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ABSTRACT

Introduction Postoperative delirium is common among
older cardiac surgery patients. Often difficult to predict
and address prophylactically, delirium complicates the
postoperative course by increasing morbidity and mortality
as well as prolonging both hospital and intensive care unit
(ICU) lengths of stay. Based on our pilot trial, we intend

to study the effect of scheduled 6-hourly acetaminophen
administration for 48 hours post-cardiac surgery with
cardiopulmonary bypass (CPB) on the incidence of in-
hospital delirium and long-term neurocognitive outcomes.
Additionally, effect on duration and severity of delirium,
rescue analgesic consumption, acute and chronic pain
scores and lengths of hospital and ICU stay will also be
explored.

Methods and analysis This multicentre, randomised,
placebo-controlled, quadruple-blinded trial will include 900
older (>60 years) cardiac surgical patients requiring CPB.
Patients meeting the inclusion criteria and not meeting
any exclusion criteria will be enrolled at seven centres
across the USA with Beth Israel Deaconess Medical
Center (BIDMC), Boston, as the central coordinating
centre. Additional sites may be included to broaden or
speed accrual. The primary outcome measure is the
incidence of in-hospital delirium till day 30. Secondary
outcomes include the duration and severity of in-hospital
delirium, hospital and ICU lengths of stay, postoperative
pain scores, postoperative rescue analgesic consumption,
postoperative cognitive function and chronic sternal pain.
Creation of a biorepository and the use of intraoperative-
blinded electroencephalogram (EEG) and cerebral oximetry
data will support exploratory endpoints to determine
mechanistic predictors of postoperative delirium.

Ethics and dissemination This trial is approved and
centrally facilitated by the Institutional Review Board at
BIDMC. An independent Data Safety and Monitoring Board
is responsible for maintaining safety oversight. Protocol #
2019P00075, V.1.4 (dated 20 October 2020).

Trial registration number NCT04093219.
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Strengths and limitations of this study

» This study will provide generalisable evidence for
prophylactic efficacy of acetaminophen in reducing
the incidence of postoperative delirium in older car-
diac surgical patients.

» This study will provide insight into the impact of ac-
etaminophen on long-term trajectories of cognitive
dysfunction, functional status and chronic pain after
cardiac surgery.

» The proposed secondary analysis of intraoperative-
blinded EEG and cerebral oximetry will help evaluate
the role of intraoperative variability as a causate for
postoperative delirium.

» The plasma and DNA samples collected will serve
as a biorepository to aid further research to identify
biomarkers that serve as early predictors of delirium
in high-risk patients.

» Despite well-planned cohort retention strategies,
maintaining cohorts for prolonged periods can be
challenging.

INTRODUCTION

Delirium is characterised by an acute onset
decline in attention and cognitive function,
which may have a fluctuating course. Postoper-
ative delirium is common in the older cardiac
surgical population, with an incidence as high
as 50%." It is associated with increased morbidity
and mortality, prolonged hospital and inten-
sive care unit (ICU) lengths of stay, long-term
cognitive dysfunction and functional decline.'
Postoperative  cognitive  dysfunction, now
termed postoperative neurocognitive disorder,
is defined as a significant deterioration of cogni-
tive function following surgery and is especially
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Study schema. FRAIL, 5-item Frailty Questionnaire; FuncAQ, Functional Assessment Questionnaire; MoCA, Montreal

Cognitive Assessment; NPRS, Numeric Pain Rating Scale; POD: postoperative day; SF-12, Short Form 12; T-MoCA, Telephonic

MoCA.

