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Abstract

Background: Delirium is a common and disturbing postoperative complication that might be ameliorated by propofol-
based anaesthesia. We therefore tested the primary hypothesis that there is less delirium after propofol-based than after
sevoflurane-based anaesthesia within 7 days of major cancer surgery.
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Methods: This multicentre randomised trial was conducted in 14 tertiary care hospitals in China. Patients aged 65—90 yr
undergoing major cancer surgery were randomised to either propofol-based anaesthesia or to sevoflurane-based
anaesthesia. The primary endpoint was the incidence of delirium within 7 postoperative days.

Results: A total of 1228 subjects were enrolled and randomised, with 1195 subjects included in the modified intention-to-
treat analysis (mean age 71 yr; 422 [35%] women); one subject died before delirium assessment. Delirium occurred in 8.4%
(50/597) of subjects given propofol-based anaesthesia vs 12.4% (74/597) of subjects given sevoflurane-based anaesthesia
(relative risk 0.68 [95% confidence interval {CI}: 0.48—0.95]; P=0.023; adjusted relative risk 0.59 [95% CI: 0.39—0.90];
P=0.014). Delirium reduction mainly occurred on the first day after surgery, with a prevalence of 5.4% (32/597) with
propofol anaesthesia vs 10.7% (64/597) with sevoflurane anaesthesia (relative risk 0.50 [95% CI: 0.33—0.75]; P=0.001).
Secondary endpoints, including ICU admission, postoperative duration of hospitalisation, major complications within 30
days, cognitive function at 30 days and 3 yr, and safety outcomes, did not differ significantly between groups.
Conclusions: Delirium was a third less common after propofol than sevoflurane anaesthesia in older patients having
major cancer surgery. Clinicians might therefore reasonably select propofol-based anaesthesia in patients at high risk of
postoperative delirium.

Clinical trial registration: Chinese Clinical Trial Registry (ChiCTR-IPR-15006209) and ClinicalTrials.gov (NCT02662257).
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Editor’s key points

e Limited evidence suggests that TIVA with propofol is
associated with less postoperative delirium
compared with volatile anaesthesia.

e The authors tested the primary hypothesis that fewer
patients develop delirium within 7 days after major
cancer surgery with propofol-based anaesthesia than
with sevoflurane-based anaesthesia.

e In a multicentre study in China, 1228 older adult

subjects undergoing major cancer surgery were

randomised to receive propofol-based intravenous or
sevoflurane-based inhalational anaesthesia.

Delirium occurred in 8.4% of subjects in the propofol

group us 12.4% of subjects in the sevoflurane group,

with the reduction occurring mainly on the first day
after surgery.

Propofol-based TIVA should be considered in pa-

tients at high risk of postoperative delirium.

Postoperative delirium is an acute, short-lived syndrome,
usually occurring within 7 days after surgery, characterised by
fluctuating disturbances in attention, awareness, and cogni-
tion."? Delirium is reported to occur in 2—24% of postoperative
patients, depending on the population, and is especially
common in older patients.® For example, a large US quality
improvement programme reported that delirium occurred in
12% of geriatric patients after inpatient surgery.* Postoperative
delirium is disturbing to patients and their families and is
associated with worse outcomes.>°

The two broad categories of general anaesthetics are
intravenous, usually propofol, and volatile agents, such as
sevoflurane. Volatile anaesthesia is by far the most common
approach in North America and in most other countries.”®
Although each approach is effective and considered compa-
rably safe, there are notable differences between them. For
example, patients anaesthetised with propofol tend to emerge
clear-headed, whereas those given volatile anaesthetics are
sometimes confused, usually only briefly.” ! However, the

elimination half-life of propofol is longer than for sevoflurane,
which might contribute to postoperative confusion.'? Both
intravenous and volatile anaesthesia-induced neurotoxicity
has been reported in pre-clinical studies.*

A recent nationwide population-based retrospective study,
including 738 600 patients, showed that TIVA with propofol was
associated with slightly less postoperative delirium compared
with inhalational anaesthesia.'* However, considerable un-
certainty remains about the potential effects of propofol-based
anaesthesia on postoperative delirium,’ ' with substantial
heterogeneity amongst existing trials, some of which suffer
from potential bias and methodological concerns. We therefore
tested the primary hypothesis that fewer patients develop
delirium within 7 days after major cancer surgery with
propofol-based than with sevoflurane-based anaesthesia.
Secondary outcomes included ICU admission, length of hos-
pital stay after surgery, occurrence of major complications
within 30 days, and cognitive function at 30 days and 3 yr.

Methods

This multicentre randomised trial with two parallel arms was
conducted in 14 tertiary care hospitals in China. The study
protocol (details are presented in Supplementary Appendix
A)'® was approved by the Clinical Research Ethics Committee
of Peking University First Hospital (2015 [869]; principal
investigator: D-XW; March 27, 2015) and by the ethics com-
mittees of other participating centres. The trial was registered
with the Chinese Clinical Trial Registry (ChiCTR-IPR-15006209;
March 31, 2015) and ClinicalTrials.gov (NCT02662257; January
25, 2016). Written consent was obtained from each participant
before enrolment. Sub-analyses irrelevant to the primary and
secondary outcomes reported here have been published.'*?°
Long-term results are reported in a companion paper.?!

