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ABSTRACT

Introduction Postoperative delirium is one of the most
common postoperative complications among elderly
patients (65 years old or older). However, there are no
effective treatments for this condition. Recent research
suggests that continuous theta burst stimulation (cTBS),
a non-invasive brain stimulation, can reduce pain level,
improve cognitive function and affective symptoms in
multiple diseases or dysfunctions, including anxiety
disorders, major depressive disorder, sleep disorders

and pain. But the potential benefits of cTBS in reducing
postoperative delirium have not been investigated.
Therefore, we propose determining whether cTBS can
prevent and/or treat postoperative delirium in senior
patients.

Methods and analysis The study will be a double-blind,
randomised controlled trial. Participants (65 years old

or older) undergoing scheduled orthopaedic surgery (>2
hours, general anaesthesia) will be randomised to receive
either cTBS or sham stimulation with a focal figure-of-
eight coil over the right dorsolateral prefrontal cortex at
80% of the resting motor threshold. Every patient will
receive 2-3 sets of stimulations during postoperative
days (40 s per session, 3 sessions per set, 1 set per day).
Participants will be assessed twice daily by a research
assistant blinded to allocation. The primary outcome will
be the incidence of postoperative delirium measured by
the Confusion Assessment Method on postoperative days
1, 2 and 3. The secondary outcomes will be the severity
and duration of postoperative delirium, cognitive function,
pain, sleep quality, activities of daily living, length of
hospital stay, discharge-to-facility or home, and rate of
complication and mortality during the hospital stay.
Ethics and dissemination Ethical approval has been
obtained from the ethics committee of Shanghai 10th
People’s Hospital. The principal investigator will submit a
research progress report to the ethics committee regularly.
All participants will provide written informed consent.
Study results will be published in a peer-reviewed journal.
Trial registration number NCT04661904.

INTRODUCTION

Postoperative delirium is one of the most
common postoperative complications in
elderly patients' and is associated with

1,2

Strengths and limitations of this study

» We have developed a system to investigate postoper-
ative delirium in our institute, including standardised
tools, reliable assessments and a collaborative team
comprising of surgeons, anaesthesiologists and
psychiatrists.

» We have established methods to determine the in-
cidence of postoperative delirium (primary outcome)
from our previous studies.

» We will use secondary outcomes to further illustrate
the effects of theta burst stimulation, including se-
verity and duration of postoperative delirium, cog-
nitive function, pain, sleep quality, activities of daily
living, length of hospital stay, discharge-to-facility or
home, rate of complication and mortality during the
hospital stay.

» The proposed research will involve collaborators
who are experts in brain stimulation research, which
will enhance the safety and efficacy of this interven-
tion study.

» The proposed investigation is not a multicentre
study.

short-term and long-term cognitive impair-
ment** and dementia.” Delirium occurs in
25%-50% of elderly surgical patients and is
associated with increased risk of developing
Alzheimer’s disease and related dementias
(ADRD), greater incidence of postoperative
complications, higher mortality, prolonged
hospital stays and higher discharge rates to
nursing homes." *? Our previous studies
consistently showed that the incidence of
postoperative delirium in patients with sched-
uled hip surgery was about 25%."" ' Patients
with dementia are 2.5—4.7 times more likely to
develop delirium, and patients with delirium
face a 12.5-fold increased incidence of newly
diagnosed ADRD.® ** US healthcare costs
attributable to delirium exceed US$182
billion per year.'” '® The Hospital Elder Life
Programme'” works with the hospital nursing
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staff to address the full scope of geriatric issues and iatro-
genic complications contributing to cognitive and func-
tional decline during the hospitalisation. However, there
are currently few effective treatments for postoperative
delirium. Therefore, it is essential to identify effective
interventions to treat or prevent postoperative delirium.

