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ABSTRACT

Introduction Older patients undergoing cardiac surgery
carry the highest risk for developing major postoperative
neurocognitive disorder (postoperative NCD or P-NCD)
with up to 25% incidence 3 months after surgery. P-

NCD is associated with significant morbidity, mortality,
loss of independence, premature retirement and
increased healthcare costs. This multicentre randomised
trial is investigating the efficacy of postoperative
dexmedetomidine sedation in reducing the incidence

of major P-NCD after cardiac surgery compared

with standard protocols. CODEX will be the largest
interventional trial with major P-NCD as the primary
outcome.

Methods and analysis CODEX is recruiting patients

>60 years old, undergoing elective cardiac surgery and
without pre-existing major cognitive dysfunction or
dementia. Eligible participants are randomised to receive
postoperative dexmedetomidine or standard institutional
sedation protocols in the intensive care unit. Baseline
preoperative cognitive function is assessed with the
computer-based Cogstate Brief Battery. The primary
outcome, major P-NCD, 3 months after surgery is defined
as a decrease in cognitive function >1.96 SD below age-
matched, non-operative controls. Secondary outcomes
include delirium, major P-NCD at 6/12 months, depressive
symptoms, mild P-NCD and quality of surgical recovery
at 3/6/12 months. The specific diagnostic criteria used

in this protocol are consistent with the recommendations
for clinical assessment and management of NCD from the
Nomenclature Consensus Working Group on perioperative
cognitive changes. Intention-to-treat analysis will compare
major P-NCD at 3 months between study groups.

Ethics and dissemination CODEX was approved by
Sunnybrook Health Sciences Centre Research Ethics Board
(REB) (Project ID 1743). This will be the first multicentre,
randomised controlled trial to assess the efficacy of a
pharmacological intervention to reduce the incidence

of major P-NCD after cardiac surgery in patients >60
years old. Dissemination of the study results will include
briefings of key findings and interpretation, conference
presentations and peer-reviewed publications.

Trial registration number NCT04289142.

1,2,13

Strengths and limitations of this study

» First large multicentre, randomised controlled trial
to investigate a pharmacological intervention to re-
duce postoperative major neurocognitive disorders
(NCDs) as a primary outcome after cardiac surgery.

» First trial to employ diagnostic criteria consistent
with recently published nomenclature and best
practice recommendations for clinical assessment
and management of major postoperative NCD.

» The neurocognitive testing using validated
computer-based Cogstate Brief Battery test will pro-
vide important preoperative baseline data and will
allow for prolonged cognitive follow-up.

» Clinical team not blinded to the study drug.

» Potential loss to follow-up for patients unable to
complete cognitive test remotely due to postoper-
ative NCD.

INTRODUCTION

Over 300million people undergo major
surgical procedures annually.' A significant
proportion of patients experiences perioper-
ative neurocognitive disorders (NCDs) after
surgery including delirium and postopera-
tive neurocognitive disorder (P-NCD) (mild
and major P-NCD). Various patientrelated,
surgery-related and  anaesthetic-related
risk factors are associated with postopera-
tive cognitive decline including advanced
age, complexity and duration of surgery,
pre-existing cognitive deficits, delirium,
depression, concomitant medications and
inflammation.*™* Major P-NCD is a significant
health issue with far-reaching socioeconomic
implications that can affect anyone under-
going surgery. Dementia is a disorder with
one of the highest socioeconomic burdens,
and P-NCD has been associated with its
development.”
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P-NCD is not well studied because the symptoms can be
subtle and challenging to diagnose, similar to the symp-
toms of early dementia. The lack of a formal definition of
P-NCD until 2018 and mistakenly attributing changes in
cognition to the normal ageing process further exacer-
bate the underdetection of this disorder. The absence of
routine baseline cognitive assessment and heterogeneity
with cognitive batteries increase the likelihood of misdi-
agnosis.6 7 Unlike dementia, however, P-NCD has a clear
starting point (time of surgery) where targeted interven-
tion may be possible.

