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ABSTRACT

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
anaesthetics, pain and postoperative inflammatory
response. Preclinical and clinical studies have shown that
dexmedetomidine attenuated neurotoxicity induced by
general anaesthetics, improved postoperative analgesia
and inhibited inflammatory response after surgery. Several
studies found that intraoperative use of dexmedetomidine
can prevent postoperative delirium, but data were
inconsistent. This study was designed to investigate the
impact of dexmedetomidine administered during general
anaesthesia in preventing delirium in the elderly after
major non-cardiac surgery.

Methods and analysis This is a randomised, 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 the dexmedetomidine group, a loading dose
dexmedetomidine (0.6 ug/kg) will be administered 10 min
before anaesthesia induction, followed by a continuous
infusion at a rate of 0.5 pg/kg/hour until 1 hour before the
end of surgery. For patients in the control group, normal
saline will be administered with an identical rate as in

the dexmedetomidine group. The primary endpoint is the
incidence of delirium during the first five postoperative
days. The secondary endpoints include pain intensity,
cumulative opioid consumption and subjective sleep
quality during the first three postoperative days, as well as
the incidence of non-delirium complications and all-cause
mortality within 30 days after surgery.

Ethics and dissemination The study protocol was
approved by the 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.

Strengths and limitations of this study

» The study design will be randomised, double-blind-
ed and placebo-controlled, with a relatively large
sample size.

» Anaesthesia depth (Bispectral Index) will be mon-
itored to guide anaesthesia maintenance to en-
sure patients in both groups received equal depth
of anaesthesia.

» This is a single-centre trial, which will limit the gen-
eralisability of the results.

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

» The haemodynamic and anaesthetic-sparing effects
of dexmedetomidine might weaken the efficiency of
blindness to the treating anaesthesiologist.

Trial registration number ChiCRR-IPR-15007654; Pre-
results.

INTRODUCTION

Delirium is a transient brain dysfunction that is
characterised by altered consciousness, inatten-
tion, and changes in cognition or perception;
it develops acutely with clinical manifestations
to be fluctuated with aggressive and depres-
sive manner during the development course.
The 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 worse outcomes including prolonged
mechanical ventilation and intensive care unit
(ICU) stay, increased postoperative complica-
tions, high mortality rate and long-term cogni-
tive decline.””
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The aetiology of POD is multifactorial and includes
several intraoperative factors.’ For example, exposure to
general anaesthetics (eg, propofol or sevoflurane) might
produce neurotoxicity, 8 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 POD 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).'' Inflam-
mation 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, C reactive protein and tumour
necrosis factor.” '* Studies by our group and others found
that higher levels of inflammatory mediators are associ-
ated with increased risk of POD.? '*°

Dexmedetomidine is a highly selective a2-receptor
agonist with sedative, analgesic and anxiolytic effects.!”>!
When used as a supplement during intraoperative
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 intra-
operative dexmedetomidine significantly inhibits hyper-
secretion of inflammatory cytokines during and after
surgery.”' **

Use of dexmedetomidine during general anaesthesia
may reduce POD. In paediatric patients undergoing tonsil-
lectomy 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 dexme-
detomidine (comparison with normal saline) slightly
decreased the incidence of delirium, although the differ-
enceswere notstatisticallysignificantbetween the two groups
possibly due to underpowered sample size.” ** In a recent
study of Deiner e 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 evalu-
ated further.

This study is designed to investigate whether dexme-
detomidine use during general anaesthesia can decrease
the incidence of POD in the elderly after major non-car-
diac surgery.

METHODS AND ANALYSIS

Study design

This randomised, double-blinded and placebo-controlled
trial with two parallel arms was designed to test the supe-
riority of dexmedetomidine administered during general
anaesthesia on the incidence of delirium after surgery.
Patients will be randomised into either the dexmedetomi-
dine group or the control group (figure 1). The study is
conducted at the Department of Anesthesiology and Crit-
ical Care Medicine of Peking University First Hospital.