Recently, brain stimulation was demonstrated to
improve cognitive function in patients with mild cogni-
tive impairment.”® Transcranial magnetic stimulation
(TMS) is a commonly used brain stimulation technique
that selectively modulates neuronal activity by gener-
ating electrical currents through an electromagnetic coil.
TMS can enhance neuroplasticity, the ability of the brain
to form new nerve connections.'? Furthermore, neural
activity can be modulated using different repetitive TMS
(rTMS) patterns.””*! Previous studies with low-frequency
rTMS applied over the right dorsolateral prefrontal
cortex (DLPFC) have shown a significant increase in the
connectivity and reorganisation of the brain network and
improvement of cognitive performance.* **

Compared with low-frequency rTMS, continuous theta
burst stimulation (cTBS) requires a shorter applica-
tion time to be effective, making cTBS safer and more
acceptable for patients.”* ¢TBS is a non-invasive brain
stimulation, and every session of cITBS performed the
figure-of-eight coil in this study lasts 40 s (600 pulses).
The cTBS efficacy on the cortex lasts for 50 min, and the
variation in effects is more significant between different
stimulation types within 30 min after stimulation. Indeed,
cTBS over the right DLPFC improves decision making by
reducing impulsive choices and favouring delayed large
rewards instead of immediate small rewards.” ** ¢TBS
can also enhance other executive functions.” * Further-
more, cIBS has analgesic effects and can improve sleep
quality.”®* However, no clinical studies have determined
whether cTBS can prevent or treat postoperative delirium
in patients.

Therefore, we plan to conduct a randomised controlled
double-blind study in participants (65 years old or older)
undergoing elective orthopaedic surgeries to determine
whether ¢TBS can reduce the incidence and severity of
postoperative delirium in this patient population. We
hypothesise that postoperative c¢TBS intervention will
reduce the incidence of postoperative delirium in senior
patients.

METHODS AND ANALYSIS

Study design and setting

This study will be a single-centre, randomised, double-
blind, sham-controlled, parallel-group trial. We will use
Confusion Assessment Method (CAM)' to determine
the incidence of postoperative delirium in participants.
We will use the CAM-based Scoring System for Delirium
Severity (CAM-S)* to examine postoperative delirium
severity. The average duration of postoperative delirium
will be calculated by dividing the total days that postoper-
ative delirium occurs by the number of participants. The

Excluded
e Not meet inclusion criteria

e Decline to participate study
e Other reasons

Baseline Assessment

Randomized (n=324)

|

| Sham group (n=162) |

l

e Receive postoperative sham stimulation

e Sham stimulation will be performed
with the coil placed vertically (90°) to
the skull, keeping everything else the
same.

e Intervention:

1) The day of the surgery: the first set of

stimulation will be given 4 hours after the

end of surgery.

2) Postoperative day 1, 2: the second and

third sets of stimulation will be given at

)

| cTBS group (n=162) |

|

e Receive postoperative cTBS

e Stimulation program: 80%RMT, every
set includes 3 sessions, 600 pulses per
session, ISI > 30min, 3 sets.

e Intervention:

1) The day of the surgery: first set of

stimulation will be given 4 hours after the

end of surgery.

2) Postoperative day 1, 2: the second and

third sets of stimulation will be given at

8:00 am, 8:30 am and 9:00 am

I I

Outcome assessment (until discharge)
Incidence and severity of delirium during postoperative days 1-3
Cognitive function
Ability of daily living

.
.
.
e Pamn
.
.
.

8:00 am, 8:30 am and 9:00 am

Sleep quality
Length of hospital stay and the discharge-to-facility or home
Complication and mortality

Follow-up assessment (3 months after surgery)
e Cognitive function

e Ability of daily living

e Pain

o Sleep quality

Figure 1 Study flow chart. The present study is a
randomised controlled trial. The enrolled participants will

be randomised equally into two groups. After surgery,

each participant will be allocated to receive sham or active
stimulation. the incidence and severity of postoperative
delirium following cTBS or sham stimulation will be recorded
and analysed to determine potential differences between the
two cohorts. cTBS, continuous theta burst stimulation; ISI,
intersession interval; RMT, resting motor threshold.

study will consist of two arms: a cTBS cohort and a sham
stimulation cohort. All recruitment and intervention
in the participants will be performed in Shanghai 10th
People’s Hospital (Shanghai, China). The overall study
design is illustrated in figure 1, and the study schedule is
presented in figure 2.

