuropsychologist (SCC) specialized in the management
of patients suffering from PD. The neuropsychological
assessment included the French version of the perceived
stress scale (PSS) 10 [4] and the French version of the
hospital anxiety and depression scale (HADS) [63].

Inclusion criteria were as follows: (1) patients > 18 years,
(2) with a diagnosis of PD based on the UK Parkinson’s
Disease Society Brain Bank Criteria [28], (3) undergoing
STN DBS, and (4) able to consent. Patients undergoing
DBS for other indications than PD and/or in other targets
than STN were excluded from the study after the screen-
ing, as well as patients suffering from moderate-to-severe
psychiatric comorbidity.

Workflow and randomization
The day prior to surgery, patients were admitted to our Neu-

rosurgery Department. All participants had a pre-surgical
consultation with our senior anesthesiologist (AW) and all

| I ~
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at 6- and 12-month follow-up, while anxiety and stress were meas-
ured before the surgery as well as at 6- and 12-month follow-up. PD,
Parkinson’s disease; DBS, deep brain stimulation; STN, subthalamic
nucleus; M, month; HAD, hospital anxiety and depression scale; PSS,
perceived stress scale; VAS, visual analogue scale; PDI-13, peritrau-
matic distress inventory-13 items; PCLS, post-traumatic stress disor-
der checklist state

patients were prepared for hypnosis. Our senior anesthesiol-
ogist is a board-certified trained professional with a national
diploma in hypnotherapy and is also the director of the hos-
pital center for hypnosis. The evening prior surgery, patients
were randomly assigned to either the interventional (hypno-
sis and local anesthesia) or non-interventional (local anes-
thesia only) groups, using the blocked randomization, which
was previously set by the epidemiology unit of the Geneva
University Hospitals (Unité d’appui méthodologique, Centre
de Recherche Clinique, Hopitaux Universitaires de Geneve)
by the mean of sealed envelopes containing a paper on which
the treatment allocation (interventional versus non-interven-
tional group) was detailed. Treatment allocation was com-
municated to the team and to the patient immediately after
the opening of the envelope.

All patients had their head shaved the evening before
the surgery.

The morning of the surgery, all patients had four patches
of lidocaine/prilocaine 5% (EMLA patch 5%, Aspen Pharma
Schweiz GmbH, Baar, Switzerland) applied to the skin in
the frontal and occipital region at 06:45 a.m. (Fig. 2). The
patches were left in place for 45 min. A Leksell SF Model
G was used in all procedures (Leksell, Elekta, Stockholm,
Sweden). Withdrawal of antiparkinsonian drugs was under-
taken 12 h prior to surgery. No patients involved in the study
had apomorphine pumps.

Sample size

It was estimated a priori that the standard deviation for
the pain score was 2 in the study population. To detect a
difference of 3 between the mean of pain scores between
the intervention and the control groups with a 90% power
and a 5% o-risk, a sample of N=22 patients with N=11
patients in each arm was required. Unfortunately, the local
sanitary regulation authorities stopped the local functional
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Fig.2 Forty-five min prior to
frame mounting, four patches
of prilocaine/lidocaine (5%)
were applied to the skin of
the patient, at the level of the
fixation points of the Leksell
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neurosurgery program in 2021. This was due to government-
driven national reorganization of the functional program,
resulting in N= 19 patients included in the study.

Interventional group

The hypnotic session took place in three distinct phases:
(1) phase of induction of the hypnotic state, (2) working
phase, and (3) return to critical consciousness, as described
elsewhere [27, 55]. All the sessions were conducted by the
anesthesiologist/hypnotherapist (AW). To prepare the ses-
sion, patients were asked to evoke personal resources and
pleasant contextual memories with the hypnotherapist the
evening prior to the surgery. These were used during hyp-
nosis inducer thereafter.

The session was performed in a single-bed quiet room
with the door closed. Usually, the patient was sitting on a
chair, but occasionally, the procedure took place with the
patient lying in bed in the presence of severe akinesia. All
patients were OFF-medication during the hypnosis session.
The hypnosis session was started on the day of the surgery
at 07:15 a.m. in the patient’s room. The overall disposition
of the room during the hypnosis session is shown in Fig. 3.

After circa 20 min, the working phase was reached, and
the surgeons were allowed to enter the room. During the
whole procedure, the surgeons were not allowed to talk
directly to the patient. Whenever necessary, the surgeons had
to talk to the anesthesist, who then transmitted the informa-
tion to the patient. At first, the lidocaine/prilocaine patches
(EMLA patch 5%, Aspen Pharma Schweiz GmbH, Baar,
Switzerland)were removed and the skin was disinfected. A
LA (rapidocain 200 mg/20 ml, in-house preparation) was
performed at the sites where the pins would be inserted
thereafter (Fig. 2). After 5 min, the headframe was fixed
using four sharp pins which were screwed through the skin
to the skull bone, sequentially. Once the procedure was com-
pleted, the patient was asked by the hypnotherapist to open
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his/her eyes and to return to consciousness. The hypnosis
session was over. Overall, it lasted 30—-40 min.

Control group

In the control group, the mounting of the SF was performed
in a single-bed quiet room with the door closed. The patient
was usually sitting on a chair, but occasionally, the pro-
cedure took place with the patient lying on the bed. The
procedure usually started at 07:30 a.m. At first, the rapi-
docain/prilocain patches (EMLA patch 5%, Aspen Pharma
Schweiz GmbH, Baar, Switzerland) were removed and the
skin was disinfected. A LA was performed at the site where
the pins would be inserted (rapidocain 200 mg/20 ml, in-
house preparation). After 5 min, the headframe was fixed
using four sharp pins which were screwed through the skin,
sequentially. All patients included in the control group were
OFF-medication during the mounting of the SF.

Surgical procedure

After the mounting of the SF, the patient was transferred
to the radiology department where a cerebral CT scan
was performed and fused with the pre-operative planning
images. Thereafter, the patient was transferred to the oper-
ating room (OR).