Historically, perioperative cognitive changes and
assessment of P-NCD in the elderly were not the focus
of clinicians.® However, cognitive recovery after surgery
and anaesthesia is now a major concern. The American
Society of Anesthesiologists, through its Brain Health
Initiative, released a position paper summarising the
state of the nomenclature and science, calling for
further research into effective therapeutic options.” In
addition, in the perioperative cognition, the Nomencla-
ture Consensus Working Group recently developed and
published a unified nomenclature and recommendations
for clinical assessment of cognitive changes associated
with anaesthesia and surgery."’ Postoperative cognitive
dysfunction, a deficit in cognition =1.96 on the z-score
measured by the Reliable Change Index (RCI) lasting
30 days or greater, is referred to as major P-NCD. Defi-
cits between 1 and 1.96 z-score lasting 30 days or greater,
previously known as mild cognitive impairment (MCI),
are now termed mild P-NCD. Cognitive changes occur-
ring within 30 days after surgery are referred to as delayed
neurocognitive recovery.

Major P-NCD occurs in about 10% of patients after
non-cardiac surgery.'' '* This disorder is strongly associ-
ated with negative patient outcomes including prolonged
hospital stay, premature retirement, loss of indepen-
dence, increased caregiver burden and death in elderly
patients.™° Patients who displayed combined deficits
in memory and executive function 3months following
surgery experienced a higher degree of functional
impairment, which they described as difficulties with
‘instrumental activities in daily life’.'> Cardiac surgery
carries the highest risk of major P-NCD with estimates of
up to 80% at 3 weeks, 60% at 6 months and 26% at 1 and
3 years postoperatively.'” " These cognitive changes have
been associated with the development of dementia.”’

Initially, cardiopulmonary bypass required for coro-
nary artery bypass grafting (CABG) or valve replacement
was thought to be the primary aetiology of P-NCD.'” !
Consequently, off-pump CABG was developed but did
not affect cognitive outcomes. Trials comparing off-pump
with on-pump techniques demonstrated no differences
in early (delirium or delayed neurocognitive recovery) or
late (mild or major P-NCD) postoperative cognition.?**
Surprisingly, those undergoing minimally invasive percu-
taneous coronary intervention demonstrated worse
cognitive outcomes than those undergoing CABG.* *°
This suggests that the pathophysiology of major P-NCD

is multifactorial and anaesthetic medications are one of
several contributory factors. In addition, inflammation
in the central nervous system (CNS) (from underlying
disease burden, surgical procedure or postoperative
complications),”” ®* in conjunction with coronary artery
disease (CAD) and cerebrovascular disease, has been
postulated as contributory risks. Patients with signifi-
cant systemic disease such as CAD, chronic obstructive
pulmonary disease, diabetes and obstructive sleep apnoea
demonstrate higher levels of circulating inflammatory
cytokines and reveal more rapid cognitive decline than
individuals without comorbidities.*

Major P-NCD has significant socioeconomic impli-
cations, and strategies or interventions to reduce the
burden of disease are urgently needed. Previous studies
have investigated several medications that could prevent
or reduce postoperative cognitive complications. Dexa-
methasone had no effect, and lidocaine demonstrated
limited effectiveness with trials examining cognitive defi-
cits at 1 week.” > Ketamine had comparable early effects
as lidocaine.” Currently, there are no effective pharma-
cological strategies to prevent or treat persistent cognitive
impairment after surgery.

In recent years, dexmedetomidine (DEX) has gained
attention for its potential perioperative therapeutic
effects. DEX is a potent and selective 02 receptor
(02R) agonist approved for procedural sedation by
anaesthesiologists or as a sedative in the intensive care
unit (ICU). Recent studies indicate that DEX reduces
postoperative delirium after cardiac and non-cardiac
surgery.” 7 In murine models, DEX reduces anaes-
thetic/surgery-induced learning and memory deficits
from propofol, etomidate, benzodiazepines and haloge-
nated inhalational anaesthetics.”*™*’ These salutary effects
on learning and memory have also been demonstrated
when DEX is administered in murine models of sepsis
without any surgical insult or anaesthetic exposure.*' *
The mechanisms of DEX neuroprotection are proposed
to be both direct and indirect. Directly, it has opioid/
GABA-ergic drug-sparing effects.” Indirectly, it has anti-
inflammatory effects in the CNS and is protective of
neuro-apoptosis.’ The synergistic anaesthetic sparing
and anti-inflammatory effects of DEX in the CNS could
reduce the incidence of major P-NCD after open cardiac
surgery, the surgical population with the highest observed
risk. Therefore, screening, diagnosing and preventative
therapies for this population are crucial. The evidence for
DEX reducing major P-NCD, while biologically plausible,
is limited by suboptimal outcome measurement in terms
of both neurocognitive assessments and the dose of DEX
highlighting the need for a large, well-designed trial.

