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Note from the Editors: Instructions for reviewers of study protocols
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Since launching in 2011, BMJ Open has published study protocols for planned or ongoing research
studies. If data collection is complete, we will not consider the manuscript.

Publishing study protocols enables researchers and funding bodies to stay up to date in their fields
13 by providing exposure to research activity that may not otherwise be widely publicised. This can help
14 prevent unnecessary duplication of work and will hopefully enable collaboration. Publishing

15 protocols in full also makes available more information than is currently required by trial registries
16 and increases transparency, making it easier for others (editors, reviewers and readers) to see and
understand any deviations from the protocol that occur during the conduct of the study.

The scientific integrity and the credibility of the study data depend substantially on the study design
21 and methodology, which is why the study protocol requires a thorough peer-review.

23 BMJ Open will consider for publication protocols for any study design, including observational
24 studies and systematic reviews.

26 Some things to keep in mind when reviewing the study protocol:

28 e Protocol papers should report planned or ongoing studies. The dates of the study should be
29 included in the manuscript.

e Unfortunately we are unable to customize the reviewer report form for study protocols. As
32 such, some of the items (i.e., those pertaining to results) on the form should be scores as
33 Not Applicable (N/A).

34 e While some baseline data can be presented, there should be no results or conclusions

35 present in the study protocol.

e Forstudies that are ongoing, it is generally the case that very few changes can be made to
38 the methodology. As such, requests for revisions are generally clarifications for the rationale
39 or details relating to the methods. If there is a major flaw in the study that would prevent a
40 sound interpretation of the data, we would expect the study protocol to be rejected.
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Abstract for protocol

Introduction: Delirium is a common complication in the elderly after surgery and is
associated with worse outcomes. Multiple risk factors are related with postoperative
delirium, such as exposure to general anesthetics, pain and inflammatory response.
Preclinical and clinical studies reported that dexmedetomidine could attenuate
neurotoxicity induced by general anesthetics, improve pain management and inhibit
inflammatory response. Several studies observed the relationship between
intraoperative use of dexmedetomidine and postoperative delirium, but the results
were inconsistent. This study is designed to investigate the impact of
dexmedetomidine administered during general anesthesia in preventing delirium in
elderly patients after major non-cardiac surgery.

Method and analysis: This is a randomized, double-blinded, and placebo-controlled
trial. 620 elderly patients (age > 60 years) who are scheduled to undertake elective
major non-cardiac surgery (with an expected duration > 2 hours) are randomly
divided into two groups. For patients in dexmedetomidine group, a loading dose
dexmedetomidine (0.6 pg/kg) will be administered in 10 minutes before anesthesia
induction, followed by a continuous infusion at a rate of 0.5 ug/kg/h till 1 hour before
the end of surgery. For patients in control group, normal saline will be administered in
the same rate and volume as in the dexmedetomidine group. The primary endpoint is
the incidence of delirium during the first five postoperative days. Secondary
endpoints include pain intensity, cumulative opioid consumption and subjective sleep
quality during the first 3 postoperative days, and the incidence of non-delirium

complications and all-cause mortality within 30 days after surgery.
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Ethics and dissemination: The study protocol was approved by Clinical Research
Ethics Committee of Peking University First Hospital (2015-987) and registered at

Chinese Clinical Trial Registry (http://www.chictr.org.cn) with identifier ChiCTR-

oNOYTULT D WN =

IPR-15007654. Results of the study will be presented at academic conferences and

submitted to peer-reviewed journals.

16 Key words: intraoperative dexmedetomidine; postoperative delirium; old patient;

18 major non-cardiac surgery
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Strengths and limitations

This study is designed as a randomized, double-blinded and placebo-controlled
trial with a large sample size.

Results of our study will provide evidence on the impact of dexmedetomidine
infusion during general anesthesia on the incidence of delirium in elderly patients
after non-cardiac surgery.

Bispectral index is monitored to guide anesthesia maintenance which will
overcome an important limitation in a recent trial.

Safety outcome data will be recorded in detail.

As a single site trial, the generalizability of our results will be limited.
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Introduction

Delirium is considered as an organic brain syndrome which is characterized by altered
consciousness, inattention, and changes in cognition or perception; it develops acutely
with clinical manifestations fluctuate during the course of the day.' Prevalence of
delirium varies from 14.8% to 23.0% in patients after major non-cardiac surgery.z'3
The occurrence of postoperative delirium (POD) is associated with worsen outcomes
including prolonged mechanical ventilation and intensive care unit stay, increased
postoperative complications, high mortality rate and long-term cognitive decline.””

The etiology of POD is multifactorial and includes several intraoperative
factors.® For example, exposure to general anesthetics (e.g., propofol or sevoflurane)
might produce neurotoxicity; * whereas reduced anesthetic exposure by avoiding
deep anesthesia reduced the occurrence of delirium in elderly patients undergoing
major non-cardiac surgery.’ Poor pain management is another risk factor of POD.* '
It was reported that the risk of postoperative delirium was 1.2 times higher for every
unit increment in visual analogue pain score (an 11-point pain scale where 0 indicates
no pain and 10 the most severe pain).'’ Inflammation is also proposed to play an
important role in the pathogenesis of POD.? Inflammatory responses induced by
surgery and anesthesia are manifested by elevated levels of interleukins (IL), C-
reactive protein (CRP) and tumor necrosis factor (TNF).> '* Studies by our group and
other found that higher levels of inflammatory mediators are associated with
increased risk of POD.> '¥1¢

Dexmedetomidine is a highly selective a2-receptor agonist with sedative,
analgesic and anxiolytic effects.”?! When used as a supplement during intraoperative

anesthesia, it reduces the consumption of general anesthetics.'” Preclinical evidences

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



oNOYTULT D WN =

BMJ Open

suggest that use of dexmedetomidine might attenuate neurotoxicity induced by
general anesthetics.'®"” In a meta-analysis, intraoperative administration of
dexmedetomidine lowers postoperative pain intensity and reduces opioid
consumption.”’ Clinical evidence also showed that intraoperative dexmedetomidine
significantly inhibits hyper-secretion of inflammatory cytokines during and after
surgery.zl'22

Use of dexmedetomidine during general anesthesia may reduce POD. In
pediatric patients undergoing tonsillectomy and cardiac surgery, intraoperative
infusion of dexmedetomidine lowered the incidence of emergence delirium.”*** In
adult patients undergoing cardiac surgery and microvascular free flap surgery,
intraoperative dexmedetomidine (comparison with normal saline) slightly decreased
the incidence of delirium, although the differences were not statistically significant
between two groups possibly due to underpowered sample size.”>*° In a recent study
of Deiner et al.,”” use of dexmedetomidine during general anesthesia did not reduce
delirium after major non-cardiac surgery in the elderly. However, in that study,
anesthesia depth was not monitored and the consumption of anesthetics (such as
propofol and fentanyl) was similar between the two groups. It was possible that
patients in the dexmedetomidine group received deeper anesthesia which might have
increased the risk of delirium.?” Therefore, the effects of dexmedetomidine
administered during general anesthesia on the occurrence of POD need to be
evaluated further.

This study is designed to investigate whether dexmedetomidine use during

general anesthesia can decrease the incidence of POD in elderly patients after major

non-cardiac surgery.
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Method and analysis

Study design

This randomized, double-blinded, and placebo-controlled trial with two parallel arms
is designed to test the superiority of dexmedetomidine administered during general
anesthesia on the incidence of delirium after surgery. Patients will be randomized into
either the dexmedetomidine group or the control group (Figure 1). The study is
conducted in the Department of Anesthesiology and Critical Care Medicine of Peking
University First Hospital.

Ethics approval

The study protocol (version 1.1, issue date Nov, 2015) was approved by Clinical
Research Ethics Committee of Peking University First Hospital (2015-987). Any
protocol modifications will be submitted for review and approval by the Ethics
Committee. The trial was registered at Chinese Clinical Trial Registry
(http://www.chictr.org.cn) on December 1, 2015, with identifier ChiCTR-IPR-
15007654. Written informed consents are obtained from patients or their surrogate in
law.

Participants

Elderly (age = 60 years) patients who are scheduled to undergo elective non-cardiac

surgery with expected duration = 2 hours under general anesthesia are screened for
inclusion. Those who meet any of the following criteria will be excluded: (1) do not
provide written informed consents; (2) previous history of schizophrenia, epilepsy or
Parkinson disease; (3) visual, hearing, language or other barrier which impede
communication and preoperative delirium assessment; (4) neurosurgery or traumatic

brain injury; (5) severe bradycardia (heart rate less than 40 beats per minute), sick
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sinus syndrome or atrioventricular block of degree 2 or above; (6) severe hepatic
dysfunction (Child-Pugh grade C); or (7) renal failure (requirement of renal
replacement therapy).

Patient recruitment and baseline data collection

Potential participants are screened by qualified investigators the day before surgery
(or on Friday for those who will undergo surgery next Monday). The study protocol
including potential risks and benefits is explained in detail. Those who meet the
inclusion and exclusion are invited to participate in the study.

After obtaining written informed consents, the following baseline data are
collected: demographic data, preoperative diagnosis, comorbidity, current medical
therapy, previous surgery, and main results of physical and laboratory examinations.
Barthel index is used for evaluation of activities of daily living.28 Cognitive function
is assessed with Mini-Mental State Examination (MMSE).*’ Preoperative delirium is
assessed with confusion assessment method (CAM).*°
Randomization, grouping and blinding
Random numbers were created by an independent statistician using SAS statistical
package version 9.3 (SAS Institute, Cary, NC, USA) in a 1:1 ratio and were sealed in
sequentially numbered envelopes. A study coordinator, who does not participate in
anesthesia and postoperative follow-up of enrolled patients, will open envelop for
random numbers and prepare study drugs before induction of anesthesia. In this way,
patients are randomly divided into either dexmedetomidine or control group.

Information regarding randomization, study drug preparation and group
allocation will be masked from investigators who perform data collection and
postoperative follow-up, anesthesiologists, patients and other healthcare team

members. Blinding will be maintained throughout the entire study period.
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To ensure patients’ safety, study group allocation can be unmasked in the
following conditions, i.e., occurrence of severe adverse events or any unexpected
deterioration in the patient’s clinical status. These situations will be documented in
the Case Report Forms (CRFs). The unmasked patients will be included in the
intention-to-treat population but excluded from per-protocol analysis.
Interventions, anesthesia and analgesia

Intraoperative monitoring includes electrocardiogram, noninvasive blood pressure,

pulse oxygen saturation, end-tidal carbon dioxide, nasopharyngeal temperature, urine

output, and bispectral index (BIS). Intraarterial pressure (including derivative

dynamic parameters such as stroke volume variation by FlowTrac system) and central

venous pressure are monitored according to patients’ conditions.

Study drugs, either 200 pg (2 ml) dexmedetomidine (Jiangsu Hengrui Medicine

Co, Ltd, Jiangsu, China) or 2 ml normal saline, are diluted in 50 ml normal saline. All

study drugs are colorless solution provided in syringes of the same size and brand.

