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Abstract:  
Introduction: Postoperative delirium (POD) is an important complication of major surgery in elderly patients. It increases 
morbidity and mortality, hospital stay, and total healthcare costs. Since no treatment has proven effective once POD is 
established, prevention is key. Evidence exists that bispectral index guided anesthesia (BIS-GA) and antipsychotics may 
independently reduce incidence of POD, but the efficacy of combining these preventive strategies is unknown. Objective: 
To compare the combination of olanzapine + BIS-GA with BIS-GA alone for prevention of POD in elderly patients 
undergoing major elective surgery.  
Methods: We propose a Phase II, multi-center, randomized, double-blind, parallel, placebo-controlled trial. The study 
arms will be BIS-GA + two doses of olanzapine 5mg given pre and postoperatively compared with BIS-GA + placebo in 
patients ≥65 years hospitalized for major elective surgery. Exclusion criteria include cardiac- and neurosurgery, dementia 
history, concurrent antipsychotic, anticholinergic, or sedative-hypnotic use, olanzapine allergy, delirium at hospital 
admission, cognitive impairment and inability to be interviewed. The primary outcome is incidence of POD diagnosed by 
DSM-V criteria and assessed by the Confusion Assessment Method (CAM) scale. Secondary outcomes include delirium 
severity, rescue therapy use, length of hospital stay and incidence of adverse events.  
Discussion: There is an increasing need for trials that advance knowledge in prophylactic methods to prevent delirium. 
By combining two preventive methods, we expect to decrease the incidence of POD, which will result in decreased 
morbidity, mortality, and total healthcare costs. 
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INTRODUCTION 

Delirium, an acute disturbance in attention and 
awareness that occurs over hours to days consequent to 
a medical condition/procedure, is characterized by 
inattention, fluctuating consciousness levels, and 
cognitive impairment (APA, 2013) and is associated 
with neurotransmitter imbalance caused by irregular 
response of tissues to normal levels of stress 
(MacLullich et al., 2008). POD is an important 
complication that affects mostly elderly patients after 
major surgical procedures (Whitlock et al., 2011), with 
prevalence up to 65% (Maldonado et al., 2008). It 
increases morbidity and mortality (Witlox et al.,2010), 
length of hospital stay (Gleason et al., 2015), and total 
healthcare costs (Leslie et al., 2008).  It is challenging to 
treat and even after treatment, patients can have 
persistent functional impairment, increased rates of 
institutionalization, and increased dementia rates 
(Witlox et al., 2010). In contrast to Postoperative 
Cognitive Dysfunction (PCD), which is identified 
through neuropsychological testing and persists for 
several years after surgery, POD is usually observed 
clinically with a fluctuating course, and is related to 
hospitalization (Evered et al., 2018). 

Since at least 30-40% of delirium cases could be 
prevented (Gonzalvo et al., 2017), successful prevention 
strategies could significantly decrease the healthcare 
system burden (Leslie et al., 2008). Non-
pharmacological approaches such as mobilization, 
therapeutic activities, hydration, proper nutrition, sleep 
strategies, hearing/vision adaptations (Hshieh et al., 
2015), and BIS-GA (Chan et al., 2013; Siddiqi et al., 2016) 
have been used to effectively decrease the incidence of 
POD. Brain function monitoring using BIS-GA is 
considered an effective non-pharmacological method to 

reduce POD and promote early recovery (Chan et al., 
2013; Lewis et al., 2020).  

Evidence for the efficacy and tolerability of 
pharmacological treatment is limited (Rivière et al., 
2019). Olanzapine is a second-generation antipsychotic 
that may effectively treat delirium, providing sedation 
without significant extrapyramidal side effects 
(Markowitz et al., 2008). A randomized clinical trial 
conducted in elderly patients after joint-replacement 
surgery showed a significantly lower incidence of POD 
with prophylactic olanzapine (Lanser et al., 2010). 
However, there is no evidence supporting the use of 
olanzapine in addition to a non-pharmacological 
intervention such as BIS-GA for delirium prevention in 
elderly patients after elective surgeries.  