The patient was positioned supine, with an oxygen mask
in place. Antibiotic prophylaxis was achieved using intrave-
nous cefazolin (Céfazoline Sandoz, Sandoz Pharmaceuticals
AG, Rotkreutz, Switzerland). Mild sedation was achieved
during patient preparation using intravenous propofol
(Propofol-Lipuro 1% 1 g/100 ml, B Braun Medical, Sem-
pach, Switzerland). Local scalp anesthesia was performed
using 10 cc rapidocain (rapidocain 200 mg/20 ml, in-house
preparation) for each incision. Two arciform incisions were
then performed under analgo-sedation and careful hemosta-
sis was achieved. Two burr holes were drilled. Thereafter,
the sedation was stopped to obtain full collaboration of the
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Fig.3 Typical setup during a
hypnosis session prior to a deep
brain stimulation surgery for
Parkinson’s disease. The hyp-
notherapist (A) faces the patient
(B). Behind the patient, one sur-
geon (C) mounts the stereotaxic
frame. The other surgeon (D)
stands on the side of the patient
and holds the frame, ensuring

that the head is straight. During
the session, surgeons do not
speak while the patient and the
hypnotherapist communicate
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patient during micro-electrode recording and neurological
testing. Once the definitive position of the electrode was
decided, a definitive electrode was positioned under X-ray
control (Boston Scientific Cartesia, Boston Scientific, MA,
USA). Once both definitive electrodes were in place, the skin
was closed using subcutaneous sutures and staples.

Assessment of outcomes
The study design is presented in Fig. 1.
Baseline and interventional outcomes

Primary outcome The primary outcome was the intensity
of pain perceived during the procedure, as measured by
the visual analogue scale (VAS). Directly after SF fixation,
patients were asked to report the mean (VAS,,.,,) and maxi-
mal (VAS,,,,) procedural pain.

Secondary outcomes Baseline stress, anxiety, and depres-
sion were assessed using the perceived stress scale (PSS)
and hospital anxiety and depression scale (HADS and their
anxiety (HADSa) and depression (HADSd) subscales),
respectively. The procedural distress was assessed right

after the procedure by the neuropsychologist (SCC) using
the peritraumatic distress inventory (PDI-13) [30].

Post-interventional outcomes and follow-up Follow-up
(FU) assessments were performed at 6-month and 1-year
(FU). Peritraumatic distress as well as anxiety and depres-
sion were measured during the FU period. To do so, PSS,
PDI-13, and HADS questionnaires were completed by our
senior neuropsychologist (SCC) during a phone call or dur-
ing a clinical FU visit.

There were neither cross-overs nor withdrawals. N=1
patient in the intervention group was lost of FU, while N=3
patients and N=1 patient in the control group were lost of
FU at 6- and 12-month FU, respectively (Fig. 4).

Statistical analysis

The statistical analysis was performed using GraphPad
PRISM version 9.3.1 (GraphPad Software, LLC, San Diego,
CA (USA)). The significant p-value was defined at 0.05.
Unpaired ¢-tests were used to compare groups and multi-
ple paired #-tests were used to compare the evolution of the
mean scores over FU.
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Fig.4 Study flowchart sum-
marizing randomization in both
groups and further distribu-
tion of the study population
throughout the study period.
There were no cross-overs. One
patient was lost of follow-up in
the intervention group, while

N=19 patients
included

three patients did not attend the
6-month assessments and one

patient did not respond to the
1-year questionnaires

N=10 patients
Hypnosis + LA

Six months FU
N=9 patients

1year FU
N= 9 patients

Adverse events
There were no adverse events during the study period.
Placebo and nocebo effects

Due to the unblinded design of the study, patients included
in the interventional group were able to benefit from a pla-
cebo effect. Correspondingly, the consciousness among the
patients in the control group of not receiving additional hyp-
nosis treatment could have generated a nocebo effect. This
is discussed further in the limitation section.

Results
Pre-operative measures

Pertaining to their pre-operative HADS, patients in the
hypnosis group had similar HADSd and HADSa scores
(6.2+4.3 versus 6.7+1.92, 95% CI [-3.896 to 2.740],
p=0.72 and 6.7 £4.2 versus 7.7+3, 95% CI [—4.549 to
2.615], p=0.58 in the hypnosis and control groups, respec-
tively). Regarding the pre-operative PSS scores, both groups
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N=9 patients
LA only

Six months FU
N= 6 patients

1year FU
N= 8 patients

were similar (26.1 +6.3 versus 25.1+7, 95% CI [—5.440
to 7.418], p=0.75). Pre-operative data are summarized in
Table 2.

Pain during procedure

Pertaining to the pain experienced during the procedure,
there was no difference between both groups during
SF fixation. In the hypnosis group, VAS,.,, during the
procedure was 5.6 +£2.1, versus 6.4 + 1.2 in the control
group (95% CI [—-2.550t0 0.8611], p=0.31). Pertaining
to the VAS,_,, reported during the procedure, the inter-
vention group reported a mean score of 7.6 +2.1 versus
8.6+1.6 (95% CI [—2.786 to 0.8750], p=0.28). Data
on pain reported during the procedure are summarized
in Table 2.

Follow-up data

Data on stress, anxiety, and pain at 6-month and 1-year FU
are shown in Table 2. While there was no statistical differ-
ence in terms of VAS, HADS, and PDI-13 scores during FU
between both cohorts, the pattern of evolution significantly
differs pertaining to VAS,.,, (R*=0.93, 95% CI [0.2245
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Table2 Study timeline, procedures, and assessment at screening,
during intervention, and follow-up. HAD hospital anxiety and depres-
sion scale, PSS perceived stress scale, PDI-13 peritraumatic distress
inventory, VAS visual analogue score, PCLS post-traumatic stress dis-
order checklist state

to 1.825], p=0.03) and PDI-13 scores (R*=0.94, 95% CI
[1.006 to 6.279], p=0.02; Fig. 5).