The regimen of study drug administration includes a loading dose of 0.15 ml/kg (i.e.,

0.6 pg/kg dexmedetomidine for patients in the dexmedetomidine group) administered

during a 10-minute period before anesthesia induction. This is followed by a
continuous infusion at a rate of 0.125 ml/kg/h (i.e., a rate of 0.5 pg/kg/h
dexmedetomidine for patients in the dexmedetomidine group) till 1 hour before the
end of surgery. Study drug infusion is performed by an infusion pump specially
designed for dexmedetomidine administration (Slgo” CP1000, Beijing Slgo medical
technology Co., Ltd.).

Attending anesthesiologists can decrease or stop study drug infusion in the
following conditions: (1) severe bradycardia or hypotension which does not improve

after routine treatment; (2) new onset atrioventricular block which does not improve
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after routine treatment; or (3) other conditions that anesthesiologists consider it
necessary. In these conditions the reasons that lead to any protocol deviations will be
recorded in the Case Report Forms. These patients will be included in the intention-
to-treat analysis but excluded from the per-protocol analysis.

Total intravenous anesthesia is performed for all patients. Anesthesia is induced
with intravenous sufentanil (target controlled infusion with effect-site concentration
from 0.2 to 0.5 ng/ml) and propofol (2-3 mg/kg) and maintained with sufentanil
(effect-site concentration from 0.2 to 0.5 ng/ml) and propofol (4-12 mg/kg/h).
Rocuronium and/or cisatracurium are administered for muscle relaxation. The mean
arterial pressure is maintained above 60 mmHg or within 20% from baseline. BIS is
maintained between 40 and 60. Mechanical ventilated is performed with a 1:1 nitrous
oxide-oxygen mixture.

All patients are transferred to post-anesthesia care unit (PACU) or intensive care
unit (ICU) before they are sent back to general wards. Patient-controlled intravenous
analgesia (PCIA) is provided for all patients, which is established with 0.5 mg/ml
morphine in 100 ml normal saline and programmed to deliver a 1 mg bolus with a
lock-out interval of 8 minutes and a background infusion at 0.5 mg/h. Supplemental
morphine at dose of 2 to 4 mg will be administered at 10-minute intervals if the
numeric rating scale (NRS) pain score (a 11-point scale where 0 indicates no pain and
10 indicates the worst pain) remains above 4 after 3 consecutive PCIA boluses.’’
Outcome assessment
Patients are followed up twice daily during the first 5 postoperative days and then
weekly until 30 days after surgery.

Primary endpoint

11
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The primary endpoint is the incidence of delirium during the first 5 days after surgery.
Delirium is assessed twice daily (at 08:00-09:00 and 19:00-20:00, respectively) with
CAM for non-intubated patients3 % or CAM for the Intensive Care Unit (CAM-ICU)
for intubated patients.’ These delirium assessment methods had been used in our
previous studies.”™*!' For patients who are discharged or died within 5 days after
surgery, the results of last delirium assessment will be considered the results of the
missing data. These patients will be excluded when calculating daily prevalence of
delirium in a post-hoc analysis.

Investigators who are responsible for delirium assessment and postoperative
follow-up are not involved in anesthesia and perioperative care. Before the beginning
of the study, they are trained by a psychiatrist to perform delirium assessment and the
training process is repeated at 4-month intervals during the study period.”>"*'
Secondary endpoints
Postoperative pain intensities at rest and with movement are assessed with NRS pain
score at 24, 48 and 72 hours after surgery, respectively.”’ Cumulative morphine
consumptions at these time points are recorded. Subjective sleep quality is assessed
with NRS (an 11-point scale where 0 indicates the worst possible sleep and 10 the
best possible sleep) at 08:00 on the first, second and third morning after surgery.> >’
Other secondary endpoints include non-delirium complications within 30 days after
surgery, length of stay in hospital after surgery and all-cause 30-day mortality. Non-
delirium complications are generally defined as new-onset non-delirium conditions
after surgery that are harmful to patients’ recovery and require therapeutic

intervention.

Safety outcomes

12
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In the present study, adverse events are monitored from the start of study drug
administration until PACU discharge or 2 hours after ICU admission. Hypotension is
defined as systolic blood pressure of less than 90 mmHg or a decrement of more than
30% from baseline. Hypertension is defined as systolic blood pressure of more than
180 mmHg or an increment of more than 30% from baseline. Bradycardia is defined
as heart rate of less than 40 beats per minute. Tachycardia is defined as heart rate of
more than 100 beats per minute. Desaturation is defined as SpO, of less than 90%.
Emergence agitation is defined as a Richmond Agitation-Sedation Scale (RASS)
score of more than +2 within 30 minutes after extubation. Delayed extubation is
defined when time to extubation is more than 2 hours (from the end of surgery) in
PACU patients or more than 4 hours in ICU patients.” ***°

Severe adverse events that impede patient’s safety or prolong in-hospital stay will
be reported to Clinical Research Ethics Committee of Peking University First
Hospital within 24 hours. For patients who suffered harm from present trial, medical
treatment will be initiated as soon as possible and compensation will be completed
according to local laws and regulations.
Data monitoring and management
Original data will be recorded in the CRFs accordingly. ALL data will be kept
confidentially. The completed CRFs will be checked by a study coordinator who is
qualified by the principal investigator. Supplementations and corrections will be made
when necessary. Data entry will be performed in a double-input and double-check
way with the Data Management System (Fantastic Eight Tech. Co., Ltd, Beijing,
China) of the Peking University First Hospital.

The conduct of the study and the quality of data will be monitored by the

Clinical Research Ethics Committee of Peking University First Hospital. Data

13
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management and statistical analysis will be performed by the Department of
Biostatistics of Peking University First Hospital. Considering that dexmedetomidine
has been widely used during general anesthesia and its safety has been confirmed, no
interim analysis will be performed and the trial will continue until the target sample
size is achieved.
Statistical analysis
Sample size calculation
In our previous study, the incidence of delirium was 14.8% in elderly patients after
non-cardiac surgery.” Previous studies reported that intraoperative dexmedetomidine
decreased the incidence of POD by 60-77% in comparison with placebo.”> > We
assumed that the incidence of POD will be reduced from 14.8% to 7.4% (i.e., a 50%
reduction) in the present study. With the power set at 80% and significant level at
0.05, 564 patients are required to detect the difference. Considering a loss to follow-
up rate of about 9%, we plan to enroll 620 patients in this study.
Outcome analysis
Continuous data with normal distribution will be compared using independent sample
T-test. Continuous data with asymmetric distribution will be compared using
independent sample Mann-Whitney U test. Categorical data will be compared using
Chi-squared test or continuity correction Chi-squared test. The difference (and 95%
confidence interval of the difference) between two means or medians will be
estimated using the methodology of Levene’s test or Hodges-Lehmann estimator.
Time-to-event data will be analyzed by survival analysis with differences between
groups compared with log-rank test.

Statistical analyses will be performed with the SPSS 14.0 (SPSS, Inc., Chicago,

IL) and SAS 9.3 (SAS Institute, Cary, NC, USA). All tests are two tailed, and P

14
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values of less than 0.05 are considered to be statistically significant. The Bonferroni

adjustment is made to control type I error for multiple testing.
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Discussion

This randomized, double-blinded, placebo-controlled single center trial is designed to

oNOYTULT D WN =

investigate if dexmedetomidine administration during general anesthesia can decrease
the incidence of POD in elderly patients after major non-cardiac surgery.

14 In the present study, the dosing regimen of dexmedetomidine is similar to our

16 previous study because it does not increase drug-related adverse events (such as

18 severe bradycardia and hypotension).** Furthermore, the CAM and CAM-ICU are

20 used to assess delirium in patients with or without intubation, respectively.’®** Both
CAM and CAM-ICU have been translated and validated in Chinese population.®*
Feasibility of these two assessment tools have been confirmed in our previous

57 studies.” *! To maintain the quality of delirium assessment, investigators in charge of
29 postoperative follow-up are trained by a psychiatrist before the study and will be

31 retrained at 4-month intervals.

33 The strengths of the present study include the following when compared with
previous studies.”*** Firstly, a randomized, double-blind, and placebo-controlled
study design with a relative large sample size (620 patients) is adopted. Results of the
40 study will provide high quality evidences. Secondly, BIS level is monitored in all

42 enrolled patients, which will help us to avoid unnecessary and potentially harmful

44 deep anesthesia. Thirdly, safety data will be recorded in detail.

Trail status:
This study is currently at stage of patient enrollment and data collection. The current

53 version of study protocol is V1.1 and is approved on November 27, 2015. Patient

58 16
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recruitment started from December 2, 2015 and is expected to be finished by March

31, 2018.
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List of abbreviations

POD=postoperative delirium; IL=interleukins; CRP=C-reactive protein; TNF=tumor
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necrosis factor; IRB=Institutional Review Board; MMSE=Mini-Mental State
Examination; CAM=confusion assessment method (CAM); BIS=Bispectral index;
14 NRS=numeric rating scale; CAM-ICU=confusion assessment method-intensive care

16 unit
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Figure legend

Figure 1. Flowchart of this study.
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3 1 Abstract for protocol

4

5 2

6

/ 3 Introduction: Delirium is a common complication in the elderly after surgery and is
8

?O 4 associated with worse outcomes. Multiple risk factors are related with postoperative
1 . . . . .

12 5  delirium, such as exposure to general anesthetics, pain and inflammatory response.
13

14 6  Preclinical and clinical studies reported that dexmedetomidine could attenuate

15

16 7  neurotoxicity induced by general anesthetics, improve pain management and inhibit
17

18 8 inflammatory response. Several studies observed the relationship between

19

20 9  intraoperative use of dexmedetomidine and postoperative delirium, but the results

21

;g 10 were inconsistent. This study is designed to investigate the impact of

;g 11 dexmedetomidine administered during general anesthesia in preventing delirium in
26

57 12 elderly patients after major non-cardiac surgery.

28

29 13 Method and analysis: This is a randomized, double-blinded, and placebo-controlled
30

31 14 trial. 620 elderly patients (age > 60 years) who are scheduled to undertake elective
32

33 15  major non-cardiac surgery (with an expected duration 2 2 hours) are randomly

34

22 16  divided into two groups. For patients in dexmedetomidine group, a loading dose

37 . 1 . .. . 4 .

38 17  dexmedetomidine (0.6 pg/kg) will be administered in 10 minutes before anesthesia
39

40 18  induction, followed by a continuous infusion at a rate of 0.5 pg/kg/h till 1 hour before
41

42 19  the end of surgery. For patients in control group, normal saline will be administered in
43

44 20  the same rate and volume as in the dexmedetomidine group. The primary endpoint is
45

23 21  the incidence of delirium during the first five postoperative days. Secondary

22 22 endpoints include pain intensity, cumulative opioid consumption and subjective sleep
50 . . . . ..

51 23 quality during the first 3 postoperative days, and the incidence of non-delirium

52

53 24 complications and all-cause mortality within 30 days after surgery.

54

55

56

57 3
58

59
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Ethics and dissemination: The study protocol was approved by Clinical Research
Ethics Committee of Peking University First Hospital (2015-987) and registered at
Chinese Clinical Trial Registry (http://www.chictr.org.cn) with identifier ChiCTR-
IPR-15007654. Results of the study will be presented at academic conferences and

submitted to peer-reviewed journals.