We hypothesize that prophylactic olanzapine 
would reduce POD incidence among patients ≥ 65 years 
old who have undergone major gastrointestinal elective 
surgery using BIS-GA. Our purpose is to evaluate the 
incidence of delirium in the treatment group 
(olanzapine + BIS-GA) compared to placebo (BIS-GA 
alone). As secondary objectives, we will examine the 
delirium severity, rescue therapy use, side effects 
incidence, and the length of hospital stay in both groups. 

MATERIALS AND METHODS  

Trial Design  

This study will be a phase II, multi-center, randomized, 
double-blind, placebo-controlled trial. 

Study Setting 

This study will be conducted in tertiary hospitals, where 
BIS-GA is used as a standard of care for major elective 
surgeries.  

Randomization 

All eligible patients who consent to the study 
participation will be randomly assigned to one of the 
two treatment arms: Olanzapine or matching placebo 
with 1:1 allocation ratio. The randomization sequence 
will be generated by a biostatistician using a 
computerized random number generator. Blocked 
randomization using variable block sizes of four and 
eight individuals will be implemented to ensure balance 
between groups and to avoid guessing of the 
randomization sequence. 

Once eligibility criteria are confirmed and the 
informed consent form signed, the investigator will 
enter data in the system and a randomization number 

Abbreviations: 
BIS-GA: bispectral index guided anesthesia 
CAM: Confusion Assessment Method 
CAM-S-lf: Confusion Assessment Method - Severity - 
long-form 
CIs: 95% confidence intervals 
CRF: case report form 
DSM-V: Diagnostic and Statistical Manual of Mental 
Disorders, fifth edition 
ECG: Electrocardiogram 
HRs: hazard ratios  
POD: postoperative delirium 
RCT: Randomized Clinical Trial 
TMG: Trial Management Group 
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will be generated. The study pharmacist will verify the 
randomization number assigned to the patient as a user 
of the same system. He/she will not have any interaction 
with the patients and will deliver an indistinguishable 
package (olanzapine/matching placebo) to the 
responsible nurse.  

Blinding 

The study will be double-blinded. Patients, outcome 
assessors, and healthcare providers (surgeons, 
anesthesiologists, clinicians, and nurses) responsible for 
the patient care pre and post-operatively will remain 
blinded upon study completion.  

Guarantee of blinding will be achieved by keeping 
the randomization data strictly confidential until the 
time of unblinding (if necessary) or until the end of the 
study. Only the unblinded team, composed of the study 
pharmacist (in charge of treatment allocation), the 
principal investigator, and one external physician, will 
know these data. In addition, the identity of the 
treatments will be concealed by the use of placebo pills 
that will be identical in packaging, labeling, 
administration time, appearance (color and size) and 
odor as the active agent. 

Emergency unblinding 

Emergency code breaks must only be undertaken when 
required for patient safety. If knowledge of assigned 
treatment is essential for management of the patient in 
a critical situation, code breaks may be requested to the 
unblinded team. The investigator will receive details of 
the patient’s assigned treatment and will share this 
information with the patient’s healthcare providers. 
Treatment allocation will also be revealed to the patient 
if unblinding is necessary. It is mandatory for the 
investigator to record the code break and the 
justification for it. Unblinded participants will be kept in 
the final analysis, unless consent is withdrawn. 

Eligibility Criteria 

Eligibility will be determined from medical records 
when the surgery is scheduled or from patients’ 
interviews at the time of hospital admission. 

Inclusion criteria: patient ≥ 65 years who will 
undergo major gastrointestinal elective surgery with 
BIS-GA (either upper or lower gastrointestinal, 
laparoscopic or open abdominal, oncologic or non-
oncologic surgeries) and able to give informed consent.  