concerning for the cardiac surgical population.” Postop-
erative delirium is known to increase cognitive dysfunction
for 6-12 months after cardiac surgery.*® " The risk factors for
delirium are multifactorial, including preoperative cogni-
tive dysfunction, intraoperative anaesthetics, intraoperative
haemodynamics, duration and complexity of the surgery, use
of cardiopulmonary bypass (CPB), postoperative pain and
use of postoperative opioids.”? There is a growing body of
evidence that suggests the role of neuroinflammatory media-
tors in the occurrence of postoperative delirium which either
cross the blood-brain barrier or are centrally produced in
the setting of systemic inflammation.'” These neuroinflam-
matory pathways may be potentiated with the use of CPB and
ischaemia—reperfusion injuries during cardiac surgeries.'
Suboptimal pain management and excessive use of opioids
both increase the risk of postoperative delirium, posing
a challenge for the treating physicians. Since we do not
understand the aetiology of postoperative delirium, there
are currently no targeted prophylactic modalities for post
operative delirium. Some prophylactic medications, such as
antipsychotics, sedatives and dexmedetomidine, used previ-
ously have uncertain efficacy, though a recent meta-analysis
concluded that antipsychotics were not effective for either
prevention or treatment of delirium.'*™"°

One potential intervention to prevent delirium is use
of postoperative non-opioid analgesics. Due to growing
concerns of opioid misuse in the perioperative period, the
current practice trends towards the use of multimodal anal-
gesic regimens.'” Multimodal analgesia widely relies on the
use of non-steroidal anti-inflammatory drugs (NSAIDs) and
acetaminophen as an adjuvant in the standard analgesic
protocol.'® ' NSAIDs are limited by their unique concerns in
the setting of cardiac surgical patients. There is an increased
risk of bleeding and renal failure, which can be potentiated
with the use of NSAIDs.* Acetaminophen is a centrally
acting, non-opioid analgesic modality.” ** The bioavailability
of intravenous acetaminophen is higher and more reliable
as compared with an equivalent dose of oral formulation
as it bypasses the variable first-pass metabolism.* ™ This
characteristic provides a highly predictable and superior
pharmacokinetic and pharmacodynamic profile to the intra-
venous formulations, particularly in the first few days after
surgery. Current evidence suggests that acetaminophen has

anti-inflammatory properties when used intravenously in the
postoperative period.*’

In the recent DEXACET trial, we documented a signif-
icant reduction in the incidence of delirium in cardiac
surgical patients who received scheduled 6-hourly acetamin-
ophen in the postoperative period.”” This pilot study was
a prospective, randomised, placebo-controlled trial with
factorial group assignments carried out at a single centre.
We compared the incidence of delirium, lengths of hospital
and ICU stay and long-term cognitive decline in 120 patients
undergoing cardiac surgery using a predefined analgesic
and sedative regime. This included a comparison between
groups receiving either acetaminophen or placebo as anal-
gesics with either dexmedetomidine or propofol as the seda-
tive in the postoperative period. The analgesic regime used
intravenous acetaminophen, given as eight doses, 6hours
apart in the first 48 hours following surgery. The primary
outcome was incidence of in-hospital delirium using the
Confusion Assessment Method (CAM),? and the secondary
outcomes included delirium duration, cognitive decline,
breakthrough opioid analgesia requirement in the first 48
hours and the ICU and hospital lengths of stay. There was
a significantly decreased incidence of in-hospital delirium in
patients randomised to postoperative acetaminophen versus
placebo (10% vs 28% placebo; difference, —-18%; p=0.01);
there was also a significant reduction in the three prespeci-
fied secondary outcomes—duration of delirium, ICU length
of stay and use of breakthrough analgesia (measured in
morphine equivalents) in these patients. The baseline and
following cognitive assessments were carried out using the
Montreal Cognitive Assessment (MoCA), delirium assess-
ment was performed using the CAM, functional status was
assessed using the Activities of Daily Living (ADL) and Instru-
mental ADL (IADL) scales and mood was assessed using the
Geriatric Depression Scale (GDS).** The biggest challenge
faced during this pilot study was cohort retention throughout
the follow-up period, which may have impacted interpreta-
tion of long-term outcomes.