With approximately 300000 open cardiac procedures
occurring yearly in North America, the burden of P-NCD
is enormous. Currently, there are no interventions to
prevent persistent cognitive impairment after surgery.
Thus, effective mitigation strategies for major P-NCD
are urgently needed. We hypothesise that postoperative
sedation using DEX versus standard sedation protocols
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will reduce the incidence of persistent cognitive dysfunc-
tion (major P-NCD) 3 months after open cardiac surgery.
To test our hypothesis, we launched a multicentre
randomised trial, CODEX, designed to identify the
first potential pharmacological intervention to prevent
or reduce the incidence of major P-NCD after cardiac
surgery. The use of DEX could lead to improved patient
care and decreased length of hospital stay and cost.

Study objectives and outcomes

Primary objective

To test if DEX sedation in the ICU after open cardiac
surgery (up to 24 hours) reduces the incidence of major
P-NCD 3 months after surgery.

Secondary objectives:

To identify the influence of pre-existing MCI (mild NCD),
pre-existing chronic inflammation, CNS pathology and
delirium on major P-NCD at 3 months.

Outcomes and outcome measures

Primary outcome

Presence of major P-NCD at 3 months assessed by the
Cogstate Brief Battery (CBB, cogstate.com). Major P-NCD
is defined as CBB score 21.96 z-score (RCI cut-off) below
age-matched controls from the general population.

Outcome measure

We will determine if DEX, compared with standard
sedation protocols, is identified as the first intervention
that successfully reduces the incidence of major P-NCD
at 3 months after cardiac surgery. We expect that those
receiving DEX will have superior cognitive outcomes and
have a positive impact on quality of life after surgery.

Secondary outcomes

In hospital

Delirium (assessed twice daily POD (Postoperative Day)
0-10 or hospital discharge with Confusion Assessment
Method for the ICU (CAM-ICU)/ICDSC or CAM for
extubated participants), death, haemodynamic instability
requiring vasopressors (MAP <55 mm Hg), time to extu-
bation (defined as arrival in ICU to removal of endotra-
cheal tube), reintubation (and reason), length of stay
(LOS) (in ICU and total hospital), depressive symptoms
(Patient Health Questionnaire-9) between POD 4 and
10, postoperative complications (infection (surgical site,
sepsis and pneumonia), myocardial infarction, CVA/TIA,
acute kidney injury requiring renal replacement therapy
and reoperation), cumulative opioid consumption (to
POD 4) and in-hospital mortality.

Post discharge

Major P-NCD (6/12 months), depressive symptoms
(3/6/12 months), mild P-NCD at 3/6/12 months
(defined as 1-1.96 z-score below age-matched controls),
persistent surgical site pain at sternotomy/thoracotomy/
graft harvest site (Brief Pain Inventory, 3/6/12 months)

and Quality of Recovery-40 (QoR-40) Scale (3/6/12
months).

Outcome measure

We will learn if the above factors increase the risk of major
P-NCD at 3 months and better inform patients as to the
risk of persistent cognitive changes after surgery.

Specific outcomes and study feasibility (pilot trial)

CODEX initially launched as a pilot trial at Sunnybrook
Health Sciences Centre (SHSC) in September 2018 with
the goal to assess the feasibility of a larger multicentre
trial (ie, recruitment, protocol adherence and 3-month
follow-up rate).

Pilot trial overview

Over 18 months, we successfully recruited 64 and
randomised 44 (20 failed baseline CBB) participants
(annual cardiac surgery volume ~600). Participants had
no difficulties with remote administration of the baseline
CBB test nor with follow-up tests regardless of previous
experience with computers/tablets. Our preliminary data
support the innovative study design with CBB remote
administration. While remote cognitive screening is not
used widely in primary care, the CBB is an option for
patients in rural areas to reduce inequities in healthcare
access. Inferential test and statistics will not be conducted
on pilot trial data.

CODEX is expanding to a large multicentre trial, with
locations across Canada. Three additional sites, Toronto
General Hospital, London Health Sciences Centre and
Hamilton Health Sciences (combined cardiac surgery
volume ~4200/year), have started recruiting participants.
Four additional sites have confirmed feasibility and partic-
ipation (St. Paul’s Hospital—Vancouver, Kingston Health
Sciences Centre, Royal University Hospital and Université
de Sherbrooke,~3700 cases/year). Additional study sites
are being sought. We are aiming to recruit 2400 partici-
pants over approximately 5—7 years.

