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ABSTRACT

Introduction Postoperative delirium is common in older
cardiac surgery patients and associated with negative
short-term and long-term outcomes. The alpha-2-
adrenergic receptor agonist dexmedetomidine shows
promise as prophylaxis and treatment for delirium in
intensive care units (ICU) and postoperative settings.
Clonidine has similar pharmacological properties and can
be administered both parenterally and orally. We aim to
study whether repurposing of clonidine can represent

a novel treatment option for delirium, and the possible
effects of dexmedetomidine and clonidine on long-

term cognitive trajectories, motor activity patterns and
biomarkers of neuronal injury, and whether these effects
are associated with frailty status.

Methods and analysis This five-centre, double-blind
randomised controlled trial will include 900 cardiac
surgery patients aged 70+ years. Participants will be
randomised 1:1:1 to dexmedetomidine or clonidine or
placebo. The study drug will be given as a continuous
intravenous infusion from the start of cardiopulmonary
bypass, at a rate of 0.4 pg/kg/hour. The infusion rate

will be decreased to 0.2 pg/kg/hour postoperatively and
be continued until discharge from the ICU or 24 hours
postoperatively, whichever happens first.

Primary end point is the 7-day cumulative incidence of
postoperative delirium (Diagnostic and Statistical Manual
of Mental Disorders, fifth edition). Secondary end points
include the composite end point of coma, delirium or
death, in addition to delirium severity and motor activity
patterns, levels of circulating biomarkers of neuronal
injury, cognitive function and frailty status 1 and 6 months
after surgery.

Ethics and dissemination This trial is approved by

the Regional Committee for Ethics in Medical Research
in Norway (South-East Norway) and by the Norwegian
Medicines Agency. Dissemination plans include publication
in peer-reviewed medical journals and presentation at
scientific meetings.

1,10

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This multicentre trial will provide evidence for pro-
phylactic efficacy of dexmedetomidine and clonidine
in reducing the incidence of postoperative deliri-
um as well as decline in cognitive function 1 and
6 months postoperatively in older cardiac surgical
patients.

= Inclusion of preoperative frailty assessments will
provide evidence for frailty as a predictive marker
of treatment effect.

= The analysis of biomarkers will provide insights into
the neural mechanisms in postoperative delirium
and long-term cognitive dysfunction.

= The analysis of activity by accelerometers will pro-
vide insight into motor activity patterns in subtypes
of delirium.

= The dose of the active drugs may potentially be too
low or the duration of treatment too short in order to
show effects.

Trial registration number NCT05029050.

BACKGROUND
Delirium represents an acute change in
awareness, attention and cognition, precipi-
tated by an acute illness, trauma, intoxication
or surgery.' > Common additional features are
agitation, hallucinations and poor compli-
ance with medical treatment and care.
Delirium appears in all parts of the health-
care service, including intensive care units
(ICUs) and postoperative settings, regular
hospital wards, nursing homes, home nursing
services and palliative departments. In a
recent meta-analysis, Greaves el al found a
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delirium prevalence of 24% postoperatively after coro-
nary artery bypass grafting (CABG) surgery, aggregated
over all age groups.” In a Norwegian study of patients
>80 years undergoing open aortic valve replacement, the
prevalence of postoperative delirium was above 60%.*
Open heart surgery patients are especially susceptible
to delirium. Probable causes may be established cardio-
vascular disease, microembolism from cardiopulmo-
nary bypass (CPB), perioperative circulatory changes
including ischaemia-reperfusion injuries, systemic
inflammation, blood-brain barrier disruption and very
deep anaesthesia.”

Delirium is difficult to handle in clinical settings,
increases length of hospital stay and the need for long-
term care,” is expensive for the society,'’ represents
a frightening experience for the patient and the rela-
tives'' and is an independent risk factor for death after
cardiac surgery.'® Delirium is an independent risk factor
for cognitive decline in older adults, and induces a more
rapid trajectory of deterioration in those who already
have dementia.'* '

Frailty is a risk factor for delirium," but less is known
regarding how frailty assessments can guide prophylactic
and therapeutic measures and shared decision making."®
Frailty is a state of impaired physiological reserve and
decreased resistance to stressors, which increases the risk
of an adverse outcome.'”'® It is a consequence of cumula-
tive decline in many physiological systems.

Conventionally, delirium has been separated into
hyperactive and hypoactive subtypes based on clin-
ical impression,'? but recent research using body-worn
sensors indicates a more heterogeneous pattern of motor
activity across the clinical delirium motor subtypes.®’ *!
Small light-weight body-worn accelerometers may provide
objective measures of the effectiveness of delirium treat-
ment intervention on motor activity level and types of
patterns. A small postoperative study on cardiac surgery
patients showed the possibility of detecting the amount
of movement in sedated patients.*®

Delirium is multifactorial and relate to both predis-
posing and to precipitating factors.! * Routinely, several
actions are taken in perioperative care to minimise the
risk of delirium, such as appropriate management of pain
and minimising the use of sedative drugs like benzodiaz-
epines. Furthermore, non-pharmacological multicompo-
nent interventions are essential,” but there is currently
no compelling evidence to support the use of specific
prophylactic pharmacological measures in routine
perioperative care for patients at risk of postoperative
delirium.**