, Discussion
Hypnosis (n=10) Control (n=9) p-value
Pre-operative Overall findings
HADd 6.2+4.3 6.7+1.92 0.72
HADa 6.7+4.2 7743 0.58 We compared the efficacy of hypnosis in reducing acute pain
PSS 26.1+6.3 25.1+7 0.75 during SF mounting in patients suffering from PD undergo-
After procedure ing awake bilateral STN-DBS. While there is no absolute
VAS ean 5.6+2.1 64+12 0.31 difference between intervention and control groups in terms
VAS 7.6+2.1 8.6+1.6 0.28 of perceived pain, anxiety, and perioperative distress, the
PDI-13 7.1+4 9.6+4.7 0.23 two arms showed a significantly different evolution in terms
6-month FU of pain recalling and peritraumatic memories, as measured
VAS jean 53+34 62+2.5 0.7 by VAS and PDI-13 scores. To our knowledge, this is the
VAS 62+34 82+1.8 0.37 first prospective, randomized study to assess the role of hyp-
PDI-13 6.7+8.8 11.2+89 0.40 nosis in patients undergoing frame fixation for STN DBS in
PCL-S 24.2+6.1 26.2+11.7 0.7 PD. Even though this study is flawed by several limitations,
PSS 25.6+9.4 26.2+6 0.94 it provides insights on the optimization of pain management
HADd 5.9+3.6 8.5+39 0.25 during a painful procedure in PD patients using hypnosis as
HADa 64+19 6+33 0.59 an adjunct to LA.
1-year FU Since the early 1990s, several research groups identified
VAS, can 49+2.8 6.3+2 0.26 the existence of hypnosis-related phenomena and their influ-
VAS,ax 7.8+2.3 8.1x2.1 0.58 ence on the pain signal perception, showing that there is a
PDI-13 10.8+9.8 14.8+12.3 0.35 modulation of the anterior cingulate area activity together
PCL-S 21.2+4.7 25.6+12.2 0.34 with modified interconnectivity with other critical regions
PSS 23.2+9 27452 0.41 involved in nociception [20]. From then, the potential of
HADd 52+38 7.5+45 0.63 hypnosis in pain modulation and, more extensively, periop-
HADa 72+34 8.5+3.3 0.94 erative patient management was established [20, 21, 36, 40],
as hypnosis has been used even during the resection of brain
Evolution VAS ..., Evolution PDI-13
10 20
p=0.03 Hypnosis  5-0.02 -e- Hypnosis
8- 15 No hypnosis -e— No hypnosis
64 ST |10-
o\‘\.
4 5 -
2 I I I 0 I I I
! {5@ ,&e & . {5@ ,&9 0*
L &o° ) @eb &o“ N
& e &

Fig.5 Evolutions of VAS, .. (eft) and PDI-13 (right) scores in
both cohorts throughout the study period. Regarding VAS, ... both
cohorts showed an overall reduction of pain quotation during follow-
up, which was more there was a pattern of reduction of scores in
both cohorts, which was significantly more marked in patients who

received hypnosis. Regarding PDI-13 scores, both cohorts showed
increased scores after the procedure, which was significantly higher
in the control group. VAS, visual analogue scale; PDI, peritraumatic
distress inventory
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tumors [19, 50, 57, 62]. However, there is room for improve-
ment in our understanding of hypnosis, its development, and
its implementation into the daily clinical practice [31].

Pain during SF fixation in awake DBS has long been a
concern for surgeons and patients. In 2001, Watson et al.
compared supraorbital and greater occipital nerve blocks
with subcutaneous infiltration during SF fixation in patients
suffering from PD, using VAS (0-100) to quantify the pro-
cedural pain [59]. Neither technique was superior in pre-
venting pain associated with pin placement at the frontal or
occipital sites and the procedure was reported to be globally
painful by patients. However, nerve blocks were less painful
than subcutaneous LA at both the frontal (VAS, 34 +24 vs
49 +25) and occipital (VAS, 34 +21 vs 49 +23) sites. Aside
from pain-reduction procedures, frameless stereotactic inter-
ventions [24, 53] have been promoted recently, as have been
fully asleep DBS surgeries [6, 9, 18, 32]

Since not only SF fixation but also the skin incision are
painful, the scalp block, where all areas of the frame and
the sites of the skin incisions are anesthetized, can be per-
formed. This results in patient comfort improvement and
saves on analgesics as well as antihypertensive drugs, as
shown by Krauss et al. [34]. In their study, the authors were
able to show that patients who had scalp block showed lower
mean systolic blood pressure and heart rate compared with
patients who had LA. Thereafter, more antihypertensives
were required to achieve blood pressure control in the LA
cohort. As previously stated, hypnosis is also effective in
reducing the sympathetic tone as well as increasing the para-
sympathetic perioperative response [22].

Along with these findings, Schnur et al. showed the use
of hypnosis to reduce emotional distress associated with
medical procedures, underlying the need of hypnosis and
its relevance when it comes to management during invasive
procedures, on the basis of 26 trials including 2342 partici-
pant articles [46].

Hypnosis and acute pain

According to the American Psychological Association,
hypnosis is defined as “a state of consciousness involving
focused attention and reduced peripheral awareness charac-
terized by an enhanced capacity for response to suggestion”
[17]. The effectiveness and reliability of hypnosis in acute
pain disorders and procedural pain have been previously
assessed elsewhere [1, 5, 8, 14-16, 20, 33, 37, 41, 44, 51,
52, 54, 60].

Pain is associated with modulation of the activation of the
primary and secondary somatosensory areas, the insula, and
the anterior cingulate cortex. In addition, individual char-
acteristics and the context play a role in pain modulation
[29, 38]. In our study, the procedural pain reported in the
two groups was similar during the procedure, at 6-month
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and 1-year FU. This is probably due to the procedure itself,
where four sharp pins are directly inserted through the skin,
and pressure is applied by screwing them into the skull.

Pain and peritraumatic distress recall

The recall of the procedure, in the perspective of pain and
peritraumatic distress, significantly differs between interven-
tion and control groups, showing that patients who received
hypnosis tend to report lower pain and distress scores over
time. Due to the study protocol, the FU was limited to 1 year,
but a longer FU could be useful to confirm the tendency
towards minimization of PDI-13 and VAS scores in the
hypnosis group. This phenomenon can be explained by the
previously reported reduced activation in the left amygdala
and bilaterally in the anterior cingulate cortex (ACC), insula,
and hippocampus during hypnosis [26].