Exclusion criteria: expected impossibility of 
enteral feeding within 24 hours postoperatively; 

dementia history; concurrent use of antipsychotic, 
anticholinergic, or sedative-hypnotic medications; 
olanzapine allergy; morphine allergy; delirium at 
hospital admission and history/evidence of cognitive 
impairment [measured by the Montreal Cognitive 
Assessment (MoCA) score of 25 or less (Nasreddine et 
al., 2005)]. 

Recruitment Strategy 

We expect a two-year recruitment period. Advertising 
directed to healthcare providers of various surgical 
subspecialties from the study sites will encourage 
referrals of potential study participants. All patients 
admitted for major gastrointestinal elective surgery will 
be considered. (Figure 1). Potential participants will be 
screened for eligibility criteria when surgery is 
scheduled.  

Adherence 

We expect a high level of adherence since patients will 
be hospitalized. The designated study nurse will be 
responsible for the administration of the assigned 
treatment, documenting the treatment in the patient’s 
medical record.  

Interventions 

Randomized patients will receive either two doses of 
olanzapine 5mg tablets or matched placebo in a 1:1 
ratio according to their allocation group. The 1st dose 
will be administered two hours before surgery and the 
2nd within 24 hours after surgery, as soon as the patient 
is able to tolerate oral or enteral feeding.  

This dosing regimen showed efficacy in reducing 
the occurrence of POD in a previous study (Larsen et al., 
2010). Furthermore, the dosage of 5mg daily is 
effectively and safely used for short-term treatment of 
delirium in critically ill patients (Skrobik et al., 2004). 
Olanzapine reaches its maximum plasma concentration 
within 6 hours after oral administration and has half-life 
ranges from 21-54 hours (5th to 95th percentile; mean 
30 hours). The incidence of POD is highest in the first 4 
days after surgery (Litaker et al., 2001). Therefore, the 
long half-life of olanzapine would ensure plasma levels 
across the expected time of high incidence of delirium. 

All patients will receive BIS-GA as standard of care 
during the procedure, with the index target value of 40-
60 and suppression rate of 0, which has demonstrated 
to be effective in POD prevention (Chan et. al. 2013).  

All patients will be admitted in the ICU as standard 
of care after major surgical procedures. In order to 
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standardize postoperative pain management, which 
could also influence POD, an intravenous morphine 
patient-controlled analgesia (PCA) device will be used 
for all patients. They will receive a 2 mg bolus dose of 
morphine for each request with a 5 min lockout period 
and a safe higher limit of three boluses per hour. 

Modification/discontinuation 

For patients who cannot tolerate oral medications, but 
can receive enteral feeding, orally disintegrating tablets 

of olanzapine or the matched placebo will be used. In a 
case of post-surgical complications that prohibit oral or 
enteral feeding by 24 hours (second dose), the patient 
outcomes will be followed for data record. Patients who 
develop any hypersensitivity reaction to the first 
administration will not receive the second dose. 

Outcomes 

The primary outcome will be the incidence of POD, 
which will be diagnosed by CAM scoring system and 

Figure 1. CONSORT flow diagram. AE: adverse events; BIS: bispectral index; CAM: Confusion Assessment Method; ECG: electrocardiogram; LoHS: 
length of hospital stay; MoCA, Montreal Cognitive Assessment: PO: primary outcome; POD: postoperative delirium; SO: secondary outcomes.  
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evaluated within 6-24 hours after surgery. Additional 
evaluations will take place every 24 hours until hospital 
discharge or up to 7 days after surgery. The CAM is a 
widely recognized tool for the screening and diagnosis 
of delirium (Inouye et al., 1990), and it considers the 
Diagnostic and Statistical Manual of Mental Disorders, 
fifth edition (DSM-V) criteria as well as delirium’s 
fluctuating nature. By using four criteria (acute 
onset/fluctuating course; inattention; disorganized 
thinking; altered level of consciousness) with 
dichotomous responses (yes=1/no=0), it allows an 
accurate diagnosis within 3-5 minutes with 94%-100% 
sensitivity and 90%-95% specificity (Inouye et al., 
1990). The presence of 3 or 4 criteria, reported as binary 
outcomes (present/absent), at least once during the 
observed period indicates delirium.  We will use the 
CAM version validated in Brazilian Portuguese (Fabbri 
et al., 2001). 