Key words: intraoperative dexmedetomidine; postoperative delirium; old patient;

major non-cardiac surgery
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Strengths and limitations

The study will investigate the impact of dexmedetomidine infusion during general
anesthesia on the incidence of delirium in elderly patients after non-cardiac
surgery.

The study designed will be a randomized, double-blinded and placebo-controlled,
with a relative large sample size.

Anesthesia depth (Bispectral index) will be monitored to guide anesthesia
maintenance. This will overcome an important limitation in a recent trial.

One limitation is that this is a single center trial, which will limit the
generalizability of our results. Another limitation is that only early outcomes (up

to 30 days after surgery) will be explored.
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Introduction

Delirium is a transient brain dysfunction which is characterized by altered
consciousness, inattention, and changes in cognition or perception; it develops acutely
with clinical manifestations fluctuate during the course of the day.' Prevalence of
delirium varies from 12% to 51% in patients after non-cardiac surgery, and its
prevalence increases with age.” The occurrence of postoperative delirium (POD) is
associated with worsen outcomes including prolonged mechanical ventilation and
intensive care unit stay, increased postoperative complications, high mortality rate
and long-term cognitive decline.””

The etiology of POD is multifactorial and includes several intraoperative
factors.® For example, exposure to general anesthetics (e.g., propofol or sevoflurane)
might produce neurotoxicity; * whereas reduced anesthetic exposure by avoiding
deep anesthesia reduced the occurrence of delirium in elderly patients undergoing
major non-cardiac surgery.’ Poor pain management is another risk factor of POD.* '
It was reported that the risk of postoperative delirium was 1.2 times higher for every
unit increment in visual analogue pain score (an 11-point pain scale where 0 indicates
no pain and 10 the most severe pain).'’ Inflammation is also proposed to play an
important role in the pathogenesis of POD.? Inflammatory responses induced by
surgery and anesthesia are manifested by elevated levels of interleukins (IL), C-

2,12

reactive protein (CRP) and tumor necrosis factor (TNF).” "~ Studies by our group and

other found that higher levels of inflammatory mediators are associated with
increased risk of POD.> 11

Dexmedetomidine is a highly selective a2-receptor agonist with sedative,

analgesic and anxiolytic effects.”?! When used as a supplement during intraoperative
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anesthesia, it reduces the consumption of general anesthetics.'” Preclinical evidences
suggest that use of dexmedetomidine might attenuate neurotoxicity induced by
general anesthetics.'®"” In a meta-analysis, intraoperative administration of
dexmedetomidine lowers postoperative pain intensity and reduces opioid
consumption.”” Clinical evidence also showed that intraoperative dexmedetomidine
significantly inhibits hyper-secretion of inflammatory cytokines during and after
surgery.2 -2

Use of dexmedetomidine during general anesthesia may reduce POD. In
pediatric patients undergoing tonsillectomy and cardiac surgery, intraoperative
infusion of dexmedetomidine lowered the incidence of emergence delirium.**** In
adult patients undergoing cardiac surgery and microvascular free flap surgery,
intraoperative dexmedetomidine (comparison with normal saline) slightly decreased
the incidence of delirium, although the differences were not statistically significant
between two groups possibly due to underpowered sample size.”>*° In a recent study
of Deiner et al.,”” use of dexmedetomidine during general anesthesia did not reduce
delirium after major non-cardiac surgery in the elderly. However, in that study,
anesthesia depth was not monitored and the consumption of anesthetics (such as
propofol and fentanyl) was similar between the two groups. It was possible that
patients in the dexmedetomidine group received deeper anesthesia which might have
increased the risk of delirium.?” Therefore, the effects of dexmedetomidine
administered during general anesthesia on the occurrence of POD need to be
evaluated further.

This study is designed to investigate whether dexmedetomidine use during

general anesthesia can decrease the incidence of POD in elderly patients after major

non-cardiac surgery.

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



oNOYTULT D WN =

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

BMJ Open Page 8 of 32

Method and analysis

Study design

This randomized, double-blinded, and placebo-controlled trial with two parallel arms
is designed to test the superiority of dexmedetomidine administered during general
anesthesia on the incidence of delirium after surgery. Patients will be randomized into
either the dexmedetomidine group or the control group (Figure 1). The study is
conducted in the Department of Anesthesiology and Critical Care Medicine of Peking
University First Hospital.

Ethics approval

The study protocol (version 1.1, issue date Nov, 2015) was approved by Clinical
Research Ethics Committee of Peking University First Hospital (2015-987). Any
protocol modifications will be submitted for review and approval by the Ethics
Committee. The trial was registered at Chinese Clinical Trial Registry
(http://www.chictr.org.cn) on December 1, 2015, with identifier ChiCTR-IPR-
15007654. Written informed consents are obtained from patients or their surrogate in
law.

Participants

Elderly (age > 60 years) patients who are scheduled to undergo elective non-cardiac
surgery with expected duration > 2 hours under general anesthesia are screened for
inclusion. Those who meet any of the following criteria will be excluded: (1) do not
provide written informed consents; (2) previous history of schizophrenia, epilepsy or
Parkinson disease; (3) visual, hearing, language or other barrier which impede
communication and preoperative delirium assessment; (4) neurosurgery or traumatic

brain injury; (5) severe bradycardia (heart rate less than 40 beats per minute), sick
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sinus syndrome or atrioventricular block of degree 2 or above; (6) severe hepatic
dysfunction (Child-Pugh grade C); or (7) renal failure (requirement of renal
replacement therapy).

Patient recruitment and baseline data collection

Potential participants are screened by qualified investigators the day before surgery
(or on Friday for those who will undergo surgery next Monday). The study protocol
including potential risks and benefits is explained in detail. Those who meet the
inclusion and exclusion criteria are invited to participate in the study.

After obtaining written informed consents, the following baseline data are
collected: demographic data, preoperative diagnosis, comorbidity, current medical
therapy, previous surgery, and main results of physical and laboratory examinations.
Barthel index is used for evaluation of activities of daily living.28 Cognitive function
is assessed with Mini-Mental State Examination (MMSE).*’ Preoperative delirium is
assessed with confusion assessment method (CAM).*°
Randomization, grouping and blinding
Random numbers were created by an independent statistician using SAS statistical
package version 9.3 (SAS Institute, Cary, NC, USA) in a 1:1 ratio and were sealed in
sequentially numbered envelopes. A study coordinator, who has no knowledge of
patients before randomization and does not participate in anesthesia and postoperative
follow-up of enrolled patients, will open envelop for random numbers and prepare
study drugs before induction of anesthesia. In this way, patients are randomly divided
into either dexmedetomidine or control group.

Information regarding randomization, study drug preparation and group

allocation will be masked from investigators who perform data collection and
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postoperative follow-up, anesthesiologists, patients and other healthcare team
members. Blinding will be maintained throughout the entire study period.

To ensure patients’ safety, study group allocation can be unmasked in the
following conditions, i.e., occurrence of severe adverse events or any unexpected
deterioration in the patient’s clinical status. These situations will be documented in
the Case Report Forms (CRFs). The unmasked patients will be included in the
intention-to-treat population but excluded from per-protocol analysis.

Interventions, anesthesia and analgesia

Intraoperative monitoring includes electrocardiogram, noninvasive blood pressure,
pulse oxygen saturation, end-tidal carbon dioxide, nasopharyngeal temperature, urine
output, and bispectral index (BIS). Intraarterial pressure (including derivative
dynamic parameters such as stroke volume variation by FlowTrac system) and central
venous pressure are monitored according to patients’ conditions.

Study drugs, either 200 ug (2 ml) dexmedetomidine (Jiangsu Hengrui Medicine
Co, Ltd, Jiangsu, China) or 2 ml normal saline, are diluted in 50 ml normal saline. All
study drugs are colorless solution provided in syringes of the same size and brand.
The regimen of study drug administration includes a loading dose of 0.15 ml/kg (i.e.,
0.6 pg/kg dexmedetomidine for patients in the dexmedetomidine group) administered
during a 10-minute period before anesthesia induction. This is followed by a
continuous infusion at a rate of 0.125 ml/kg/h (i.e., a rate of 0.5 pg/kg/h
dexmedetomidine for patients in the dexmedetomidine group) till 1 hour before the
end of surgery. Study drug infusion is performed by an infusion pump specially
designed for dexmedetomidine administration (Slgo” CP1000, Beijing Slgo medical

technology Co., Ltd.).
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Attending anesthesiologists can decrease or stop study drug infusion in the
following conditions: (1) severe bradycardia or hypotension which does not improve
after routine treatment; (2) new onset atrioventricular block which does not improve
after routine treatment; or (3) other conditions that anesthesiologists consider it
necessary. In these conditions the reasons that lead to any protocol deviations will be
recorded in the Case Report Forms. These patients will be included in the intention-
to-treat analysis but excluded from the per-protocol analysis.

Total intravenous anesthesia is performed for all patients. Anesthesia is induced
with intravenous sufentanil (target controlled infusion with effect-site concentration
from 0.2 to 0.5 ng/ml) and propofol (2-3 mg/kg) and maintained with sufentanil
(effect-site concentration from 0.2 to 0.5 ng/ml) and propofol (4-12 mg/kg/h).
Rocuronium and/or cisatracurium are administered for muscle relaxation. The mean
arterial pressure is maintained above 60 mmHg or within 20% from baseline. BIS is
maintained between 40 and 60. Body temperature is maintained with air-warming and
fluid heating systems. The target of nasopharyngeal temperature maintenance during
surgery is from 36.0 to 37°C. Mechanical ventilated is performed with a 1:1 nitrous
oxide-oxygen mixture.

All patients are transferred to post-anesthesia care unit (PACU) or intensive care
unit (ICU) before they are sent back to general wards. Patient-controlled intravenous
analgesia (PCIA) is provided for all patients, which is established with 0.5 mg/ml
morphine in 100 ml normal saline and programmed to deliver a 1 mg bolus with a
lock-out interval of 8 minutes and a background infusion at 0.5 mg/h. Supplemental
morphine at dose of 2 to 4 mg will be administered at 10-minute intervals if the

numeric rating scale (NRS) pain score (a 11-point scale where 0 indicates no pain and

11

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



oNOYTULT D WN =

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

BMJ Open

10 indicates the worst pain) remains above 4 after 3 consecutive PCIA boluses.”!
Other postoperative managements were performed according to routine practice.
Outcome assessment

Patients are followed up twice daily during the first 5 postoperative days and
then weekly until 30 days after surgery. Investigators who are responsible for
postoperative follow-up are not involved in anesthesia and perioperative care, and are
not allowed to exchange patients’ information with anesthesiologists who take care of
patients in the operating room. Before the beginning of the study, investigators are
trained to follow the study protocol and to perform delirium assessment and the
training process is repeated at 4 to 6 months intervals during the study period.*>">!
The 4-hour training courses of delirium assessment include the following contents: (1)
lectures regarding signs/symptoms, diagnosis and treatment of delirium by
psychiatrists; (2) training courses of the use of CAM and CAM-ICU on patient-actors
(trained ICU physicians or nurses who act as patients with or without delirium)
conducted by psychiatrists. The process continued until 100% agreement is achieved
in diagnosing delirium.
Primary endpoint
The primary endpoint is the incidence of delirium during the first 5 days after surgery.
Delirium is assessed twice daily (at 08:00-09:00 and 19:00-20:00, respectively) with
CAM for non-intubated patients3 % or CAM for the Intensive Care Unit (CAM-ICU)
for intubated patients.’* These delirium assessment methods had been used in our
previous studies.”™ ' For patients who are discharged or died within 5 days after
surgery, the results of last delirium assessment will be considered the results of the
missing data. These patients will be excluded when calculating daily prevalence of

delirium in a post-hoc analysis.
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Secondary endpoints

Postoperative pain intensities at rest and with movement are assessed with NRS pain
score at 24, 48 and 72 hours after surgery, respectively.”’ Cumulative morphine
consumptions at these time points are recorded. Subjective sleep quality is assessed
with NRS (an 11-point scale where 0 indicates the worst possible sleep and 10 the
best possible sleep) at 08:00 on the first, second and third morning after surgery.3’ 3
Other secondary endpoints include non-delirium complications within 30 days after
surgery, length of stay in hospital after surgery and all-cause 30-day mortality. Non-
delirium complications are generally defined as new-onset non-delirium conditions
after surgery that are harmful to patients’ recovery and require therapeutic
intervention.

