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Effect of head direction during prone positioning on postoperative delirium
in elderly patients underwent thoracolumbar spine surgery: study protocol for a

pilot randomized controlled trial

ABSTRACT

Introduction

Prone positioning with head rotation alters cerebral hemodynamics, potentially
compromising brain perfusion and oxygenation. Elderly patients with Impaired brain
perfusion and oxygenation are susceptive to postoperative delirium (POD). However,
few studies have investigated whether head direction during prone positioning
contributes to POD in elderly patients, which is often overlooked by clinicians. The
present study aims to evaluate the effect of head direction during prone positioning on
POD in elderly patients underwent thoracolumbar spine surgery.

Methods and analysis

This is a single-center, randomized, single-blind, pilot trial. Assessors will be blinded
to the intraoperative head directions. Patients 65 years of age or older, undergoing
elective thoracolumbar spine surgery will be eligible. 255 Patients will be randomly
divided into group PC (prone with the head centered), group PL (prone with the head
left rotated ~45 degrees), and group PR (prone with the head right rotated ~45 degrees).
The primary outcome is the incidence of POD based on the 3 min diagnostic interview
for Confusion Assessment Method (3D-CAM) until postoperative day 5. The secondary
outcomes include the severity of POD based on the Memorial Delirium Assessment
Scale (MDAS), alterations of postoperative cognitive impairment based on the Mini-
mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA), the
intraoperative regional cerebral oxygen saturation (rSO2), alterations of the
vertebrobasilar artery and the middle cerebral artery hemodynamics, and plasma
concentrations of calcium channel binding protein S100 subunit beta (S100B) and
neuron-specific enolase (NSE).

Ethics and dissemination

Ethical approval: Yancheng No.l People's Hospital Ethics Examination Committee
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(2023-K-120). Dissemination plans include presentations at annual conferences and
publications in scientific journals.

Trial registration number: ChiCTR2300078839

Keywords: delirium & cognitive disorders; posture; thoracic surgery; clinical trial.

Introduction

Postoperative delirtum (POD) is an acute and fluctuating confusion state manifesting
disturbances in attention, awareness, and cognition. It is the most common
postoperative complication, especially in elderly patients, and develops commonly
within 5 days after surgery !. A recent meta-analysis revealed that the prevalence of
POD in elderly patients undergoing spinal surgery ranged from 3.8% to 40.4% and the
incidence of POD often brought poor prognostic 2. Compared to patients without POD,
patients with POD had a 2-4 times increase in perioperative mortality 3 4, a 2-3 times
increase in readmission rates °, and a 4-5 times increase in the incidence of dementia ©.
There is plenty of room for improvement against the development of POD, as so large
span of the occurrence and necessity for patient well-being.

Different head directions during prone positioning, including neutral, left deviation,
and right deviation, are optional depending on individual cases in thoracolumbar spine
surgeries. However, some investigations suggested head rotation may alter cerebral
hemodynamics and cerebral oxygenation. Among awake volunteers, vertebral artery
flow was reduced when contralateral cervical rotation 7 8. While another research
debated the results °. Under general anesthesia in the prone position with the head
rotated ~80 degrees to the right, the middle cerebral artery mean blood velocity (MCA
V(mean)) reduces ~10% in young healthy volunteers '°. Further, a recent study
indicated that head right rotation in a prone position exhibited a statistical reduction in
regional cerebral oxygen saturation (rSO2) earlier than neutral position and left
deviation in elderly patients with spinal surgery, while the neutral position and left
deviation showed a reduction in rSO2 over the same period !'. Although the circle
of Willis compensates for contralateral vascular dysfunction, complex clinical
conditions exist, including level differs in atherosclerosis, long duration of operation,

and general anesthesia without complaints and self-adjustment. It is elusive whether the
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head direction in a prone position contributes to POD through altering
cerebral hemodynamics and oxygenation.

Currently, no published research has investigated the effect of head direction
during prone positioning on postoperative delirium in elderly patients. Based on
previous literatures, we hypothesize that compared with neutral and left deviation in a
prone position, right deviation contributes to POD via cerebral hemodynamic
impairment. The primary aim of this study is to clarify the effect of head direction
during prone positioning on the incidence and severity of POD among the elderly
underwent thoracolumbar spine surgery. Our secondary aim is to identify the effect of

head direction during prone positioning on cerebral hemodynamics and oxygenation.

METHODS AND ANALYSIS
Study design

This is a single-center, single-blinded, randomized controlled trial (Figure 1). Ethical
approval has been granted by Yancheng No.l1 People's Hospital Ethics Examination

Committee (2023-K-120). Assessors are trained for homogenization.
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Assessed for cligibility (n=?)

Excluded (n=?)

Not meet inclusion criteria (n=?)

Y

Baseline data assessment (n=255)

Y

Randomisation and allocation (n=255)

Decline to paticipate (n=?)

Other reasons (n=7)

v

PL group (n=85)

PC group (n=85)

v

PR group (n=85)

Primary outcome:

Secondary outcomes:

Prevalence of POD 2-5 days after surgery.

Severity of POD 2-5 days after surgery ;
Changes in cognition one day before and within 5 days after surgery;
Intraoperative changes in cerebral oxygen saturation ;
Cercbral hemodynamics one day before surgery and at T1-5;

Markers for Neuronal Damage at TO and one day after surgery.

Figure 1

Study flow chart. PC: prone with the head centered; PL: prone with the head left rotated

~45 degrees; PR: prone with the head right rotated ~45 degrees; POD: postoperative

delirium.

Analysis (n=?)

Patients and recruitment

The trial will be conducted at the First people's Hospital of Yancheng, Xuzhou Medical

University. From 1 January 2024 to 31 December 2026, 255 patients who met the

inclusion criteria will be enrolled. Written informed consent will be assigned before

assessment.

Eligibility

Withdrawal (n=?)
Deviation from protocal (n=?)

Loss to follow-up (n=?)
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Inclusion criteria

Age > 65 years.

ASA class IT-I11.

MMSE score > 23 points evaluated one day before surgery.

Written informed consent was assigned.

Projected operation time > 2 h.
Exclusion criteria

Emerging or aging cervical spine trauma.

Restricted position.

Cervicogenic-related dizziness and vertigo.

Comorbidities with clinical symptoms for central nervous system diseases

Communication disability

History of psychosis.
Discharge criteria

® The operation time < 2 h.

® Secvere adverse reactions, such as severe anaphylactic reactions, and intraoperative
blood loss > 800 ml.

® Interruption of study protocol.

ASA, American Society of Anesthesiologists; MMSE, baseline mini-mental state

examination.

Standardized anesthetic protocol

Standardized anesthesia protocol will be applied to all volunteers. Vital signs will be

monitored through ECG, oxygen saturation, and invasive blood pressure through

upper limb arterial before anesthesia induction. Drugs for anesthesia induction include

a combination of dexamethasone (10 mg), remimazolam tosylate (0.05-0.1 mg/kg), 1%

propofol (1-1.5 mg/kg), fentanyl (0.1-0.15 pg/kg) and cis-atracurium (0.2 mg/kg).

During the maintenance phase, 1-1.5% sevoflurane was administered by inhalation, and

remifentanil was pumped intravenously (0.1 ug/kg/min) until the end of the operation.