Subjects

We enrolled patients aged 65—90 yr, who were thought to have
primary solid organ non-neurological cancer and had notbeen
treated previously with either radiation or chemotherapy.
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Patients were undergoing primary cancer surgery that was
expected to last >2 h with general anaesthesia. We excluded
patients who had (i) preoperative history of schizophrenia,
epilepsy, Parkinson’s disease, or myasthenia gravis; (ii)
inability to communicate in the preoperative period because of
coma, profound dementia, language barrier, or incapacity
from severe disease; (iii) ASA physical status >4; (iv) severe
hepatic dysfunction (Child—Pugh Class C); or (v) required
preoperative dialysis.

Training, randomisation, and blinding

Investigators who performed postoperative follow-up were
trained by a psychiatrist (Xin-Yu Sun, Department of Psychi-
atry, Peking University Sixth Hospital, Beijing, China) to use
the Confusion Assessment Method (CAM)?? and the CAM for
the ICU (CAM-ICU)?® to assess delirium. The initial training
required that delirium diagnosis has 100% agreement between
investigators and psychiatrist with simulated patients; the
training process was repeated two to three times yearly during
the study period. We have considerable experience in diag-
nosing delirium with these instruments.?* ?° Investigators for
postoperative follow-up were not involved in anaesthesia and
perioperative care.

Random numbers were generated by a biostatistician using
SAS version 9.2 software (SAS Institute, Cary, NC, USA) with a
block size of four, stratified by trial site. Assignments were
concealed in sequentially numbered opaque envelopes that
were opened shortly before induction of anaesthesia; alloca-
tion was thus concealed until the last practical moment.
Enrolled subjects were assigned to either propofol-based
general anaesthesia (propofol group) or sevoflurane-based
general anaesthesia (sevoflurane group) in a 1:1 ratio. Sub-
jects, clinicians aside from the anaesthesiologist, and in-
vestigators who were responsible for data collection and
follow-up were blinded to study group allocation.

Anaesthesia

No pre-anaesthesia medication was given. Intraoperative
monitoring was per ASA guidelines and local routine,
including invasive monitoring when necessary. Subjects at
moderate or high risk of postoperative nausea and vomiting?’
were given dexamethasone 5—10 mg i.v. shortly before
induction of anaesthesia. Anaesthesia was induced intrave-
nously with midazolam (0.015-0.03 mg kg%), sufentanil or
remifentanil, propofol or etomidate, and rocuronium or
cisatracurium. Anaesthesia was thereafter maintained per
randomisation with a continuous or target-controlled infusion
of propofol or with sevoflurane inhalation, both supplemented
as necessary with opioids (remifentanil, sufentanil, or fenta-
nyl) and neuromuscular blocker relaxants (rocuronium or
cisatracurium). Nitrous oxide was not used.

Hypnotic depth was targeted to a bispectral index (BIS) of
40—60%?% or to clinical judgement when BIS monitoring was
unavailable. Intraoperative mechanical ventilation was main-
tained with 1:1 air—oxygen mixture. Fluids and blood were
given per local routine. Vasopressors were given as necessary
to keep systolic BP within 80% of baseline clinic values.

Near the end of surgery, the propofol infusion or sevoflurane
inhalation was tapered down per routine; flurbiprofen axetil or
parecoxib was given for analgesia unless contraindicated. After
surgery, the tracheas were extubated, and the subjects were
monitored in PACU for at least 30 min and transferred to

general wards. Unstable subjects were admitted to ICU for
further monitoring and treatment before being transferred
back to the general wards. Analgesia was provided by patient-
controlled intravenous analgesia during the first 3 post-
operative days using morphine (0.5 mg ml~}) or sufentanil (12
ng ml™Y), programmed to deliver a 2-ml bolus with a lockout
interval of 6—10 min and a background infusion at 1 ml h™2.
Dexmedetomidine was not given, and neuraxial and peripheral
nerve blocks were not used. Scopolamine and penehyclidine
were also prohibited because they might promote delirium.
Atropine was only used when necessary to treat bradycardia.

Data acquisition

Baseline data included patient and morphometric character-
istics, preoperative comorbidities and medications, surgical
diagnoses, and major laboratory and imaging results. The
severity of comorbid diseases and the general health status
were evaluated with the Charlson Comorbidity Index,?
New York Heart Association functional classification, and
ASA physical status classification. Activity of daily living was
evaluated with the Barthel Index (score ranges from 0 to 100,
with a higher score indicating better activity).>° Cognitive
function was evaluated with the Mini-Mental State Examina-
tion (score ranges from 0 to 30, with a higher score indicating
better cognitive function).*!

Intraoperative data included duration of anaesthesia, types
and doses of medications, estimated blood loss, transfusion of
blood products, fluid infusion, and urine output. BIS values
were recorded, and BP measurements were extracted from
electronic medical record systems. We also collected surgery-
related data, including duration and site of surgery and degree
of operative stress, stratified into five physiological categories
ranging from very low stress to very high stress.*?

After surgery, hospitalised subjects were visited twice daily
whilst hospitalised through 7 postoperative days and then
weekly until hospital discharge; discharged subjects were
followed up weekly via telephone through postoperative Day
30. The primary endpoint was the incidence of delirium within
7 postoperative days while subjects remained hospitalised,
defined as at least one episode of delirium. Delirium was
assessed twice daily (8—10 am and 6—8 pm) with CAM for non-
intubated patients?” or CAM-ICU for intubated patients.? Both
tests are sensitive and specific for delirium. Before assessing
delirium with the CAM-ICU tool, sedation and agitation were
evaluated using the Richmond Agitation—Sedation Scale, with
scores from —5 (unarousable) to +4 (combative) and 0 indi-
cating alert and calm.®* Deeply sedated or unarousable pa-
tients (Richmond Agitation—Sedation Scale score of —4 or —5)
were not assessed for delirium and recorded as comatose.