Safety outcomes

In the present study, adverse events are monitored from the start of study drug
administration until PACU discharge or 2 hours after I[CU admission. Hypotension is
defined as systolic blood pressure of less than 90 mmHg or a decrement of more than
30% from baseline. Hypertension is defined as systolic blood pressure of more than
180 mmHg or an increment of more than 30% from baseline. Bradycardia is defined
as heart rate of less than 40 beats per minute. Tachycardia is defined as heart rate of
more than 100 beats per minute. Desaturation is defined as SpO, of less than 90%.
Emergence agitation is defined as a Richmond Agitation-Sedation Scale (RASS)
score of more than +2 within 30 minutes after extubation. Delayed extubation is
defined when time to extubation is more than 2 hours (from the end of surgery) in
PACU patients or more than 4 hours in ICU patients.” ***°

Severe adverse events, i.e., those that might result in patient’s

disability/deformity, prolong in-hospital stay, or life threatening events, will be
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reported to Clinical Research Ethics Committee of Peking University First Hospital
within 24 hours. For patients who suffered harm from present trial, medical treatment
will be initiated as soon as possible and compensation will be completed according to
local laws and regulations.

Data monitoring and management

Original data will be recorded in the CRFs accordingly. ALL data will be kept

confidentially. The completed CRFs will be checked by a study coordinator who is

qualified by the principal investigator. Supplementations and corrections will be made

when necessary. Data entry will be performed in a double-input and double-check
way with the Data Management System (Fantastic Eight Tech. Co., Ltd, Beijing,
China) of the Peking University First Hospital.

The conduct of the study and the quality of data will be monitored by the
Clinical Research Ethics Committee of Peking University First Hospital. Data
management and statistical analysis will be performed by the Department of
Biostatistics of Peking University First Hospital. Considering that dexmedetomidine
has been widely used during general anesthesia and its safety has been confirmed, no
interim analysis will be performed and the trial will continue until the target sample
size is achieved.

Statistical analysis

Sample size calculation

In our previous study, the incidence of delirium was 14.8% in elderly patients after
non-cardiac surgery.” Previous studies reported that intraoperative dexmedetomidine
decreased the incidence of POD by 60-77% in comparison with placebo.*>* We
assumed that the incidence of POD will be reduced from 14.8% to 7.4% (i.e., a 50%

reduction) in the present study. With the power set at 80% and significant level at
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0.05, 564 patients are required to detect the difference. Considering a loss to follow-
up rate of about 9%, we plan to enroll 620 patients in this study.
Outcome analysis
Continuous data with normal distribution will be compared using independent sample
T-test. Continuous data with asymmetric distribution will be compared using
independent sample Mann-Whitney U test. Categorical data will be compared using
Chi-squared test or continuity correction Chi-squared test. The difference (and 95%
confidence interval of the difference) between two means or medians will be
estimated using the methodology of Levene’s test or Hodges-Lehmann estimator.
Time-to-event data will be analyzed by survival analysis with differences between
groups compared with log-rank test.

Statistical analyses will be performed with the SPSS 14.0 (SPSS, Inc., Chicago,
IL) and SAS 9.3 (SAS Institute, Cary, NC, USA). All tests are two tailed, and P
values of less than 0.05 are considered to be statistically significant. The Bonferroni

adjustment is made to control type I error for multiple testing.
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Discussion

This randomized, double-blinded, placebo-controlled single center trial is designed to
investigate if dexmedetomidine administration during general anesthesia can decrease
the incidence of POD in elderly patients after major non-cardiac surgery.

In the present study, the dosing regimen of dexmedetomidine is similar to our
previous study because it does not increase drug-related adverse events (such as
severe bradycardia and hypotension).** Furthermore, the CAM and CAM-ICU are
used to assess delirium in patients with or without intubation, respectively.’®** Both
CAM and CAM-ICU have been translated and validated in Chinese population.®*
Feasibility of these two assessment tools have been confirmed in our previous
studies.”™ *! To maintain the quality of delirium assessment, investigators in charge of
postoperative follow-up are trained by a psychiatrist before the study and will be
retrained at 4 to 6-month intervals.

Because of the hemodynamic and anesthetic-sparing effect of dexmedetomidine,
it is not very difficult for the experienced anesthesiologists to guess which study drug
is administrated. This might weak the blinding to anesthesiologists. However, in the
present study, investigators who are responsible for postoperative follow-up and
delirium assessment are not involved in anesthesia and perioperative care; and they
are not allowed to exchange patients’ information with anesthesiologists who take
care of patients in the operating room. In this way the blinding of investigators to
study group assignment can be guaranteed.

The strengths of the present study include the following when compared with
previous studies.”** Firstly, a randomized, double-blind, and placebo-controlled

study design with a relative large sample size (620 patients) is adopted. Results of the
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study will provide high quality evidences. Secondly, BIS level is monitored in all
enrolled patients, which will help us to avoid unnecessary and potentially harmful
deep anesthesia. Thirdly, safety data will be recorded in detail. Our study also has
some limitations. One is that this is a single center trial, which will limit the external
validity of our results. Another one is that only early outcomes (up to 30 days after

surgery) will be explored.

Trail status:

This study is currently at stage of patient enrollment and data collection. The current
version of study protocol is V1.1 and is approved on November 27, 2015. Patient
recruitment started from December 2, 2015 and is expected to be finished by March

31, 2018.
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List of abbreviations

POD=postoperative delirium; IL=interleukins; CRP=C-reactive protein; TNF=tumor
necrosis factor; IRB=Institutional Review Board; MMSE=Mini-Mental State
Examination; CAM=confusion assessment method (CAM); BIS=Bispectral index;
NRS=numeric rating scale; CAM-ICU=confusion assessment method-intensive care

unit
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Figure legend

Figure 1. Flowchart of this study.
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B SPIRITV

STANDARD PROTOCOL ITEMS: RECOMMENDATIONS FOR INTERVENTIONAL TRIALS

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents*

Page 28 of 32

Section/item Item Description
No

Addressed on
page number

Administrative information
Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, trial acronym
Trial registration 2a Trial identifier and registry name. If not yet registered, name of intended registry

2b All items from the World Health Organization Trial Registration Data Set

Protocol version 3 Date and version identifier
Funding 4 Sources and types of financial, material, and other support
Roles and 5a Names, affiliations, and roles of protocol contributors
responsibilities . . .
b Name and contact information for the trial sponsor
5c Role of study sponsor and funders, if any, in study design; collection, management, analysis, and

interpretation of data; writing of the report; and the decision to submit the report for publication, including
whether they will have ultimate authority over any of these activities

5d Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint
adjudication committee, data management team, and other individuals or groups overseeing the trial, if
applicable (see Item 21a for data monitoring committee)

Introduction
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1

2

3 Background and 6a Description of research question and justification for undertaking the trial, including summary of relevant 6-7

4 rationale studies (published and unpublished) examining benefits and harms for each intervention

5

6 6b Explanation for choice of comparators 6-7, 10
; Objectives 7 Specific objectives or hypotheses 7

?O Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single group),

11 allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory) 8

12

13 Methods: Participants, interventions, and outcomes

14

15  Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries where data will 8

16 be collected. Reference to where list of study sites can be obtained

17

18  Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and 8-9
19 individuals who will perform the interventions (eg, surgeons, psychotherapists)

20

21 Interventions 11a Interventions for each group with sufficient detail to allow replication, including how and when they will be 10

22 administered

23

24 11b  Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug dose 10-11
25 change in response to harms, participant request, or improving/worsening disease)

26

27 11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence 10-11
28 (eg, drug tablet return, laboratory tests)

29

30 11d Relevant concomitant care and interventions that are permitted or prohibited during the trial N/A
31

32 Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic blood

33 pressure), analysis metric (eg, change from baseline, final value, time to event), method of aggregation (eg, 12-15
34 median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen

22 efficacy and harm outcomes is strongly recommended

37 Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits for Figure 1
gg participants. A schematic diagram is highly recommended (see Figure)

40
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Sample size 14

Recruitment 15

Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence 16a
generation

Allocation 16b
concealment
mechanism

Implementation 16¢

Blinding (masking) 17a

17b

Methods: Data collection, management, and analysis

Data collection 18a
methods

18b

Estimated number of participants needed to achieve study objectives and how it was determined, including
clinical and statistical assumptions supporting any sample size calculations

Strategies for achieving adequate participant enrolment to reach target sample size

Method of generating the allocation sequence (eg, computer-generated random numbers), and list of any
factors for stratification. To reduce predictability of a random sequence, details of any planned restriction
(eg, blocking) should be provided in a separate document that is unavailable to those who enrol participants

or assign interventions

Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered,
opaque, sealed envelopes), describing any steps to conceal the sequence until interventions are assigned

Who will generate the allocation sequence, who will enrol participants, and who will assign participants to

interventions

Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome
assessors, data analysts), and how

If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant’s
allocated intervention during the trial

Plans for assessment and collection of outcome, baseline, and other trial data, including any related
processes to promote data quality (eg, duplicate measurements, training of assessors) and a description of
study instruments (eg, questionnaires, laboratory tests) along with their reliability and validity, if known.
Reference to where data collection forms can be found, if not in the protocol