Fentanyl and cis-atracurium are intermittently added according to the concrete situation.

Tropisetron Hydrochloride Injection (10 mg) and flurbiprofen axetil injection (50 mg)
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will be applied intravenously 15 min before the end of surgery. The analgesic recipe

for 48 hours after surgery consists of butorphanol tartrate injection (8-10 mg) and

tropisetron hydrochloride injection (10 mg) in an analgesic pump.

Principles of intraoperative anesthesia management include the following:

® Bispectral index (BIS) value: 45-60;

® End-tidal carbon dioxide (PgrCO,): 40-55 mmHg;

® Body temperature: 36-37.5 °C;

® Hemodynamic stability assisted by vasoactive drugs (Mean arterial pressure
(MAP) changes within £10% within 5 minutes);

®  Pulse pressure variation (PPV) <10%j;

® Acid-base and electrolyte homeostasis.

Randomization and blinding

Patients will be randomized into three groups based on a computer-generated table of

random numbers. The allocation ratio is 1:1:1. Assessors responsible for preoperative

and postoperative evaluations are blind to intraoperative head direction. Opaque

randomized envelopes will be intraoperatively opened.

Interventions

Patients are randomly divided into three groups: group PC (prone with the head

centered), group PL (prone with the head left rotated ~45 degrees), and group PR (prone

with the head right rotated ~45 degrees).

Outcome measures

Primary outcome measure

The primary outcome is the prevalence of POD 2-5 days after surgery. 3 min diagnostic

interview for Confusion Assessment Method (3D-CAM) will be taken to evaluate POD

twice daily (08:00 to 10:00 and 18:00 to 20:00) '2.

Secondary outcome measure
Secondary outcomes include delirium severity, changes in cognition, changes in
cerebral oxygen saturation, cerebral hemodynamics, and markers for neuronal damage.

The severity of POD will be evaluated based on the Memorial Delirium Assessment
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Scale (MDAS) together with the evaluation of 3D-CAM 3. Assessment of
perioperative cognition is based on the Mini-mental State Examination (MMSE) and
Montreal Cognitive Assessment (MoCA) one day before and within 5 days after
surgery '4. The baseline of rSO2 will be calculated by averaging values within 2 minutes
before anesthesia induction. Further, intraoperative rSO2 values will be continuously
recorded at the following timepoint: Ty: before anesthesia induction; T;: 60 minutes
after turning over; T,: 90 minutes after turning over; T;: 2 hours after turning over; Ty:
5 min before operation ending; Ts: before leaving the resuscitation room. The
vertebrobasilar artery and the middle cerebral artery hemodynamic parameters will be
quantified by transcranial doppler ultrasound at T_s. Serum concentrations of calcium
channel binding protein S100 subunit beta (S100B) and neuron-specific enolase (NSE)
will be determined by ELISA kits. Blood samples will be collected before anesthesia
induction (T0) and one day after surgery.

Data collection

The study schedule (Figure 2) presents data collections at indicated point points. The

detailed date collections are shown as follows:
Preoperative assessments

We will conduct preoperative assessments by trained assessors one day before surgery.

Preoperative evaluation factors include the following:

® (General data: age, sex, education level, body mass index (BMI), ASA grades, and
basal blood pressure.

® Major medical history of cardiovascular and cerebrovascular diseases, such as
hypertension, diabetes, coronary heart disease, and stroke.

® Major laboratory results (eg, blood routine, coagulation tests, atherogenic index of
plasma (AIP), serum concentration of SI00B and NSE).

® Evaluation for cognitive function using MMSE, MoCA.

® Evaluation of pain using VAS.

® Evaluation of sleep using the Pittsburgh Sleep Quality Index (PSQI).

Anesthesia, surgery, and postoperative care

All participants will receive a standardized anesthetic protocol. Meanwhile, all
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information of perioperative interventions, including prone duration, use of vasoactive
medications and anticholinergics, and vital signs will be recorded in detail for post hoc
analysis. In particular, intraoperative rSO2 values and the vertebrobasilar artery and the
middle cerebral artery hemodynamic parameters will be recorded at indicated time

points. Blood gas analysis will be performed per hour.
Postoperative assessments

Participants will be evaluated twice daily within 5 days after surgery.
Incidence and severity of delirium by 3D-CAM and MDAS, respectively.
Serum concentration of S100B and NSE postoperative day 1.

Blood pressure twice daily.

Evaluation for cognitive function using MMSE, MoCA.

Pain using VAS.

Quality of sleep using PSQIL.

Complications and mortality.
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STUDY PERIOD
Preoperative T Postoperative days
day 1 Surgery day (twice daily)
Enrolment T0 | Tl | T2 I T3 | T4 I T3 1 | 2 | 3 | 4 | 5
ENROLMENT
Eligibility screen v
Informed consent y
Randomizion y
INTERVENTIONS
Group PL + >
Group PC
Group PR
ASSESSMENTS
Baseline data 3
Major laboratory results v
Intraoperative data v 3 ) o 3 A
rS02 V A v A A J
Cerebral
hemodynamics 4 N ) N A )
parameters
Blood gas analysis (per hour) ! I
3D-CAM \l A v \l
MDAS V A i !l
S100B and NSE v Vv
Blood pressure y VN A v A v J y J A 4 A
MMSE, MoCA ¥ \ ) A i A
VAS V V' V A V' )
PSQI l J N g ) i
Adverse events A Y + A )
All-cause death V V A V A

Figure 2

Data collection at each time point. Ty, before anesthesia induction; T}, 60 minutes after
turning over; T,, 90 minutes after turning over; T, 2 hours after turning over; T4, 5 min
before operation ending; Ts, before leaving the resuscitation room; Group PC, prone
with the head centered; Group PL, prone with the head left rotated ~45 degrees; Group
PR, prone with the head right rotated ~45 degrees; rSO2, Regional cerebral Oxygen
Saturation; 3D-CAM, 3 min Diagnostic interview for Confusion Assessment Method;

MDAS, Memorial Delirium Assessment Scale; MMSE, Mini-mental State
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Examination; MoCA, Montreal Cognitive Assessment; VAS, Visual Analogue Scale;
PSQI, Pittsburgh Sleep Quality Index.

Sample size

In this study, we suppose that right deviation contributes to POD, compared with neutral
and left deviation in a prone position. According to literatures, we assume the incidence
of POD in group PR is 40.5%, while 13.0% in group PC and 14.5% in group PL '>-17,
With the significance set at 0.05 (two-sided) and the power set at 90%, the sample size
per group requires 68 patients to detect the difference. Considering about 20% of the
loss in follow-up, 255 (85 in each group) patients need to be enrolled.

In this study, a mid-term analysis is proposed to be conducted when the sample size
reaches 50%, and the sample size will be corrected again based on the actual incidence
of POD.

Data analysis

All statistical analyses will be conducted by SPSS V.20.0. Quantitative indicators will
be listed as mean = SD, median, maximum, and minimum. Frequency distribution
tables will be listed in terms of qualitative or hierarchical indicators. Appropriate
statistical analyses will be used for intra- or inter-group comparisons, depending on the
conditions of application. The ¥2 test or Fisher’s exact test will be performed to
determine differences between groups. P < 0.05 will be considered statistically
significant. Further, subgroup analyses will be performed based on the following:

® Age (youngest-old (from 65 to 74 years), middle-old (from 75 to 84 years), and

oldest-old (>85 years)).