Secondary endpoints included planned or unplanned ICU
admission, duration of postoperative hospitalisation, major
complications within 30 days, and cognitive function at 30
days and 3 yr. For patients admitted to ICU, we recorded the
fraction who required tracheal intubation and length of stay in
the unit. Major complications were defined as new onset
medical events other than delirium that were deemed harmful
and required therapeutic intervention, that is, Grade II or
higher on the Clavien—Dindo classification.>* At 30 days and 3
yr after surgery, cognitive function was assessed with the
modified Telephone Interview for Cognitive Status.>® Scores
range from 0 to 50, with higher scores indicating better
function; a minimum difference of 2.3 points (0.5 standard
deviation) was considered clinically meaningful.***’
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Other data, including pain severity both at rest and with
movement, were assessed twice daily with a numerical rating
scale (NRS, an 11-point scale where 0 indicates no pain and 10
the worst pain) during the first 3 days. Subjective sleep quality
was assessed each morning with an NRS (an 11-point scale
where 0 indicates the worst sleep and 10 the best sleep) during
the first 7 days. Total opioid consumption over 7 days (from the
beginning of anaesthesia to the seventh day after surgery) was
converted to intravenous morphine equivalents.?®

Adverse events were evaluated from the beginning of
anaesthesia until 24 h after surgery. Additionally, we specif-
ically evaluated hypotension (systolic arterial pressure <90
mm Hg or a decrease of >30% from baseline), bradycardia (HR
<50 beats min~! or a decrease of >30% from baseline), hyper-
tension (systolic arterial pressure >180 mm Hg or an increase
of >30% from baseline), emergence agitation (defined by
Richmond Agitation—Sedation Scale scores >+1 within 30 min
after extubation®), pulse oximetry desaturation (<90% on
room air and required supplemental oxygen), and post-
operative nausea and vomiting (any retching, vomiting, or
requirement for anti-emetics).

Statistical analysis
Sample size

According to our pilot observations and published data, we
anticipated an 8% incidence of delirium in patients given
sevoflurane anaesthesia®® and expected propofol to halve the
incidence. A total of 1106 subjects were required to provide
80% power at an alpha value of 0.05 without interim analyses.
Considering a 6% loss to follow-up, we would need at least
1177 subjects. During the study period, the participants were
enrolled in a competitive mode in multiple centres. Because
randomisation was based on opaque envelopes at each trial
site, and there was some delay in submitting results to the
coordinating centre, 1228 subjects were actually enrolled.

Data analysis

The Peking University Clinical Research Institute was
responsible for trial monitoring and data management. The
trial database for perioperative outcomes was locked on
October 17, 2018. However, before accessing trial data, we
elected to delay analysis until the end of the predefined 3 yr
long-term follow-up period, after which both short-term and
long-term data were unmasked for analyses.

Outcome analyses were primarily performed in a modified
intention-to-treat population, that is, all subjects were ana-
lysed in the groups to which they were assigned, excluding
those with cancelled surgeries or who withdrew consent. For
the primary endpoints, analyses were also done per protocol,
excluding those subjects with major protocol deviations.

The balance of baseline variables between the two groups
was assessed using absolute standardised differences, defined
as absolute differences in means, mean ranks, or proportions
divided by the pooled standard deviation. Baseline variables
with an absolute standardised difference of >0.113 were
considered imbalanced using the cut-off point recommended
by Austin® (1.96 x \/[n1 + n2]/[n1 x n2]) and adjusted in sub-
sequent analysis when considered necessary.

For primary endpoint, the incidence of delirium within 7
days was compared with a y? test, with difference between
groups expressed as relative risk and 95% confidence interval
(CI). For subjects with missing data because of early hospital

discharge or death, we used available assessments. A similar
analysis was performed for the per-protocol population.
Pre-planned exploratory analyses assessed treatment effect in
predefined subgroups, including age, sex, BMI, education,
Charlson Comorbidity Index, preoperative Mini-Mental State
Examination, site of surgery, level of operative stress, ICU
admission after surgery, and trial centre. Treatment-by-
covariate interactions were assessed separately for each
subgroup factor using logistic regression.

For secondary early endpoints and other endpoints, cate-
gorical data were analysed with y?, continuity-corrected %2, or
Fisher’s exact tests; differences were expressed as relative risk
and 95% CI. Time-to-event results (length of ICU stay and length
of hospital stay after surgery) were analysed with Kaplan—Meier
survival analyses with differences between groups tested using
log-rank tests; univariable Cox proportional hazards models
were used to calculate hazard ratio and 95% CI. Cognitive
function at 30 days and 3 yr was analysed with independent-
sample t-test; mean differences (and 95% Cls) were calculated.

As post hoc analyses, we performed mixed effects logistic
regression analysis by including age, sex, BMI, education,
Charlson Comorbidity Index, preoperative Mini-Mental State
Examination, site of surgery, level of operative stress, and ICU
admission after surgery as fixed covariates and trial centre
added as a random effect.* We also compared the incidence of
delirium or coma, the number of delirium-free and coma-free
days, and the prevalence of delirium or coma within 7 days
between groups. Missing data were not replaced.

For all hypotheses, a two-tailed P<0.05 was considered
statistically significant. For interactions between the treat-
ment effect and pre-selected covariables, a P<0.05 was
considered statistically significant. Statistical analyses were
performed with the SPSS 25.0 software package (IBM SPSS Inc.,
Chicago, IL, USA) and RStudio 4.1.0 (RStudio, Boston, MA, USA).
Forest plot was created with GraphPad Prism 7.0 (GraphPad
Software, La Jolla, CA, USA).