However, dexmedetomidine, a parenterally adminis-
tered alpha-2-adrenergic receptor agonist that attenu-
ates sympathetic nervous system activity, shows promise
as prophylaxis and treatment for delirium in ICUs and
postoperative settings.” *° It has been hypothesised that
dexmedetomidine may reduce postoperative delirium via
its sympatholytic, anti-inflammatory and organ-protective
effects.”” ®* In a recent meta-analysis, perioperative use

of dexmedetomidine in various surgical procedures
was associated with a lower incidence of postoperative
delirium. The relative risk and 95% CI was 0.52 (0.39
to 0.70) when compared with placebo.” Among newer
studies in cardiac surgery, some,%_32 but not all,33 ¥ have
found a beneficial short time effect on the incidence
of delirium. A meta-analysis in cardiac surgery patients
showed that dexmedetomidine could reduce the risk of
postoperative delirium (OR 0.56, 95% CI 0.36 to 0.89).%
This meta-analysis even included the largest trial by Turan
et al, with 800 participants, that was negative for dexme-
detomidine.* To the best of our knowledge, effects of
dexmedetomidine on long time cognitive trajectories
have so far not been assessed in this patient population.
Nevertheless, the use of dexmedetomidine in ICUs is
rapidly increasing.*

An alternative agent is clonidine, which has similar
pharmacological properties to dexmedetomidine,” even
though its alpha-2-adrenergic selectivity is lower.”” Clon-
idine can be administered both parenterally and orally,
thus potentially widening its clinical usefulness.”®*” Cloni-
dine was originally launched as an antihypertensive agent,
butitis also used as an analgesic drug. Furthermore, clon-
idine has a long tradition as a sedative in patients with
hyperactive delirium, and is used by several anaesthesi-
ologists and intensivists.”® This practice is based on their
clinical experiences and knowledge on the drug’s prop-
erties, but is so far not supported by placebo-controlled
clinical trials. A pilot study indicated that clonidine infu-
sion during the period of weaning from mechanical venti-
lation after surgery for aortic dissection may reduce the
severity of delirium.™ A recent study compared clonidine
with dexmedetomidine postoperatively after CABG and
found better effect on risk and duration of delirium of
dexmedetomidine. Since no placebo-controlled group
was included, that study could not assess potential effects
of clonidine.*

Thus, there is a need for prospective large-scale studies
on the potential prophylactic effect of alpha-2-adrenergic
receptor agonists on delirium in susceptible patients. The
aims of the present planned trial are to study (1) whether
repurposing of clonidine can represent a novel treatment
option for delirium and (2) the possible effects of dexme-
detomidine and clonidine on long-term cognitive trajec-
tories, motor activity patterns, patientrated outcome
measures (PROMs) and biomarkers of neuronal injury
and (3) whether these effects are associated with frailty
status.

METHODS AND ANALYSIS

Study design

ALPHA2PREVENT is a nationwide five-centre, double-
blind randomised controlled trial (RCT). Patients aged
70+ years scheduled for open heart surgery will be
randomised 1:1:1 to dexmedetomidine or clonidine or
placebo. The patients will be cognitively assessed preop-
eratively, then assessed for any symptoms of delirium
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Figure 1
Assessment; TMT, trail making test.

according to the Diagnostic and Statistical Manual of
Mental Disorders, fifth edition (DSM-5) criteria’' or
subsyndromal delirium* postoperatively, and finally
assessed for cognitive function after 1 and 6 months
(figure 1).

Study locations

The trial will be carried out at Oslo University Hospital
(Ullevaal and Rikshospitalet) in Oslo, Haukeland Univer-
sity Hospital in Bergen, Trondheim University Hospital
in Trondheim, and the University Hospital of Northern
Norway in Tromsg, all in Norway.

Randomisation

In-hospital stay 1 and 6 Months

Study schema. EQ-5D-5L, EuroQol 5 Dimension 5 Level; POD, postoperative day; MoCA, Montreal Cognitive

Participants, randomisation and blinding

Patients will be assessed for eligibility and asked for
participation
thoracic surgeons or anaesthesiologists. A full listing
of trial inclusion and exclusion criteria is displayed in
table 1. Participants must be 270 years old, accepted for
cardiac surgery with CPB and capable of giving signed

in cooperation with the responsible

informed consent. The surgical procedures may consti-
tute CABG, valve replacement, surgery on the ascending
aorta or combinations of these. Main exclusion criteria
are bradycardia, uncontrolled hypotension, ischaemic

Table 1 Inclusion and exclusion criteria

Participants are eligible to be included in the study only if all of the

following criteria apply:

» Participant must be >70 years old at the time of signing the
informed consent.

» Participant must be accepted for cardiac surgery with
cardiopulmonary bypass. The surgical procedures may constitute
(1) coronary bypass grafting, (2) tricuspid, mitral or aortic valve
replacement or repair, (3) surgery on the ascending aorta and (4)
the combination of any of these procedures.

» Participant must be capable of giving signed informed consent.

Participants are excluded from the study if any of the following criteria

apply:

» Preoperative delirium (present at time of potential inclusion).