Plans to promote participant retention and complete follow-up, including list of any outcome data to be
collected for participants who discontinue or deviate from intervention protocols
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1
2
3 Data management 19 Plans for data entry, coding, security, and storage, including any related processes to promote data quality 14
4 (eg, double data entry; range checks for data values). Reference to where details of data management
5 procedures can be found, if not in the protocol
6
7 Statistical methods 20a  Statistical methods for analysing primary and secondary outcomes. Reference to where other details of the 14-15
8 statistical analysis plan can be found, if not in the protocol
9
10 20b  Methods for any additional analyses (eg, subgroup and adjusted analyses) 14-15
11
12 20c  Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), and any
13 statistical methods to handle missing data (eg, multiple imputation) 14-15
14
12 Methods: Monitoring
17 Data monitoring 21a  Composition of data monitoring committee (DMC); summary of its role and reporting structure; statement of 14
1§ whether it is independent from the sponsor and competing interests; and reference to where further details
20 about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not
21 needed
22 i C . o . . . o
23 21b  Description of any interim analyses and stopping guidelines, including who will have access to these interim 14
24 results and make the final decision to terminate the trial
25
26 Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse 13-14
27 events and other unintended effects of trial interventions or trial conduct
28
29 Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent 13-14
30 from investigators and the sponsor
31
gg Ethics and dissemination
34 Research ethics 24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval 4,8,19
35
approval
36 pp
37 Protocol 25 Plans for communicating important protocol modifications (eg, changes to eligibility criteria, outcomes, 8
gg amendments analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial registries, journals,
40 regulators)
41
42
43
44
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Consentorassent 26a  Who will obtain informed consent or assent from potential trial participants or authorised surrogates, and 8
how (see Item 32)

26b  Additional consent provisions for collection and use of participant data and biological specimens in ancillary N/A
studies, if applicable

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, and maintained 14
in order to protect confidentiality before, during, and after the trial

Declaration of 28 Financial and other competing interests for principal investigators for the overall trial and each study site 19
interests
Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual agreements that 14

limit such access for investigators

Ancillary and post- 30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial 14
trial care participation
Dissemination policy 31a  Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals, 19

the public, and other relevant groups (eg, via publication, reporting in results databases, or other data
sharing arrangements), including any publication restrictions

31b  Authorship eligibility guidelines and any intended use of professional writers 19
31c  Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical code 20
Appendices
Informed consent 32 Model consent form and other related documentation given to participants and authorised surrogates N/A
materials
Biological 33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular N/A
specimens analysis in the current trial and for future use in ancillary studies, if applicable

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items.
Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons
“Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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1

2

3 1 Abstract for protocol

4

5 2

6

/ 3 Introduction: Delirium is a common complication in elderly after surgery and is

8

?O 4 associated with worse outcomes. Multiple risk factors are related with postoperative
1 . . . . .

12 5  delirium, such as exposure to general anaesthetics, pain and postoperative

13

14 6  inflammatory response. Preclinical and clinical studies have shown that

15

16 7  dexmedetomidine attenuated neurotoxicity induced by general anaesthetics, improved
17

18 8  postoperative analgesia and inhibited inflammatory response after surgery. Several
19

20 9  studies found that intraoperative use of dexmedetomidine can prevent postoperative
21

;g 10  delirium, but data were inconsistent. This study was designed to investigate the

;g 11 impact of dexmedetomidine administered during general anaesthesia in preventing
26

57 12 delirium in elderly after major non-cardiac surgery.

28

29 13 Method and analysis: This is a randomized, double-blinded, and placebo-controlled
30

31 14 trial. 620 elderly patients (age > 60 years) who are scheduled to undertake elective
32

33 15  major non-cardiac surgery (with an expected duration 2 2 hours) are randomly

34

22 16  divided into two groups. For patients in the dexmedetomidine group, a loading dose
37 .1 . .. . 4 .
38 17  dexmedetomidine (0.6 pg/kg) will be administered in 10 minutes before anaesthesia
39

40 18  induction, followed by a continuous infusion at a rate of 0.5 pg/kg/h till 1 hour before
41

42 19  the end of surgery. For patients in the control group, normal saline will be

43

44 20  administered with an identical rate as in the dexmedetomidine group. The primary
45

23 21 endpoint is the incidence of delirium during the first five postoperative days.

22 22 Secondary endpoints include pain intensity, cumulative opioid consumption and

50 L . . . L

51 23 subjective sleep quality during the first 3 postoperative days as well as the incidence
52

53 24 of non-delirium complications and all-cause mortality within 30 days after surgery.
54

55

56

57

58 3
59
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Ethics and dissemination: The study protocol was approved by Clinical Research
Ethics Committee of Peking University First Hospital (2015-987) and registered at
Chinese Clinical Trial Registry (http://www.chictr.org.cn) with identifier ChiCTR-
IPR-15007654. The results of the study will be presented at academic conferences

and submitted to peer-reviewed journals.

Key words: Elderly; Major non-cardiac surgery; Intraoperative dexmedetomidine;

Postoperative delirium

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

Page 4 of 32



Page 5 of 32 BMJ Open

1 Strengths and limitations
Strengths

3 1. The study design will be a randomized, double-blinded and placebo-controlled,

oNOYTULT D WN =
[\

? 4 with a relative large sample size.

5 2. Anaesthesia depth (Bispectral Index) will be monitored to guide anaesthesia

14 6 maintenance to ensure patients in both groups received equal depth anaesthesia.
16 7 Limitations

18 8 1. This is a single center trial, which will limit the generalizability of our results.

20 9 2. Only early outcomes (up to 30 days after surgery) are assessed in this trial.

22 10

11
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Introduction

Delirium is a transient brain dysfunction which is characterized by altered
consciousness, inattention, and changes in cognition or perception; it develops acutely
with clinical manifestations to be fluctuated with aggressive and depressive manner
during developing course." Prevalence of delirium varies from 12% to 51% in patients
after non-cardiac surgery, and it is increased with age.”” The occurrence of
postoperative delirium (POD) is associated with worsen outcomes including
prolonged mechanical ventilation and intensive care unit stay, increased postoperative
complications, high mortality rate and long-term cognitive decline.”

The aetiology of POD is multifactorial and includes several intraoperative
factors.® For example, exposure to general anaesthetics (e.g., propofol or sevoflurane)
might produce neurotoxicity; ™ whereas reduced anaesthetic consumption by
avoiding deep anaesthesia reduced the occurrence of delirium in elderly patients
undergoing major non-cardiac surgery.’ Poor pain management is another risk factor
of POD.%* ' It was reported that the risk of postoperative delirium was 1.2 times
higher for every unit increment in visual analogue pain score (an 11-point pain scale
where 0 indicates no pain and 10 the most severe pain).'" Inflammation is also
proposed to play an important role in the pathogenesis of POD.” Inflammatory
responses induced by surgery and anaesthesia are manifested by elevated levels of
interleukins (IL), C-reactive protein (CRP) and tumor necrosis factor (TNF).> 12
Studies by our group and others found that higher levels of inflammatory mediators
are associated with increased risk of POD.* 1*"1¢:

Dexmedetomidine is a highly selective a2-receptor agonist with sedative,

analgesic and anxiolytic effects.”?! When used as a supplement during intraoperative
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anaesthesia, it reduces the consumption of general anaesthetics.'” Preclinical evidence
suggested that use of dexmedetomidine might attenuate neurotoxicity induced by
general anaesthetics.'®"” In a meta-analysis, intraoperative administration of
dexmedetomidine lowers postoperative pain intensity and reduces opioid
consumption.”” Clinical evidence also showed that intraoperative dexmedetomidine
significantly inhibits hyper-secretion of inflammatory cytokines during and after
surgery.2 -2

Use of dexmedetomidine during general anaesthesia may reduce POD. In
pediatric patients undergoing tonsillectomy and cardiac surgery, intraoperative
infusion of dexmedetomidine lowered the incidence of emergence delirium.**** In
adult patients undergoing cardiac surgery and microvascular free flap surgery,
intraoperative dexmedetomidine (comparison with normal saline) slightly decreased
the incidence of delirium, although the differences were not statistically significant
between two groups possibly due to underpowered sample size.”>*° In a recent study
of Deiner et al.,”” use of dexmedetomidine during general anaesthesia did not reduce
delirium after major non-cardiac surgery in the elderly. However, in that study,
anaesthesia depth was not monitored and the consumption of anaesthetics (such as
propofol and fentanyl) was similar between the two groups. It was possible that
patients in the dexmedetomidine group had deeper anaesthesia which might have
increased the risk of delirium.?” Therefore, the effects of dexmedetomidine
administered during general anaesthesia on the occurrence of POD need to be
evaluated further.

This study is designed to investigate whether dexmedetomidine use during

general anaesthesia can decrease the incidence of POD in elderly after major non-

cardiac surgery.
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Method and analysis

Study design

This randomized, double-blinded, and placebo-controlled trial with two parallel arms
was designed to test the superiority of dexmedetomidine administered during general
anaesthesia on the incidence of delirium after surgery. Patients will be randomized
into either the dexmedetomidine group or the control group (Figure 1). The study is
conducted in the Department of Anesthesiology and Critical Care Medicine of Peking
University First Hospital.

Ethics approval

The study protocol (version 1.1, issue date Nov, 2015) was approved by Clinical
Research Ethics Committee of Peking University First Hospital (2015-987). Any
protocol modifications will be submitted for review and approval by the Ethics
Committee. The trial was registered at Chinese Clinical Trial Registry
(http://www.chictr.org.cn) on December 1, 2015, with identifier ChiCTR-IPR-
15007654. Written informed consents are obtained from every patients or their
surrogate in law.

Participants

Elderly patients (age > 60 years) who are scheduled to undergo elective non-cardiac
surgery with expected duration > 2 hours under general anaesthesia are screened for
inclusion. Those who meet any of the following criteria will be excluded: (1) do not
provide written informed consents; (2) previous history of schizophrenia, epilepsy or
Parkinson disease; (3) visual, hearing, language or other barrier which impede
communication and preoperative delirium assessment; (4) neurosurgery or traumatic

brain injury; (5) severe bradycardia (heart rate less than 40 beats per minute), sick
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sinus syndrome or atrioventricular block of degree 2 or above; (6) severe hepatic
dysfunction (Child-Pugh grade C); or (7) renal failure (requirement of renal
replacement therapy).

Patient recruitment and baseline data collection

Potential participants are screened by investigators the day before surgery (or on
Friday for those who will undergo surgery next Monday). The study protocol
including potential risks and benefits will be explained to patients in person. Those
who do not meet the exclusion criteria are invited to participate in the study.

After obtaining written informed consents, the following baseline data are
collected: demographic data, preoperative diagnosis, comorbidity, current medical
therapy, previous surgery, and main results of physical and laboratory examinations.
Barthel index is used for evaluation of activities of daily living.28 Cognitive function
is assessed with Mini-Mental State Examination (MMSE).*’ Preoperative delirium is
assessed with confusion assessment method (CAM).*°
Randomization, grouping and blinding
Random numbers were created by an independent statistician using SAS statistical
package version 9.3 (SAS Institute, Cary, NC, USA) in a 1:1 ratio and were sealed in
envelopes. A study coordinator, who has no knowledge of patients before
randomization and does not participate in anaesthesia and postoperative follow-up of
enrolled patients, will open envelop for random numbers and prepare study drugs
before induction of anaesthesia.

Information regarding randomization, study drug preparation and group
allocation will be masked from investigators who perform data collection and
postoperative follow-up, anaesthesiologists, patients and other healthcare team

members. Blinding will be maintained throughout the entire study period.
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To ensure patients’ safety, study group allocation can be unmasked in the
following conditions, i.e., occurrence of severe adverse events or any unexpected
deterioration of patient’s clinical status. These situations will be documented in the
Case Report Forms (CRFs). The unmasked patients will be included in the intention-
to-treat population but excluded from per-protocol analysis.