Data from our pilot study laid the foundation for this
multicentre trial. The objective of the Scheduled Prophy-
lactic 6-Hourly IV AcetaminopheN to Prevent Postoperative
Delirium in Older CaRdiac SurgicAl Patients (PANDORA)
clinical trial is to study the impact of 6-hourly intravenous
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Pre-Hospital In-Hospital Postoperative Follow Up
Baseline Study Day 0° Study | StudyDay2 | StudyDay3to | Hospital 1 6 Months 12
(Day of Surgery) | Day1 Discharge Discharge / Month Months
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Eligibility
Screening X
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Figure 2 Standard Protocol ltems: Recommendations for Interventional Trials figure. The schedule of enrolment, interventions
and assessment in the study. (a) Study day 0, day of surgery; study day 1, postoperativeday 1, etc. (b) Whichever comes

first. (c) Use clinically available liver function tests (LFTs) (Aspartate transaminase (AST), Alanine transaminase (ALT), Alkaline
phosphatase (ALP)) within 30 days, otherwise place order for research. (d) Intravenous acetaminophen/placebo administered

in 6-hourly intervals for eight doses total. (e) In order to ensure appropriate identification, the CAM is assessed in-hospital until
discharge with a standard daily cognitive assessment including three-object registration, DOWB, MOYB, recall, digits forward,
digits backwards and orientation. (f) Clinically available data include medication administration, intraoperative blood pressures
and routine labs; intraoperative sedation data. (g) Pain scores will be collected three times daily; NPRS at 6 and 12 months. (h)
Sample no.1 (baseline sample) to be collected after enrolment (at the time of the preoperative study assessments or on day of
surgery), prior to study drug administration and sample no. 2 (postoperative sample) to be drawn on postoperative day 1 and
sample no. 3 on postoperative day2, preferably in the afternoon when patient is in the ICU. (i) Major postsurgical outcomes
obtained from Society of Thoracic Surgeons database 1 month from discharge: reoperation (bleeding), deep sternal infection,
stroke, pneumonia, renal failure, atrial fibrillation and death. (j) Monitoring for all adverse events will take place daily during the
patient’s hospital stay for a maximum of 5days from the final dose of study medication. (k) LFTs will be ordered on the morning
of POD 2. CAM, Confusion Assessment Method; DOWB, days of the week backwards; DSI, delirium symptom interview; FRAIL,
5-item Frailty Questionnaire; FuncAQ, Functional Assessment Questionnaire; GDS, Geriatric Depression Scale; MoCA, Montreal
Cognitive Assessment; MOYB, months of the year backwards; NPRS, Numeric Pain Rating Scale; POD, postoperative day; SF-

12, Short Form 12; T-MoCA, Telephonic MoCA.

acetaminophen administration for 48 hours on the inci-
dence, duration and severity of delirium, acute and chronic
pain, hospital and ICU lengths of stay, postoperative rescue
analgesic requirement and the long-term trajectory of cogni-
tive and functional status. This study cohort will include 900
older cardiac surgical patients requiring CPB from seven sites
across the USA.

METHODS AND ANALYSES

Study design

This is a multicentre, randomised, placebo-controlled,
quadruple-blinded trial designed to study the effect of
postoperative scheduled 6-hourly acetaminophen admin-
istration and incidence of in-hospital delirium and long-
term neurocognitive outcomes. Subjects who will meet the
inclusion criteria and no exclusion criteria will be recruited
after obtaining written informed consent. Recruitment will
take place at seven sites across the USA: Yale-New Haven
Medical Center; University of Pittsburgh Medical Center,
Shadyside; University of Pittsburgh Medical Center, Presbyte-
rian; University of Alabama; Massachusetts General Hospital;
Brigham and Women’s Hospital and Beth Israel Deaconess
Medical Center (BIDMC).

The process of consenting will be carried out by a study
physician. The study schema is presented in figure 1. Figure 2,
the Standard Protocol Items: Recommendations for Inter-
ventional Trials, demonstrates the schedule of enrolment,
interventions and assessments to be used in the trial.

Study registration

This trial is approved by the Committee on Clinical Investi-
gations (CCI), Institutional Review Board (IRB) at BIDMC,
Boston, which serves as the single IRB (sIRB) for this study.
All other participating institutions grant human subjects
approval via reliance agreements with the sIRB. This trial is
prospectively registered with the US National Institutes of
Health on ClinicalTrials.gov as of 17 September 2019. The
study began recruiting in August 2020 and expected to be
open for recruitment for the next 4years (October 2024).