Results

Between April 1, 2015 and September 29, 2017, 1228 subjects
were randomised to receive either propofol-based intravenous
anaesthesia (n=614) or sevoflurane-based inhalational anaes-
thesia (n=614). Thirty-two surgeries were cancelled, one sub-
ject withdrew consent before surgery, and there were 70 major
protocol deviations. Therefore, 1195 subjects were included in
the modified intention-to-treat analysis, with 598 randomised
to propofol anaesthesia and 597 to sevoflurane anaesthesia;
1125 subjects were included in the per-protocol analysis, with
571 given propofol anaesthesia and 554 given sevoflurane
anaesthesia (Fig. 1; Supplementary Table S1 in Appendix B).
One subject given propofol anaesthesia died from massive
bleeding on the first postoperative day before the initial
delirium assessment.

Baseline variables were similar in the two groups, except
that the proportions of subjects who had gastrointestinal and
moderately stressful surgeries were slightly lower, and the
proportions undergoing lung—oesophageal—sternal and very
highly stressful surgeries were slightly higher in patients
randomised to propofol anaesthesia (Table 1; Supplementary
Table S2 in Appendix B). Baseline variables in those
completing the 3 yr assessment were comparable with those
who refused, except that those refusing cognition assess-
ment were older and had poorer education background than
those who completed assessment (Supplementary Table S3
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3067 patients assessed for eligibility

4

1546 patients excluded
422 surgeries cancelled
319 metastatic cancers
289 ASA classification 2IV
206 previous radio/chemotherapies

148 hearing disability

96 benign lesions

44 surgical plans changed

13 renal replacement therapies
9 histories of epilepsy

1521 patients eligible

277 refused to participate
16 enrolled but not randomised

1228 patients randomised

614 assigned to propofol group

16 surgeries cancelled
0 withdraw consent

A
598 included in intention-to-treat analysis

27 protocol deviation
17 used dexmedetomidine
6 combined anaesthesia
4 inhalational anaesthesia

0 epidural anaesthesia

571 included in per-protocol analysis

Fig 1. Study design and recruitment outline.

in Appendix B). As expected, intraoperative propofol con-
sumption was substantially greater in subjects assigned to
anaesthetic maintenance with propofol than with sevo-
flurane. Subjects assigned to the propofol group also
consumed more remifentanil and had lower mean BIS values
and higher mean systolic arterial pressure during anaes-
thesia, although none of these differences was clinically
meaningful. Other perioperative variables were comparable
between groups (Table 2).

The incidence of postoperative delirium within 7 days was
lower in the propofol group (8.4% [50/597]) than in the sevo-
flurane group (12.4% [74/597]; relative risk 0.68 [95% CI:
0.48—0.95]; P=0.023; number needed to treat 25 [95% CI:

614 assigned to sevoflurane group

16 surgeries cancelled
1 withdraw consent

597 included in intention-to-treat analysis

43 protocol deviation
12 used dexmedetomidine
6 combined anaesthesia
22 intravenous anaesthesia
3 epidural anaesthesia

554 included in per-protocol analysis

13—-176]; adjusted relative risk 0.59 [95% CI: 0.39—0.90];
P=0.014; Figure 2a; Table 3). The per-protocol results were
similar (Table 3). Exploratory analyses showed that the inci-
dence of delirium or coma within 7 days was significantly
lower, whereas the number of delirium-free and coma-free
days by Day 7 was significantly higher in the propofol group
than in the sevoflurane group (Table 3). Delirium prevalence
on postoperative Day 1 was 5.4% (32/597) with propofol vs
10.7% (64/597) with sevoflurane (relative risk 0.50 [95% CI:
0.33—0.75]; P=0.001; Figure 2b; Supplementary Table S4 and
Supplementary Fig. S1 in Appendix B). There were no signifi-
cant interactions between treatment group and predefined
subgroups (Fig. 3).
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Table 1 Baseline data. Numbers in square brackets indicate patients with missing data. Absolute standardised differences in bold
indicate >0.113 and are considered imbalanced between the two groups. COPD, chronic obstructive pulmonary disease; IQR, inter-
quartile range; MMSE, Mini-Mental State Examination; NYHA, New York Heart Association; sp, standard deviation. *Smoking half a
pack of cigarettes per day for at least 2 yr, either former or current smoker. 'Daily consumption of 80 g alcohol for at least 5 yr.
According to the version published in 1987.%° IScore ranges from 0 to 100, with a higher score indicating better function.** Score
ranges from O to 30, with a higher score indicating better function.*" IMMSE score <17 for illiterate, <20 for those with primary school
education, and <24 for those with junior high school education or higher.?’ *Assessed with the Confusion Assessment Method.?”
**Assessed with the numeric rating scale, an 11-point scale where 0=no pain and 10=the worst pain./'Including diazepam, estazo-
lam, and zopiclone *Including gastric, small intestinal, appendix, and colorectal surgeries."Including liver, biliary duct, gallbladder,
and pancreatic surgeries.®Including lung, oesophageal, and sternal surgeries. llIncluding renal, renal pelvis, urinary bladder, ureter,
prostatic, and other pelvic cavity surgeries.”Including maxillofacial, thyroid, breast, and inguinal surgeries. **Stratified into five
categories according to the Operative Stress Score (i.e. very low stress, low stress, moderate stress, high stress, and very high stress.*”

See also Supplementary Table S2 in Appendix B.