METHODS AND ANALYSIS
Study design, population and recruitment
This is a pragmatic, participant-blinded, multicentre,
parallel-group, randomised controlled trial with SHSC, a
tertiary academic centre in Canada, as the coordinating
site. The pilot trial demonstrated the ability to recruit 44
participants over lyear and collect baseline and primary
outcome data (ie, major P-NCD assessment at 3 months).
The multicentre trial was launched in December
2019 with the unanalysed data from the pilot trial
included in the full trial. Recruitment will be finished
after 2400 participants have completed 1-year follow-up
(projected 2027). Individuals awaiting elective cardiac
surgery are approached either on the cardiology ward
or in the preoperative anaesthesia clinic of the partic-
ipating sites by trained personnel. Those providing
informed, written consent are then screened using
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Patient Eligibility and Written Informed Participating Centres*:
Recruitment Consent TGH, LHSC, HHS

A\ 4

Baseline Preoperative Assessments
* CBB
e CAM
e PHQ

A A

Inclusion Prior to Baseline Pre-operative NCD testing Exclusion Prior to
Randomization CBB scores: Randomization
_— ¢ Psychomotor function speed  je
Eligible: e Attention speed Ineligible: CBB score < 80
CBB score = 80 « Working memory accuracy (major cognitive impairment)
e Learning accuracy

\ 4

Dexmedetomidine Group Randomization Standard of Care Group
(Intervention) = Stratified by: ] (Control)
e Surgery type
s Study site
v
Surgery
\ 4
In-Hospital Study Visits Telephone
Post-operative NCD Assessment Post-operative Assessments
POD 4-10 Post-surgery 3, 6 and 12 months
* CBB e CBB
¢ CAM e PHQ-9
* PHQ-9 ¢ BPI
* QoR-40

Figure 1 CODEX trial workflow: schedule of enrolment, interventions and assessments. BPI, Brief Pain Inventory; CAM,
Confusion Assessment Method; CBB, Cogstate Brief Battery;; HHS, Hamilton Health Sciences; LHSC, London Health Sciences
Centre; NCD, neurocognitive disorder; PHQ, Patient Health Questionnaire; QoR-40, Quality of Recovery-40 Scale; TGH, Toronto
General Hospital. *Current participating centres.

the preoperative baseline CBB. If pre-existing cogni-  Participants will be able to withdraw from the study at
tive dysfunction is absent, participants are randomised  their prerogative at any time, and no further data will
to one of two treatment arms (figure 1 and table 1). be collected.
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Table 1 Eligibility criteria

Inclusion criteria Exclusion criteria

» Age >60 years >

»  Elective CABG (xvalve, >
including off-pump) or valve
replacement

Lack of patient consent
Medical history of the following:

Pre-existing major cognitive dysfunction (CBB score <80 adjusted to general
population’s age-matched controls).

Contraindication to DEX (per product monograph).

History of drug/alcohol abuse.

—  Renal and hepatic dysfunction.

»  Surgical procedures requiring deep hypothermic circulatory arrest

»  Unlikely to comply with study assessments (ie, cannot complete cognitive tests at
the follow-up time points)

CABG, coronary artery bypass grafting; CBB, Cogstate Brief Battery; DEX, dexmedetomidine.

Computer-based cognitive assessment (CBB test)

CODEX is assessing cognitive performance with the
CBB. CBB assesses four cognitive domains (psychomotor
function, attention, learning and working memory). It
has nearly infinite alternate forms (based on 52 deck
playing cards) and a large database of sex-matched and
age-matched test results against which to normalise, and
it is relatively fast to administer (20min). Importantly,
it has been validated against traditional neuropsycho-
logical tests in a variety of clinical conditions and brain
disorders across time.* ™% A score of <80 on any of the
four domains corresponds to major P-NCD (RCI >1.96).
CBB allows assessment of cognitive status at multiple
time points (preoperative, postoperative and three times
post discharge) to identify cognitive trajectories without
the need to adjust for learning effects up to 1year after
surgery (figure 1). Additionally, CBB allows cognition
to be assessed remotely reducing loss to follow-up and
increasing accessibility. To our knowledge, this will be the
first large study to screen and detect cognitive decline or
perioperative NCDs using the CBB tool.