Inclusion and exclusion criteria

We will include 900 older (>60 years) cardiac surgical
patients undergoing coronary artery bypass grafting with
or without a valve or isolated valve surgery requiring
complete CPB in this trial (with medial sternotomy
approach). Patients with preoperative left ventricular ejec-
tion fraction <30%, emergent procedures, isolated aortic
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Table 1 Inclusion and exclusion criteria with rationale

Inclusion criteria

Rationale

Undergoing cardiac surgery (CABG with or without valve, isolated
valve surgery) requiring CPB

>60 years of age

Exclusion criteria
Preoperative LVEF less than 30%

Emergent procedures

Aortic surgery

Liver dysfunction (ALT or AST >3 times the upper limit of local normal;

all patients will have a baseline liver function test information or history

and examination suggestive of jaundice or both)
Known hypersensitivity to the study drug

Active (in the past year) history of alcohol abuse (=5 drinks/day for
men or >4 drinks/day for women)

Any history of alcohol withdrawal or delirium tremens
Active delirium at baseline

Non-English speaking

Physician refusal
Prisoner

Cardiopulmonary bypass surgeries are associated with an increased
risk for delirium

For patients older than 60 years of age delirium is a common
complication

Rationale

Inability to adequately assess outcome (expected to stay intubated for
longer period of time)

Inability to ethically enrol within time frame for possible benefit

Inability to adequately assess outcome (expected to stay intubated for
longer period of time)

Intervention contraindicated

Intervention contraindicated

High risk for alcohol withdrawal delirium

Inability to adequately assess outcome
Inability to adequately assess incidence and define baseline

Inability to administer cognitive assessments, which have been
extensively validated in English

Inability to administer intervention per clinician preference
Population requires additional OHRP protections

CABG, coronary artery bypass grafting; CPB, cardiopulmonary bypass; LVEF, left ventricular ejection fraction; OHRP, Office for Human Research

Protections.

surgeries, liver dysfunction (Alanine transaminase (ALT)
or Aspartate transaminase (AST) >3 times the upper limit
of local normal or either history or examination sugges-
tive of jaundice), hypersensitivity to the study drug, history
of alcohol abuse within the past year (25 drinks per day
for men and >4 drinks per day for women) or history of
alcohol withdrawal or delirium tremens, evidence of
delirium at baseline (as identified at the preoperative base-
line CAM assessment), clinician disapproval for participa-
tion, English language limitation or prisoner status will be
excluded from the study. A full listing of trial exclusions
and rationale is displayed in table 1.

Randomisation and study intervention

Randomisation and blinding

After obtaining written informed consent, participants will
be randomised to receive either 1g of intravenous acetamin-
ophen or placebo in a 1:1 allocation ratio. Permuted block
randomisation of variable block sizes two, four and six will
be utilised, stratified by institution. Computer-generated
randomisation schemas will be made available at site-specific
designated research pharmacies, which will be responsible
for preparing and dispensing the study drug as per the allo-
cated group. Acetaminophen and placebo will be dispensed
in identically packaged intravenous bags to ensure blinding.
The participant, clinical care providers, investigator and
outcomes assessor are blinded to the group assignment,
making this a quadruple-blinded trial.

Study data collection protocol

Preoperative and intraoperative management will be at the
discretion of the treating physicians as per the usual standard
of care. Preoperatively, consented patients will undergo base-
line neurocognitive and functional assessments including
the delirium symptom interview (DSI), GDS, MoCA, Func-
tional Assessment Questionnaire (FuncAQ), 5-item Frailty
Questionnaire (FRAIL) and Short Form (SF-12) 7 The
presence or absence of delirium will be determined using
the CAM diagnostic algorithm, which will be scored by the
interviewer based on the above assessments; the presence
of preoperative delirium is exclusionary. These assessments
will be followed by a baseline blood sample collection, which
will be used to assess baseline liver function (if not already
obtained as part of clinical care) and also stored in the study
biorepository. Assuming all inclusion criteria are met and
there are no exclusions, the patient will be randomised as
described above.