Secondary outcomes include: 1) Delirium severity 
[assessed every 24 hours using CAM- Severity long-
form (CAM-S-lf), with score range 0-19 (19=most 
severe)]; 2) Delirium duration (in days); 3) Safety 
parameters including QTc intervals assessed by ECG (at 
baseline, 6 hours after the second dose and every 24 
hours thereafter), extrapyramidal symptoms (assessed 
by staff member or by self-reporting) using the 
Simpson-Angus Scale (Knol et al., 2009), and any 
potential adverse events described in the approved 
label of olanzapine and graded by the Common 
Terminology Criteria for Adverse Events (Trotti et al., 
2003); 4) Rescue therapy use (total milligrams of 
additional antipsychotics); 5) length of hospital stay 
(evaluated retrospectively in days); and 6) Delirium 
time of onset (in days). 

Data Collection and Management 

A Case Report Form (CRF) previously approved by the 
ethics committee will be used to collect all trial data. 
These forms will be completed by the investigators and 
outcome assessors, based on information from patients’ 
medical records. Parameters to be extracted from 
medical records include primary and secondary 
outcomes, demographics (age, gender, ethnicity, and 
marital status), and perioperative information 
(concomitant medications including total opioid 
consumption, anesthetic technique, intraoperative fluid 
records, blood transfusion and total surgical time). 

The CRFs will include the participant trial ID with 
the study code (BISOLAD-0001, BISOLAD-0002, 
sequentially) and will be stored in a secure location.  In 

a distinct secure location, an identification log will 
record the patient’s name and study code.  

The principal investigator will establish a Trial 
Management Group (TMG) (Harman et al., 2015) 
formed by physicians, nurses, a site coordinator, 
informatics technician, and pharmacist. Only healthcare 
professionals that assist patients directly, outcome 
assessors and the site coordinator will know the 
participant trial ID. The pharmacist will keep a registry 
of the intervention received by each code, and only the 
pharmacist will handle this information. 

The informatics technician will create and manage 
access to a secure database to upload the CRF data. The 
database will be scheduled to back up every two weeks. 
It is the site coordinator’s responsibility to upload and 
update the trial data weekly.  The principal investigator 
will assign another member of the TMG to review the 
database weekly and assess inconsistencies and 
incomplete data.   

Interim Analysis 

Due to the small sample size and the moderate expected 
effect size, we will not adopt an interim analysis for 
efficacy. 

Sample Size Calculation 

Based on previous studies, we expect an 18% POD 
incidence in the control group (Chan et. al., 2013; Zhou 
et. al., 2018) and a 5% incidence in the intervention 
group (Larsen et al., 2010). Considering a 0.05 two-
sided significance level and 80% power, a total of 204 
participants were calculated. An additional 5% was 
calculated due to potential loss to follow-up, resulting in 
216 participants or 108 per group. 

Statistical Analysis 

Continuous variables will be presented as means and 
standard deviations or medians and interquartile range 
depending on the data distribution. Categorical 
variables will be presented as relative and absolute 
frequencies. The normality of the variables will be 
assessed by the Kolmogorov-Smirnov test, skewness 
and kurtosis, and by visual inspection of the histogram.  

The POD occurrence in both arms will be defined 
at the end of follow-up. Fisher's exact test will be used 
for comparing the POD incidence between treatment 
groups. As a secondary analysis, we will use the Kaplan-
Meier survival method and log-rank test to compare 
time-to-event between olanzapine and placebo groups. 
Hazard ratios (HRs) with respective 95% confidence 
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intervals (CIs) will be described, and the influence of 
baseline characteristics over the POD incidence until 
discharge or up to 7 days (whichever comes first) will 
be evaluated using the Cox Regression test. Schoenfeld 
residuals will be used to check the proportional hazards 
assumption, and nonlinearity will be assessed using 
Martingale residuals. Adjustments will be made only if 
important baseline characteristics are unbalanced. 