® atherogenic index of plasma (AIP)

Strengths and limitations of this study

® This study will be the first prospective, randomized, and controlled clinical trial
constructed to evaluate the effect of head direction during prone positioning on
postoperative delirium in elderly patients underwent thoracolumbar spine surgery.
® The study will include the incidence and severity of postoperative delirium and

assess multiple dimensions of pre- and post-operative cognition variation,

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 12 of 14

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* Jooyosaboysnwsel]


http://bmjopen.bmj.com/

Page 13 of 14

oNOYTULT D WN =

BMJ Open

intraoperative cerebral hemodynamics, oxygenation, and neural damage levels.

® The study did not set grades of head direction angels.

® The single-center design of the study may limit the generalizability.

Trial status

We have not initiated this trial when submitting this manuscript. We will begin from

1/1/2024 to 31/12/2025.

Patient and public involvement

No patient is involved.
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Effects of head direction during prone position on postoperative delirium in
elderly patients undergoing thoracolumbar spine surgery: a study protocol for a

randomized controlled trial

ABSTRACT

Introduction

Prone positioning with head rotation can influence cerebral hemodynamics, potentially
affecting cerebral perfusion and oxygenation. Elderly patients with impaired brain
perfusion and oxygenation are at an increased risk of developing postoperative delirium
(POD). Despite this, few studies have explored whether head orientation during prone
positioning contributes to POD in older adults, an aspect often overlooked by clinicians.
This study aimed to evaluate the impact of head orientation during prone positioning
on the incidence of POD in elderly patients undergoing thoracolumbar spine surgery.
Methods and analysis

This study is a single-center, randomized, single-blind trial, with the assessors blinded
to the intraoperative head position. Eligible participants are patients aged > 65 years
undergoing elective thoracolumbar spine surgery. A total of 500 patients will be
randomly assigned to either the prone position with the head centered, or the prone
position with the head deviated. The primary outcome is the incidence of POD,
measured using the 3-minute Diagnostic Interview for Confusion Assessment Method
(3D-CAM) until postoperative day 5. Secondary outcomes include the severity of POD
assessed by the Memorial Delirium Assessment Scale (MDAS), postoperative
cognitive impairment evaluated using the Mini-Mental State Examination (MMSE) and
Montreal Cognitive Assessment (MoCA), intraoperative regional cerebral oxygen
saturation (rSO;), changes in vertebrobasilar artery and middle cerebral artery
hemodynamics, and plasma levels of calcium channel-binding protein S100 subunit
beta (S100B) and neuron-specific enolase (NSE).

Ethics and dissemination

Ethical approval was obtained from Yancheng No. 1 People's Hospital Ethics

Examination Committee (2023-K-120). The findings will be disseminated through
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presentations at annual conferences and publications in scientific journals.

Trial registration number: ChiCTR2300078839

Keywords: delirium & cognitive disorders; posture; thoracic surgery; clinical trial.

STRENGTHS AND LIMITATIONS OF THIS STUDY

® This study is the first randomized controlled trial to investigate the potential effects
of head rotation on postoperative delirium and cognitive dysfunction in elderly
patients undergoing thoracolumbar spine surgery.

® The study does not account for graded angles of head rotation.

® [t does not differentiate between left and right head deviations.

® The single-center design may limit the generalizability of the findings.

INTRODUCTION

Postoperative delirium (POD) is an acute, fluctuating neuropsychiatric syndrome
characterized by disturbances in attention, awareness, and cognition, typically
manifesting within five days post-surgery. It is the most common postoperative
complication in older adults'. Recent meta-analyses report that the incidence of POD
in elderly patients undergoing spinal surgery ranges from 3.8% to 40.4%, often
associated with adverse clinical outcomes?.

Emerging evidence suggests that cerebral hypoperfusion, influenced by cerebral
hemodynamics, plays a crucial role in the pathogenesis of POD. Significant reductions
in regional cerebral blood flow have been observed in patients with delirium, affecting
both cortical and subcortical regions, with improvements noted upon resolution of
delirium?. Inadequate cerebral perfusion pressure has also been linked to a higher risk
of POD following lung transplantation*. Additionally, intraoperative decreases in
regional cerebral oxygen saturation (rSO,) have been associated with POD during
thoracotomy and endovascular procedures 6. Furthermore, reduced mean flow velocity
(MFV) in the middle cerebral artery has been correlated with cognitive impairment and

delirium in non-surgical populations’ 8. These findings highlight the importance of
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monitoring perioperative factors that contribute to cerebral hypoperfusion.

In thoracolumbar spine surgeries, head positioning — whether neutral or with lateral
deviation — is typically based on clinical considerations. However, studies suggest that
head rotation may affect cerebral hemodynamics. For instance, contralateral cervical
rotation in supine conscious volunteers has been shown to reduce vertebral artery flow
in the extracranial segment® !, Similarly, intracranial vertebral artery blood flow
velocities are significantly reduced with contralateral head rotation in prone, young
volunteers!!. Under general anesthesia in the prone position, head rotation of
approximately 80° to the right has been observed to reduce MFV by ~10% in healthy
young volunteers!?. Despite these observations, the potential impact of head orientation
in the prone position on POD, through its effect on cerebral hemodynamics
and oxygenation, remains unclear. Based on existing literatures, we hypothesize that
maintaining a neutral cervical spine position will result in a lower incidence of POD
compared to a deviated position.

Epidemiological studies on POD have seldom considered the influence of head
orientation during spinal surgery, and no research has specifically examined the effects
of head orientation in the prone position on POD in older adults. Thus, the primary aim
of this study is to assess the impact of head direction during prone positioning on the
incidence of POD in elderly patients undergoing thoracolumbar spine surgery. Our
secondary aim is to investigate the effects of head direction on cerebral hemodynamics

and oxygenation during prone positioning.

METHODS AND ANALYSIS
Study design

This single-center, single-blind, randomized controlled trial aims to assess whether
maintaining a neutral cervical spine position reduces the incidence of POD compared
to a deviated position in older adults undergoing thoracolumbar spine surgeries. The
trial design and follow-up process are detailed in Figure 1 and Table 1. The study will
be conducted at the First People’s Hospital of Yancheng, Yancheng, China. Assessors

will undergo standardized training, and the protocol will adhere to the Standard
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Protocol Items: Recommendations for Interventional Trials (SPIRIT) guidelines

(see Online Supplementary Additional File 1).