Sample size and statistical power

We hypothesise that cTBS will decrease the incidence of
postoperative delirium compared with sham stimulation.
We will include the participants with orthopaedic surgery
because our previous studies have established a system
to investigate postoperative delirium in the participants
with orthopaedic surgery. Moreover, the participants
with orthopaedic surgery have fewer contraindications
(eg, cerebral haemorrhage, massive cerebral infarction,
cardiac pacemaker and other implants in the body)
of rTMS. Our previous studies demonstrated that the
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Content Screening Baseline Postoperative hospitalization

Time point Preoperative | Preoperaive | Surgeryday | Dayl | Day2 | Day3 | Discharge | Follow-up

Demographic data R

Signature of ICF N

Inclusion and

x
Exclusion criteria

Intervention

MMSE

DSI Daily

CAM, CAM-S

ADL
x x x

VAS
x x x x x x

Sleep quality R R R N R R

Figure 2 Study schedule. Description of the study protocol.
ADL, activities of daily living; CAM, Confusion Assessment
Method; CAM-S, Confusion Assessment Method based-
Scoring System for Delirium Severity; DSI, Delirium Symptom
Interview; ICF, Informed Consent Form; MMSE, Mini-Mental
State Examination; VAS, Visual Analogue Scale.

incidence of postoperative delirium in elective hip surgery
is about 25%.10 11 However, there have been no studies to
determine the effects of cTBS on postoperative delirium
incidence. Thus, in this study, we investigated the effects
of low-frequency rTMS on a major depressive disorder to
calculate the sample size. Given that rTMS showed over a
50% reduction in the incidence of major depression,” **
we estimated that cTBS would reduce the postoperative
delirium incidence up to 50% (from 25.6%" to 12.8%)
in this pilot study. We, therefore, performed power anal-
ysis based on a two-sided chisquare test and calculated
that 145 participants in each group would be necessary
to draw such a difference with a significance level of 0.05
and a power of the test of 0.8. Considering the drop-out
rate of 10% in our previous study,” the sample size will
be 162 participants in each group. If we observe more
drop-out from the study, we will recruit more participants
to achieve a final number of 145 in each group.

Study population

Inclusion criteria

Participants will be screened for inclusion if they meet the

following criteria:

» Age =65 years old.

» Having a scheduled surgery (=2 hours, general anaes-
thesia) (eg, proximal femoral nail, hip replacement,
open reduction and internal fixation of hip and
lumbar spine). The emergent surgeries due to hip
fracture are not included.

» Being able to complete cognitive assessments and
CAM.

» Having normal cognitive function at the time of enrol-
ment with Mini-Mental State Examination (MMSE)
scores equal to or above 24.

» Chinese Mandarin as their native language.

» Being willing to participate and being competent to
provide informed consent.

Exclusion criteria

Participants who meet any of the following criteria will be

excluded:

» Having delirium, assessed by CAM, before surgery.

» Having a brain tumour, stroke or mental disorders
(eg, major depressive disorder or dementia).

» Having contraindications of cTBS (eg, head trauma,
history of epilepsy or metal implants in the head).

» Participating in other clinical studies at the time of
screening.

» Having postoperative complications such as pulmo-
nary infection, pulmonary embolism and stroke.

Stopping criteria for cTBS

Participants will stop receiving stimulation if any of the

following occurs:

» Serious adverse events (eg, epilepsy, syncope, severe
headache) due to the application of ¢TBS.

» Refusal to continue to accept stimulation.

» Contraindications such as cerebral infarction due to
the surgery.