Intraoperatively, the patient will undergo EEG moni-
toring and cerebral oximetry using Sedline Root
monitor. The data obtained intraoperatively will be used
to support the secondary outcome and will not impact
the anaesthetic management of the patients. The medi-
cation regime of either 1 g of intravenous acetaminophen
or placebo will commence within an hour of transfer to
the ICU from the operating room. The study medication
will be repeated for a total of 8 doses, each 6 hours apart
for the first 48 hours. For patients <50kg, the intravenous
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Figure 3 AE reporting schema. AE, adverse event; CC, coordinating centre; d, days; DSMB, Data Safety and Monitoring
Board; eCREF, electronic Case Report Forms; h, hours; IMM, Independent Medical Monitor; MoCA, Montreal Cognitive
Assessment; NIA, National Institute of Ageing; SAE, Serious Adverse Events; sIRB, Single Institutional Review Board; STS,
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acetaminophen dose will be adjusted to 15mg/kg every
6hours up to a total of 75mg/kg/day. The extubation
protocols and ambulation goals will be guided by the
usual standard of care as defined by enhanced recovery
after surgery protocol. The cardiovascular ICU’s routine
extubation criteria include ensuring stable haemody-
namics, complete neuromuscular blockade reversal and
meeting required pulmonary criteria prior to discon-
tinuing ventilatory support. Similarly, standard clinical
ambulation protocols will be followed, which include
encouraging patients to move out of bed on postoper-
ative day (POD) 1 and ambulate in the hallway (two to
three times a day) on POD 2 if haemodynamically stable,
ambulate in the hallway (three to four times a day) on
POD 3 and use of stairs with assistance on POD 4. The
study team at each site will monitor the study drug admin-
istration and adherence to protocol. Additionally, infor-
mation about the patient’s preoperative comorbidities,
surgical procedure and sternal closure (rigid fixation
or wire cerclage), hospital length of stay, intubation and
extubation time, reintubation (if any), time of first mobil-
isation and hospital discharge will be collected from the
medical record.

The study team will obtain additional blood samples on
the morning of POD 1 and POD 2. The samples collected
at baseline, on POD 1 and POD 2, will be fractionated into
components (red cells, buffy coat and plasma). The latter
two components will be frozen and shipped to the coor-
dinating centre (CC) to be stored in PANDORA biore-
pository for future analyses. The plasma fraction will be
utilised for biomarker analyses at the CC. The buffy coat
will be stored at the CC for future genetic research. Acet-
aminophen levels will be obtained from the POD 2 blood
sample. Liver function tests (LFTs) obtained on POD 2
(3hours after the last study dose) will be used to assess
the safety of further administration of acetaminophen in

any form, by ensuring that these values remain less than
three times the upper limit of normal as per the local
laboratory.

Prohibited/restricted concomitant medications

While the study protocol is in force, clinicians will be
discouraged from using acetaminophen in any other form,
to avoid drug overdose. Use of regional anaesthetic tech-
niques and lidocaine patches can confound postoperative
analgesic consumption and will be avoided. Prophylactic
haloperidol for delirium in the ICU will be discouraged
to ensure robust data collection for the primary outcome
and because existing evidence (see above) suggests it is
not effective. If the clinical care dictates the use of any
of these medications (including regional techniques), it
will be recorded and analysed as breakthrough or rescue
medication to be analysed as a secondary outcome.

Study outcome measures

Primary endpoints

The primary outcome for the trial is the incidence of
postoperative in-hospital delirium censored at day 30 of
index hospital admission. The incidence of postopera-
tive in-hospital delirium will be assessed using the CAM,
which will be scored by the study team members once a
day starting from POD 1. The CAM-ICU will be used for
patients who are intubated in the postoperative period.”
This daily delirium assessment will include a standardised
brief cognitive assessment that tests attention, orienta-
tion and memory, followed by the DSI, which asks the
patient for specific symptoms of delirium. Based on these
data, trained study assessors will complete the long CAM,
which assesses 10 features of delirium. From this assess-
ment, the CAM diagnostic algorithm will be completed
to determine the presence or absence of delirium on that
day. If a patient scores CAM negative on three consecutive
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days following POD 2, they will be put on a skip pattern,
where the assessments will then be administered on alter-
nate days. In case a subject becomes CAM positive on a
particular day, the skip cycle will reset, requiring an addi-
tional three consecutive CAM negatives to reinitiate the
skip cycle. Assessments will be administered once every
day up to discharge or day 30 of index hospital admis-
sion, whichever is earlier. The once daily assessment inter-
view includes questions about the past 24 hours, such as
periods of disorientation or perceptual disturbances. This
information is supplemented with chart abstraction to
capture instances of delirium recorded as part of clinical
care.