Table 1. Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT)
Schedule for Enrollment, Interventions, and Assessments. Time points: Ty, before
anesthesia induction; Ty, 60 min post-positioning; T,, 90 min after post-positioning; T;,

2 h post-positioning; T4, 5 min before surgical completion; Ts, prior to discharge from

the PACU.
STUDY PERIOD
One day Postoperative
before Surgery day
days
surgery
Enrolment | TO [T1 | T2 | T3 | T4 [T5 |1 |2 |3 |4 |5
ENROLLMENT
Eligibility J
screen
Informed
J
consent
Randomization J
INTERVENTIONS
Group PD J
Group PC N,
ASSESSMENTS
Baseline data J
Major
laboratory J
results
150, VA VA VAN IRVEN IRV
measurement
Cerebral
hemodynamics ~ N N N, N, J
parameters
Blood gas analysis J
(per hour)
3D-CAM
(twice daily) VIV
MDAS AN IRV VAN RRVAN IRV)
S100B and
NSE Y Y
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MAP J vl vl vl v v]vlvlv]lv]v
measurement

MMSE,

MoCA N NIV V] V]V

VAS N NIV V] V]V

PSQI N NIV V] V]V
Blood loss J

(mL)
Adverse events NIV VIV A
All-cause

death NIV V] V]V

Randomization and blinding

This trial design is single-blinded, with the attending anesthetist collecting
intraoperative data and not blinded to group assignments. Patients will be randomized
into either the neutral cervical spine position (PC) group or the deviated position (PD)
group using a computer-generated randomization table. Group assignments will be
concealed in opaque envelopes, which will be opened intraoperatively. The allocation
ratio is 1:1, and assessors responsible for preoperative and postoperative evaluations

will be blinded to the intraoperative head orientation.

Patients and recruitment

A total of 500 patients meeting the inclusion criteria will be enrolled from 20 December
2023 to 31 December 2025. Participants will receive written information about the
study (see Online Supplementary Additional File 2), and written informed consent will

be obtained the day prior to surgery.

Eligibility

Inclusion criteria

® Age > 65 years.

® American Society of Anesthesiologists (ASA) physical status class II-II1.

® Mini-Mental State Examination (MMSE) score >23 points, assessed one day
preoperatively.

® Expected duration of surgery > 2 h.
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Exclusion criteria

Cervical spine trauma.

Restricted head positioning.

Cervicogenic dizziness and vertigo.

Central nervous system disorders with clinical manifestations.

Communication impairments.

Psychiatric disorders.

Discharge criteria

®  Duration of surgery <2 h.
® Scvere adverse events, such as anaphylaxis or intraoperative blood loss > 800 ml.

®  Protocol deviations requiring intervention.

Interventions

Vital signs, including electrocardiography (ECG), oxygen saturation, and invasive
arterial blood pressure, will be recorded prior to anesthesia induction. Anesthesia will
be induced with dexamethasone (10 mg), remimazolam tosylate (0.05-0.1 mg/kg), 1%
propofol (1-1.5 mg/kg), fentanyl (0.1-0.15 pg/kg), and cis-atracurium (0.2 mg/kg).
During the transition from supine to prone positioning, the head will be positioned
according to the assigned group. Anesthesia maintenance will involve 1-1.5%
sevoflurane inhalation and continuous intravenous remifentanil infusion (0.1 pg/kg/min)
until the completion of the surgery. Fentanyl and cis-atracurium will be administered
as needed. Postoperatively, patients will be transferred to the post-anesthesia care unit
(PACU) for extubation and observation until fully awake. Tropisetron hydrochloride
(10 mg) and flurbiprofen axetil (50 mg) will be administered intravenously 15 min
before surgery. Postoperative analgesia for 48 h will include butorphanol tartrate
injection (8—10 mg) and tropisetron hydrochloride (10 mg) via an analgesic pump.
Principles of intraoperative anesthesia management include:

®  Bispectral index (BIS) value: 45-60
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® End-tidal carbon dioxide (PgrCO,;): 40-55 mmHg

® Body temperature: 36-37.5 °C

® Hemodynamic stability assisted by vasoactive drugs (Mean arterial pressure
[MAP] changes within 10% over 5 min)

®  Pulse pressure variation (PPV) < 10%

Acid-base and electrolyte homeostasis.

Outcome measures
Primary outcome measure

The primary outcome is the incidence of POD within 5 days post-surgery, assessed

using the 3-minute Diagnostic Interview for Confusion Assessment Method (3D-CAM),

conducted twice daily (08:00-10:00 and 18:00-20:00)!3.

Secondary outcome measures

Secondary outcomes include the severity of delirium, perioperative cognitive changes,
cerebral oxygen saturation, cerebral hemodynamics, and markers of neuronal injury.
The severity of POD will be assessed using the Memorial Delirium Assessment Scale
(MDAS) together with the evaluation of 3D-CAM'. Cognitive function will be
evaluated perioperatively using the MMSE and Montreal Cognitive Assessment
(MoCA) one day preoperatively and daily for 5 days postoperatively!>. Baseline rSO,
will be calculated by averaging the values within 2 min before anesthesia induction
(TO). Intraoperative rSO, values will be continuously recorded using a cerebral
oximeter at the following time points: T; (60 min after turning over), T, (90 min after
turning over), T; (2 h after turning over), T4 (5 min before surgery ends), and Ts (before
leaving the PACU). Hemodynamic parameters of the vertebrobasilar and middle
cerebral arteries will be quantified using transcranial Doppler ultrasound at T,—Ts.
Serum concentrations of S100 calcium-binding protein B (S100B) and neuron-specific
enolase (NSE) will be determined using enzyme-linked immunosorbent assay (ELISA)

kits, with blood samples collected at TO and one day postoperatively.
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Data collection
Preoperative assessments

Preoperative assessments will be conducted by trained assessors one day before surgery

and will include:

® (General data: age, sex, education level, body mass index (BMI), ASA classification,
and baseline blood pressure.

® Medical history: major cardiovascular and cerebrovascular diseases (hypertension,
diabetes, coronary heart disease, stroke).

® Key laboratory results: complete blood count, coagulation profile, atherogenic
index of plasma (AIP), and serum concentrations of S100B and NSE.

® (Cognitive function: assessed using MMSE and MoCA.

® Pain assessment: evaluated using the Visual Analogue Scale (VAS).

® Sleep quality: assessed using the Pittsburgh Sleep Quality Index (PSQI).

Anesthesia, surgery, and postoperative care

Detailed records of all perioperative interventions, including the duration in the prone
position, use of vasoactive medications and anticholinergics, and vital signs, will be
maintained for post hoc analysis. Special attention will be given to the intraoperative
rSO; values and hemodynamic parameters of the vertebrobasilar and middle cerebral

arteries, recorded at specified time points. Blood gas analysis will be performed hourly.

Postoperative assessments

Incidence and severity of delirium: assessed using 3D-CAM and MDAS.
Serum concentrations of S100B and NSE: measured on postoperative day 1.
Blood pressure: monitored twice daily.

Cognitive function: evaluated using MMSE and MoCA.

Pain levels: assessed using VAS.

Sleep quality: evaluated using PSQI.

Complications and mortality: recorded as part of the study follow-up.
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Sample size

Sample size calculations were performed using PASS (version 15.0.5). Preliminary
experiments involving 32 patients (8 in the PC group and 24 in the PD group) indicated
that 1 in the PC group and 6 in the PD group were diagnosed with POD. To achieve a
power of 90% with a two-sided significance level of 0.05, the required sample size was
calculated to be 200 patients per group. To account for an anticipated 20% loss to
follow-up, a total of 500 patients will be enrolled. A mid-term analysis will be
conducted once 50% of the target sample size is reached, with adjustments made based

on the observed incidence of POD.