» Temporary surgeries such as installation of the pace-
maker during the hospitalisation.

Termination criteria

A data safety monitoring board (DSMB) will supervise

the study to review safety and efficacy of data periodi-

cally. This study will be terminated if any of the following
occurs:

» Unexpected or frequent serious adverse events,
including epilepsy, syncope, severe headache, due to
the application of ¢cTBS.

» Serious errors, including ethics problems, low data
quality or randomisation error found in the study
protocol.

» Low positive rate or futility result reported in the
interim analysis.

» Failure to maintain a double-blind status in the trial.

If the study is terminated early, a written report will
be submitted to the medical instrument clinical trial
management department in the Shanghai 10th People’s

Hospital within 5 days. The trial cannot be resumed

without the ethics committee’s approval in the Shanghai

10th People’s Hospital.

Purpose of the study
Primary outcome
Postoperative delirium incidence.

Postoperative delirium will be defined according to
CAM,1 which includes four entries: acute onset and fluc-
tuating course, inattention, disorganised thinking and
altered level of consciousness. To diagnose delirium,
both the first and second criteria have to be present and
the third and/or fourth criteria. Therefore, every partici-
pant will be assessed twice daily after surgery, with the first
assessment at 9:00-10:00 hours. The second assessment
will be at 16:00-17:00 hours, about 7 hours after the first
assessment on postoperative days 1, 2 and 3.

Wei X, et al. BMJ Open 2021;11:€048093. doi:10.1136/bmjopen-2020-048093



Secondary outcomes

Postoperative delirium severity

The severity of delirium will be assessed by the CAM-
S.** CAM-S includes 10 items: acute onset or symptom
fluctuation, inattention, disorganised thinking, altered
level of consciousness, disorientation, memory impair-
ment, perceptual disturbances, psychomotor agitation,
psychomotor retardation and sleep-wake cycle distur-
bance. Each item is scored as absent (0), mild (1) or
marked (2), except acute onset or fluctuation, which is
scored as absent (0) or present (1). The sum of CAM-S
ranges from 0 (none) to 19 (mostsevere). The Delirium
Symptom Interview (DSI) Daily34 will also be used to
determine CAM-S grades. The incidence of postoper-
ative delirium will also be referred to the records by
nurses on duty.

Postoperative delirium duration

Postoperative delirium duration will be determined
by dividing the total days when postoperative delirium
occurs by the total number of participants.

Cognitive function related to delirium

We will use the DSI Daily® to assess the cognitive function
associated with delirium. The DSI Daily includes seven
domains: disorientation, disturbance of consciousness,
disruption of sleep/wake cycle, perceptual disturbance,
the incoherence of speech, change in psychomotor
activity, and fluctuating behaviour. DSI Daily will also be
used to grade the CAM-S.

Pain

Pain will be assessed using the Visual Analogue Scale
(VAS). Participants will be scored according to the severity
of their pain, from no pain (0) to most painful (10).

Sleep quality

Sleep quality will be assessed using the Pittsburgh Sleep
Quality Index (PSQI). The PSQI contains 19 self-rated
questions combined to form seven component scores,
including subjective sleep quality, sleep latency, sleep
duration, habitual sleep efficiency, sleep disturbances, use
of sleeping medication and daytime dysfunction. Each
item is weighted on a 0-3 interval scale. Then, the global
PSQI score is calculated by totalling the seven component
scores, providing an overall score ranging from 0 to 21,
where lower scores indicate better sleep quality.

Activities of daily living

Activities of daily living (ADL) will be assessed using the
Chinese version of the ADL scale, including a Physical
Self-Maintenance Scale and an Instrumental ADL at base-
line (before the surgery) and follow-ups. There are a total
of 14 items in the ADL. For each item, scoring is deter-
mined by a 4-point coding system: 1 = ‘can do it myself,’
2 = ‘have some difficulty but can still do it by myself,” 3 =
‘need help to do it,” and 4 = ‘cannot do it at all.” The total
ADL score ranges from 14 to 56 points, and higher ADL
scores indicate lower ADL. Participants with ADL scores

of more than 22 points (cut-off score) will be defined as
having impairment in ADL.