Propofol anaesthesia

Sevoflurane anaesthesia

Absolute standardised

(n=598) (n=597) difference

Age (yr), mean (range) 72 (65—88) 71 (65—88) 0.013
Male sex, n (%) 396 (66) 377 (63) 0.064
BMI (kg m~2), mean (sp) 23.3 (3.4) 23.3 (3.4) 0.005
Education (yr), mean (sp) 8.7 (4.1) [6] 8.5 (3.9) [11] 0.049
Preoperative comorbidities, n (%)

Stroke 51 (9) 45 (8) 0.036

Coronary artery disease 79 (13) 81 (14) 0.010

Hypertension 260 (43) 245 (41) 0.049

Arrhythmia 45 (8) 34 (6) 0.074

COPD 13 (2) 22 (4) 0.090

Diabetes mellitus 111 (19) 101 (17) 0.043

Hyperlipidaemia 13 (2) 18 (3) 0.053
Chronic smoking, n (%)* 183 (31) 156 (26) 0.099
Alcoholism, n (%) 59 (10) 63 (11) 0.023
ASA physical status, n (%) 0.082

1 26 (4) 32 (5)

2 411 (69) 423 (71)

3 161 (27) 142 (24)
NYHA classification, n (%) 0.078

I 367 (61) 381 (64)

II 222 (37) 203 (34)

i 9(2) 13 (2)
Charlson Comorbidity Index, median (IQR)* 2 (2-3) 2 (2-3) 0.027
History of surgery, n (%) 249 (42) 257 (43) 0.029
Baseline assessment

Barthel Index (point), median (IQR)" 100 (100—100) 100 (100—100) 0.061

MMSE (point), median (IQR)* 28 (26—30) [9] 28 (26—30) [14] 0.032

MMSE <27, n (%) 178 (30) [9)] 174 (30) [14] 0.008
Dementia, n (%)! 2 (4) [9] 7 (5) [14] 0.045

Delirium, n (%)* 0 (0) 0 (0) —

Pain at rest (point), median (IQR)** 0 (0-0) 0 (0-0) 0.053

Pain with cough (point), median (IQR)** 0(0-1) 0(0-1) 0.064
Laboratory test results

Haematocrit, mean (sp), n (%) 39.0 (5.3) [4] 38.9 (5.6) [7] 0.029

Albumin (g L™Y), mean (sp) 39.9 (4.5) [5] 40 0 (4.6) [2] 0.025

Glucose <4.0 or >10.0 mM, n (%) 45 (8) [16] 41 (7) [22] 0.023

Na* <135 or >145 mM, n (%) 56 (9) [5] 64 (11) [1] 0.043

K* <3.5 or >5.5 mM, n (%) 57 (10) [5] 65 (11) [1] 0.043

Creatinine >133 uM, n (%) 16 (3) [11] 21 (4) [10] 0.049
Hypnotics on preoperative night, n (%) 16 (3) 8 (1) 0.095
Site of scheduled surgery, n (%) 0.245

Gastrointestinalt 266 (45) 307 (51)

Hepatobiliary—pancreatic'! 44 (7) 39 (6)

Lung—oesophageal—sternal® 98 (16) 52 (9)

Genitourinary!/ 176 (29) 183 (31)

Superficial*# 14 (2) 16 (3)
Level of operative stress, n (%)"** 0.125

Very low stress 2 (<1) 2 (<1)

Low stress 14 (2) 12 (2)

Moderate stress 221 (37) 237 (40)

High stress 300 (50) 305 (51)

Very high stress 61 (10) 41 (7)
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Table 2 Perioperative data. Numbers in square brackets indicate patients with missing data. P-values in bold indicate <0.05. BIS,
bispectral index; IQR, inter-quartile range; SBP, systolic BP; sp, standard deviation. *Amongst patients who were given the medications.
fAverage value from end of anaesthesia induction to end of surgery of patients who received BIS monitoring. ‘Average value from end
of anaesthesia induction to end of surgery. 'From anaesthesia induction to the seventh day after surgery. Converted to intravenous
morphine equivalent: morphine (p.o.) 30 mg=morphine (i.v.) 10 mg=~fentanyl (i.v.) 150 pg=remifentanil (i.v.) 150 pg=sufentanil (i.v.) 15