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

Participants

Elderly patients (age 260 years) who are scheduled to
undergo elective non-cardiac surgery with expected dura-
tion 22 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
consent; (2) history of schizophrenia, epilepsy or Parkin-
son’s disease; (3) visual, hearing, language or other
barriers which impede communication and preoperative
delirium assessment; (4) neurosurgery or traumatic brain
injury; (b) 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 consent, the following
baseline data are collected: demographic data, preop-
erative diagnosis, comorbidity, current medical therapy,
previous surgery and main results of physical and labora-
tory examinations. Barthel Index is used to evaluate activ-
ities of daily living.*® Cognitive function is assessed with
Mini-Mental State Examination.*’ Preoperative delirium is
assessed with the confusion assessment method (CAM).*

Randomisation, grouping and blinding

Random numbers were created by an independent statis-
tician using SAS V.9.3 statistical package in a 1:1 ratio and
were sealed in envelopes. A study coordinator, who has
no knowledge of patients before randomisation and does
not participate in anaesthesia and postoperative follow-up
of enrolled patients, will open the envelop for random
numbers and prepare the study drugs before induction
of anaesthesia.
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Eligible patients, n=

Excluded patients, n=

Patients with written consent, n=

Baseline data collection and assessment, n=

Allocation and randomization, n=

:

}

Patients assigned to Dexmedetomidine group, n=

Patients assigned to Placebo-control group, n=

Summary of patients
Complete study protocol and follow-up, n=
Deviation from study protocol, n=
Loss of follow-up, n=

Summary of patients
Complete study protocol and follow-up, n=
Deviation from study protocol, n=
Loss of follow-up, n=

Figure 1 Flow chart of this study.

Information on randomisation, 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: occurrence of
severe adverse events or any unexpected deterioration
of patients’ clinical status. These situations will be docu-
mented on the case report forms (CRFs). The unmasked
patients will be included in the intention-to-treat popula-
tion but excluded from the per-protocol analysis.

Interventions, anaesthesia and analgesia
Intraoperative monitoring includes ECG, non-invasive
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 vari-
ation by the FlowTrac system) and central venous pres-
sure are monitored according to patients’ conditions.
Study drugs, either 200pg (2mL) dexmedetomidine
(Jiangsu Hengrui Medicine, Jiangsu, China) or 2mL
normal saline, are diluted into 50 mLL normal saline. All
study drugs are colourless solutions provided in syringes

of the same size and brand. The regimen of study drug
administration includes a loading dose of 0.15mL/
kg (ie, 0.6pg/kg dexmedetomidine for patients in the
dexmedetomidine group) administered during a 10 min
period before anaesthesia induction. This is followed by
a continuous infusion at a rate of 0.125 mL/kg/hour (ie,
a rate of 0.5pg/kg/hour dexmedetomidine for patients
in the dexmedetomidine group) until 1 hour before the
end of surgery. Study drug infusion is performed using
an infusion pump especially designed for dexmedetomi-
dine administration (Slgo CP1000, Beijing Slgo Medical
Technology).

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 where anaesthesiologists consider it
necessary. In these conditions, the reasons that lead to
any protocol deviations will be recorded on the CRFs.
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 effectsite concentra-
tion from 0.2 to 0.5ng/mL) and propofol (2-3mg/
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kg), and maintained with intravenous sufentanil (effect-
site concentration from 0.2 to 0.5ng/mL) and propofol
(4-12mg/kg/hour), and inhalation of a 1:1 nitrous
oxide—oxygen mixture. Rocuronium and/or cisatracu-
rium are administered for muscle relaxation. Patients will
be mechanically ventilated with a tidal volume of 6-8 mL/
kgand a positive end-expiratory pressure of 5cm H,O. The
mean arterial pressure is maintained above 60 mm Hg 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°C
to 37°C.