Altogether, our data support the beneficial role of hyp-
nosis in reducing unpleasant and stressful memories after
highly painful procedures. In that sense, hypnosis could pos-
sibly play a role in long-term memory of pain levels, which
tends to decrease with time. In this perspective, hypnosis
appears to modulate the memory of pain by making it less
prominent over time.

Local versus general anesthesia

The mounting of the SF on the patient’s head is performed
under LA, as the patient is awake during the mounting pro-
cedure and later on during the surgical intervention. This
moment is reported as “painful” to “extremely painful” by
patients, and most of them confess to keep a very unpleasant
memory of the event, even several years after the procedure
and despite the fact that the surgery had a positive effect on
their functional outcome.

We keep the patient awake because the procedure requires
fully collaboration as the head must be maintained in a
neutral position. Furthermore, awake mounting of the SF
reduces the risks of procedure-related adverse events and
avoids orotracheal intubation, which also carries its own
risks. Finally, it allows to keep the patient awake during the
subsequent microelectrode recording and testing of the elec-
trode during the DBS procedure itself. Alternatively, fully
asleep DBS is increasingly advocated as a standard of care
but requires intra-operative imaging, which is far from being
democratized worldwide yet.

Parkinsonians as a specific subgroup of patients
experiencing pain

Alteration of pain perception, as a non-motor symptom
resulting from abnormal processing of the sensory input
through the basal ganglia, is part PD spectrum [10, 25].
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It has been previously reported that patients with PD had
a lower pain threshold compared to non-PD age-adjusted
patients; the duration and severity of PD were directly cor-
related to the reduction of the threshold [39]. These results
were corroborated by Zambito et al. [61].

On the contrary, other groups advocate hypoalgesia in
patients suffering PD: Tycocki et al. compared subjective
pain intensity during stereotactic frame fixation in patients
undergoing STN DBS for PD to the pain experienced in
non-parkinsonian patients undergoing frame fixation for ste-
reotactic brain biopsy. The authors were able to report that
patients with PD had overall lower VAS scores than non-PD
patients [56].

Perspectives

Aside from the debate between the fully asleep DBS proce-
dures with direct targeting and microelectrode recording-
guided awake DBS procedures, the fixation of the steSF is an
issue, when it comes to awake patients, because of the pain
and the resulting anxiety and distress. Our results clearly
indicate that there is an increase of PSS, PDI-13, and HADS
scores from baseline to the end of the FU. Even though
these results are not statistically significant and are flawed
with methodological limitations resulting from unblinding
for treatment, there may be an impact of the procedure on
the patient, which could be demonstrated in larger cohorts.
Since we focused our endpoint on pain, the study was not
designed to include more patients.

The lack of blinding may have biased patients in both
groups: it is possible that the favorable outcome in the inter-
ventional group with respect to the evolution of the VAS ...
could depend on a placebo effect generated by the patients’
consciousness of having been allocated to the hypnosis
group. It is also possible that the health care professionals
could unconsciously and involuntarily transfer their expec-
tations of a better outcome on pain in the interventional
group compared to the control group. Alternatively, the
consciousness among patients in the control group of not
receiving additional hypnosis may have generated a nocebo
effect, with negative expectation concerning the outcome on
pain intensity. However, the absence of difference in every
measured outcome may suggest that these effects were not
predominant. Aside, the different evolution of pain memory
over time may indicate that there is, in fact, a role played by
the hypnosis itself.

Strengths and limitations

Data were prospectively acquired by a certified study nurse.
Patients were systematically assessed by a board-certified
neuropsychologist with a specific board certification for

hypnosis. The pre-operative and perioperative patient
pathway was well established, ensuring a smooth and fluid
throughout the hospital stay.

Our study suffers from several drawbacks, i.e., its
design, the limited amount of data acquired, and the study
population itself. The unblinding is due to the hypnosis
procedure itself, as the patient actually knows whether s/
he is receiving hypnosis or not. A potential solution to
overcome this critical issue would be to run a fake hypno-
sis session by an unexperienced professional. This would
in turn raise an ethical question. Alternatively, placebo
and nocebo effects were probably generated by the study
design, since healthcare professionals involved in the study
could transfer their expectations to the patient, who in turn
might have felt positive or negative feelings related to what
they may have perceived as a good or improper treatment
(whether hypnosis or not).

Only N=19 patients were included as local sanitary regu-
lations stopped our functional neurosurgery program, while
a sample of N=22 patients was required. However, the very
similar outcomes on perceived pain do not suggest that three
additional patients would have led to significantly different
results. N=2 patients were lost of FU at 1 year due to mov-
ing abroad (N=1) and other disabling medical conditions
(N=1). Lastly, as previously stated, PD patients may have a
distorted perception of the hypnosis session, especially since
they were OFF-med during the procedure.

Altogether, these limitations somewhat restrict the rep-
resentativity of our cohort and limit the generalizability of
our results. However, since no clear-cut result in favor of a
cohort over the other was found, it may be inferred that the
role of these biases may be limited.

Lastly, we did not measure the quality of the hypnotic
state because there is no reliable, applicable, and reproduc-
ible specific score of the hypnosis state, underlining the need
for an objective, clinical score of hypnosis.

Conclusion

Hypnosis does not seem to influence perceived pain, anxi-
ety, and distress during the awake stereotactic frame fixation
procedure. However, the results suggest that it might pos-
sibly modulate pain memory over time and may prevent the
integration of awake painful procedures as a bad experience
into the autobiographical memory of patients suffering from
PD. Larger cohorts included in randomized controlled stud-
ies are necessary to confirm their results.

Author contribution Original idea: MVC. Patient inclusion and data
acquisition: SCC and MVC. Hypnosis: AW. Manuscript drafting: MVC
and SCC. Critical and consistent revision of the article: all authors.

@ Springer



112 Page 100f 12

Acta Neurochirurgica (2024) 166:112

Funding Open access funding provided by University of Geneva
Data availability Data and material are available upon request.

Code availability Not applicable.

Declarations

Ethics approval Ethical approval was obtained by the local IRB (2016~
01843).