pg=oxycodone (i.v.) 10 mg=dezocine (i.v.) 10 mg.*®

Propofol anaesthesia Sevoflurane anaesthesia P-value
(n=598) (n=597)
Intraoperative data
Anaesthesia duration (min), median (IQR) 253 (198—327) 255 (200—319) 0.628
Medications during anaesthesia
Use of midazolam, n (%) 487 (81) 478 (80) 0.548
Midazolam (mg), median (IQR)* 2 (1.2-2) 2 (1.5-2) 0.807
Use of propofol, n (%) 596 (>99) 510 (85) <0.001
Propofol (mg), median (IQR)* 950 (651—1350) 100 (60—120) <0.001
Use of etomidate, n (%) 171 (29) 175 (29) 0.784
Etomidate (mg), median (IQR)* 12 (10—18) 14 (10—20) 0.082
Use of sufentanil, n (%) 578 (97) 573 (96) 0.535
Sufentanil (ug), median (IQR)* 38 (30—54) 40 (30-50) 0.832
Use of remifentanil, n (%) 434 (73) 442 (74) 0.568
Remifentanil (mg), median (IQR)* 1.6 (1.0-2.5) 1.4 (1.0-2.0) 0.001
Use of fentanyl, n (%) 24 (4) 26 (4) 0.768
Fentanyl (mg), median (IQR)* 0.4 (0.2—0.7) 0.4 (0.2—0.7) 0.654
Use of flurbiprofen axetil, n (%) 179 (30) 162 (27) 0.284
Flurbiprofen axetil (mg), median (IQR)* 50 (50—50) 50 (50—50) 0.824
Use of parecoxib, n (%) 44 (7) 38 (6) 0.497
Parecoxib (mg), median (IQR)* 40 (40—40) 40 (40—40) 0.353
Use of rocuronium, n (%) 397 (66) 401 (67) 0.774
Rocuronium (mg), median (IQR)* 50 (50—50) 50 (50—50) 0.182
Use of cisatracurium, n (%) 491 (82) 489 (82) 0.929
Cisatracurium (mg), median (IQR)* 18 (8—29) 18 (8—30) 0.884
Use of dexamethasone, n (%) 303 (51) 298 (50) 0.795
Dexamethasone (mg), median (IQR)* 5 (5—-10) 5 (5—-10) 0.366
Use of dexmedetomidine, n (%) 15 (3) 12 (2) 0.562
Dexmedetomidine (ug), median (IQR)* 40 (30—100) 38 (26—73) 0.829
BIS monitoring, n (%) 418 (69.9) 423 (70.9) 0.718
Mean BIS value, mean (sp)" 49.3 (4.2) 50.4 (4.8) 0.001
Mean SBP (mm Hg), mean (sp)* 125 (12) [19] 123 (12) [27] 0.002
Surgery duration (min), median (IQR) 194 (144—256) 195 (147—250) 0.990
Estimated blood loss (ml), median (IQR) 100 (50—300) 100 (50—300) 0.184
Intraoperative blood transfusion, n (%) 70 (12) 65 (11) 0.655
Fluid infusion (ml), median (IQR) 2200 (1600—2913) 2200 (1700—3000) 0.512
Urine output (ml), median (IQR) 300 (100—600) 400 (150—600) 0.229
Postoperative data
Patient-controlled analgesia, n (%) 0.298
None 49 (8) 41 (7)
Epidural analgesia 0 (0) 2 (<1)
LV. analgesia 549 (92) 554 (93)
Other analgesics within 7 days, n (%)
Flurbiprofen axetil 82 (14) 68 (11) 0.226
Parecoxib 38 (6) 33 (6) 0.545
Morphine 13 (2) 16 (3) 0.570
Dezocine 21 (4) 23 (4) 0.754
Tramadol 12 (2) 12 (2) 0.997
Total morphine equivalent (mg), median (IQR)" 174 (119—242) 169 (118—222) 0.167
Valid delirium assessment (times per patient), median (IQR) 14 (14—14) 14 (14—14) 0.971
Completed 14 assessments, n (%) 452 (75.6) 450 (75.4) 0.933

Other postoperative outcomes, including ICU admission,
duration of hospitalisation, other major complications within
30 days, and cognitive function at 30 days after surgery, did not
differ significantly as a function of anaesthetic approach.
Cognitive function was slightly worse in the propofol group at
3 yr after surgery (mean difference —1.0 [95% CI: —1.9 to —0.1];
P=0.031); however, this difference is not clinically meaningful.
There were no significant differences between groups in
pain intensity either at rest or with movement within 3 days,
or in subjective sleep quality within 7 days after surgery

(Table 3; Supplementary Tables S5 and S6 in Appendix B).
Adverse events were comparably distributed between groups
(Supplementary Table S7 in Appendix B).

Discussion

In older patients who had major surgery, propofol-based
intravenous anaesthesia reduced the incidence of post-
operative delirium by a third compared with sevoflurane-
based inhalational anaesthesia. Furthermore, the
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Fig 2. (a) Cumulative incidence of delirium and (b) prevalence of delirium at each follow-up time point after surgery. CI, confidence in-

terval.

reduction was prominent early after surgery and was
similar in all predefined subgroups. Our results provide
reliable evidence regarding the effect of anaesthetic choice
on postoperative delirium and are generally consistent

with previous small trials'® and recent observational ana-

lyses,

11,14

indicating that propofol-based anaesthesia is

associated with less emergence delirium and less post-
operative delirium.
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Table 3 Postoperative outcomes. Numbers in square brackets indicate patients with missing data. P-values in bold indicate <0.05. CI,
confidence interval; IQR, inter-quartile range; RR, relative risk; sp, standard deviation. *Calculated as propofol group vs or minus
sevoflurane group. 'One patient died of massive bleeding on postoperative Day 1 before delirium assessment. See also Supplementary
Table S4 in Appendix B. ‘Estimated from a mixed effects logistic regression model, adjusted for age, sex, BMI, education, Charlson
Comorbidity Index, preoperative Mini-Mental State Examination, site of surgery, level of operative stress, and ICU admission after
surgery as fixed covariates and trial centre added as a random effect. 'Defined as new-onset medical conditions other than delirium
that were deemed harmful and required therapeutic intervention (i.e. Grade II or higher on the Clavien—Dindo classification within 30
days.>* See also Supplementary Table S6 in Appendix B. *Assessed with the modified Telephone Interview for Cognitive Status. Score
ranges from 0 to 50, with a higher score indicating a better function.****® lOne subject in the propofol group was marked as coma on the
first day after surgery because of deep sedation (i.e. a Richmond Agitation—Sedation Scale of —4 or —5).>*> The subject developed
delirium later, was extubated on the fourth day, and was discharged from ICU on the sixth day. See also Supplementary Table S4 in
Appendix B. *Calculated as 7 minus the number of days suffered from delirium or coma. **One hundred and sixty-eight subjects died
within 3 yr, 21 lost to follow-up at 3 yr, and 155 refused or were unable to complete cognition assessment./fOne hundred and fifty-five
subjects died within 3 yr, 21 lost to follow-up at 3 yr, and 137 refused or were unable to complete cognition assessment.