Other secondary outcomes will be evaluated as 
follows: 1) The CAM-S-lf scores will be divided in tertiles 
and compared between groups using Fisher's exact test; 
2) Safety outcomes will be dichotomized 
(presence/absence) and will also be compared using 
the Fisher's exact test; 3) Delirium duration and length 
of hospital stay will be compared between groups using 
the Student's t-test or Mann-Whitney test; and 4) The 
rescue therapy use will be described in mg/day and 
compared between groups using Student's t-test or the 
Mann-Whitney test. In addition, sensitivity analysis will 
be performed between arms only with patients who 
complete the protocol to verify if the anesthetic 
technique, intraoperative imbalance, blood transfusion, 
use of different medications during anesthesia, total ICU 
time, or total opioid consumption affected results. If any 
of these variables have influenced the results, they will 
be adjusted for. 

Analyses will be conducted according to the 
intention to treat principles and will consider a two-
tailed alpha of 5%. STATA®️ version 16C program 
(StataCorp LLC) will be used to perform all statistical 
tests.  

Missing Data 

Missing data will be handled using multiple imputation 
techniques. Additional per-protocol analysis will be 
conducted excluding patients who could not take the 
second pill and those who have been unblinded. The 
amount of missing data for each variable will be 
described through proportion. 

DISCUSSION 

We propose a phase II, multicenter, double-blinded, 
randomized, placebo-controlled, parallel-group trial, to 
investigate the efficacy and safety of olanzapine in 
elderly patients undergoing major gastrointestinal 
elective surgery using BIS-GA.  

POD is a very common source of morbidity in the 
postoperative period of major surgeries, particularly in 
elderly patients.  Previous studies have shown efficacy 
for both pharmacologic and nonpharmacologic 
treatments in the prevention of POD, but these have not 

been studied in combination.  This proposed trial would 
expand knowledge in prophylactic methods to prevent 
POD, resulting in improved outcomes and reduced 
healthcare costs.  

 Strengths of our study include the simple dosing 
protocol, a sample of inpatients that allow for higher 
adherence, the use of BIS-GA in both groups that 
eliminates confounding effects, and the homogeneity of 
the surgery type. Combining olanzapine with the use of 
BIS-GA, an effective POD prevention method consistent 
with current best practices, makes this research 
question relevant and innovative. Other relevant 
aspects such as safety parameters, the need for rescue 
therapy, or delirium time of onset are included as 
secondary outcomes and address important clinical 
implications and directions for future studies. For 
example, a delay in time to develop delirium could be 
explained by olanzapine concentrations in plasma, 
which would indicate the need for additional olanzapine 
dosing. 

We recognize the limitations of the short follow-up 
time, which may not identify delayed presentation of 
POD, and the use of an oral study drug, which 
consequently eliminates patients with delayed oral or 
enteral feeding after surgery. Additionally, since we 
expect lower rates of POD in patients undergoing 
surgery with BIS-GA, a smaller difference between 
groups may occur, biasing results towards a negative 
outcome. 

One main point of concern is how intraoperative 
complications may affect POD incidence. The 
randomization process and blinding of the 
anesthesiologist account for possible imbalance 
between groups should surgical complications occur. 
However, this may result in confounding factors that 
could influence the understanding of the study results. 
Another important condition is the emergence of PCD, a 
significant postoperative outcome in elderly people. 
Deficits in attention levels that characterize PCD may 
mimic POD. The later PCD occurrence and the non-
fluctuating course of presentation help differentiate 
these conditions (Evered et. al., 2018). This study does 
not investigate the PCD incidence or severity, and this 
remains a research question for future studies. 

CONCLUSION 

The present study protocol gives important 
considerations regarding POD prevention. It takes into 
account the current knowledge of POD’s major risk 
factors, management, and differential diagnosis, and 
therefore presents a feasible and valid design to help 
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advance the field of treatment for adverse surgical 
outcomes. 
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