Inclusion and exclusion criteria

Inclusion

Patients 260 years old planned for CABG (+valve, including
off-pump) or valve replacement via sternotomy/thora-
cotomy with planned postoperative ICU recovery.

Exclusion

Lack of consent, major preoperative cognitive dysfunc-
tion (defined as CBB score <80), contraindication to
DEX (untreated second-degree type 2 or third-degree
heart block (pacemaker), cirrhosis, HR <50, grade IV left
ventricle dysfunction, renal failure or on renal replace-
ment therapy), unlikely to comply with study assessments
(eg, no fixed address, cannot complete cognitive tests at
the 3/6/12-month time points) and procedures requiring
circulatory arrest.

Randomisation
Randomisation will be accomplished in advance of the
surgical procedure through a centralised, secured, online

REDCap database. Participants will be randomised (1:1)
in permuted blocks of 4-8 to one of two study groups
described below. The randomisation sequence will be
computer generated and stratified by two factors: planned
procedure (CABG/CABG+ valve or valve-only procedure)
and study site.

Study groups

DEX group (intervention)

DEX will be loaded by the anaesthesiologist in the oper-
ating room at the completion of surgery (at the time of
sternal closure, grafts complete and off cardiopulmo-
nary bypass) prior to ICU transfer at 1.2 pg/kg/hour
over approximately 20min (up to lhour) followed by
an infusion at 0.7 pg/kg/hour. The rate can be adjusted
higher or lower at the discretion of the anaesthesiologist/
intensive care physician for clinical indications (sedation
requirements, extubation or haemodynamics) between
0.1 and 1.2 pg/kg/hour. If the maximum rate is reached
and the participant requires further sedation, the ICU
team can introduce additional sedatives at their discre-
tion. After extubation, the infusion will continue in ICU
to avoid excess sedation in the judgement of the clinical
team up to 24 hours or until ready for discharge from ICU
(whichever is earlier). The infusion can also be paused
secondary to haemodynamic instability (hypotension—
MAP <55mm Hg requiring vasopressors, bradycardia—
HR <50) or if acute kidney injury requiring dialysis
develops. After 24 hours or ICU discharge (whichever is
earlier), therapy will be at the discretion of the care team.
DEX is approved for procedural sedation during surgery
and mechanical ventilation in the ICU, and the proposed
use in this trial falls within such indications (ie, on-label).

Standard of care group (control)

Non-DEX-based sedation protocols, at the discretion of
the attending physician in the ICU, include fentanyl,
midazolam or propofol while intubated. In extubated
patients still in the ICU, this could also include anti-
psychotics such as quetiapine and haloperidol. All o2R
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agonist including DEX and clonidine are precluded from
use.

Intraoperative anaesthetic care (induction and main-
tenance medications/dosing) is at the discretion of the
attending anaesthesiologist with restrictions precluding
the use of intraoperative 02R agonist in participants
randomised to the control group.

Blinding

The clinical team will not be blinded to group alloca-
tion as propofol, the most commonly used sedative, has
a distinctive white appearance, which renders blinding
unfeasible. Study participants will effectively be blinded,
as the intervention will be initiated when the participant
is still intubated and emerging from anaesthesia. Once
weaned from mechanical ventilation, propofol is discon-
tinued; however, DEX, a clear solution, will be one of a
number of infusions, and it will be difficult for partici-
pants to distinguish/identify specific medications. Data
collectors and those administering postoperative cogni-
tive tests will be blinded and will not be able to ascertain
group allocation during follow-up visits as they occur after
discontinuation of the intervention.

Study workflow

Consenting participants that pass the baseline CBB testing
(CBB 280) will be randomised (1:1) to receive either post-
operative sedation with DEX infusion for 24 hours after
surgery in the ICU or sedation per institutional practice.
All other aspects of pre/intra/postoperative care will be
in accordance with standard institutional practice at the
discretion of the clinical team including specific induc-
tion/maintenance anaesthetic drugs, surgical care and
postoperative care to reduce heterogeneity between study
groups and increase generalisability. In addition to the
primary and secondary outcome measures, the research
team will record demographical data including age,
gender, ASA (American Soceity of Anesthesiologists' Phys-
ical Status Classification) and highest level of education.