Interventions, anaesthesia and analgesia

Intraoperative monitoring includes electrocardiogram, noninvasive blood pressure,
pulse oxygen saturation, end-tidal carbon dioxide, nasopharyngeal temperature, urine
output, and bispectral index (BIS). Intraarterial pressure (including derivative
dynamic parameters such as stroke volume variation by FlowTrac system) and central
venous pressure are monitored according to patients’ conditions.

Study drugs, either 200 ug (2 ml) dexmedetomidine (Jiangsu Hengrui Medicine
Co, Ltd, Jiangsu, China) or 2 ml normal saline, are diluted into 50 ml normal saline.
All study drugs are colorless solution provided in syringes of the same size and brand.
The regimen of study drug administration includes a loading dose of 0.15 ml/kg (i.e.,
0.6 pg/kg dexmedetomidine for patients in the dexmedetomidine group) administered
during a 10-minute period before anaesthesia induction. This is followed by a
continuous infusion at a rate of 0.125 ml/kg/h (i.e., a rate of 0.5 pg/kg/h
dexmedetomidine for patients in the dexmedetomidine group) till 1 hour before the
end of surgery. Study drug infusion is performed by an infusion pump specially
designed for dexmedetomidine administration (Slgo” CP1000, Beijing Slgo medical
technology Co., Ltd.).

Attending anaesthesiologists can decrease or stop study drug infusion in the
following conditions: (1) severe bradycardia or hypotension which does not improve

after routine treatment; (2) new onset atrioventricular block which does not improve

10
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after routine treatment; or (3) other conditions that anaesthesiologists consider it
necessary. In these conditions, the reasons that lead to any protocol deviations will be
recorded in the case report forms (CRF). These patients will be included in the
intention-to-treat analysis but excluded from the per-protocol analysis.

Anaesthesia is induced with intravenous sufentanil (target controlled infusion
with effect-site concentration from 0.2 to 0.5 ng/ml) and propofol (2-3 mg/kg) and
maintained with intravenous sufentanil (effect-site concentration from 0.2 to 0.5
ng/ml) and propofol (4-12 mg/kg/h) and inhalation of a 1:1 nitrous oxide-oxygen
mixture. Rocuronium and/or cisatracurium are administered for muscle relaxation.
Patients will be mechanically ventilated with a tidal volume of 6-8 ml/kg and a
positive end-expiratory pressure of 5 cm H,O. The mean arterial pressure is
maintained above 60 mmHg or within 20% from baseline. BIS is maintained between
40 and 60. Body temperature is maintained with air-warming and fluid heating
systems. The target of nasopharyngeal temperature maintenance during surgery is
from 36.0 to 37°C.

All patients are transferred to post-anaesthesia care unit (PACU) or intensive
care unit (ICU) before they are sent back to general wards. Patient-controlled
intravenous analgesia (PCIA) is provided for all patients, which is established with
0.5 mg/ml morphine in 100 ml normal saline and programmed to deliver a 1 mg bolus
with a lock-out interval of 8 minutes and a background infusion at 0.5 mg/h.
Supplemental morphine at dose of 2 to 4 mg will be administered at 10-minute
intervals if the numeric rating scale (NRS) pain score (a 11-point scale where 0
indicates no pain and 10 indicates the worst pain) remains above 4 after 3 consecutive
PCIA boluses.” Other postoperative managements were performed according to

routine practice.

11

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



oNOYTULT D WN =

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

BMJ Open

Outcome assessment

Patients are followed up twice daily during the first 5 postoperative days and then
weekly until 30 days after surgery. Investigators who are responsible for
postoperative follow-up are not involved in anaesthesia and perioperative care, and
are not allowed to exchange patients’ information with anaesthesiologists who take
care of patients in the operating room. Before the beginning of the study, investigators
are trained to follow the study protocol and to perform delirium assessment and the
training process is repeated at 4 to 6 months intervals during the study period.*>->!
The 4-hour training courses of delirium assessment include the following contents: (1)
lectures regarding signs/symptoms, diagnosis and treatment of delirium by
psychiatrists; (2) training courses of the use of CAM and CAM-ICU on patient-actors
(trained ICU physicians or nurses who act as patients with or without delirium)
conducted by psychiatrists. The process continued until 100% agreement is achieved
in diagnosing delirium.

Primary endpoint

The primary endpoint is the incidence of delirium during the first 5 days after surgery.
Delirium is assessed twice daily (at 08:00-09:00 and 19:00-20:00, respectively) with
CAM for non-intubated patients3 % or CAM for the Intensive Care Unit (CAM-ICU)
for intubated patients.*® These delirium assessment methods had been used in our
previous studies.”™ ! For patients who are discharged or died within 5 days after
surgery, the results of last delirium assessment will be considered the results of the
missing data. These patients will be excluded when calculating daily prevalence of
delirium in a post-hoc analysis.

Secondary endpoints

12
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Postoperative pain intensities at rest and with movement are assessed with NRS pain
score at 24, 48 and 72 hours after surgery, respectively.”’ Cumulative morphine
consumptions at these time points are recorded. Subjective sleep quality is assessed
with NRS (an 11-point scale where 0 indicates the worst possible sleep and 10 the
best possible sleep) at 08:00 on the first, second and third morning after surgery.>*'
Other secondary endpoints include non-delirium complications within 30 days after
surgery, length of stay in hospital after surgery and all-cause 30-day mortality. Non-
delirium complications are generally defined as new-onset non-delirium conditions
after surgery that are harmful to patients’ recovery and require therapeutic
intervention.
Safety outcomes
In the present study, adverse events are monitored from the start of study drug
administration until PACU discharge or 2 hours after ICU admission. Hypotension is
defined as systolic blood pressure of less than 90 mmHg or a decrement of more than
30% from baseline. Hypertension is defined as systolic blood pressure of more than
180 mmHg or an increment of more than 30% from baseline. Bradycardia is defined
as heart rate of less than 40 beats per minute. Tachycardia is defined as heart rate of
more than 100 beats per minute. Desaturation is defined as SpO, of less than 90%.
Emergence agitation is defined as a Richmond Agitation-Sedation Scale (RASS)
score of more than +2 within 30 minutes after extubation. Delayed extubation is
defined when time to extubation is more than 2 hours (from the end of surgery) in
PACU patients or more than 4 hours in ICU patients.” ***°

Severe adverse events, i.e., those that might result in patient’s
disability/deformity, prolong in-hospital stay, or life threatening events, will be

reported to Clinical Research Ethics Committee of Peking University First Hospital

13

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



oNOYTULT D WN =

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

BMJ Open

within 24 hours. For patients who suffered harm from present trial, medical treatment
will be initiated as soon as possible and compensation will be completed according to
local laws and regulations.

Data monitoring and management

Original data will be recorded in the CRFs accordingly. All data will be kept
confidentially. The completed CRFs will be checked by a study coordinator who is
qualified by the principal investigator. Supplementations and corrections will be made
when necessary. Data entry will be performed in a double-input and double-check
way with the Data Management System (Fantastic Eight Tech. Co., Ltd, Beijing,
China) of the Peking University First Hospital.

The conduct of the study and the quality of data will be monitored by the
Clinical Research Ethics Committee of Peking University First Hospital. Data
management and statistical analysis will be performed by the Department of
Biostatistics of Peking University First Hospital. Considering that dexmedetomidine
has been widely used during general anaesthesia and its safety has been confirmed, no
interim analysis will be performed and the trial will continue until the target sample
size is achieved.

Statistical analysis

Sample size calculation

In our previous study, the incidence of delirium was 14.8% in elderly patients after
non-cardiac surgery.> Previous studies reported that intraoperative dexmedetomidine
decreased the incidence of POD by 60-77% in comparison with placebo.*>** We
assumed that the incidence of POD will be reduced from 14.8% to 7.4% (i.e., a 50%

reduction) in the present study. With the power set at 80% and significant level at
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0.05, 564 patients are required to detect the difference. Considering a loss to follow-
up rate of about 9%, we plan to enroll 620 patients in this study.
Outcome analysis
Continuous data with normal distribution will be compared using independent sample
T-test. Continuous data with asymmetric distribution will be compared using
independent sample Mann-Whitney U test. Categorical data will be compared using
Chi-squared test or continuity correction Chi-squared test. The difference (and 95%
confidence interval of the difference) between two means or medians will be
estimated using the methodology of Levene’s test or Hodges-Lehmann estimator.
Time-to-event data will be analyzed by survival analysis with differences between
groups compared with log-rank test.

Statistical analyses will be performed with the SPSS 14.0 (SPSS, Inc., Chicago,
IL) and SAS 9.3 (SAS Institute, Cary, NC, USA). All tests are two tailed, and P
values of less than 0.05 are considered to be statistically significant. The Bonferroni

adjustment is made to control type I error for multiple testing.
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Discussion

This randomized, double-blinded, and placebo-controlled single center trial was
designed to investigate if dexmedetomidine administration during general anaesthesia
can decrease the incidence of POD in elderly patients after major non-cardiac surgery.
In the present study, the dosing regimen of dexmedetomidine is similar to our
previous study because it does not increase drug-related adverse events (such as
severe bradycardia and hypotension).” Furthermore, the CAM and CAM-ICU are
used to assess delirium in patients with or without intubation, respectively.’®** Both
CAM and CAM-ICU have been validated in Chinese population.** > Feasibility of

. . . 2-3,31
these two assessment tools have been confirmed in our previous studies.”™”" T

0
maintain the quality of delirium assessment, investigators in charge of postoperative
follow-up are trained by a psychiatrist before the study and will be retrained at 4 to 6-
month intervals.

Because of the hemodynamic and anaesthetic-sparing effect of dexmedetomidine,
it is not very difficult for the experienced anaesthesiologists to guess which study
drug is administrated. This might weak the blinding to anaesthesiologists. However,
in the present study, investigators who are responsible for postoperative follow-up
and delirium assessment are not involved in anaesthesia and perioperative care; and
they are not allowed to exchange patients’ information with anaesthesiologists who
take care of patients in the operating room. In this way the blinding of investigators to
study group assignment can be guaranteed.

The strengths of the present study include the following when compared with

previous studies.”?* Firstly, a randomized, double-blind, and placebo-controlled

study design with a relative large sample size (620 patients) is adopted. Results of the
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study will provide high quality evidences. Secondly, BIS level is monitored in all
enrolled patients, which will help us to avoid unnecessary and potentially harmful
deep anaesthesia. Thirdly, safety data will be recorded in detail. Our study also has
some limitations. One is that this is a single center trial, which will limit the external
validity of our results. Another one is that only early outcomes (up to 30 days after

surgery) will be explored.