Length of hospital stay and discharge-to-facility or home
Length of hospital stay and discharge-to-facility or home
will also be taken into consideration.

Rate of complication and mortality during the hospital stay or up to
7 days after anaesthesia/surgery, whichever is longer

Every participant complication will be recorded to calcu-
late the complication rate.

Randomisation and blinding

Informed consent will be obtained from the participants
before surgery. A researcher who is independent of the
study will be responsible for randomisation and alloca-
tion at the beginning of the study. Each participant will
be randomly assigned to the ¢TBS stimulation group or
sham stimulation group according to an allocated rando-
misation number (in a 1:1 ratio using Excel for Windows).
The randomised numbers will be sealed in sequentially
numbered envelopes and stored at the study site. The
participants will be recruited after being admitted to
the ward. The clinical research coordinator or graduate
student who administers the cTBS will open the sealed
envelope containing the allocation and randomisation
number 1 day before the intervention. Another research
assistant who is blinded to the randomisation and allo-
cations will perform the assessments in the participants.
The assessment and intervention will be performed in
the same location as the participants. The allocations of
participants should only be unblended in exceptional
circumstances under which the actual treatment is essen-
tial for managing participants.

Description of the study intervention

The minimum number of stimulations that will be
performed in the participants are two sets on the day
of surgery and postoperative day 1, respectively. The
maximum number of stimulations are three sets on the
day of surgery and postoperative days 1 and 2. Only the
participants who finish the minimum stimulations or
more will be included in the per-protocol set. Data from
participants who fail to accept the minimum stimulations
for any reason will be used for intention-to-treat analysis.

¢TBS group

¢TBS will be performed using a commercially avail-
able magnetic stimulator (YRD CCY-I, Wuhan Yiruide
Medical Equipment, Wuhan, China) equipped with a
focal figure-of-eight coil. Every session of ¢TBS consists
of triplets of 50 Hz pulses delivered at 5 Hz for 40 s for
600 pulses. Every stimulation set includes three sessions.
All participants enrolled in the cTBS group will receive
one stimulation set per day with an intersession interval
(IST) of more than 30 min. Active treatment will be deliv-
ered over the right DLPFC at 80% of the resting motor
threshold. The first stimulation set will be given at 4
hours after surgery on the day of surgery. The other two
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stimulation sets will be given at 8:00, 8:30 and 9:00 hours
every day on postoperative day 1 and day 2, or the day
of discharge.

Sham stimulation group

The sham stimulation group will receive sham stimula-
tion. Sham stimulation is designed with the same pattern
(600 pulses per session, 3 sessions per set, ISI>230 min, 3
sets). The only difference is that the coil is placed vertically
(90°) to the skull for the sham stimulation, whereas the
coil is placed centred over the right DLPFC for the actual
stimulation. In addition, the stimulation time points will
be the same as in the cTBS group; thus, participants will
receive up to 5400 stimulation pulses (sham or active)
during the study. To improve participants’ adherence,
we have contacted attending surgeons and anesthesiolo-
gists, and other staff to obtain their support for research.
Moreover, we will provide detailed research-related infor-
mation during recruiting, consultation, hospitalisation
and follow-up.

Study procedure and data collection

Participant screening and enrolment

The participants will be screened on the day they are
admitted to the hospital. Those participants who meet the
inclusion criteria will be provided with informed consent
on the same day. Then, the researchers will perform
the assessments on the day before surgery (or Friday
for participants who will undergo surgery the following
Monday) using the methods described in our previous
studies.'” "'  Participants who complete the preoperative
assessments will be enrolled in the study.