The discharge assessment, which is similar to the
baseline assessment with the exception of GDS, will be
administered on or up to 2days before the day of patient
discharge.

The post-discharge follow-up assessments will be
completed via telephone at 1, 6 and 12 months from the
day of surgery using the Telephone-MoCA (T-MoCA),
DSI, GDS, FuncAQ, FRAIL and CAM. In order to limit
loss to follow-up, the protocol permits a window period
of +14 days at 1 month, and +1month at 6 months and
12 months assessments. Figure 2 demonstrates the time
points at which each study procedure must be completed.

Secondary endpoints

Secondary endpoints for this trial include the duration
of delirium, delirium severity, postoperative cognitive
dysfunction, analgesic consumption in the first 48 hours,
hospital and ICU lengths of stay, daily pain scores and
incidence of chronic sternal pain at 6 and 12 months.
These endpoints will be assessed using standardised
instruments: delirium severity will be measured using
CAM-Severity Long Form Score, which considers all 10
features in the long CAM assessment”’; postoperative
cognitive dysfunction assessed at discharge using MoCA;
postoperative cognitive dysfunction at 1, 6 and 12 months
evaluated using T-MoCA; long-term functional and self-
care functions assessed at 1, 6 and 12 months using the
SF-12, FRAIL and FuncAQ); postoperative daily pain scores
assessed using the Visual Analogue Scale and persistent
chronic sternal pain at 6 and 12 months evaluated using
the Numerical Pain Rating Scale (NPRS) 8

Data collection

Demographic data such as age, gender, ethnicity, race,
body mass index, comorbidities and surgery type will
be recorded from a patient’s medical record. Postoper-
ative analgesic consumption in the first 48 hours will be
computed in terms of intravenous morphine equivalents
in milligrams ((intravenous hydromorphonex10 + oral
hydromorphonex1.6) + (intravenous fentanylx100) +
(intravenous morphinexl +oral morphinex0.4) + (intrave-
nous sufentanilx1000) + (intravenous remifentanilx100)
+ (intravenous ketorolacx2.5) + (oral oxycodonex0.6)
+ (oral oxymorphonexl.2) + (oral codeinex0.06) +
(oral tramadolx0.04)) and recorded. The research staff

trained for neurocognitive assessments will record daily
pain scores along with the CAM data. The data about
the postoperative pain scores, total opioid consump-
tion, delirium assessments, blood tracking and shipment
status will be captured in the Research Electronic Data
Capture (REDCap) database. Ongoing remote moni-
toring by the CC and targeted local double data entry will
be utilised to ensure high data quality. Confidentiality will
be maintained at all times by using password-protected
secure servers and restriction of access to only study team
members.

Standardised training

The study team members across all sites will receive
standardised training for neurocognitive and delirium
assessments and the REDCap database entry before study
initiation. Refresher and re-trainings will be provided
throughout the course of the study as necessary. Addition-
ally, training material in the form of detailed operations
manuals and videos will be made available on a password-
protected webpage on the study website (Pandora Clin-
ical Trial. Available at: https://pandoraclinicaltrial.org/
(accessed: 12 June 2020)).

Quality assurance for neurocognitive assessments

All neurocognitive assessments will be carried out by
study team members blinded to the treatment allocation.
At any site, 20% of assessments will be simultaneously
scored by two trained interviewers and submitted for
inter-rater reliability analysis. We will target an inter-rater
concordance kappa of above 0.90 for delirium presence
and an intraclass correlation coefficient of over 0.80 for
delirium severity. At each site, 20% of the daily delirium
assessments will be video recorded and cross-checked by
the neurocognitive assessment team at the CC for training
and quality assurance (QA). Videos will be used only for
internal study QA purposes and will be destroyed when
no longer needed. Consenting to QA video recordings
are voluntary and will not affect participant’s enrolment
in the trial or their stay in the hospital. Periodic assess-
ments followed by re-training and educational support
will be provided as necessary.