Data analysis

Statistical analyses will be conducted using SPSS version 20.0. Data will be presented
as mean =+ standard deviation (SD) for normally distributed data and median
(interquartile range) for non-normally distributed data. Comparisons will be made using
independent-sample t-tests for normally distributed data and Mann—Whitney U-tests
for non-normally distributed data. Categorical data will be expressed as numbers or
percentages and analyzed using Fisher’s exact test or chi-squared tests. Univariate
repeated measures analysis of variance (ANOVA) will be used for intragroup
comparisons, with post hoc tests and Bonferroni correction applied to control for Type
I errors. A Mantel-Haenszel test, stratified by potential influencing factors such as age
(youngest-old [65—74 years], middle-old [75—-84 years], oldest-old [> 85 years]), AIP,
gender (male and female), and head deviation (left or right), will be used to compare

the risk of POD between groups. Statistical significance will be set at P < 0.05.

Data Monitoring

The Data Monitoring Committee (DMC) will consist of an independent researcher
responsible for data collection and classification, as well as a statistician. The DMC
will focus solely on data monitoring without involvement in other aspects of the study.
The DMC will ensure data completeness and accuracy and assess the overall progress

of the trial. Upon completion, the original data, final dataset, and outcomes will be
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submitted to the Scientific Research Management Committee.

Safety evaluation

All adverse events (AEs) associated with head rotation will be closely monitored. AEs
include hypotension, significant cardiac arrhythmias, pneumothorax, significant
disability or incapacity, cerebrovascular accidents, and death. Researchers will conduct
daily patient visits until discharge and meticulously record any AEs. Should an AE
occur, the trial will be suspended immediately for investigation, and appropriate actions

will be taken based on the findings.

DISCUSSION

POD is a common and serious complication in elderly patients, significantly affecting
postoperative recovery. Patients with POD experience a 2—4 times higher perioperative
mortality rate!¢ 17, a 2-3 times higher readmission rate'®, and a 4-5 times higher risk of
developing dementia compared to those without POD!°. Thus, understanding and
preventing POD is crucial for improving patient outcomes and recovery.

Reduced cerebral perfusion has been linked to POD* 20 2! with key markers for
assessing cerebral perfusion, including MFV measured by transcranial Doppler and
rSO,?2. Previous studies have reported that MFV and intracranial vertebral artery blood
flow velocities decrease during head rotation in the prone position among young
volunteers!! 12, However, a prospective controlled study found no significant difference
in rSO; between neutral head positions and rotations to the right or left>3. This study
did not focus on elderly patients, and the short duration of head positioning (< 30 min)
may limit its applicability. Furthermore, rSO, measurements were obtained by
adjusting pressure sensors during head positioning, which may have affected results.
Our study addresses these limitations by using a Mayfield headrest in the prone position,
which mitigates pressure build-up on the forehead during cervical rotation. Despite a
reported 10% decrease in MFV and compromised jugular venous return during
rotation?3, the impact on cerebral perfusion pressure and autoregulation remains unclear.

Further research is needed to clarify whether head rotation affects cerebral perfusion
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and oxygenation and subsequently influences the incidence of POD.

Atherosclerosis, prevalent among older adults, is often assessed using the AIP, with
higher values indicating more severe atherosclerosis and a greater impact on blood
flow?*. Notably, both carotid and vertebral arteriosclerosis are manifestations of large-
artery atherosclerosis. Research suggests that the left vertebral artery (LVA) is more
susceptible to atherosclerosis than the right vertebral artery (RVA) due to higher blood
flow velocity and pressure?>. A prior study reported that in healthy adults,
approximately 50% have a dominant LVA, 25% have a dominant RVA, and the
remaining 25% have vertebral arteries of similar sizes?°. Likewise, in a study of 1,414
stroke-free participants with a mean age of > 45 years, plaques were found in both
carotid arteries in 85% of cases, with a higher prevalence in the left carotid artery (67%)
compared to the right (33%)?”. These findings highlight the notable asymmetry between
the left and right vessels. Our preliminary experiments did not show a significant effect
of head lateralization on POD. Future analyses will stratify data based on AIP and head
deviation to explore these factors further. Additionally, sex differences in vertebral
artery blood flow during head rotation have been reported!!, with mild reductions in
males but not females during ipsilateral rotation!!. These sex differences will also be
considered in our stratified analyses.

This study has two main limitations. First, all participants are recruited from a single
center, which may limit the generalizability of the findings. Second, the study does not
include graded angles for head direction, which would have complicated the
experimental design.

Despite these limitations, we anticipate that this trial will provide valuable insights into
whether maintaining a neutral cervical spine position reduces the incidence of POD

compared to a deviated position.

Trial status
To date, 32 participants have been enrolled in the study; however, participant
recruitment is still ongoing at the time of submission. This trial is scheduled to be

conducted from 20 December 2023 to 31 December 2025.
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Effects of head direction during prone position on postoperative delirium in
elderly patients undergoing thoracolumbar spine surgery: a study protocol for a

randomized controlled trial

ABSTRACT

Introduction

Prone positioning with head rotation can influence cerebral hemodynamics, potentially
affecting cerebral perfusion and oxygenation. Elderly patients with impaired brain
perfusion and oxygenation are at an increased risk of developing postoperative delirium
(POD). Despite this, few studies have explored whether head orientation during prone
positioning contributes to POD in older adults, an aspect often overlooked by clinicians.
This study aimed to evaluate the impact of head orientation during prone positioning
on the incidence of POD in elderly patients undergoing thoracolumbar spine surgery.
Methods and analysis

This study is a single-center, randomized, single-blind trial, with the assessors blinded
to the intraoperative head position. Eligible participants are patients aged > 65 years
undergoing elective thoracolumbar spine surgery. A total of 500 patients will be
randomly assigned to either the prone position with the head centered, or the prone
position with the head deviated. The primary outcome is the incidence of POD,
measured using the 3-minute Diagnostic Interview for Confusion Assessment Method
(3D-CAM) until postoperative day 5. Secondary outcomes include the severity of POD
assessed by the Memorial Delirium Assessment Scale (MDAS), postoperative
cognitive impairment evaluated using the Mini-Mental State Examination (MMSE) and
Montreal Cognitive Assessment (MoCA), intraoperative regional cerebral oxygen
saturation (rSO;), changes in vertebrobasilar artery and middle cerebral artery
hemodynamics, and plasma levels of calcium channel-binding protein S100 subunit
beta (S100B) and neuron-specific enolase (NSE).

Ethics and dissemination

Ethical approval was obtained from Yancheng No. 1 People's Hospital Ethics

Examination Committee (2023-K-120-01). The findings will be disseminated through
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presentations at annual conferences and publications in scientific journals.

Trial registration number: ChiCTR2300078839

Keywords: delirium & cognitive disorders; posture; thoracic surgery; clinical trial.

STRENGTHS AND LIMITATIONS OF THIS STUDY

® This study is the first randomized controlled trial to investigate the potential effects
of head rotation on postoperative delirium and cognitive dysfunction in elderly
patients undergoing thoracolumbar spine surgery.

® The study does not account for graded angles of head rotation.

® [t does not differentiate between left and right head deviations.

® The single-center design may limit the generalizability of the findings.