» Known hypersensitivity to the active ingredient or components of
the product.

» Bradycardia due to sick sinus syndrome, second-degree or third-

degree AV-block (if not treated with pacemaker) or any other reason

causing HR <50 bpm at time of inclusion.

Uncontrolled hypotension.

Ischaemic stroke or transitory ischaemic attack the last month or

critical peripheral ischaemia.

Acute coronary syndrome last 24 hours. Acute coronary syndrome

is defined according to international guidelines.

Left ventricular ejection fraction <40%.

Severe renal impairment (eGFR <20 mL/min) or expected

requirement for renal replacement therapy.

Severe hepatic dysfunction (liver enzyme three times the upper limit

of normal together with a serum albumin concentration below the

normal reference limit.

Reduced peripheral autonomous activity (eg, spinal cord injury).

Current use of tricyclic antidepressants, monoamine reuptake

inhibitors or ciclosporin.

Endocarditis or sepsis.

Pheochromocytoma.

Planned deep hypothermia and circulatory arrest.

Emergency surgery, defined as <24 hours from admission to

surgery.

Previously included in this study.

Not speaking or reading Norwegian.

Any other condition as evaluated by the treating physician.

vV VvV VvV VvV

VYV VVVY VY

AV-block, atrioventricular block; eGFR, estimated glomerular filtration rate; HR, heart rate.
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stroke the last month or acute coronary syndrome last
24 hours,43 left ventricular ejection fraction <40%, severe
renal failure or hepatic dysfunction, sepsis, planned deep
hypothermia and circulatory arrest as well as emergency
surgery.

Consenting patients will be randomly assigned 1:1:1, to
dexmedetomidine, clonidine or placebo. Randomisation
will be computer generated with random permuted block
sizes of 3 or 6, and stratified according to study centre.
Allocation will be concealed by a webbased system that
can be accessed no earlier than 3 days before surgery. The
study drug will be prepared by an otherwise uninvolved
research associate, ensuring that investigators, clinicians,
outcome assessors and statisticians are blinded to the
group assignment.

Data collected at study entry

The data collection will take place in connection with
routine clinical care at the relevant hospital wards and
the ICU (table 2). According to the selection criteria,
ECG, creatinine/estimated glomerular filtration rate,
liver transaminases, albumin and a recent echocardiog-
raphy will be required, as well as a screening for preoper-
ative delirium. At study entry, demographic data, medical
history including cardiovascular and non-cardiovascular
comorbidities, prescription drugs used, sensory impair-
ment, presence or absence of any fall within the past
year, functional status including activities of daily living,
surgical site and indication for surgery will be obtained.
Haemodynamic variables, body mass index, American
Society of Anesthesiologists Physical Status (ASA) classi-
fication and Euroscore II will be recorded, and routine
blood samples taken prior to surgery will be registered.
Blood samples for biomarkers will be drawn preoper-
atively and on postoperative days 1, 3 and 5. Included
patients will undergo preoperative cognitive tests and
physical tests for assessment of frailty. PROMs will be
assessed by use of the Norwegian version of the EuroQol
5 Dimension 5 Level (EQ-5D-5L) questionnaire.44 The
same tests and questionnaires will be used also after 1
and 6 months, for assessment of cognitive and functional
trajectories.

Trial interventions

Dexmedetomidine and clonidine concentrations will be 4
pg/mL in NaCl 9 mg/mL. Dexmedetomidine, clonidine
or placebo (saline) will be given as a continuous intrave-
nous infusion, without a loading dose, from the start of
CPB, at a rate of 0.4 pg/kg/hour (ie, 0.1 mL/kg/hour)
for the active drugs. The infusion rate will be decreased to
0.2 pg/kg/hour (ie, 0.05 mL/kg/hour) postoperatively
and maintained for at least 12 hours after end of surgery.
The infusion will be continued until discharge from the
ICU or the step-down unit, or 24 hours postoperatively,
whichever happens first. To ensure masking, placebo will
be given as a continuous infusion of the same volume of
saline at the same infusion rate.

Concomitant therapy and rescue medicine

Patients will not be included if they use tricyclic antide-
pressants, monoamine reuptake inhibitors or ciclosporin.
The perioperative anaesthesia will be given per routine at
participating institutions. If delirium develops and phar-
macological intervention is needed, the study drug will be
stopped, and further treatment will be according to local
routines and the treating physician’s preferences.