Perioperative NCD and study assessments

Baseline assessments are scheduled within 1 month prior
to surgery. Delirium (CAM-ICU/ICDSC) will be assessed
daily while in hospital, and the CBB will be performed
during the postoperative period (POD 4-10). The CBB
will also be administered at 3, 6 and 12 months after
surgery (figure 1). In-hospital CBB assessments will be
administered by trained research personnel who will
also conduct the CAM. Delirium assessments are also
conducted twice daily by clinical nursing staff, and this
data will be abstracted from the chart.

Statistical analysis and sample size estimation

Sample size calculation

The sample size is based on the binary, primary outcome
of major P-NCD at 3 months with the following assump-
tions and considerations:

» 0=0.05, two-sided and =0.2.

» Estimated incidence of major P-NCD at 3 months with
standard care 25%.

» Estimated effect size of DEX 20% (relative risk reduc-
tion 20% and absolute risk reduction 5% for major
P-NCD).

This yields a sample size of 1092 per group (2184 total).
To account for loss to follow-up (estimated at ~10%),
1200 participants per group (2400 total) will be recruited.
There is no minimally clinically important difference for
the incidence of P-NCD. The estimated effect size was
selected as a balance between clinical relevance and a
pragmatic sample size.

Statistical analysis

Data will be analysed on an intention-to-treat basis. Demo-
graphical data will be summarised and expressed using
appropriate measures of central tendency and dispersion
for continuous data and frequency for categorical data.
Inferential testing will be two-sided, and p<0.05will be
considered statistically significant.

Major P-NCD at 3 months will be compared between
groups using the x” test. In the unlikely event that rando-
misation was not able to reduce bias by balancing out
confounders, we will assess for confounding factors. This
will be carried out by assessing each potential confounder
individually in relation to the key predictor (DEX) and
determining if the potential confounder impacts the
parameter estimate of DEX using the 10% change in
estimate approach. The potential confounder would also
need to be significantly related to the outcome (major
P-NCD). Should any confounders exist, they will be
included in a logistic regression analysis.

Analysis of secondary outcomes will be consid-
ered exploratory in nature; therefore, no adjustments
for multiple comparisons will be made. Categorical
outcomes (delirium, death, haemodynamic instability
and depression/chronic pain/mild P-NCD at 3 months)
will be compared using y* test (Fisher’s exact test where
appropriate). Continuous outcomes (LOS, opioid use
and QoR-40) will first be analysed with the Shapiro-Wilk
test and visually to assess for normality. If approximately
normal, the independent sample t test will be used.
Otherwise, the Mann-Whitney U test will be employed.

The secondary analysis will also include an analysis of
the entire sample population and employ Cox propor-
tional hazards to estimate the effect of mild P-NCD
(MCI), DEX, gender, age, highest level of education,
chronic inflammatory state, CNS disease (eg, previous
CVA, multiple sclerosis and Parkinson’s) and postopera-
tive delirium on the risk of developing major P-NCD at 3
months and 1year. Missing data will be addressed using
multiple imputation (or inverse probability weighting).

Two interim analyses are planned at 800 and 1600
participants. Futility will be assessed at the interim anal-
yses using the O’Brien-Flemming stopping boundaries.
Inferential statistical testing on collected outcomes will
not be performed after the pilot trial to allow for its
transfer to the full trial.
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Data management

Data will be collected in a secure, customised, purpose-
built REDCap database hosted by the Centre for Clin-
ical Trials Services (CCTS) at SHSC and include range
checks for data values. CCTS provides administrative and
organisational support including central randomisation
via REDCap and database programming/management.
Study data are deidentified. The file linking personal
information to participant ID is password-protected and
stored on an encrypted hospital server.

Patient and public involvement

This study was not initiated at the request of a partic-
ular patient, but was prompted by questions/concerns
brought forward by patients and their families to the
investigators. Patients were not involved in the design or
recruitment/conduct of the study. The study results will
be communicated to patients via publications.

DISCUSSION

CODEX is the first and largest randomised, multicentre
trial powered to ascertain the effects of DEX as an inter-
vention to prevent long-term major P-NCD. Should DEX
be shown to have neuroprotective effects, it would have
farreaching implications in that exposure to DEX, used
for its approved indication, can have long-lasting positive
impacts on health-related quality of life for patients. It
will also inform the incidence of major P-NCD at 1year,
which can form the basis of trials examining long-term
P-NCD. CODEX is designed to demonstrate the potential
neuroprotective effects of DEX, similar to what has been
reported in murine models.