INTRODUCTION

Postoperative delirium (POD) is an acute, fluctuating neuropsychiatric syndrome
characterized by disturbances in attention, awareness, and cognition, typically
manifesting within five days post-surgery. It is the most common postoperative
complication in older adults'. Recent meta-analyses report that the incidence of POD
in elderly patients undergoing spinal surgery ranges from 3.8% to 40.4%, often
associated with adverse clinical outcomes?.

Emerging evidence suggests that cerebral hypoperfusion, influenced by cerebral
hemodynamics, plays a crucial role in the pathogenesis of POD. Significant reductions
in regional cerebral blood flow have been observed in patients with delirium, affecting
both cortical and subcortical regions, with improvements noted upon resolution of
delirium?. Inadequate cerebral perfusion pressure has also been linked to a higher risk
of POD following lung transplantation*. Additionally, intraoperative decreases in
regional cerebral oxygen saturation (rSO,) have been associated with POD during
thoracotomy and endovascular procedures 6. Furthermore, reduced mean flow velocity
(MFV) in the middle cerebral artery has been correlated with cognitive impairment and

delirium in non-surgical populations’ 8. These findings highlight the importance of
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monitoring perioperative factors that contribute to cerebral hypoperfusion.

In thoracolumbar spine surgeries, head positioning — whether neutral or with lateral
deviation — is typically based on clinical considerations. However, studies suggest that
head rotation may affect cerebral hemodynamics. For instance, contralateral cervical
rotation in supine conscious volunteers has been shown to reduce vertebral artery flow
in the extracranial segment® !, Similarly, intracranial vertebral artery blood flow
velocities are significantly reduced with contralateral head rotation in prone, young
volunteers!!. Under general anesthesia in the prone position, head rotation of
approximately 80° to the right has been observed to reduce MFV by ~10% in healthy
young volunteers!?. Despite these observations, the potential impact of head orientation
in the prone position on POD, through its effect on cerebral hemodynamics
and oxygenation, remains unclear. Based on existing literatures, we hypothesize that
maintaining a neutral cervical spine position will result in a lower incidence of POD
compared to a deviated position.

Epidemiological studies on POD have seldom considered the influence of head
orientation during spinal surgery, and no research has specifically examined the effects
of head orientation in the prone position on POD in older adults. Thus, the primary aim
of this study is to assess the impact of head direction during prone positioning on the
incidence of POD in elderly patients undergoing thoracolumbar spine surgery. Our
secondary aim is to investigate the effects of head direction on cerebral hemodynamics

and oxygenation during prone positioning.

METHODS AND ANALYSIS
Study design

This single-center, single-blind, randomized controlled trial aims to assess whether
maintaining a neutral cervical spine position reduces the incidence of POD compared
to a deviated position in older adults undergoing thoracolumbar spine surgeries. The
trial design and follow-up process are detailed in Figure 1 and Table 1. The study will
be conducted at the First People’s Hospital of Yancheng, Yancheng, China. Assessors

will undergo standardized training, and the protocol will adhere to the Standard
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Protocol Items: Recommendations for Interventional Trials (SPIRIT) guidelines

(see Online Supplementary Additional File 1).

Table 1. Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT)
Schedule for Enrollment, Interventions, and Assessments. Time points: Ty, before
anesthesia induction; Ty, 60 min post-positioning; T,, 90 min after post-positioning; T;,

2 h post-positioning; T4, 5 min before surgical completion; Ts, prior to discharge from

the PACU.
STUDY PERIOD
One day Postoperative
before Surgery day
days
surgery
Enrolment | TO [T1 | T2 | T3 | T4 [T5 |1 |2 |3 |4 |5
ENROLLMENT
Eligibility J
screen
Informed
J
consent
Randomization J
INTERVENTIONS
Group PD J
Group PC N,
ASSESSMENTS
Baseline data J
Major
laboratory J
results
150, VA VA VAN IRVEN IRV
measurement
Cerebral
hemodynamics ~ N N N, N, J
parameters
Blood gas analysis J
(per hour)
3D-CAM
(twice daily) VIV
MDAS AN IRV VAN RRVAN IRV)
S100B and
NSE Y Y
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MAP J vl vl vl v v]vlvlv]lv]v
measurement

MMSE,

MoCA N NIV V] V]V

VAS N NIV V] V]V

PSQI N NIV V] V]V
Blood loss J

(mL)
Adverse events NIV VIV A
All-cause

death NIV V] V]V

Randomization and blinding

This trial design is single-blinded, with the attending anesthetist collecting
intraoperative data and not blinded to group assignments. Patients will be randomized
into either the neutral cervical spine position (PC) group or the deviated position (PD)
group using a computer-generated randomization table. Group assignments will be
concealed in opaque envelopes, which will be opened intraoperatively. The allocation
ratio is 1:1, and assessors responsible for preoperative and postoperative evaluations

will be blinded to the intraoperative head orientation.

Patients and recruitment

A total of 500 patients meeting the inclusion criteria will be enrolled from 20 December
2023 to 31 December 2025. Participants will receive written information about the
study (see Online Supplementary Additional File 2), and written informed consent will

be obtained the day prior to surgery.

Eligibility

Inclusion criteria

® Age > 65 years.

® American Society of Anesthesiologists (ASA) physical status class II-II1.

® Mini-Mental State Examination (MMSE) score >23 points, assessed one day
preoperatively.

® Expected duration of surgery > 2 h.
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Exclusion criteria

Cervical spine trauma.

Restricted head positioning.

Cervicogenic dizziness and vertigo.

Central nervous system disorders with clinical manifestations.

Communication impairments.

Psychiatric disorders.

Discharge criteria

®  Duration of surgery <2 h.
® Scvere adverse events, such as anaphylaxis or intraoperative blood loss > 800 ml.

®  Protocol deviations requiring intervention.

Interventions

Vital signs, including electrocardiography (ECG), oxygen saturation, and invasive
arterial blood pressure, will be recorded prior to anesthesia induction. Anesthesia will
be induced with dexamethasone (10 mg), remimazolam tosylate (0.05-0.1 mg/kg), 1%
propofol (1-1.5 mg/kg), fentanyl (0.1-0.15 pg/kg), and cis-atracurium (0.2 mg/kg).
During the transition from supine to prone positioning, the head will be positioned
according to the assigned group. Anesthesia maintenance will involve 1-1.5%
sevoflurane inhalation and continuous intravenous remifentanil infusion (0.1 pg/kg/min)
until the completion of the surgery. Fentanyl and cis-atracurium will be administered
as needed. Postoperatively, patients will be transferred to the post-anesthesia care unit
(PACU) for extubation and observation until fully awake. Tropisetron hydrochloride
(10 mg) and flurbiprofen axetil (50 mg) will be administered intravenously 15 min
before surgery. Postoperative analgesia for 48 h will include butorphanol tartrate
injection (8—10 mg) and tropisetron hydrochloride (10 mg) via an analgesic pump.
Principles of intraoperative anesthesia management include:

®  Bispectral index (BIS) value: 45-60
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® End-tidal carbon dioxide (PgrCO,;): 40-55 mmHg

® Body temperature: 36-37.5 °C

® Hemodynamic stability assisted by vasoactive drugs (Mean arterial pressure
[MAP] changes within 10% over 5 min)

®  Pulse pressure variation (PPV) < 10%

Acid-base and electrolyte homeostasis.