Primary end point
The primary end point for ALPHA2PREVENT is the
cumulative incidence of postoperative delirium within 7
days. Postoperative delirium assessment will start as soon
as possible after admission to the ICU, and will continue
daily until the seventh postoperative day or until discharge
from the university hospital, whichever happens first. To
allow for differences in the duration of the postoperative
observation period, time until delirium diagnosis will be
recorded and the cumulative incidence will be assessed
using Kaplan-Meier estimates and compared between
groups with the log-rank test as described below. A clin-
ical assessment for delirium will also be repeated at the
1-month follow-up, to pick up signs of persistent delirium.
The diagnosis of delirium will be ascertained using
all available information, and will be determined to be
present if participants meet all DSM-5 criteria’' by using
a standardised procedure developed for our previous
study®” and as recommended by others™® (table 3). The
methods are refined in order, in a stepwise approach,
to assess presence or absence of the diagnostic criteria
in DSM-5 and will be carried out once daily by specially
trained research assistants. Level of arousal will be assessed
using the Norwegian versions of Richmond Agitation
Sedation Scale (RASS)47 and Observational Scale of Level
of Arousal (OSLA).* Attention and awareness will be
evaluated using objective tests (vigilance ‘A’ test, months
of the years backwards, days of the week backwards and
counting down from 20 to 1)* and observations by the
examiner of the patient’s distractibility, comprehen-
sion and tendency to lose the thread of conversation.
Presence of additional cognitive disturbances will be
assessed by tests for orientation and recall test of three
words (different words for each day), as well as informa-
tion derived from nursing staff and clinical notes. Acute
change in the patient’s mental condition, and fluctuations
of any disturbance, will be ascertained through informant
history from nursing staff and derived from clinical notes.
Nurses will, as part of their routine and for each shift (ie,
three times daily), actively register symptoms of delirium
in the case notes, as well as screen for delirium using the
Norwegian version of the confusion assessment method
for intensive care units (CAM-ICU)* and RASS. The
same delirium assessment tools will be used for the ICU,
step-down and bed wards. The results from each of the
CAM-ICU items, as well as the total CAM-ICU score, will
also be used as a source of information for making the
final delirium diagnosis.
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Table 2 Study procedures

Screening Baseline Surgery Postoperative day number

<30 days -3 to -1 days Hospital 1and 6
Procedure before day 0 before day0 DayO 1 2 3 4 5 6 7 discharge months

Informed consent X
Assessment of eligibility X

Routine blood tests X X
(ie, creatinine, liver

transaminases, albumin,

troponin, proBNP)

ECG X X
Physical examination X

Past and current medical X X
conditions

Vital signs X
Randomisation
Prescribed medications

Demographic data

X X X X X

Blood samples for
biomarkers

x

ASA classification and
Euroscore Il

Cognitive assessments
Frailty assessments
PROM (EQ-5D-5L)

Body-worn accelerometers
(St Olav only)

Study intervention X X

Safety review (including X X X X X X X X X
haemodynamic variables,
AE/SAE review, death)

Postoperative variables (eg, X X X X X X X
vital signs, medications,

transfusions, re-operations,

respiratory support)

Routine assessments of X X X X X X X X
delirium, 3x/day (by nursing
staff); CAM-ICU, RASS

Delirium assessments X X X X X X X X*
DSM-5 based, 1x/day (by
research assistant)

Pain assessment (NRS) X X X X X X X

Registration of per-operative X
variables (eg, type of

surgery, medications,

transfusions, vital

parameters, duration of

surgery/anaesthesia)

X X X X
X X X X

Registration of postoperative X
complications

Registration of total dose X
and duration of study

medication

*No delirium assessment at follow-up after 6 months.

AE, adverse event; ASA, American Society of Anesthesiologists; CAM-ICU, confusion assessment method for intensive care unit; DSM-5, Diagnostic
and Statistical Manual of Mental Disorders, fifth edition; NRS, Numerical Rating Scale; proBNP, pro-B-type natriuretic peptide; PROM, patient-rated
outcome measure; RASS, Richmond Agitation Sedation Scale; SAE, serious AE.
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Table 3 Diagnostic algorithm for DSM-5 delirium

DSM-5 criteria

Criterion fulfilled?

Tests to be performed or information needed Yes No

A. Disturbance in attention (ie, reduced ability Test
to direct, focus, sustain and shift attention)
and awareness (reduced orientation to the
environment)

Digit span forward
SAVEAHAART

Days of the week backwards
Months of the year backwards

Count backwards from 20 to 1

Digit span backwards

Cut-off (definition of inattention)
<5 forward

>2 errors

Any error

Unable to pass June

Any error

<5 digits

Observation (by the examiner during the interview):
Distractibility. Comprehension. Tendency to lose the tread of conversation
Level of arousal measured using RASS and OSLA

B. The disturbance develops over a short
period of time (usually hours to
a few days), represents a change from

and clinical notes.

Acute onset and/or fluctuation obtained from informant history from nursing staff

Questions to carer/nursing staff or derived from clinical notes:

baseline attention and awareness, and tends Has there been a sudden change in the patient’s mental state?

to fluctuate in severity during the course of

a day times?

Does the patient seem to be better at any period in the day compared with other

Has the level of consciousness been altered (drowsy/not interacting or agitated)?
Sleep-wake cycle disturbances?

C. An additional disturbance in cognition (eg, Questions to the patient:
memory deficit, disorientation, language,

visuospatial ability or perception) 3-item recall at 3 min

Orientation to time, place and person

Questions from CAM-ICU: Why are you in hospital? Will a stone float in water?

Are there fish in the sea?

Questions to carer/nursing staff or derived from clinical notes:
Any evidence of perceptual disturbances as illusions or hallucinations? Memory
disturbances? Psychotic symptoms? Psychomotor abnormalities?