Preoperative assessments

We will perform the preoperative assessment on the day

before the surgery. The preoperative assessments will

include the following:

» Demographic data: age, sex, education level and body
mass index.

» Medical history and comorbid conditions, including
the components of the Charlson Comorbidity Index.

» Main laboratory results (eg, blood routine and C reac-
tive protein).

» Evaluation for incidence of delirium using CAM.

» Evaluation for cognitive function using MMSE, DSI
Daily.

» Evaluation of ADL using ADL.

» Evaluation of pain using VAS.

» Evaluation of sleep using PSQI.

Anaesthesia, surgery and postoperative care

All participants will receive regular and routine care
of anaesthesia, surgery and postoperative treatment,
including postoperative analgesia. Meanwhile, all infor-
mation on perioperative intervention to the participants
will be recorded in detail. Relevant data will be used for
post hoc analysis.

Postoperative assessments during hospitalisation

Participants will be evaluated twice daily up to 3 days
following surgery or the time of discharge.

» Incidence and severity of delirium using CAM and
CAM-S, respectively, during postoperative days 1-3.
Cognitive function assessed using DSI Daily.

ADL assessed using the ADL scale.

Pain using VAS.

Quality of sleep using PSQI.

Length of hospital stay and discharge-to-facility or
home.

» Complications and mortality.

vyvVvyYVYyYVYYy

Follow-up assessments

Participants will be evaluated 3 months after surgery.
» ADL assessed using the ADL scale.

» Pain using VAS.

» Cognitive function assessed using MMSE.

» Quality of sleep using PSQI and DSI Daily.

Endpoint

The endpoint is the completion of the final assessment
at the follow-up. If the participant passes away for any
reason before the endpoint, the time and cause of death
will be recorded.

Statistics and data management
Statistical analysis
The researchers will wholly and accurately record the
original research data using case report forms (CRFs).
Data will be entered into the data set by two people, and
the entered data will be compared and cross-checked
to reduce the chances of mistakes. All statistical anal-
yses will be processed using SPSS V.23.0 (SPSS). The
Student’s t-test and Mann-Whitney test will be used to
determine differences between two groups of data with
normal (mean+SD) and non-normal distributions (medi-
an+IQR), respectively. The * test or Fisher’s exact test
will be used to compare the difference in categorical vari-
ables between groups. A significance level of p<0.05 will
be set for all tests. In addition, several subgroup analyses
will be performed based on the following:

» Demographic data: age (youngest-old (from 65 to 74
years), middle-old (from 75 to 84 years) and oldest-old
(>85 years)) ,% education level.

» Anaesthesia: anaesthesia type and depth of anaesthesia.

» Surgery type and CCIL

Data will be reviewed for outliers and missing data.

Then, multiple imputations will be performed to fill the

missing data using Bayesian methods in SPSS. All analyses

will be based on randomised participants.

Quality control

Before the study, the involved researchers will be trained
to complete the study protocol and working plan and the
CRFs. They will also be trained in considerations during the
conductof the study (eg, potential adverse events and compli-
cations). In addition, they will receive an introduction to
TMS and guidelines for sham and active cTBS interventions.
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New training programmes will be organised according to
the study progress. The DSMB, including independent and
multidisciplinary experts (from the Clinical Research Office,
Department of anesthesiology and Department of Psychiatry
of the hospital), will recommend the continuation, modi-
fication or termination of the trial.*” The supervisor (s) will
monitor the conduct of the study. To ensure integrity and
adherence to the intervention of the cITBS and sham groups
and the safety and efficacy of the data, the DSMB will closely
monitor the intervention every 6 months after the inter-
vention begins. This protocol is written in accordance with
the Standard Protocol Items: Recommendations for Inter-
ventional Trials® and Consolidated Standards of Reporting
Trials guidelines.” The trial protocol must be strictly adhered
to throughout the trial period. All expected and unexpected
findings will be documented to guarantee value reliability.