Consent to participate Informed consent was obtained for all patients
included in the study.

Consent for publication Consent for publication was obtained for all
patients included in the study.

Conflict of interest The authors declare no competing interests.

Study registration and protocol The study protocol is available upon
request and on https://clinicaltrials.gov/ct2/show/NCT03074422.

Study number 2016-01843 (Commission Cantonale d’Ethique de la
Recherche).
Clinicaltrials.gov identifier: NCT03074422.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Adachi T, Fujino H, Nakae A, Mashimo T, Sasaki J (2014) A
meta-analysis of hypnosis for chronic pain problems: a compari-
son between hypnosis, standard care, and other psychological
interventions. Int J Clin Exp Hypn 62:1-28. https://doi.org/10.
1080/00207144.2013.841471

2. Agard E, Pernod C, El Chehab H, Russo A, Haxaire M, Dot C
(2016) A role for hypnosis in cataract surgery: report of 171
procedures. J Fr Ophtalmol 39:287-291. https://doi.org/10.
1016/j.jf0.2015.04.024

3. Alptekin O, Gubler FS, Ackermans L, Kubben PL, Kuijf ML,
Kocabicak E, Temel Y (2019) Stereotactic accuracy and frame
mounting: a phantom study. Surg Neurol Int 10:67. https://doi.
org/10.25259/SNI-88-2019

4. Bellinghausen L, Collange J, Botella M, Emery JL, Albert E
(2009) Factorial validation of the French scale for perceived
stress in the workplace. Sante Publique 21:365-373

5. Bhuvaneswar C, Spiegel D (2013) An eye for an I: a 35-year-old
woman with fluctuating oculomotor deficits and dissociative
identity disorder. Int J Clin Exp Hypn 61:351-370. https://doi.
org/10.1080/00207144.2013.784115

@ Springer

10.

11.

12.

14.

15.

16.

17.

19.

20.

21.

22.

Blasberg F, Wojtecki L, Elben S, Slotty PJ, Vesper J, Schnit-
zler A, Groiss SJ (2018) Comparison of awake vs. asleep
surgery for subthalamic deep brain stimulation in Parkinson’s
disease. Neuromodulation 21:541-547. https://doi.org/10.
1111/ner.12766

Braboszcz C, Brandao-Farinelli E, Vuilleumier P (2017) Hyp-
notic analgesia reduces brain responses to pain seen in others.
Sci Rep 7:9778. https://doi.org/10.1038/s41598-017-10310-4
Brom D, Kleber RJ, Defares PB (1989) Brief psychotherapy for
posttraumatic stress disorders. J Consult Clin Psychol 57:607-
612. https://doi.org/10.1037//0022-006x.57.5.607

Chen T, Mirzadeh Z, Chapple KM, Lambert M, Shill HA,
Moguel-Cobos G, Troster Al, Dhall R, Ponce FA (2018) Clini-
cal outcomes following awake and asleep deep brain stimulation
for Parkinson disease. ] Neurosurg 130:109-120. https://doi.org/
10.3171/2017.8.JNS17883

Chudler EH, Dong WK (1995) The role of the basal ganglia
in nociception and pain. Pain 60:3-38. https://doi.org/10.1016/
0304-3959(94)00172-B

Cojan Y, Archimi A, Cheseaux N, Waber L, Vuilleumier P
(2013) Time-course of motor inhibition during hypnotic paraly-
sis: EEG topographical and source analysis. Cortex 49:423-436.
https://doi.org/10.1016/j.cortex.2012.09.013

Cojan Y, Piguet C, Vuilleumier P (2015) What makes your
brain suggestible? Hypnotizability is associated with differential
brain activity during attention outside hypnosis. Neuroimage
117:367-374. https://doi.org/10.1016/j.neuroimage.2015.05.076

. Cojan Y, Waber L, Schwartz S, Rossier L, Forster A, Vuille-

umier P (2009) The brain under self-control: modulation of
inhibitory and monitoring cortical networks during hypnotic
paralysis. Neuron 62:862—875. https://doi.org/10.1016/j.neuron.
2009.05.021

Colgan SM, Faragher EB, Whorwell PJ (1988) Controlled trial of
hypnotherapy in relapse prevention of duodenal ulceration. Lancet
1:1299-1300. https://doi.org/10.1016/s0140-6736(88)92118-6
De Pascalis V, Cacace I, Massicolle F (2004) Perception and mod-
ulation of pain in waking and hypnosis: functional significance of
phase-ordered gamma oscillations. Pain 112:27-36. https://doi.
org/10.1016/j.pain.2004.07.003

Egner T, Jamieson G, Gruzelier J (2005) Hypnosis decouples cog-
nitive control from conflict monitoring processes of the frontal
lobe. Neuroimage 27:969-978. https://doi.org/10.1016/j.neuro
image.2005.05.002

Elkins GR, Barabasz AF, Council JR, Spiegel D (2015) Advancing
research and practice: the revised APA division 30 definition of
hypnosis. Am J Clin Hypn 57:378-385. https://doi.org/10.1080/
00029157.2015.1011465

. Engelhardt J, Caire F, Damon-Perriere N, Guehl D, Branchard O,

Auzou N, Tison F, Meissner WG, Krim E, Bannier S, Benard A,
Sitta R, Fontaine D, Hoarau X, Burbaud P, Cuny E (2021) A phase
2 randomized trial of asleep versus awake subthalamic nucleus
deep brain stimulation for Parkinson’s disease. Stereotact Funct
Neurosurg 99:230-240. https://doi.org/10.1159/000511424
Facco E, Pasquali S, Zanette G, Casiglia E (2013) Hypnosis as
sole anaesthesia for skin tumour removal in a patient with multiple
chemical sensitivity. Anaesthesia 68:961-965. https://doi.org/10.
1111/anae.12251

Faymonville ME, Boly M, Laureys S (2006) Functional neuro-
anatomy of the hypnotic state. J Physiol Paris 99:463—4609. https://
doi.org/10.1016/j.jphysparis.2006.03.018