D. The disturbances in criteria A and C

are not explained by another pre-existing,
established or evolving neurocognitive
disorder and do not occur in the context of
a severely reduced level of arousal, such as
coma

E. There is evidence from the history,
physical examination or laboratory findings
that the disturbance is a direct physiological
consequence of another medical condition,
substance intoxication or withdrawal (ie,
because of

a drug of abuse or to a medication), or
exposure to a toxin or is because of multiple
aetiologies

Delirium based on the tests and information  All DSM-5 criteria fulfilled

above?

Subsyndromal delirium based on the tests
and information above?
hallucinations.

Criteria D and E must be met

Information from history/chart/clinical assessment

By virtue of the surgery, all participants are considered to fulfil this criterion

Defined as evidence of change, in addition to any one of these: (a) altered
arousal, (b) attentional deficits, (c) other cognitive change, (d) delusions or

CAM-ICU, confusion assessment method for intensive care units; DSM-5, Diagnostic and Statistical Manual of Mental Disorders, 5th edition; OSLA, Observational

Scale of Level of Arousal; RASS, Richmond Agitation Sedation Scale.

Finally, as a quality assurance, two or more highly expe-
rienced delirium researchers will independently use all
available information (including the research assistants’
assessments) on each patient to decide if the DSM-b
criteria for delirium are fulfilled. An interrater agree-
ment for the diagnosis of delirium will be calculated and
disagreements will be resolved through discussion.

Subsyndromal delirium (table 3) will be defined as
evidence of change, in addition to any one of these:
altered arousal, attentional deficits, other cognitive

change, delusions or hallucinations. DSM-5 delirium
criteria D and E must be met.

Secondary end points

Secondary end points include the composite end point
of coma, delirium or death, in addition to number
of delirium days, delirium severity and motor activity
patterns, comparison to inclusion of serum concentra-
tions of neurofilament light (NFL) and p-taul81 1, 3 and
5 days postoperatively, as well as change from inclusion
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to 1 and 6 months after the operation in different cogni-
tive tests, patientrated health status, frailty status and
comparison of change in frailty status. In explorative
analyses, the secondary outcomes will also be assessed
between patients with or without postoperative delirium.
We will also assess if preoperative frailty status modifies
the effect of dexmedetomidine and clonidine treatment,
by studying the interaction between preoperative frailty
and treatment on delirium and the other mentioned end
points.

All end points will be assessed using Norwegian
versions of validated instruments: delirium severity will
be measured using CAM—ICU-7,51 OSLA™® and RASS47;
motor activity patterns using body-worn accelerometers;
cognitive function using Montreal Cognitive Assessment
(MoCA),* immediate and delayed recall from The Ten
Words Memory Task from The Consortium to Estab-
lish a Registry for Alzheimer’s Disease,” trail making
test version A and B,”* semantic and phonemic verbal
fluency,” digit span forwards and backwards (by Wechsler
Adult Intelligence Scale)®; frailty will be measured by a
comprehensive geriatric assessment (including medical
history, number of prescribed drugs, sensory impairment,
activity of daily living, gait speed, handgrip strength, chair
stand and nutritional status) calculating a frailty index
(range, 0-1; higher values indicate greater frailty) based
on the accumulation of deficits model of frailty’” ** and
by the shorter Essential Frailty Toolset™ and patientrated
health status using the EQ-5D-5L. questionnaire.**

For assessment of cognitive trajectories, the same cogni-
tive tests will be performed in a stable phase preoperatively
as well as after 1 and 6 months. Information regarding
functional status will be obtained from the patient preop-
eratively and from either the patient or their proxy at
follow-up, depending on the patient’s ability to provide
detailed information.

For a subsample of 100 patients from the Trond-
heim cohort, motor activity will be measured by three-
dimensional accelerometer inertial sensors (AX3
sensors) (Axivity, Newcastle, UK) sampled at 100 Hz and
processed using custom-made software. Accelerometers
will be attached to the frontal part of the waist, the domi-
nant thigh (ventrally, midthigh) and on the dominant
wrist presurgery. Motor activity patterns will be monitored
continuously (day and nights) before and the five first
days after surgery or until discharge from hospital, and
over 1 week after 1 and 6 months. Sensor data will be anal-
ysed regarding both quantity and quality of movements
and compared with the clinical delirium assessments.

Biomarkers

In addition to routine blood tests, blood will be taken in
the morning for specific study analyses (serum, plasma
and whole blood) before surgery, and at postoperative
day 1, 3 and 5 (or earlier if discharged before day 5)
and frozen at —-80°C locally. Frozen samples will then be
shipped to the coordinating centre (Oslo) to be stored in
a biobank at —80°C for future analyses. The stored blood

samples will be analysed for promising markers such as
NFL already known to be associated with delirium,”
p-taul81 associated with dementia and delirium®~* and
possibly other biomarkers of neuronal degeneration,
neuroinflammation and neurotransmitters,”™* using
state-of-the-art ultrasensitive assays to evaluate their associ-
ation with observed clinical responses to the study drugs.

Standardised training

The research assistants across all sites will receive stan-
dardised training for all study measures prior to study
initiation, including cognitive tests, delirium assessments
and measurements of frailty indicators. Retraining will
be provided as necessary. Detailed instructions and oper-
ation manuals in Norwegian language, including an
instruction video for the MoCA, will be made available to
all assessors.