Propofol Sevoflurane Estimated effect* P-value
anaesthesia anaesthesia
(n=598) (n=597)
Primary endpoint
Delirium within 7 days, n (%) 50 (8.4) [1]" 74 (12.4) RR 0.68 (95% CI: 0.48—0.95)  0.023
Adjusted RR 0.59 0.014
(95% CI: 0.39—0.90)*
Delirium within 7 days 48 70 RR 0.67 (95% CI: 0.47—0.94) 0.021
(per-protocol analysis), n (%) (8.4; n=571) [1]' (12.6; n=554) Adjusted RR 0.58 0.012
(95% CI: 0.38—0.89)*
Secondary endpoints
ICU admission after surgery, n (%) 161 (27) 146 (24) RR 1.10 (95% CI: 0.91-1.34)  0.329
With tracheal intubation, n (%) 125 (21) 103 (17) RR 1.21 (95% CI: 0.96—1.53)  0.108
Length of ICU stay (h), median (IQR) 20 (15—-28) 20 (15—39) Hazard ratio 1.13 0.297
(95% CI: 0.90—1.42)
Hospital stay after surgery (days), median (IQR) 10 (7—14) 10 (7—14) Hazard ratio 0.98 0.714
(95% CI: 0.87—1.10)
Other major complications, n (%)" 143 (24) 134 (22) RR 1.07 (95% CI: 0.87—1.31)  0.548
Cognitive function at 30 days (point), mean (sp)" 28.2 (4.5) [56] 28.5 (4.6) [54] Mean difference —0.3 0.317
(95% CI: —0.8 t0 0.3)
Cognitive function at 3 yr (point), mean (sp)® 30.1 (5.4) [344]*  31.1(5.0) [313]'  Mean difference —1.0 0.031
(95% CI: —1.9 to —0.1)
Exploratory analyses
Delirium or coma within 7 days, n (%)! 50 (8.4) [1] 74 (12.4) RR 0.68 (95% CI: 0.48—0.95)  0.023
Delirium- and coma-free days by Day 7 7 (7-7) [1]' 7 (7-7) Median difference 0.029
(day), median (IQR)/mean (sp)* 6.81 (0.71) [1] 6.76 (0.75) 0 (95% CI: 0—0)

The observed one-third reduction in delirium with intra-
venous anaesthesia is clinically meaningful, with a number
needed to treat of 25. Intravenous propofol anaesthesia thus
joins epidural analgesia®® as a possible prophylactic measure
for this disturbing and serious complication. The protective
effects of epidural analgesia might be mediated by a reduced
need for opioids, which are thought to promote delirium.*!
However, epidural anaesthesia is associated with side-
effects, including hypotension,?® which might increase the
risk of delirium.*’ The effect of intravenous anaesthesia ap-
pears to have another mechanism, as opioid use was similar
with each type of anaesthesia. One potential mechanism is
that volatile anaesthetics increase the expression of pro-
inflammatory cytokines in neurones and microglia, whereas
propofol attenuates the effect of volatile anaesthetics on
neuroinflammation.*>** Furthermore, pre-clinical evidence
indicates that volatile anaesthetics enhance amyloid-f-
induced cytotoxicity, whereas propofol does not.*> Indeed,
propofol anaesthesia produces less persistent memory
impairment than volatile anaesthetics in aged rats.*®*
However, clinical evidence does not support long-lasting
neurotoxicity of volatile anaesthetics, even in vulnerable
populations.*® In line with this, a between-group difference of

delirium prevalence was seen only on postoperative Day 1.
Despite the short-lived effect, the fact that propofol anaes-
thesia reduced delirium on postoperative Day 1 is important
because delirium prevalence is greatest on this day.?* ?° The
incidence of delirium was similar in a recent trial comparing
general (mostly volatile) anaesthesia with spinal anaesthesia
(typically combined with propofol sedation) in older patients
having hip fracture repairs.* However, more patients
assigned to spinal anaesthesia were given intraoperative
midazolam (44% with spinal anaesthesia vs 26% with general
anaesthesia),*” which might have increased delirium.>

The incidence of postoperative delirium we observed was
within reported ranges (2—24%),% but it was lower than in some
contemporary studies of older patients after major surgery
(17—25%).”% One possible reason was that ASA physical status
was lower in our patients (70% with ASA 2) than in other
studies (76—98% with ASA 3),”® which reduces delirium risk.®
Considering the fluctuating nature of delirium, our twice-
daily assessments surely missed some instances of delirium.
However, our approach is widely used and believed to have
high sensitivity for detecting postoperative delirium.*°

Postoperative delirium differs from delayed neurocognitive
recovery, which is defined by new-onset cognitive decline
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Propofol  Sevoflurane Relative risk for  Interaction
Events/total (n/N) delirium (95% CI) P-value

Age (yr) (1] 0.132
<75 36/442 44/439 1 0.81 (0.53-1.24)
=75 14/155 30/158 —— 0.48 (0.26-0.86)

Sex [1] 0.853
Male 32/395 44/377 - 0.69 (0.45-1.07)

Female 18/202 30/220 T 0.65 (0.38-1.14)

BMI (kg m-2) [1] [11] 0.842
<24 31/353 47/353 — 0.66 (0.43-1.01)
>24 19/244 27/244 —T 0.70 (0.40-1.23)