Outcome measures
Primary outcome measure

The primary outcome is the incidence of POD within 5 days post-surgery, assessed

using the 3-minute Diagnostic Interview for Confusion Assessment Method (3D-CAM),

conducted twice daily (08:00-10:00 and 18:00-20:00)!3.

Secondary outcome measures

Secondary outcomes include the severity of delirium, perioperative cognitive changes,
cerebral oxygen saturation, cerebral hemodynamics, and markers of neuronal injury.
The severity of POD will be assessed using the Memorial Delirium Assessment Scale
(MDAS) together with the evaluation of 3D-CAM'. Cognitive function will be
evaluated perioperatively using the MMSE and Montreal Cognitive Assessment
(MoCA) one day preoperatively and daily for 5 days postoperatively!>. Baseline rSO,
will be calculated by averaging the values within 2 min before anesthesia induction
(TO). Intraoperative rSO, values will be continuously recorded using a cerebral
oximeter at the following time points: T; (60 min after turning over), T, (90 min after
turning over), T; (2 h after turning over), T4 (5 min before surgery ends), and Ts (before
leaving the PACU). Hemodynamic parameters of the vertebrobasilar and middle
cerebral arteries will be quantified using transcranial Doppler ultrasound at T,—Ts.
Serum concentrations of S100 calcium-binding protein B (S100B) and neuron-specific
enolase (NSE) will be determined using enzyme-linked immunosorbent assay (ELISA)

kits, with blood samples collected at TO and one day postoperatively.
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Data collection

Preoperative assessments

Preoperative assessments will be conducted by trained assessors one day before surgery

and will include:

General data: age, sex, education level, body mass index (BMI), ASA classification,
and baseline blood pressure.

Medical history: major cardiovascular and cerebrovascular diseases (hypertension,
diabetes, coronary heart disease, stroke).

Key laboratory results: complete blood count, coagulation profile, atherogenic
index of plasma (AIP), and serum concentrations of S100B and NSE.

Cognitive function: assessed using MMSE and MoCA.

Pain assessment: evaluated using the Visual Analogue Scale (VAS).

Sleep quality: assessed using the Pittsburgh Sleep Quality Index (PSQI).

Anesthesia, surgery, and postoperative care

Detailed records of all perioperative interventions, including the duration in the prone

position, use of vasoactive medications and anticholinergics, and vital signs, will be

maintained for post hoc analysis. Special attention will be given to the intraoperative

rSO, values and hemodynamic parameters of the vertebrobasilar and middle cerebral

arteries, recorded at specified time points. Blood gas analysis will be performed hourly.

Postoperative assessments

Incidence and severity of delirium: assessed using 3D-CAM (incidence) and
MDAS (severity).

Serum concentrations of S100B and NSE: measured on postoperative day 1.
Blood pressure: monitored twice daily.

Cognitive function: evaluated using MMSE and MoCA.

Pain levels: assessed using VAS.

Sleep quality: evaluated using PSQI.

Complications and mortality: recorded as part of the study follow-up.
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Sample size

Sample size calculations were performed using PASS (version 15.0.5). Preliminary
experiments involving 32 patients (8 in the PC group and 24 in the PD group) indicated
that 1 in the PC group and 6 in the PD group were diagnosed with POD. To achieve a
power of 90% with a two-sided significance level of 0.05, the required sample size was
calculated to be 200 patients per group. To account for an anticipated 20% loss to
follow-up, a total of 500 patients were required. A mid-term analysis will be conducted
once 50% of the target sample size is reached, with adjustments made based on the

observed incidence of POD.

Data analysis

Statistical analyses will be conducted using SPSS version 20.0. Data will be presented
as mean = standard deviation (SD) for normally distributed data and median
(interquartile range) for non-normally distributed data. Comparisons will be made using
independent-sample t-tests for normally distributed data and Mann—Whitney U-tests
for non-normally distributed data. Categorical data will be expressed as numbers or
percentages and analyzed using Fisher’s exact test or chi-squared tests. Univariate
repeated measures analysis of variance (ANOVA) will be used for intragroup
comparisons, with post hoc tests and Bonferroni correction applied to control for Type
I errors. A Mantel-Haenszel test, stratified by potential influencing factors such as age
(youngest-old [65—-74 years], middle-old [75—84 years], oldest-old [> 85 years]), AIP,
gender (male and female), and head deviation (left or right), will be used to compare

the risk of POD between groups. Statistical significance will be set at P < 0.05.

Data Monitoring

The Data Monitoring Committee (DMC) will consist of an independent researcher
responsible for data collection and classification, as well as a statistician. The DMC
will focus solely on data monitoring without involvement in other aspects of the study.

The DMC will ensure data completeness and accuracy and assess the overall progress
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of the trial. Upon completion, the original data, final dataset, and outcomes will be

submitted to the Scientific Research Management Committee.

Safety evaluation

All adverse events (AEs) associated with head rotation will be closely monitored. AEs
include hypotension, significant cardiac arrhythmias, pneumothorax, significant
disability or incapacity, cerebrovascular accidents, and death. Researchers will conduct
daily patient visits until discharge and meticulously record any AEs. Should an AE
occur, the trial will be suspended immediately for investigation, and appropriate actions

will be taken based on the findings.

DISCUSSION

POD is a common and serious complication in elderly patients, significantly affecting
postoperative recovery. In-hospital mortality was considerably higher among
individuals with delirium (7.2%) compared to those without (0.9%). Additionally, post-
operative 30-day mortality was also notably greater in patients with delirium (5.7%)
than in those without (1.8%) '®. Thus, understanding and preventing POD is crucial for
improving patient outcomes and recovery.

Reduced cerebral perfusion has been linked to POD* 7 18  with key markers for
assessing cerebral perfusion, including MFV measured by transcranial Doppler and
SO, '°. Previous studies have reported that MFV and intracranial vertebral artery blood
flow velocities decrease during head rotation in the prone position among young
volunteers!! 2. However, a prospective controlled study found no significant difference
in rSO; between neutral head positions and rotations to the right or left??. This study
did not focus on elderly patients, and the short duration of head positioning (< 30 min)
may limit its applicability. Furthermore, rSO, measurements were obtained by
adjusting pressure sensors during head positioning, which may have affected results.
Our study addresses these limitations by using a Mayfield headrest in the prone position,
which mitigates pressure build-up on the forehead during cervical rotation. Despite a

reported 10% decrease in MFV and compromised jugular venous return during
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rotation?’, the impact on cerebral perfusion pressure and autoregulation remains unclear.

Further research is needed to clarify whether head rotation affects cerebral perfusion
and oxygenation and subsequently influences the incidence of POD.

Atherosclerosis, prevalent among older adults, is often assessed using the AIP, with
higher values indicating more severe atherosclerosis and a greater impact on blood
flow?!. Notably, both carotid and vertebral arteriosclerosis are manifestations of large-
artery atherosclerosis. Research suggests that the left vertebral artery (LVA) is more
susceptible to atherosclerosis than the right vertebral artery (RVA) due to higher blood
flow velocity and pressure?’. A prior study reported that in healthy adults,
approximately 50% have a dominant LVA, 25% have a dominant RVA, and the
remaining 25% have vertebral arteries of similar sizes?*. Likewise, in a study of 1,414
stroke-free participants with a mean age of > 45 years, plaques were found in both
carotid arteries in 85% of cases, with a higher prevalence in the left carotid artery (67%)
compared to the right (33%)?*. These findings highlight the notable asymmetry between
the left and right vessels. Our preliminary experiments did not show a significant effect
of head lateralization on POD. Future analyses will stratify data based on AIP and head
deviation to explore these factors further. Additionally, sex differences in vertebral
artery blood flow during head rotation have been reported!!, with mild reductions in
males but not females during ipsilateral rotation!!. These sex differences will also be
considered in our stratified analyses.