Data management and monitoring

Participant data will be collected by authorised trained
personnel, be recorded on electronic case report forms
(CRF) and stored on a password-protected database.
Paper files will be stored in locked cabinets accessible to
team members only. Study monitors will perform ongoing
source data verification to confirm that data entered into
the CRFs are accurate, complete and verifiable from
source documents; that the safety and rights of partici-
pants are being protected and that the study is being
conducted in accordance with the currently approved
protocol, International Conference on Harmonization
Good Clinical Practice, and all applicable regulatory
requirements. Records and documents, including signed
informed consent forms, pertaining to the conduct of
this study will be retained by the investigators for 15 years
after study completion.

Safety and adverse events management
Immediate safety concerns will be handled by the treating
anaesthesiologist, who will determine if the participant
should continue or discontinue study intervention. If the
patient is haemodynamically unstable at any time during
infusion of the study medication or difficult to wake up
after surgery, the infusion can be temporarily stopped,
as decided by the treating physician. In such a case, the
patient will continue in the study. The reason for tempo-
rary discontinuation will be recorded. Since patients are
closely monitored in the perioperative phase of cardiac
surgery, potential adverse circulatory effects will be
rapidly revealed and corrected:

» Temporal epicardial pacing wires are placed routinely
during cardiac surgery, and bradycardia will be treated
with atropine and/or pacemaker as per routine.

» Hypotension will be treated at discretion of the
treating anaesthesiologists, who are permitted to
reduce dose of the study drug as necessary to preserve
haemodynamic stability, following guidelines and local
routines. A mean arterial pressure (MAP) >55-60 mm
Hg is recommended.

Neerland BE, et al. BMJ Open 2022;12:¢057460. doi:10.1136/bmjopen-2021-057460

ybuAdoo Aq parosroid ‘seainas Aeldi 10N e 220z ‘Lg dunc uo jwod fwig uadolwg//:dny woiy papeojumoq ‘zz0z dunt 0z Uo 09%250-Tz0z-uadolwa/9eTT 0T Se paysiignd 1siy :uado rINg


http://bmjopen.bmj.com/

» If not rapid and satisfactory response on other meas-
ures is achieved, the treating anaesthesiologist will
consider to turn off the infusion/unblind the study.

Planned time points for safety assessments are provided
in table 2.

The following safety indicators will be compared
between the three treatment groups with appropriate
statistical methods: highest and lowest heart rate and
mean arterial blood pressure, oxygen saturation, number
of units for blood transfusion, volume of postoperative
blood loss, use of pressor substances, use of rescue medi-
cation, number of episodes of bradycardia, hypotension
or hypoxaemia in need of intervention, perioperative
myocardial infarction and stroke, postoperative serum
concentrations of troponin and pro-B-type natriuretic
peptide, mortality.

An independent Data Monitoring Committee (DMC)
will have unblinded access to all data and meet at
preplanned inclusion milestones and whenever the
members find it necessary.” Meetings are preplanned
after inclusion of 20, 50, 100 and 400 participants, to
assess safety indicators and to advise on continuation or
termination of the study. All safety data collected will be
summarised and reviewed by the DMC for agreement of
next steps. In particular, data will be reviewed by for iden-
tification of the following events that would potentially
contribute to a requirement to pause or stop the study:
any deaths, regardless of causality; cerebral infarctions;
haemodynamic variables (time during surgery with MAP
<50 mm Hg, highest/lowest MAP and HR, lowest SpO2);
need for vasopressor, non-invasive ventilation, active
pacing, respiratory support or extracorporeal membrane
oxygenation; postoperative troponin values. If a pausing/
stopping rule is met, a decision will be made, based on
the review, as to whether enrolment in the study will be
allowed to resume. Case unblinding will be performed for
above reviews if necessary.

Current sample size justification

The proportion of patients experiencing postoperative
delirium after open heart surgery for all ages has been
reported to be 24%,” and higher in older adults.* Since
the lower age limit in our trial is 70 years, we estimate that
the proportion in the control group will be at least 30%.
The most recent meta-analysis of the effect of dexmede-
tomidine estimates the delirium risk to be reduced to
approximately half of the untreated group (ie, 15%).%
We anticipate that the effect of clonidine may be weaker,
but still clinically relevant. We have thus powered the
study based on an estimated delirium incidence of 20%
in the clonidine group. An initial, conservative sample
size calculation based on comparison of two propor-
tions indicated that a sample size of 290 in each group
(870 altogether) will give a power of 80% with a signif-
icance level of 5% to detect such a difference between
the clonidine and the placebo group in the proportion
developing delirium within 7 days postoperatively. To
account for dropouts, we aim at including 900 patients.

This sample size calculation approach was conservative
considering the use of time-to-delirium analysis strategy,
accommodating for both a higher drop-out rate and that
this trial has three arms. We have further confirmed the
adequacy of this sample size estimate for the logrank test
with differing rates of drop-out and considering the three
arms (online supplemental figure S1).