Faymonville ME, Laureys S, Degueldre C, DelFiore G, Luxen
A, Franck G, Lamy M, Maquet P (2000) Neural mechanisms of
antinociceptive effects of hypnosis. Anesthesiology 92:1257-
1267. https://doi.org/10.1097/00000542-200005000-00013
Fernandez A, Urwicz L, Vuilleumier P, Berna C (2022) Impact of
hypnosis on psychophysiological measures: a scoping literature


https://clinicaltrials.gov/ct2/show/NCT03074422
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/00207144.2013.841471
https://doi.org/10.1080/00207144.2013.841471
https://doi.org/10.1016/j.jfo.2015.04.024
https://doi.org/10.1016/j.jfo.2015.04.024
https://doi.org/10.25259/SNI-88-2019
https://doi.org/10.25259/SNI-88-2019
https://doi.org/10.1080/00207144.2013.784115
https://doi.org/10.1080/00207144.2013.784115
https://doi.org/10.1111/ner.12766
https://doi.org/10.1111/ner.12766
https://doi.org/10.1038/s41598-017-10310-4
https://doi.org/10.1037//0022-006x.57.5.607
https://doi.org/10.3171/2017.8.JNS17883
https://doi.org/10.3171/2017.8.JNS17883
https://doi.org/10.1016/0304-3959(94)00172-B
https://doi.org/10.1016/0304-3959(94)00172-B
https://doi.org/10.1016/j.cortex.2012.09.013
https://doi.org/10.1016/j.neuroimage.2015.05.076
https://doi.org/10.1016/j.neuron.2009.05.021
https://doi.org/10.1016/j.neuron.2009.05.021
https://doi.org/10.1016/s0140-6736(88)92118-6
https://doi.org/10.1016/j.pain.2004.07.003
https://doi.org/10.1016/j.pain.2004.07.003
https://doi.org/10.1016/j.neuroimage.2005.05.002
https://doi.org/10.1016/j.neuroimage.2005.05.002
https://doi.org/10.1080/00029157.2015.1011465
https://doi.org/10.1080/00029157.2015.1011465
https://doi.org/10.1159/000511424
https://doi.org/10.1111/anae.12251
https://doi.org/10.1111/anae.12251
https://doi.org/10.1016/j.jphysparis.2006.03.018
https://doi.org/10.1016/j.jphysparis.2006.03.018
https://doi.org/10.1097/00000542-200005000-00013

Acta Neurochirurgica (2024) 166:112

Page110f12 112

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

review. Am J Clin Hypn 64:36-52. https://doi.org/10.1080/00029
157.2021.1873099

Flamand-Roze C, Celestin-Lhopiteau I, Roze E (2016) Hypnosis
and movement disorders: state of the art and perspectives. Rev
Neurol (Paris) 172:530-536. https://doi.org/10.1016/j.neurol.
2016.07.008

Genovese D, Bove F, Rigon L, Tufo T, Izzo A, Calabresi P, Ben-
tivoglio AR, Piano C (2023) Long-term safety and efficacy of
frameless subthalamic deep brain stimulation in Parkinson’s dis-
ease. Neurol Sci. https://doi.org/10.1007/s10072-023-07059-2
Goetz CG, Tanner CM, Levy M, Wilson RS, Garron DC (1986)
Pain in Parkinson’s disease. Mov Disord 1:45-49. https://doi.org/
10.1002/mds.870010106

Halsband U, Wolf TG (2015) Functional changes in brain activ-
ity after hypnosis in patients with dental phobia. J Physiol Paris
109:131-142. https://doi.org/10.1016/j.jphysparis.2016.10.001
Hinterberger T, Schoner J, Halsband U (2011) Analysis of elec-
trophysiological state patterns and changes during hypnosis
induction. Int J Clin Exp Hypn 59:165-179. https://doi.org/10.
1080/00207144.2011.546188

Hughes AJ, Daniel SE, Kilford L, Lees AJ (1992) Accuracy of
clinical diagnosis of idiopathic Parkinson’s disease: a clinico-
pathological study of 100 cases. J Neurol Neurosurg Psychiatry
55:181-184. https://doi.org/10.1136/jnnp.55.3.181

Iannetti GD, Mouraux A (2010) From the neuromatrix to the
pain matrix (and back). Exp Brain Res 205:1-12. https://doi.
org/10.1007/s00221-010-2340-1

Jehel L, Brunet A, Paterniti S, Guelfi JD (2005) Validation of
the peritraumatic distress inventory’ French translation. Can J
Psychiatry 50:67-71. https://doi.org/10.1177/070674370505000
112

Jensen MP, Jamieson GA, Lutz A, Mazzoni G, McGeown
W], Santarcangelo EL, Demertzi A, De Pascalis V, Banyai EI,
Rominger C, Vuilleumier P, Faymonville ME, Terhune DB (2017)
New directions in hypnosis research: strategies for advancing the
cognitive and clinical neuroscience of hypnosis. Neurosci Con-
scious 3. https://doi.org/10.1093/nc/nix004

Jin H, Gong S, Tao Y, Huo H, Sun X, Song D, XuM, XuZ, Liu Y,
Wang S, Yuan L, Wang T, Song W, Pan H (2020) A comparative
study of asleep and awake deep brain stimulation robot-assisted
surgery for Parkinson’s disease. NPJ Parkinsons Dis 6:27. https://
doi.org/10.1038/s41531-020-00130-1

Kendrick C, Sliwinski J, Yu Y, Johnson A, Fisher W, Kekecs Z,
Elkins G (2016) Hypnosis for acute procedural pain: a critical
review. Int J Clin Exp Hypn 64:75-115. https://doi.org/10.1080/
00207144.2015.1099405

Krauss P, Marahori NA, Oertel MF, Barth F, Stieglitz LH (2018)
Better hemodynamics and less antihypertensive medication: com-
parison of scalp block and local infiltration anesthesia for skull-
pin placement in awake deep brain stimulation surgery. World
Neurosurg 120:€991-e999. https://doi.org/10.1016/j.wneu.2018.
08.210

Kravits KG (2015) Hypnosis for the management of anticipatory
nausea and vomiting. J Adv Pract Oncol 6:225-229. https://doi.
org/10.6004/jadpro.2015.6.3.4