Trail status:

This study is currently at stage of patient enrollment and data collection. The current
version of study protocol is V1.1 and is approved on November 27, 2015. Patient
recruitment started from December 2, 2015 and is expected to be finished by March

31, 2018.
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List of abbreviations

POD=postoperative delirium; IL=interleukins; CRP=C-reactive protein; TNF=tumor
necrosis factor; IRB=Institutional Review Board; MMSE=Mini-Mental State
Examination; CAM=confusion assessment method (CAM); BIS=Bispectral index;
NRS=numeric rating scale; CAM-ICU=confusion assessment method-intensive care

unit
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Figure legend

Figure 1. Flowchart of this study.
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20 whether it is independent from the sponsor and competing interests; and reference to where further details

21 about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not

22 needed

23

24 21b  Description of any interim analyses and stopping guidelines, including who will have access to these interim P14/L14-17
25 results and make the final decision to terminate the trial

26

27 Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse P13/L23-P14/L3
28 events and other unintended effects of trial interventions or trial conduct

29

30 Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent P14/L11-14
31 from investigators and the sponsor

32

33 . . N

34 Ethics and dissemination

22 Research ethics 24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval P8/L11-14
37 approval

38 Protocol 25 Plans for communicating important protocol modifications (eg, changes to eligibility criteria, outcomes, P8/L11-14
ig amendments analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial registries, journals,

41 regulators)
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43
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Consentorassent 26a  Who will obtain informed consent or assent from potential trial participants or authorised surrogates, and
how (see Item 32)

26b  Additional consent provisions for collection and use of participant data and biological specimens in ancillary
studies, if applicable

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, and maintained
in order to protect confidentiality before, during, and after the trial

Declaration of 28 Financial and other competing interests for principal investigators for the overall trial and each study site

interests

Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual agreements that
limit such access for investigators

Ancillary and post- 30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial

trial care participation

Dissemination policy 31a  Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals,
the public, and other relevant groups (eg, via publication, reporting in results databases, or other data
sharing arrangements), including any publication restrictions

31b  Authorship eligibility guidelines and any intended use of professional writers

31c  Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical code
Appendices
Informed consent 32 Model consent form and other related documentation given to participants and authorised surrogates
materials
Biological 33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular
specimens analysis in the current trial and for future use in ancillary studies, if applicable
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*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items.
Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons

“Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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/ 3 Introduction: Delirium is a common complication in elderly after surgery and is

8

?O 4 associated with worse outcomes. Multiple risk factors are related with postoperative
1 . . . . .

12 5  delirium, such as exposure to general anaesthetics, pain and postoperative
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14 6  inflammatory response. Preclinical and clinical studies have shown that
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16 7  dexmedetomidine attenuated neurotoxicity induced by general anaesthetics, improved
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18 8  postoperative analgesia and inhibited inflammatory response after surgery. Several
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20 9  studies found that intraoperative use of dexmedetomidine can prevent postoperative
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;g 10  delirium, but data were inconsistent. This study was designed to investigate the

;g 11 impact of dexmedetomidine administered during general anaesthesia in preventing
26

57 12 delirium in elderly after major non-cardiac surgery.
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29 13 Method and analysis: This is a randomized, double-blinded, and placebo-controlled
30

31 14 trial. 620 elderly patients (age > 60 years) who are scheduled to undertake elective
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33 15  major non-cardiac surgery (with an expected duration 2 2 hours) are randomly

34

22 16  divided into two groups. For patients in the dexmedetomidine group, a loading dose
37 .1 . .. . 4 .
38 17  dexmedetomidine (0.6 pg/kg) will be administered in 10 minutes before anaesthesia
39

40 18  induction, followed by a continuous infusion at a rate of 0.5 pg/kg/h till 1 hour before
41

42 19  the end of surgery. For patients in the control group, normal saline will be

43

44 20  administered with an identical rate as in the dexmedetomidine group. The primary
45

23 21 endpoint is the incidence of delirium during the first five postoperative days.

22 22 Secondary endpoints include pain intensity, cumulative opioid consumption and

50 L . . . L

51 23 subjective sleep quality during the first 3 postoperative days as well as the incidence
52

53 24 of non-delirium complications and all-cause mortality within 30 days after surgery.
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Ethics and dissemination: The study protocol was approved by Clinical Research
Ethics Committee of Peking University First Hospital (2015-987) and registered at
Chinese Clinical Trial Registry (http://www.chictr.org.cn) with identifier ChiCTR-
IPR-15007654. The results of the study will be presented at academic conferences

and submitted to peer-reviewed journals.
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1 Strengths and limitations
Strengths

3 1. The study design will be a randomized, double-blinded and placebo-controlled,
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? 4 with a relative large sample size.

5 2. Anaesthesia depth (Bispectral Index) will be monitored to guide anaesthesia

14 6 maintenance to ensure patients in both groups received equal depth anaesthesia.
16 7 Limitations

18 8 1. This is a single center trial, which will limit the generalizability of our results.

20 9 2. Only early outcomes (up to 30 days after surgery) are assessed in this trial.

22 10 3. The hemodynamic and anaesthetic-sparing effects of dexmedetomidine might
11 weaken the efficiency of blindness to the treating anaesthesiologist.
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Introduction

Delirium is a transient brain dysfunction which is characterized by altered
consciousness, inattention, and changes in cognition or perception; it develops acutely
with clinical manifestations to be fluctuated with aggressive and depressive manner
during developing course." Prevalence of delirium varies from 12% to 51% in patients
after non-cardiac surgery, and it is increased with age.”” The occurrence of
postoperative delirium (POD) is associated with worsen outcomes including
prolonged mechanical ventilation and intensive care unit stay, increased postoperative
complications, high mortality rate and long-term cognitive decline.”

The aetiology of POD is multifactorial and includes several intraoperative
factors.® For example, exposure to general anaesthetics (e.g., propofol or sevoflurane)
might produce neurotoxicity; ™ whereas reduced anaesthetic consumption by
avoiding deep anaesthesia reduced the occurrence of delirium in elderly patients
undergoing major non-cardiac surgery.’ Poor pain management is another risk factor
of POD.%* ' It was reported that the risk of postoperative delirium was 1.2 times
higher for every unit increment in visual analogue pain score (an 11-point pain scale
where 0 indicates no pain and 10 the most severe pain).'" Inflammation is also
proposed to play an important role in the pathogenesis of POD.” Inflammatory
responses induced by surgery and anaesthesia are manifested by elevated levels of
interleukins (IL), C-reactive protein (CRP) and tumor necrosis factor (TNF).> 12
Studies by our group and others found that higher levels of inflammatory mediators
are associated with increased risk of POD.* 1*"1¢:

Dexmedetomidine is a highly selective a2-receptor agonist with sedative,

analgesic and anxiolytic effects.”?! When used as a supplement during intraoperative
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anaesthesia, it reduces the consumption of general anaesthetics.'” Preclinical evidence
suggested that use of dexmedetomidine might attenuate neurotoxicity induced by
general anaesthetics.'®"” In a meta-analysis, intraoperative administration of
dexmedetomidine lowers postoperative pain intensity and reduces opioid
consumption.”” Clinical evidence also showed that intraoperative dexmedetomidine
significantly inhibits hyper-secretion of inflammatory cytokines during and after
surgery.2 -2

Use of dexmedetomidine during general anaesthesia may reduce POD. In
pediatric patients undergoing tonsillectomy and cardiac surgery, intraoperative
infusion of dexmedetomidine lowered the incidence of emergence delirium.**** In
adult patients undergoing cardiac surgery and microvascular free flap surgery,
intraoperative dexmedetomidine (comparison with normal saline) slightly decreased
the incidence of delirium, although the differences were not statistically significant
between two groups possibly due to underpowered sample size.”>*° In a recent study
of Deiner et al.,”” use of dexmedetomidine during general anaesthesia did not reduce
delirium after major non-cardiac surgery in the elderly. However, in that study,
anaesthesia depth was not monitored and the consumption of anaesthetics (such as
propofol and fentanyl) was similar between the two groups. It was possible that
patients in the dexmedetomidine group had deeper anaesthesia which might have
increased the risk of delirium.?” Therefore, the effect of dexmedetomidine
administered during general anaesthesia on the occurrence of POD needs to be
evaluated further.

This study is designed to investigate whether dexmedetomidine use during

general anaesthesia can decrease the incidence of POD in elderly after major non-

cardiac surgery.
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Method and analysis

Study design

This randomized, double-blinded, and placebo-controlled trial with two parallel arms
was designed to test the superiority of dexmedetomidine administered during general
anaesthesia on the incidence of delirium after surgery. Patients will be randomized
into either the dexmedetomidine group or the control group (Figure 1). The study is
conducted in the Department of Anesthesiology and Critical Care Medicine of Peking
University First Hospital.

Ethics approval

The study protocol (version 1.1, issue date Nov, 2015) was approved by Clinical
Research Ethics Committee of Peking University First Hospital (2015-987). Any
protocol modification will be submitted for review and approval by the Ethics
Committee. The trial was registered at Chinese Clinical Trial Registry
(http://www.chictr.org.cn) on December 1, 2015, with identifier ChiCTR-IPR-
15007654. Written informed consents are obtained from every patient or his/her
surrogate in law.

Patient and public involvement

Patients and public were not involved in study design or conduct of study. There is no
plan to disseminate the results to study participants.

Participants

Elderly patients (age > 60 years) who are scheduled to undergo elective non-cardiac
surgery with expected duration > 2 hours under general anaesthesia are screened for
inclusion. Those who meet any of the following criteria will be excluded: (1) do not

provide written informed consents; (2) previous history of schizophrenia, epilepsy or
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Parkinson disease; (3) visual, hearing, language or other barrier which impede
communication and preoperative delirium assessment; (4) neurosurgery or traumatic
brain injury; (5) severe bradycardia (heart rate less than 40 beats per minute), sick
sinus syndrome or atrioventricular block of degree 2 or above; (6) severe hepatic
dysfunction (Child-Pugh grade C); or (7) renal failure (requirement of renal
replacement therapy).

Patient recruitment and baseline data collection

Potential participants are screened by investigators the day before surgery (or on
Friday for those who will undergo surgery next Monday). The study protocol
including potential risks and benefits will be explained to patients in person. Those
who do not meet the exclusion criteria are invited to participate in the study.

After obtaining written informed consents, the following baseline data are
collected: demographic data, preoperative diagnosis, comorbidity, current medical
therapy, previous surgery, and main results of physical and laboratory examinations.
Barthel index is used for evaluation of activities of daily living.28 Cognitive function
is assessed with Mini-Mental State Examination (MMSE).29 Preoperative delirium is
assessed with confusion assessment method (CAM).*

Randomization, grouping and blinding

Random numbers were created by an independent statistician using SAS statistical
package version 9.3 (SAS Institute, Cary, NC, USA) in a 1:1 ratio and were sealed in
envelopes. A study coordinator, who has no knowledge of patients before
randomization and does not participate in anaesthesia and postoperative follow-up of
enrolled patients, will open envelop for random numbers and prepare study drugs

before induction of anaesthesia.
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Information regarding randomization, study drug preparation and group
allocation will be masked from investigators who perform data collection and
postoperative follow-up, anaesthesiologists, patients and other healthcare team
members. Blinding will be maintained throughout the entire study period.

To ensure patients’ safety, study group allocation can be unmasked in the
following conditions, i.e., occurrence of severe adverse events or any unexpected
deterioration of patient’s clinical status. These situations will be documented in the
Case Report Forms (CRFs). The unmasked patients will be included in the intention-
to-treat population but excluded from per-protocol analysis.

Interventions, anaesthesia and analgesia

Intraoperative monitoring includes electrocardiogram, noninvasive blood pressure,
pulse oxygen saturation, end-tidal carbon dioxide, nasopharyngeal temperature, urine
output, and bispectral index (BIS). Intra-arterial pressure (including derivative
dynamic parameters such as stroke volume variation by FlowTrac system) and central
venous pressure are monitored according to patients’ conditions.