Patient and public involvement

Patients and the public were not involved in the study
design and will not be involved in the study’s recruitment,
conduct or report. However, the study results will be
disseminated to the public through public fora and semi-
nars organised by the partnered agencies and the funder.

Ethics and dissemination

Ethics Committee

Ethical approval has been obtained from the ethics
committee of Shanghai 10th People’s Hospital (project
number: SHSY-IEC-4.1/17-89/03, 3 January 2020, V.2.0).
In addition, the principal investigator will submit research
progress reports to the ethics committee regularly.

Written informed consent

Before obtaining consent, the researchers will ensure that
the prospective participants adequately understand the
purpose of the research study, the nature and extent of their
participation, the potential benefits of the study, and the
risks involved in a written informed manner. The researcher
must inform every potential participant that they have the
right to withdraw their consent at any time during the study
period. The participant should initial each page of the
consent form and sign the final page where indicated. The
person obtaining consent must sign the form as well. The
date of signature will also be recorded. The model informed
consent has been included in online supplemental material.
All written consent will be kept as a part of the clinical trial
documents.

Privacy protection

The personal information of all participants will be kept
confidential. We will assign each participant an iden-
tification (ID) number; thus, the data can be analysed
by ID number. The ID numbers and patient linkage
will be maintained in a secure (locked or password-
protected) storage. Results of the study will be published
in peerreviewed journals without personal information
(excluding name, age, sex, etc). The data and patient
information from this study will be kept confidential and
accessible to the study investigator.

Safety considerations

Currently, cTBS is considered to be a safe technique.
Nevertheless, some studies suggest that a light head-
ache and muscle cramps may occur during TMS or after
treatment.”’ In cases where contraindications and safety
parameters are not noted, serious adverse events such as
epilepsy may occur.*' The risk of cTBS, including epilepsy,
is considered to be very low.* To avoid adverse effects
and risks to the participants, all procedures will follow
the management security and application guidelines of
¢TBS during the study.* * The potential complication
of ¢TBS includes epilepsy, headache, dizziness, syncope
and nausea. We will follow up with the participants up to
3 months after the anaesthesia/surgery. Participants will
be questioned about adverse events, and this information
will be recorded and published, including time of occur-
rence, diagnosis, time of diagnosis, management, dura-
tion of persistence and sequelae. If a severe adverse event
(eg, seizure) occurs, the patient should be treated imme-
diately and followed up until the problem completely
resolves or when therapy is ended.

DISCUSSION
There are no clear guidelines for determining the most
effective specific stimulation parameters, such as cTBS
intensity or the number of total sessions and cumulated
sessions per day. However, a recent study showed that
stimulation with 1800 pulses per session in patients with
refractory depression is safe and effective.** Therefore,
the proposed stimulation setting (600 pulses per session,
12 sessions over 4 days) is considered safe. Several poten-
tial practical and operational issues may pose challenges
to the timely completion of this study, particularly
regarding recruitment and attrition. We will use cTBS
instead of rTMS in the proposed research because cTBS
takes less time, reducing the participant drop-out rate.
The effect of TMS is related to the cortical activation
state.” For example, most patients under remifentanil-
based general anaesthesia attained complete orientation
and return of pain sensation 30 min after anaesthesia
and surgery.*® Therefore, the first set of stimulations,
which will be performed at 4 hour after the end of the
surgery, will not be influenced by the anaesthesia because
the pati7ents' sensation will have recovered before this
46 4

This is a single-centre clinical trial for orthopaedic
surgery. Further studies should consider a more extended
follow-up period, more types of surgery and multicentre
studies to assess the generalisability of the results. In
summary, cIBS is a promising neuromodulatory tech-
nique that has shown benefit in improving cognitive func-
tion. We expect that the outcomes of this randomised
controlled double-blind trial will provide clinical evidence
regarding whether ¢TBS can decrease the incidence and
severity of postoperative delirium.
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TRIAL STATUS
We have not started this trial at the time of submission of
this manuscript.
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