We have successfully used the CBB to evaluate postop-
erative cognitive changes after hip and knee arthroplasty
(NCT03147937).* CODEX will assess the cardiac surgical
population, which has the highest reported incidence of
major P-NCD. CODEX initially launched as a pilot trial
at SHSC in September 2018 and has recently expanded
to a multicentre trial with three additional sites that have
initiated recruitment. Additional sites have confirmed
participation.

Our study has several limitations. First, the biological
plausibility for DEX reducing major P-NCD is supported
by murine data and randomised trials that measure
shorter-term cognitive outcomes (<l month) including
delirium. This will be the first major trial assessing longer-
term cognitive outcomes, and while the assumptions
regarding incidence are at the conservative levels in the
reported literature, inaccuracies in existing estimates
could still affect trial results. Second, while neuroinflam-
mation, which DEX is proposed to attenuate, is a major
inciting factor for P-NCD, other prognostic factors such
as perioperative stroke can also contribute,” and this
may mute the effect size of our intervention. Given that
robust randomisation is employed, however, prognostic
factors such as the above are anticipated to be distributed
between study groups evenly. Third, with a long follow-up

period, participant attrition is expected, and it is possible
that the outcome of interest, major P-NCD, may contribute
to this. To mitigate attrition, we have a robust follow-up
protocol that involves multiple participant contacts with
specific schedules and reminders. Fourth, the pilot trial
demonstrated a 10% recruitment rate. To achieve the
intended sample size, multiple additional recruiting sites
will be necessary. Finally, 16%-51% of patients with CAD
display element of preoperative cognitive impairment.*?*’
CODEX inclusion criteria allow randomisation of those
with pre-existing MCI; however, those with severe preop-
erative cognitive dysfunction are excluded as these indi-
viduals would be expected to have the primary outcome
of interest. Therefore, CODEX cannot assess whether
DEX improves postoperative cognitive function.

The strengths of CODEX include the large sample size
across multiple institutions. This will increase generalis-
ability and study procedures including robust randomis-
ation will reduce bias. Furthermore, CODEX will expose
participants in the intervention group to a prolonged
duration of DEX (up to 24 hours), longer than previous
studies that used infusions up to 6 hours.”" >

There are no established strategies for the detection
or treatment of perioperative NCD as part of routine
clinical practice. CODEX is the largest appropriately
powered trial with rigorous perioperative neuropsycho-
logical assessment to date that will definitively identify an
intervention and employ helpful preoperative screening
methodology for major P-NCD so that clinicians may
use preventative strategies perioperatively. While major
P-NCD will still occur as a result of patientrelated,
surgery-related and anaesthetic-related risk factors, we
strongly believe that the influence of neuroinflammation
and anaesthetic medications can be mitigated. This study
will also explore prognostic variables for cognitive dete-
rioration using state-of-the-art computer-based cognitive
testing. Our findings will assist patients and physicians in
making informed decisions about the cognitive implica-
tions of surgery. It will also provide evidence to expand
the investigation of DEX on cognitive outcomes in non-
cardiac surgery patients.

Ethics and dissemination

The study is conducted according to the principles of
the Declaration of Helsinki and the Medical Research
involving Human Subjects Act. The study will be moni-
tored by Data and Safety Monitoring Board (DSMB), a
group of experts (independent of the study investigators)
responsible for evaluating any possible harmful effects of
DEX and futility. The DSMB will meet twice, after each
interim analysis, and advise the trial steering committee
as to whether the trial should continue.

There is a risk that the cognitive tests (part of the study
protocol) may show previously unknown pre-existing
cognitive impairment. These results of the tests will be
carefully discussed with the study participants and sent to
their general physician as per participants’ request. Addi-
tionally, participants will be informed that taking part in
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this study is voluntary and the study data will be stored
and analysed with confidentiality. The protocol will be
available on request. Anonymised data will be available
on request after completion of the trial. All study inves-
tigators will follow the rules and guidelines of the Inter-
national Committee of Medical Journal Editors (http://
www.icmje.org/ethical_lauthor.html) and authorship of
manuscripts and presentations.” >* The results will be
published in a peerreviewed journal. All coinvestigators
will have access to the final study dataset following the
final statistical analysis. The authors have no competing
interests.

The study was approved by the ethics committee of
the Sunnybrook Health Sciences Centre (CTO Project
ID 1743). Protocol modifications/amendments are
approved by the REB and communicated to all sites.
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