Safety endpoints

Safety endpoints will be examined for all enrolled patients
who receive at least one dose of study medication and will
include laboratory testing (POD 2 acetaminophen levels
for the first 225 patients, POD 2 LFTs for all patients
3hours after the last dose), expected clinical events (eg,
need for additional LFT5, discontinuation of study drug,
reoperation, bleeding, deep sternal infection, stroke,
pneumonia, renal failure, atrial fibrillation, in-hospital
mortality, arrhythmias needing treatment, acute kidney
injury) and unexpected clinical events (acute liver
failure, liver injury defined as ALT/AST >400 units and
death during study drug regimen). All serious and unex-
pected adverse events will be summarised for the Data
Safety and Monitoring Board (DSMB), which is a team of
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experts separate from the study investigators, responsible
for maintaining safety oversight.

Trained research team members will monitor protocol
adherence and report any in-hospital adverse events
to the CC. Since patients in this population are under-
going high-risk surgery, it is expected that they may suffer
adverse events unrelated to study participation. Thus, we
will limit our adverse event monitoring to events that may
be related to the study inventions or study drug adminis-
tration. The CC will be responsible for sharing the adverse
event reports with the DSMB (figure 3).

The emergency unblinding protocol will be followed if
local unblinding is required for patient safety. Treatment
allocation will be disclosed to the site physician after due
discussion with the on-call investigator at the CC.

Cohort retention strategies

The proposed study includes an emphasis on cohort
retention for robust long-term outcome assessment. To
ensure this, trial team members will stay in touch with
study participants by sending reminder letters before the
6-month and 12-month calls. Three preferred contact
methods and a designated secondary contact will be
obtained to maximise the reach. Participants will receive
a reminder magnet with the study and follow-up instruc-
tions at the time of hospital discharge. Multiple phone
calls may be required to reach the patient, but after
multiple failed phone attempts, a hand-addressed letter
will be mailed to the patient’s address.

Patient and public involvement

At this time, patient advisers were not involved in the
design of the study protocol considering minimal involve-
ment of patients in the analgesic management postoper-
atively after cardiac surgery. The PANDORA clinical trial
is registered on clinicaltrials.gov and updated at regular
intervals. Results will be reported in a time-compliant
manner on clinicaltrials.gov.

Sample size calculation

The sample size calculation for the proposed trial is based
on the primary outcome, in-hospital delirium up to day
30, adjusting for one planned interim analysis, which
allows early stopping for efficacy. An effect size of 66%
with a baseline incidence of 30% was seen in a pilot study
conducted at BIDMC.” In this trial, with the inclusion of
a much broader group of patients including those with
pre-existing cognitive dysfunction, it was determined that
the effect size could be reduced to as low as 33%. Using
O’Brien Fleming’s boundary to maintain the overall two-
sided significance level at alpha=0.05and power=0.9, 402
patients per arm will be needed to show a 33% reduction
in in-hospital delirium, assuming the baseline postop-
erative delirium incidence is 30%. To allow for roughly
10% potential dropouts (attrition will accommodate both
prerandomisation withdrawals—ie, cancelled surgery—as
well as postrandomisation withdrawals—ie, intraoperative

change in surgery type), the trial will enrol up to 900
patients.

Statistical analysis plan

Analyses will be conducted using SAS software V.9.4 or
higher (SAS Institute). Descriptive statistics of the data
will be performed, pooled across all sites. Continuous
data will be represented using mean (+SD) or median
IQR for variables not normally distributed. The Shapiro-
Wilk test will be used to assess normality. Categorical data
will be presented using frequencies and proportions.