This study has two main limitations. First, all participants are recruited from a single
center, which may limit the generalizability of the findings. Second, the study does not
include graded angles for head direction, which would have complicated the
experimental design.

Despite these limitations, we anticipate that this trial will provide valuable insights into
whether maintaining a neutral cervical spine position reduces the incidence of POD

compared to a deviated position.

Trial status

To date, 32 participants have been enrolled in the study; however, participant
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recruitment is still ongoing at the time of submission. This trial is scheduled to be

conducted from 20 December 2023 to 31 December 2025.
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Figure legend:
Study flow chart. PC: prone with the head centered; PD: prone with the head deviated;
POD: postoperative delirium; MFV: mean flow velocity; rSO,: regional cerebral

oxygen saturation.
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Study flow chart. PC: prone with the head centered; PD: prone with the head deviated; POD: postoperative
delirium; MFV: mean flow velocity; rSO2: regional cerebral oxygen saturation.
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Informed Consent

Dear Sir/Madam:

We invite you to participate in the research project titled “Effects of head direction during prone position on
postoperative delirium in elderly patients undergoing thoracolumbar spine surgery: a randomized controlled trial”.
This study is led by Chief Anesthesiologist, Qian Bin, at The First people's Hospital of Yancheng and will be
conducted at this hospital, with an estimated 500 participants volunteering to take part. The study has been
reviewed and approved by Yancheng No. 1 People's Hospital Ethics Examination Committee, with the diary
number: 2023-K-120-01.

Why is this research being conducted?

Postoperative delirium (POD) is an acute, fluctuating neuropsychiatric syndrome characterized by
disturbances in attention, awareness, and cognition, typically manifesting within five days post-surgery. It is the
most common postoperative complication in older adults. Recent meta-analyses report that the incidence of POD
in elderly patients undergoing spinal surgery ranges from 3.8% to 40.4%, often associated with adverse clinical
outcomes.

In thoracolumbar spine surgeries, head positioning — whether neutral or with lateral deviation — is typically
based on clinical considerations. However, some studies suggest that head rotation may affect cerebral
hemodynamics, which may potentially affect the incidence of POD. Epidemiological studies on POD have seldom
considered the influence of head orientation during spinal surgery. It is unknown whether the intraoperative head
orientation in the prone position contributes to POD in older adults. Thus, the primary aim of this study is to assess
the impact of head direction during prone positioning on the incidence of POD in elderly patients undergoing
thoracolumbar spine surgery. Our secondary aim is to investigate the effects of head direction on cerebral

hemodynamics and oxygenation during prone positioning.

Who is (not) suitable to participate in the study?
1. Inclusion criteria
® Age > 065 years.
®  American Society of Anesthesiologists (ASA) physical status class II-II1.
® Mini-Mental State Examination (MMSE) score > 23 points, assessed one day preoperatively.
® Expected duration of surgery >2 h.
2. Exclusion criteria
®  Cervical spine trauma.
®  Restricted head positioning.
®  Cervicogenic dizziness and vertigo.
] Central nervous system disorders with clinical manifestations.
o Communication impairments.

® Psychiatric disorders.
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If you participate in the study, what do you need to do?

If you are willing to participate in this study, you will have a 1/2 chance of receiving one of the following two
treatment plans: prone positioning with the head turned to one side, or prone positioning with the head in a neutral
position. We will regularly assess your cognitive function and collect data related to cerebral perfusion and
oxygenation during the week you undergo treatment, at the following time points: one day before surgery,

intraoperatively, and postoperatively on days 1 to 5.

What are the benefits of participating in a study?

Whether or not you participate in this study, your condition will be diagnosed and treated in a timely manner.
There is no direct benefit to you from participating in this study. However, the information gathered from your

participation may provide valuable insights for future patients undergoing similar treatments.
What are the risks of participating in a study?

This study is a prospective randomized controlled trial. There is currently no guideline consensus on the
effect of head position during thoracolumbar spine surgery, and its impact on the incidence and severity of
postoperative delirium is still inconclusive. In this study, apart from the prone positioning with head tilt as the
research variable, all other anesthesia, surgical treatments, and postoperative care will follow standardized
protocols. During the study, if you experience any discomfort or adverse reactions, please contact the study
physician immediately. Additionally, any treatment may be ineffective, and there is a possibility that the condition

may continue to progress due to treatment failure or the presence of other comorbid conditions.
Are there any costs associated with participating in the study?

To compensate for any inconvenience caused by your participation in this study, we will cover the costs of
cerebral oxygen saturation monitoring and transcranial ultrasound examinations during the study. However, the
cost of a one-time cerebral oxygen saturation monitoring probe is not included in the free coverage. Any treatment
and examinations required for comorbid conditions, as well as costs for alternative treatments if the current
treatment proves ineffective, will not be covered. This study is conducted during your hospitalization, and there
will be no reimbursement for transportation, lost wages, or nutritional expenses. In the event of any trial-related

harm, appropriate treatment and compensation will be provided in accordance with national regulations.
Is personal information confidential?

Your medical records will be kept at the hospital, and the researchers, research oversight bodies, and ethics
examination committee will be allowed to access your medical records. Any public reports related to the results of
this study will not disclose your personal identity. We will make every effort to protect the privacy of your

personal medical information to the fullest extent permitted by law.
What other treatment options are available if you choose not to participate in this study?

You may choose not to participate in this study, and this will not have any negative impact on your access to

standard treatment.
Do I have to participate in the study?

Participation in this study is entirely voluntary. You have the right to decline participation or withdraw from
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the study at any time during the research process, and this will not affect the treatment provided by your doctor. If
you decide to withdraw, please contact your doctor, and you may be asked to undergo relevant examinations,
which will be beneficial for protecting your health.

If you have any concerns regarding your personal rights, you may contact the Ethics Review Committee of

this hospital at the following phone number: 0515-66696823.

oNOYTULT D WN =

12 Participant Statement:

14 I have read the above information regarding this study and fully understand the potential risks and benefits of
participating. I voluntarily agree to participate in this study. I will receive a signed copy of this informed consent
17 form with my name and the date.

19 [] T agree to participate in the research project titled “Effects of head direction during prone position on
20 postoperative delirium in elderly patients undergoing thoracolumbar spine surgery: a randomized controlled
22 trial”.

23 [J Tagree that data about me is processed in the manner described in the information.

26 Place and date Signature

33 Personal identification number Name printed

Investigator's Statement:

I confirm that I have explained the details of this study to the participant, particularly the potential risks and
43 benefits of participating, and have answered all questions raised by the participant. The participant has voluntarily
agreed to participate in this study. This informed consent form is made in two copies, one for the investigator and

46 one for the participant, each with a signed copy."

49 Place and date Signature

Personal identification number Name printed
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