Study drugs, either 200 pg (2 ml) dexmedetomidine (Jiangsu Hengrui Medicine
Co, Ltd, Jiangsu, China) or 2 ml normal saline, are diluted into 50 ml normal saline.
All study drugs are colorless solution provided in syringes of the same size and brand.
The regimen of study drug administration includes a loading dose of 0.15 ml/kg (i.e.,
0.6 pg/kg dexmedetomidine for patients in the dexmedetomidine group) administered
during a 10-minute period before anaesthesia induction. This is followed by a
continuous infusion at a rate of 0.125 ml/kg/h (i.e., a rate of 0.5 pg/kg/h
dexmedetomidine for patients in the dexmedetomidine group) till 1 hour before the

end of surgery. Study drug infusion is performed by an infusion pump specially

10
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designed for dexmedetomidine administration (Slgo” CP1000, Beijing Slgo medical
technology Co., Ltd.).

Attending anaesthesiologists can decrease or stop study drug infusion in the
following conditions: (1) severe bradycardia or hypotension which does not improve
after routine treatment; (2) new onset atrioventricular block which does not improve
after routine treatment; or (3) other conditions that anaesthesiologists consider it
necessary. In these conditions, the reasons that lead to any protocol deviations will be
recorded in the case report forms (CRF). These patients will be included in the
intention-to-treat analysis but excluded from the per-protocol analysis.

Anaesthesia is induced with intravenous sufentanil (target controlled infusion
with effect-site concentration from 0.2 to 0.5 ng/ml) and propofol (2-3 mg/kg) and
maintained with intravenous sufentanil (effect-site concentration from 0.2 to 0.5
ng/ml) and propofol (4-12 mg/kg/h) and inhalation of a 1:1 nitrous oxide-oxygen
mixture. Rocuronium and/or cisatracurium are administered for muscle relaxation.
Patients will be mechanically ventilated with a tidal volume of 6-8 ml/kg and a
positive end-expiratory pressure of 5 cm H,O. The mean arterial pressure is
maintained above 60 mmHg or within 20% from baseline. BIS is maintained between
40 and 60. Body temperature is maintained with air-warming and fluid heating
systems. The target of nasopharyngeal temperature maintenance during surgery is
from 36.0 to 37°C.

All patients are transferred to post-anaesthesia care unit (PACU) or intensive
care unit (ICU) before they are sent back to general wards. Patient-controlled
intravenous analgesia (PCIA) is provided for all patients, which is established with
0.5 mg/ml morphine in 100 ml normal saline and programmed to deliver a 1 mg bolus

with a lock-out interval of 8 minutes and a background infusion at 0.5 mg/h.

11
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Supplemental morphine at dose of 2 to 4 mg will be administered at 10-minute
intervals if the numeric rating scale (NRS) pain score (a 11-point scale where 0
indicates no pain and 10 indicates the worst pain) remains above 4 after 3 consecutive
PCIA boluses.’! Other postoperative managements were performed according to
routine practice.

Outcome assessment

Patients are followed up twice daily during the first 5 postoperative days and then
weekly until 30 days after surgery. Investigators who are responsible for
postoperative follow-up are not involved in anaesthesia and perioperative care, and
are not allowed to exchange patients’ information with anaesthesiologists who take
care of patients in the operating room. Before the beginning of the study, investigators
are trained to follow the study protocol and to perform delirium assessment and the
training process is repeated at 4 to 6 months intervals during the study period.*>'
The 4-hour training courses of delirium assessment include the following contents: (1)
lectures regarding signs/symptoms, diagnosis and treatment of delirium by
psychiatrists; (2) training courses of the use of CAM and CAM-ICU on patient-actors
(trained ICU physicians or nurses who act as patients with or without delirium)
conducted by psychiatrists. The process continued until 100% agreement is achieved
in diagnosing delirium.

Primary endpoint

The primary endpoint is the incidence of delirium during the first 5 days after surgery.
Delirium is assessed twice daily (at 08:00-09:00 and 19:00-20:00, respectively) with
CAM for non-intubated patients3 % or CAM for the Intensive Care Unit (CAM-ICU)
for intubated patients.’ These delirium assessment methods had been used in our

previous studies.”™ ! For patients who are discharged or died within 5 days after

12
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surgery, the results of last delirium assessment will be considered the results of the
missing data. These patients will be excluded when calculating daily prevalence of
delirium in a post-hoc analysis.

Secondary endpoints

Postoperative pain intensities at rest and with movement are assessed with NRS pain
score at 24, 48 and 72 hours after surgery, respectively.3 ! Cumulative morphine
consumptions at these time points are recorded. Subjective sleep quality is assessed
with NRS (an 11-point scale where 0 indicates the worst possible sleep and 10 the
best possible sleep) at 08:00 on the first, second and third morning after surgery.> >’
Other secondary endpoints include non-delirium complications within 30 days after
surgery, length of stay in hospital after surgery and all-cause 30-day mortality. Non-
delirium complications are generally defined as new-onset non-delirium conditions
after surgery that are harmful to patients’ recovery and require therapeutic
intervention.

Safety outcomes

In the present study, adverse events are monitored from the start of study drug
administration until PACU discharge or 2 hours after ICU admission. Hypotension is
defined as systolic blood pressure of less than 90 mmHg or a decrement of more than
30% from baseline. Hypertension is defined as systolic blood pressure of more than
180 mmHg or an increment of more than 30% from baseline. Bradycardia is defined
as heart rate of less than 40 beats per minute. Tachycardia is defined as heart rate of
more than 100 beats per minute. Desaturation is defined as SpO, of less than 90%.
Emergence agitation is defined as a Richmond Agitation-Sedation Scale (RASS)

score of more than +2 within 30 minutes after extubation. Delayed extubation is

13
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defined when time to extubation is more than 2 hours (from the end of surgery) in
PACU patients or more than 4 hours in ICU patients.” ***°

Severe adverse events, i.e., those that might result in patient’s
disability/deformity, prolong in-hospital stay, or life threatening events, will be
reported to Clinical Research Ethics Committee of Peking University First Hospital
within 24 hours. For patients who suffered harm from present trial, medical treatment
will be initiated as soon as possible and compensation will be completed according to
local laws and regulations.

Data monitoring and management

Original data will be recorded in the CRFs accordingly. All data will be kept
confidentially. The completed CRFs will be checked by a study coordinator who is
qualified by the principal investigator. Supplementations and corrections will be made
when necessary. Data entry will be performed in a double-input and double-check
way with the Data Management System (Fantastic Eight Tech. Co., Ltd, Beijing,
China) of the Peking University First Hospital.

The conduct of the study and the quality of data will be monitored by the
Clinical Research Ethics Committee of Peking University First Hospital. Data
management and statistical analysis will be performed by the Department of
Biostatistics of Peking University First Hospital. Considering that dexmedetomidine
has been widely used during general anaesthesia and its safety has been confirmed, no
interim analysis will be performed and the trial will continue until the target sample
size is achieved.

Statistical analysis

Sample size calculation

14
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In our previous study, the incidence of delirium was 14.8% in elderly patients after
non-cardiac surgery.>> Previous studies reported that intraoperative dexmedetomidine
decreased the incidence of POD by 60-77% in comparison with placebo.*>** We
assumed that the incidence of POD will be reduced from 14.8% to 7.4% (i.e., a 50%
reduction) in the present study. With the power set at 80% and significant level at
0.05, 564 patients are required to detect the difference. Considering a loss to follow-
up rate of about 9%, we plan to enroll 620 patients in this study.
Outcome analysis
Continuous data with normal distribution will be compared using independent sample
T-test. Continuous data with asymmetric distribution will be compared using
independent sample Mann-Whitney U test. Categorical data will be compared using
Chi-squared test or continuity correction Chi-squared test. The difference (and 95%
confidence interval of the difference) between two means or medians will be
estimated using the methodology of Levene’s test or Hodges-Lehmann estimator.
Time-to-event data will be analyzed by survival analysis with differences between
groups compared with log-rank test.

Statistical analyses will be performed with the SPSS 14.0 (SPSS, Inc., Chicago,
IL) and SAS 9.3 (SAS Institute, Cary, NC, USA). All tests are two tailed, and P
values of less than 0.05 are considered to be statistically significant. The Bonferroni

adjustment is made to control type I error for multiple testing.
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Discussion

This randomized, double-blinded, and placebo-controlled single center trial was
designed to investigate if dexmedetomidine administration during general anaesthesia
can decrease the incidence of POD in elderly patients after major non-cardiac surgery.
In the present study, the dosing regimen of dexmedetomidine is similar to our
previous study because it does not increase drug-related adverse events (such as
severe bradycardia and hypotension).” Furthermore, the CAM and CAM-ICU are
used to assess delirium in patients with or without intubation, respectively.’®** Both
CAM and CAM-ICU have been validated in Chinese population.** > Feasibility of

. . . 2-3,31
these two assessment tools has been confirmed in our previous studies.”™” T

0
maintain the quality of delirium assessment, investigators in charge of postoperative
follow-up are trained by a psychiatrist before the study and will be retrained at 4 to 6-
month intervals.

Because of the hemodynamic and anaesthetic-sparing effects of
dexmedetomidine, it is not very difficult for the experienced anaesthesiologists to
guess which study drug is administrated. This might weaken the blinding to
anaesthesiologists. However, in the present study, investigators who are responsible
for postoperative follow-up and delirium assessment are not involved in anaesthesia
and perioperative care; and they are not allowed to exchange patients’ information
with anaesthesiologists who take care of patients in the operating room. In this way,
the blinding of investigators to study group assignment can be guaranteed.

The strengths of the present study include the following when compared with

previous studies.”** Firstly, a randomized, double-blind, and placebo-controlled

study design with a relative large sample size (620 patients) is adopted. Results of the

16

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



Page 17 of 32

oNOYTULT D WN =

10

11

12

13

14

15

BMJ Open

study will provide high quality evidences. Secondly, BIS level is monitored in all
enrolled patients, which will help us to avoid unnecessary and potentially harmful
deep anaesthesia. Thirdly, safety data will be recorded in detail. Our study also has
some limitations. One is that this is a single center trial, which will limit the external
validity of our results. Second, only early outcomes (up to 30 days after surgery) will
be explored. Third, the hemodynamic and anaesthetic-sparing effects of
dexmedetomidine might weaken the efficiency of blindness to the treating

anaesthesiologist.

Trail status:

This study is currently at stage of patient enrollment and data collection. The current
version of study protocol is V1.1 and is approved on November 27, 2015. Patient
recruitment started from December 2, 2015 and is expected to be finished by March

31, 2018.
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List of abbreviations

POD=postoperative delirium; IL=interleukins; CRP=C-reactive protein; TNF=tumor
necrosis factor; IRB=Institutional Review Board; MMSE=Mini-Mental State
Examination; CAM=confusion assessment method (CAM); BIS=Bispectral index;
NRS=numeric rating scale; CAM-ICU=confusion assessment method-intensive care

unit
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Figure legend

Figure 1. Flowchart of this study.
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