Kupers R, Faymonville ME, Laureys S (2005) The cognitive mod-
ulation of pain: hypnosis- and placebo-induced analgesia. Prog
Brain Res 150:251-269. https://doi.org/10.1016/S0079-6123(05)
50019-0

Lang EV, Benotsch EG, Fick LJ, Lutgendorf S, Berbaum ML,
Berbaum KS, Logan H, Spiegel D (2000) Adjunctive non-phar-
macological analgesia for invasive medical procedures: a ran-
domised trial. Lancet 355:1486—1490. https://doi.org/10.1016/
S0140-6736(00)02162-0

Legrain V, lannetti GD, Plaghki L, Mouraux A (2011) The pain
matrix reloaded: a salience detection system for the body. Prog

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Neurobiol 93:111-124. https://doi.org/10.1016/j.pneurobio.2010.
10.005

Mylius V, Brebbermann J, Dohmann H, Engau I, Oertel WH,
Moller JC (2011) Pain sensitivity and clinical progression in Par-
kinson’s disease. Mov Disord 26:2220-2225. https://doi.org/10.
1002/mds.23825

Rainville P, Duncan GH, Price DD, Carrier B, Bushnell MC
(1997) Pain affect encoded in human anterior cingulate but not
somatosensory cortex. Science 277:968-971. https://doi.org/10.
1126/science.277.5328.968

Rainville P, Hofbauer RK, Paus T, Duncan GH, Bushnell MC,
Price DD (1999) Cerebral mechanisms of hypnotic induction and
suggestion. J Cogn Neurosci 11:110-125. https://doi.org/10.1162/
089892999563175

Roldan P, Mosteiro A, Valldeoriola F, Rumia J (2023) How 1
do it - asleep DBS placement for Parkinson’s disease. Acta
Neurochir (Wien) 165:2189-2195. https://doi.org/10.1007/
s00701-023-05659-7

Safaee M, Burke J, McDermott MW (2016) Techniques for the
application of stereotactic head frames based on a 25-year experi-
ence. Cureus 8:e543. https://doi.org/10.7759/cureus.543
Schaefert R, Klose P, Moser G, Hauser W (2014) Efficacy, toler-
ability, and safety of hypnosis in adult irritable bowel syndrome:
systematic review and meta-analysis. Psychosom Med 76:389—
398. https://doi.org/10.1097/PSY.0000000000000039

Schapira AHV, Chaudhuri KR, Jenner P (2017) Non-motor fea-
tures of Parkinson disease. Nat Rev Neurosci 18:435-450. https://
doi.org/10.1038/nrn.2017.62

Schnur JB, Kafer I, Marcus C, Montgomery GH (2008) Hypnosis
to manage distress related to medical procedures: a meta-analysis.
Contemp Hypn 25:114-128. https://doi.org/10.1002/ch.364
Schulder M, Mishra A, Mammis A, Horn A, Boutet A, Blomstedt
P, Chabardes S, Flouty O, Lozano AM, Neimat JS, Ponce F, Starr
PA, Krauss JK, Hariz M, Chang JW (2023) Advances in techni-
cal aspects of deep brain stimulation surgery. Stereotact Funct
Neurosurg 101:112-134. https://doi.org/10.1159/000529040
Sourzac J, Berger V, Conri V (2018) The impact of conversa-
tional hypnosis on the pre- and postoperative anxiety of patients
in gynecological surgery versus ordinary practice: a comparative
study. Rech Soins Infirm:83-90. https://doi.org/10.3917/rsi.135.
0083

Sourzac J, Germain C, Frison E, Sztark F, Conri V, Floccia M
(2021) Effect of a hypnosis session before hysterectomy on pre-
and postoperative anxiety. Int J Gynaecol Obstet 155:156-157.
https://doi.org/10.1002/ijgo.13800

Souza LS, Crespo AN, Medeiros JL (2009) Laryngeal vocal and
endoscopic alterations after thyroidectomy under local anesthesia
and hypnosedation. Braz J Otorhinolaryngol 75:511-516. https://
doi.org/10.1016/s1808-8694(15)30489-4

Spiegel D (2013) Tranceformations: hypnosis in brain and body.
Depress Anxiety 30:342-352. https://doi.org/10.1002/da.22046
Spiegel D, Bloom JR (1983) Group therapy and hypnosis reduce
metastatic breast carcinoma pain. Psychosom Med 45:333-339.
https://doi.org/10.1097/00006842-198308000-00007

Tai CH, Wu RM, Lin CH, Pan MK, Chen YF, Liu HM, Lu HH,
Tsai CW, Tseng SH (2010) Deep brain stimulation therapy for
Parkinson’s disease using frameless stereotaxy: comparison with
frame-based surgery. Eur J Neurol 17:1377-1385. https://doi.org/
10.1111/5.1468-1331.2010.03035.x

Tefikow S, Barth J, Maichrowitz S, Beelmann A, Strauss B,
Rosendahl J (2013) Efficacy of hypnosis in adults undergoing
surgery or medical procedures: a meta-analysis of randomized
controlled trials. Clin Psychol Rev 33:623-636. https://doi.org/
10.1016/j.cpr.2013.03.005