Statistical analysis

The primary analysis population will be the intention-
to-treat population, and all tests will be two-sided. The
primary objective in this study is to prevent postoperative
delirium. The primary end point is the cumulative inci-
dence of postoperative delirium. In the analysis of this
end point, time to diagnosis of delirium will be used to
account for the varying postoperative observation time
due to difference in time to discharge or transfer to other
hospitals will be different. The cumulative incidence will
therefore be estimated using the Kaplan-Meier estimator
with time to first delirium as the dependent variable
and compare time to event curves between treatments
by the logrank test. Patients who are discharged from
the university hospital during the observation period or
reach the end of the observation period (7 days) without
having developed delirium, are regarded as censored. We
consider that treatment group allocation will not influ-
ence the risk of being censored. Those who die prior to
7 days will also be regarded as censored in the primary
analysis, but we will carry out a secondary analysis with the
combined end point death or delirium. The same approach
will be applied for those who are comatose, and thus
impossible to evaluate for delirium. Additional analyses
may also include estimating the incidence of delirium
treating deaths as a competing risk by the Fine and Gray
method.

All analyses will be adjusted for study centre which was
used to as a stratification variable in the randomisation
process.

Sensitivity analyses will be carried out by estimating
HRs using Cox proportional hazards model to adjust for
potential imbalance of prognostic factors between treat-
ment groups.

Secondary end points as the cumulative incidence
of death, coma or postoperative delirium will be anal-
ysed using the Kaplan-Meier estimator and the logrank
test as above. Additional analyses by Cox proportional
hazards model may also be performed. Mean duration
of delirium; severity of delirium; combination of dura-
tion and severity of delirium; cognitive tests after 1 and 6
months; EQ-5D-5L scores after 1 and 6 months and post-
operative plasma concentrations of NFL and p-taul8l
will be compared between treatments with appropriate
regression models which will be defined in a statistical
analysis plan prior to analysis.

Frailty as risk factor for delirium and for adverse effects
of the study medication will be analysed by linear or
logistic regression (as appropriate), adjusted for other
known risk factors. The association between frailty and
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delirium will be analysed by adding frailty as a covariate
in a Cox proportional hazards model on time to delirium
(as above). Additionally, we will assess if the presence of
frailty modifies the effect of the treatment by including an
interaction term between frailty and treatment allocation
in the Cox proportional hazards model. The association
between frailty and occurrence of adverse events (AEs)
will be estimated by logistic regression models including
covariates as above.

No interim analyses of the efficacy of the treatments are
planned. A detailed statistical analysis plan will be final-
ised prior to unblinding.

Ethics and dissemination

This trial is approved by the Regional Committee for
Ethics in Medical Research in Norway (South-East
Norway) and by the Norwegian Medicines Agency,
and will be conducted in accordance with consensus
ethical principles derived from international guidelines
including the Declaration of Helsinki. The results of this
study will be published in peer-reviewed medical journals,
as well as presented at scientific meetings

DISCUSSION

To our knowledge, ALPHA2PREVENT will be the first large
randomised controlled multicentre trial to study the prophy-
lactic efficacy of dexmedetomidine as well as clonidine on
the incidence of postoperative delirium in older cardiac
surgical patients, and also including long-term cognitive
trajectories.

One should expect that treatment options that can prevent
delirium in a shortterm perspective would also improve the
long-term cognitive prognosis. Evidence for such an effect
is slowly emerging for non-pharmacological interventions,”
but is lacking regarding drug treatment.

Published studies of dexmedetomidine for prevention of
delirium in ICU vary largely with respect to dosing regimens,
from 0.1 ™ to 1.4 pg/kg/hour® Many of the authors also
administered an initial bolus. In the cardiac surgery context,
Turan et alstarted dexmedetomidine infusion already before
start of CPB, gave 0.4 pg/kg/hour postoperatively” and
found more side effects in the actively treated than in the
placebo group. We have chosen a careful dosage of 0.4 pg/
kg/hour peroperatively and 0.2 pg/kg/hour postopera-
tively, with no bolus, to reduce the risk of AE, but not so low
that we cannot expect an effect on delirium.

Regarding clonidine, the recommended dosage varies
greatly between sources, but is mainly in the range 1-1.5
ng/kg/hour.” We will dose the drug considerably lower, to
avoid side effects. There is a shortage of studies comparing
intravenous dexmedetomidine and intravenous clonidine in
ICU or postoperative settings.74 To our knowledge, a widely
agreed evidence-based intravenous dosage regimen has
not been developed for intravenous clonidine. A study by
Grest et alin critically ill patients after cardiac surgery74 and a
recent meta-analysis favour equipotency mg per mg.” Thus,

our choice is fairly pragmatic, but the doses are similar to
that currently used in many ICUs as part of routine practice.

To further reduce the risk of haemodynamic instability
due to the combination of anaesthesiological procedures
and study drug at the start of surgery, we will postpone infu-
sion of study drug until the CPB is established. If clonidine is
both effective and safe to administer, then it may be relevant
to conduct more studies on per oral treatment with cloni-
dine in other patient groups later on. Efficacy must first be
demonstrated and found comparable to existing parenteral
treatment before future trials with oral, longer use could be
explored.