Education (yr) [7] 0.979
<9 26/346 41/375 — 0.69 (0.43-1.10)
>9 24/245 30/211 — 0.69 (0.42-1.14)

Charlson Comorbidity Index (point)
<2 22/356 39/349 —_ 0.55 (0.34-0.91)
>2 28/241 35/248 e 0.82 (0.52-1.31)

Mini-Mental State Examination (point) [10] [13] 0.707
<24 12/80 16/86 B — 0.81 (0.41-1.60)
>24 37/508 54/498 — 0.67 (0.45-1.00)

Site of surgery [1] 0.619
Gastrointestinal 19/266 41/307 —— 0.54 (0.32-0.90)
Hepatobiliary—pancreatic 10/43 8/39 —T— 1.13(0.50-2.58)
Lung—oesophageal-sternal 12/98 7152 —Tr 0.91 (0.38-2.17)
Genito—urinary 9/176 171183 —— 0.55 (0.25-1.20)

Superficial 0/14 116 —

Operative Stress Score [1] 0.066
Very low to moderate stress 8/237 27/251  — 0.31 (0.15-0.68)

High stress 32/300 36/305 —_ 0.90 (0.58-1.42)
Very high stress 10/60 11/41 —T 0.62 (0.29-1.33)

ICU admission [1] 0.777
No 26/437 40/451 —_—t 0.67 (0.42-1.08)

Yes 24/160 34/146 — 0.64 (0.40-1.03)

Trial centre [1] 0.401
Centre 1 21/305 36/300 @ —— 0.57 (0.34-0.96)

Other centres 29/292 38/297 —_— 0.78 (0.49-1.22)
0 1 2 3
Propofol-based anaesthesia better Sevoflurane-based anaesthesia better

Fig 3. Forest plot in predefined subgroups. Forest plot assessing interactions between pre-selected baseline and intraoperative factors and
the effect of propofol-based anaesthesia vs sevoflurane-based anaesthesia on postoperative delirium. Relative risks and 95% confidence
intervals (CIs) are shown. Treatments by covariate interactions were assessed separately with logistic models for each subgroup factor,
including age, sex, BMI, education, Charlson Comorbidity Index, preoperative Mini-Mental State Examination, site of surgery, Operative
Stress Score, ICU admission after surgery, and trial centre. Numbers in square brackets indicate subjects with missing data.
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within 30 days based on neurocognitive testing, combined
with a subjective cognitive complaint and either maintained
or declined daily function.® Both are perioperative neuro-
cognitive disorders that share common risk factors and po-
tential mechanisms.> Reduced delirium with propofol
anaesthesia is therefore consistent with trials reporting that
intravenous anaesthesia reduces early postoperative cognitive
dysfunction.’ Our previous sub-analysis that included 392
patients also showed that those given propofol anaesthesia
developed less delayed neurocognitive recovery.'® Two other
trials reported non-significant, but potentially meaningful,
reductions in cognitive dysfunction in patients anaesthetised
with propofol.°’*? Available evidence thus suggests that pro-
pofol anaesthesia can reduce both delirium and early post-
operative cognitive dysfunction.

Other postoperative endpoints and safety outcomes did not
differ significantly between the two groups, including cogni-
tive function at 30 days. That cognition was comparable at 30
days is unsurprising because only a small fraction of our
subjects demonstrated impairment at 7 days,’ and most pa-
tients who develop early postoperative cognitive decline
recover over time.?> Three years after surgery, the subjects
given propofol anaesthesia had slightly worse cognition, but
the deterioration was not clinically meaningful; long-term
cognitive results might also have been biased by many sub-
jects with missing data.”® In addition, both Mini-Mental State
Examination and modified Telephone Interview for Cognitive
Status are screening tools and might not be sufficiently sen-
sitive to detect mild cognitive changes. Many observational
analyses report that delirium is associated with prolonged
hospitalisation.”® However, the duration of hospitalisation
was similar in our patients randomised to propofol or sevo-
flurane, probably because the absolute difference in delirium
incidence was only 4%, and delirium sparing occurred mainly
on the first postoperative day.

We used propofol for anaesthetic induction in both groups
because alternative induction agents (etomidate and keta-
mine) can provoke specific complications and are therefore
reserved for special indications. Propofol, etomidate, and
ketamine are distinctly different drugs, making it unlikely that
etomidate and ketamine provide similar protection against
delirium. In contrast, volatile anaesthetics have similar phar-
macology and mechanisms of action such that results are
likely to have been similar with isoflurane or desflurane. All
our subjects had major cancer surgery, typically lasting about
~4 h. The effects of anaesthetic approach in shorter and
smaller operations could be larger or smaller, depending on
whether anaesthetic effects or surgical tissue injury and
consequent inflammatory stress dominate.

There are several limitations to our trial. First, although the
decrease in postoperative delirium with propofol anaesthesia
is clinically meaningful, our findings are fragile. The fragility
index is 4 for postoperative delirium within 7 days, that is, four
additional delirium events in the treatment group would
convert the trial from being statistically significant to not
significant.>* However, when considering delirium prevalence
on postoperative Day 1, the fragility index is 12. Second, all
patients were of East Asian descent. Consequently, the
observed findings might not be generalisable to people of other
racial and ethnic backgrounds.

In summary, for older patients having major cancer
surgery, propofol-based intravenous anaesthesia reduced
postoperative delirium by about a third compared with
sevoflurane-based volatile anaesthesia; the reduction was

prominent only on postoperative Day 1. Propofol-based TIVA
should be considered in patients at high risk of postoperative
delirium.
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