The primary outcome of the proposed study is in-hos-
pital delirium, defined as the occurrence of delirium on
any POD during the index admission, as assessed using
the CAM or CAM-ICU daily until hospital discharge for
a maximum of 30 days. This variable will be defined as
either present or absent for our primary analysis. The
comparison of our primary outcome will be performed
using Pearson’s x* test. The primary analysis will be
conducted on a modified intention-to-treat (ITT) basis,
which includes all patients who received at least one dose
of the study drug. A per-protocol analysis will also be
done, where patients receiving all the eight doses of study
drug will be included. Given the randomised trial design,
the results of the unadjusted analysis will be reported.

Duration of delirium, defined as the total number of
in-hospital PODs (censored at 30 days) in which delirium
is present, and severity of delirium, evaluated both as
the peak and mean CAM-severity scores over all hospital
days, will be assessed between groups using a t-test or non-
parametric equivalent. Inter-rater reliability testing will be
performed, with percent agreement, kappa and weighted
kappa reported for all CAM variables. Additional postop-
erative analgesic requirements will be measured as the
amount of opioid (intravenous morphine or hydromor-
phone) and oral analgesics required for pain control
in the first 48 hours postoperatively. This value will be
reported as overall morphine equivalents and compared
between treatment groups. Differences in overall hospital
and ICU length of stay, as well as morphine equivalents,
will be compared using parametric or non-parametric
t-tests. Repeated measures analyses will be performed
using generalised estimating equations with a robust vari-
ance to assess for differences in the worst daily pain scores
on deep breathing and cough between groups. Further,
a hierarchical linear regression model will be used to
characterise the trajectory of T-MoCA, SF-12, FuncAQ
and FRAIL scores over time. This framework was chosen
because of its flexibility with the timing of patient inter-
views and the repeated observations in each patient over
time. This will include data from patients at baseline,
discharge and 1, 6 and 12 months postoperatively.

Given the randomised nature of this trial, baseline
differences between groups are not anticipated. However,
if baseline differences exist, multivariate model to adjust
for confounders will be used. We anticipate adherence to
the randomisation assignment to be high; however, it is
possible that patients may not complete their course of
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the study drug. We will, therefore, perform a sensitivity
analysis on a per-protocol basis, only including patients
who were randomised and completed the appropriate
treatment regime.

We will evaluate whether the effect of acetamino-
phen differs across subsets of patients defined by few
targeted factors, specifically sex, age groups, treating
institution, sedation regimens (dexmedetomidine vs
propofol), surgery type, preoperative cognitive dysfunc-
tion (MoCA <23), history of alcohol abuse and history of
chronic opioid use. We will conduct a Cochran-Mantel-
Haenzel analysis and test for effect modification using the
Breslow-Day test.

Additional exploratory analyses of the data will be
conducted as deemed appropriate including the inci-
dence of delirium in patients with preoperative neurocog-
nitive impairment; Parkinson’s and Alzheimer’s disease;
time to onset of delirium in patients and intraoperative
hypotension and postoperative delirium.

The frequency and percentage of missing values for
each variable will be collected, analysed and reported.
For the proposed trial, we anticipate that the propor-
tion of participants with missing primary endpoint values
will be small (<1%). Further, in our previous study, from
which much of the preliminary data were obtained, less
than 6% of all data were missing. Consequently, we do not
plan to impute missing data. Any subject receiving at least
one dose of the study medication will be included in the
modified I'TT analysis.

The primary hypothesis will be tested after primary
outcome data are available for 450 participants (50% of
the target cohort). This interim analysis will be performed
for efficacy and futility of the primary endpoint by the
unblinded DSMB statistician, with full results reported to
the DSMB. The alpha boundary value at the interim anal-
ysis will be +2.78, which corresponds to a significance level
0f 0.0054. At the final analysis, the alpha boundary will be
+1.97, with a corresponding significance level of 0.0492.
A review of safety data will be performed at quartiles of
enrolment, without conducting formal interim analyses.

ETHICS AND DISSEMINATION
This trial was approved by the CCI IRB at BIDMC which
is also the central sIRB for all the sites. Safety oversight
will be under the DSMB whose members are independent
from the study teams and will regularly review the safety
data throughout the conduct of the study.

The results of this study will be published in a peer-
reviewed medical journal, as well as presented at both
national and international conferences.
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