All patients are transferred to the postanaesthesia care
unit (PACU) or 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 lockout interval of 8 min
and a background infusion at 0.5mg/hour. Supple-
mental morphine at a dose of 2-4 mg will be administered
at 10 min intervals if the numeric rating scale (NRS) pain
score (an ll-point scale where 0 indicates no pain and
10 indicates the worst pain) remains above 4 after three
consecutive PCIA boluses.” Other postoperative manage-
ments were performed according to routine practice.

Outcome assessment

Patients are followed up twice daily during the first five
postoperative days and then weekly until 30 days after
surgery. Investigators who are responsible for postop-
erative 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 start
of the study, investigators are trained to follow the study
protocol and to perform delirium assessment, and the
training process is repeated at an interval of 4-6 months
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; and (2) training
courses on the use of CAM and CAM-ICU on patient-ac-
tors (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 patients” or CAM-ICU for intu-
bated patients.”” These delirium assessment methods had
been used in our previous studies.”**' For patients who
are discharged or who died within 5 days after surgery,
the results of the last delirium assessment will be consid-
ered 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 72hours
after surgery, respectively.”’ Cumulative morphine
consumptions at these time points are recorded. Subjec-
tive 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 condi-
tions 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 2hours after ICU admission. Hypotension is
defined as a systolic blood pressure of less than 90 mm Hg
or a decrement of more than 30% from baseline. Hyper-
tension is defined as a systolic blood pressure of more
than 180 mm Hg or an increment of more than 30% from
baseline. Bradycardia is defined as a heart rate of less than
40 beats per minute. Tachycardia is defined as a 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 score
of more than +2 within 30 min after extubation. Delayed
extubation is defined when time to extubation is more
than 2hours (from the end of surgery) in PACU patients
or more than 4 hours in ICU patients.” **™*

Severe adverse events, that is, those that might result in
patients’ disability/deformity, prolonged in-hospital stay
or life-threatening events, will be reported to the Clinical
Research Ethics Committee of Peking University First
Hospital within 24 hours. For patients who suffered harm
from the 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 on 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,
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
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of Biostatistics of Peking University First Hospital. Consid-
ering 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 dexmedeto-
midine decreased the incidence of POD by 60%-77% in
comparison with placebo.” * We assumed that the inci-
dence of POD will be reduced from 14.8% to 7.4% (ie,
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 enrol 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 % test or continuity correc-
tion % test. The difference (and 95% CI 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 analysed by survival
analysis, with differences between groups compared with
log-rank test.

Statistical analyses will be performed with the SPSS
V.14.0 and SAS V.9.3. All tests are two-tailed, and p values
of less than 0.05 are considered to be statistically signif-
icant. Bonferroni adjustment is made to control type I
error for multiple testing.

DISCUSSION

This randomised, double-blinded and placebo-controlled
single-centre trial was designed to investigate if dexmede-
tomidine 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 dexmede-
tomidine is similar to our previous study because it does
not increase drugrelated adverse events (such as severe
bradycardia and hypotension).25 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 popula-
tion.** Feasibility of these two assessment tools has 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 an interval of
4—6 months.

Because of the haemodynamic and anaesthetic-sparing
effects of dexmedetomidine, it is not very difficult for the
experienced anaesthesiologists to guess which study drug
is administered. This might weaken the blinding to anaes-
thesiologists. However, in the present study, investiga-
tors 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®**: First,
a randomised, double-blinded and placebo-controlled
study design with a relatively large sample size (620
patients) is adopted. The results of the study will provide
high-quality evidence. Second, the BIS level is monitored
in all enrolled patients, which will help us to avoid unnec-
essary and potentially harmful deep anaesthesia. Third,
safety data will be recorded in detail. Our study also has
some limitations. One is that this is a single-centre 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 haemodynamic and anaesthet-
ic-sparing effects of dexmedetomidine might weaken the
efficiency of blindness to the treating anaesthesiologist.

Trial status

This study is currently at the patient enrolment and data
collection stage. The current version of the study protocol
is V.1.1 and was approved on 27 November 2015. Patient
recruitment started on 2 December 2015 and is expected
to be finished by 31 March 2018.
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