Strengths of this trial are the prospective and randomised
placebo-controlled design, the use of two relevant and much
used drugs, inclusion of a high number of patients from
multiple sites, adequate statistic strength, repeated cognitive
and frailty assessments, use of body-worn accelerometers and
repeated samples of biomarkers. The analyses of biomarkers
reflecting neural injury will give us increased understanding
of the pathophysiological mechanisms of delirium. Inclusion
of preoperative frailty assessments will provide evidence for
frailty as a predictive marker of treatment effect and allow for
interaction analyses. The use of body-worn accelerometers
will provide insight into motor activity patterns in subtypes
of delirium.

This trial has, however, some limitations to consider. The
exclusion criteria might limit the generalisability of our
findings to other patient populations. If the incidence of
delirium in the placebo group is lower than expected, or if
the anticipated effect of the treatment is smaller, the study
may be underpowered. The dose of the active drugs might
be too low or the duration of treatment be too short to influ-
ence an ongoing pathophysiological process, in order to
show effects. As many patients live far away from the study
site, there is a potential for missing long-term data.

Should the treatment have a positive effect, it would have
important beneficial implications for patients, carers and
society, such as alleviating acute patient distress and carer
burden. If this treatment could reduce long-term negative
effects of delirium, it might have significant consequences
for financial and human resource use in healthcare.
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Supplementary File 1

Detailed explanation of sample size calculations
The following parameters were considered in the samples size calculation strategy and
confirmations:

Parameter Explanation / justification
Proportions % delirium
within 7
days
Placebo 30% Proportion of patients experiencing postoperative delirium

after open heart surgery for all ages has been reported to
be 24%,! and higher in the elderly.2 With participants over
70 years in this trial, we expect the proportion to be at least

30%.
Dexmedetomidine 15% Recent meta-analysis indicated dexmedetomidine
(DEX) approximately halves the risk of delirium?
Clonidine 20% Clonidine is anticipated to have similar effect to DEX,

however 10 percentage point reduction would also be
clinically significant

Power 80 %
Significance level 5%
Duration of follow-up 7-days
Accrual period 0-days*

*Observation period starts with operation for all participants

Conservative sample size: As described the initial, conservative samples size calculation
based on comparison of two proportions indicated that a sample size of 290 in each group (870
altogether) will give a power of 80% with a significance level of 5% to detect such a difference
between of 20 % delirium in the clonidine and 30 % in the placebo group in the proportion
developing delirium within 7 days postoperatively. To account for dropouts, we aim at including 900
patients.

This sample size calculation approach was conservative considering the use of time-to-delirium
analysis strategy, accommodating for a higher drop-out rate. Furthermore, the study will be more
than adequately powered to find the greater expected reduction in delirium in the dexmedetomidine
group.

Since we intend to use the logrank test to account for difference in the observation period, we
confirmed that the calculated sample size was adequate using the more flexible calculation options
in PASS Sample size software (version 20, NCSS, Kaysville, Utah, USA).
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Power

Logrank test: A two-sided logrank test with an overall sample size of 498 subjects (249 in the
control group and 249 in the treatment group) achieves 80 % power at a 5 % significance level to a
reduction in the proportion with delirium from 30 % in the control arm to 20 % in the clonidine arm
(equivalent to a hazard ratio of 1.34). By including 300 participants in each group, we will still achieve
80 % power with up to 7 % drop-out rate over the first seven postoperative days. Drop out rates
lower than 7 % will result in a higher power. Even with 10 % drop out rate, we will still achieve 80 %
to detect a slightly larger difference between the groups (10.4 percentage point reduction, rather
than 10 percentage points) (Figure S1).

Multiplicity: The planned comparisons for this trial are between dexmedetomidine versus
placebo and clonidine versus placebo. Any comparison between dexmedetomidine and clonidine
groups will be explorative and clearly stated as such. The extension of the CONSORT 2010 Statement
for multi-arm parallel-group randomised trials recommend that adjustments for multiple
comparisons are generally not necessary in trials comparing two or more independent treatments to
placebo as we are here.? This has therefore not been factored into the sample size calculation.
However, even with the very conservative Bonferroni adjustment for two comparisons a sample size
of 300 participants per arm will be sufficient if there were no drop-outs and only minimally affect the
difference in proportions which we can hope to identify with 80 % power if there is up to 10 % drop-
out (Figure S1). For example, with 5 % dropout we can detect a 10.6 percentage point reduction in
delirium cumulative incidence with 80 % and 2.5 % significance level (to account for multiplicity), or
11.3 percentage points if there was 10 % dropout (Figure S1).

0 % dropout

N
N
N
0.7 N
N
0.6
0.5
T T T T T T
0.15 0.16 0.17 0.18 0.19 0.20

Proportion with delirium in treatment arm

Figure S1: Power depending differing drop-out rates over the proportion with delirium in the
treatment arm and where the proportion in the control arm is 30 %. The solid lines indicate the
power with 5 % significance level for studies with no dropout (dark blue), 5 % dropout (pink) or 10 %
dropout (medium blue). The corresponding broken lines indicate the power with 2.5 % significance
level, a Bonferroni adjustment for the two planned comparisons.
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