@ Springer


https://doi.org/10.1080/00029157.2021.1873099
https://doi.org/10.1080/00029157.2021.1873099
https://doi.org/10.1016/j.neurol.2016.07.008
https://doi.org/10.1016/j.neurol.2016.07.008
https://doi.org/10.1007/s10072-023-07059-2
https://doi.org/10.1002/mds.870010106
https://doi.org/10.1002/mds.870010106
https://doi.org/10.1016/j.jphysparis.2016.10.001
https://doi.org/10.1080/00207144.2011.546188
https://doi.org/10.1080/00207144.2011.546188
https://doi.org/10.1136/jnnp.55.3.181
https://doi.org/10.1007/s00221-010-2340-1
https://doi.org/10.1007/s00221-010-2340-1
https://doi.org/10.1177/070674370505000112
https://doi.org/10.1177/070674370505000112
https://doi.org/10.1093/nc/nix004
https://doi.org/10.1038/s41531-020-00130-1
https://doi.org/10.1038/s41531-020-00130-1
https://doi.org/10.1080/00207144.2015.1099405
https://doi.org/10.1080/00207144.2015.1099405
https://doi.org/10.1016/j.wneu.2018.08.210
https://doi.org/10.1016/j.wneu.2018.08.210
https://doi.org/10.6004/jadpro.2015.6.3.4
https://doi.org/10.6004/jadpro.2015.6.3.4
https://doi.org/10.1016/S0079-6123(05)50019-0
https://doi.org/10.1016/S0079-6123(05)50019-0
https://doi.org/10.1016/S0140-6736(00)02162-0
https://doi.org/10.1016/S0140-6736(00)02162-0
https://doi.org/10.1016/j.pneurobio.2010.10.005
https://doi.org/10.1016/j.pneurobio.2010.10.005
https://doi.org/10.1002/mds.23825
https://doi.org/10.1002/mds.23825
https://doi.org/10.1126/science.277.5328.968
https://doi.org/10.1126/science.277.5328.968
https://doi.org/10.1162/089892999563175
https://doi.org/10.1162/089892999563175
https://doi.org/10.1007/s00701-023-05659-7
https://doi.org/10.1007/s00701-023-05659-7
https://doi.org/10.7759/cureus.543
https://doi.org/10.1097/PSY.0000000000000039
https://doi.org/10.1038/nrn.2017.62
https://doi.org/10.1038/nrn.2017.62
https://doi.org/10.1002/ch.364
https://doi.org/10.1159/000529040
https://doi.org/10.3917/rsi.135.0083
https://doi.org/10.3917/rsi.135.0083
https://doi.org/10.1002/ijgo.13800
https://doi.org/10.1016/s1808-8694(15)30489-4
https://doi.org/10.1016/s1808-8694(15)30489-4
https://doi.org/10.1002/da.22046
https://doi.org/10.1097/00006842-198308000-00007
https://doi.org/10.1111/j.1468-1331.2010.03035.x
https://doi.org/10.1111/j.1468-1331.2010.03035.x
https://doi.org/10.1016/j.cpr.2013.03.005
https://doi.org/10.1016/j.cpr.2013.03.005

112 Page 12 0f 12

Acta Neurochirurgica (2024) 166:112

55. Tuominen J, Kallio S, Kaasinen V, Railo H (2021) Segregated
brain state during hypnosis. Neurosci Conscious 2021:niab002.
https://doi.org/10.1093/nc/niab002

56. Tykocki T, Kornakiewicz A, Mandat T, Nauman P (2013) Pain
perception in patients with Parkinson’s disease. J Clin Neurosci
20:663-666. https://doi.org/10.1016/j.jocn.2012.05.043

57. Vanhaudenhuyse A, Boveroux P, Boly M, Schnakers C, Bruno
MA, Kirsch M, Demertzi A, Lamy M, Maquet P, Laureys S, Fay-
monville ME (2008) Hypnosis and pain perception. Rev Med
Liege 63:424-428

58. Vuilleumier P (2014) Brain circuits implicated in psychogenic
paralysis in conversion disorders and hypnosis. Neurophysiol Clin
44:323-337. https://doi.org/10.1016/j.neucli.2014.01.003

59. Watson R, Leslie K (2001) Nerve blocks versus subcutane-
ous infiltration for stereotactic frame placement. Anesth Analg
92:424-427. https://doi.org/10.1097/00000539-200102000-00028

60. Wolf TG, Faerber KA, Rummel C, Halsband U, Campus G (2022)
Functional Changes in Brain Activity Using Hypnosis: A Sys-
tematic Review. Brain Sci 12. https://doi.org/10.3390/brainscil2
010108

61. Zambito Marsala S, Tinazzi M, Vitaliani R, Recchia S, Fabris
F, Marchini C, Fiaschi A, Moretto G, Giometto B, Macerollo A,
Defazio G (2011) Spontaneous pain, pain threshold, and pain tol-
erance in Parkinson’s disease. J Neurol 258:627-633. https://doi.
org/10.1007/s00415-010-5812-0

62. Zemmoura I, Fournier E, El-Hage W, Jolly V, Destrieux C, Velut
S (2016) Hypnosis for Awake surgery of low-grade gliomas:
description of the method and psychological assessment. Neu-
rosurgery 78:53-61. https://doi.org/10.1227/NEU.0000000000
000993

63. Zigmond AS, Snaith RP (1983) The hospital anxiety and depres-
sion scale. Acta Psychiatr Scand 67:361-370. https://doi.org/10.
1111/5.1600-0447.1983.tb09716.x

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer

Comments The authors present us with an interesting study on
treatment with hypnosis complementary to the use of local anesthesia
during stereotactic frame fixation in Parkinson’s disease patients
undergoing awake deep brain stimulation (DBS) surgery. Much has
already been written about various options and nuances of DBS
techniques, whether in the awake or asleep patient, although this issue
remains a subject of heated debate. For those patients receiving awake
surgery, perioperative discomfort and the concern of pain experience
are certainly a crucial consideration. Although hypnosis seems not
directly influence pain, anxiety, and distress, it might modulate pain
memory over time and may prevent the integration of awake painful
procedures as a bad experience into the autobiographical memory
of patients. In this respect, the treatment approach presented here is
reasonable and promising. There are many relevant limitations of the
study that diminish the validity of the results and currently only allow
limited conclusions, but these were critically and comprehensively
discussed in the article. The method seems not associated with
relevant risks, efforts, and costs but requires certain prerequisites and
correspondingly specialized and experienced hypnotherapists. Since
conventional and proven local anesthesiological measures do not have
to be dispensed with and hypnosis is used as an additional method,
the procedure should be feasible without an increased risk of pain and
many patients should be able to benefit from this type of treatment who
are receptive to hypnosis treatment. I congratulate the authors on their
novel concept and the evaluation of an unconventional management
option for DBS patients and look forward to the results of further
studies on this exciting topic.
Markus Florian Oertel
Zurich, Switzerland.
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