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Abstract

Background: Postoperative delirium is a serious complication of surgery associated with prolonged hospitalisation, long-
term cognitive decline, and mortality. This study aimed to determine whether targeting bispectral index (BIS) readings of
50 (light anaesthesia) was associated with a lower incidence of POD than targeting BIS readings of 35 (deep anaesthesia).
Methods: This multicentre randomised clinical trial of 655 at-risk patients undergoing major surgery from eight centres
in three countries assessed delirium for 5 days postoperatively using the 3 min confusion assessment method (3D-CAM)
or CAM-ICU, and cognitive screening using the Mini-Mental State Examination at baseline and discharge and the
Abbreviated Mental Test score (AMTS) at 30 days and 1 yr. Patients were assigned to light or deep anaesthesia. The
primary outcome was the presence of postoperative delirium on any of the first 5 postoperative days. Secondary out-
comes included mortality at 1 yr, cognitive decline at discharge, cognitive impairment at 30 days and 1 yr, unplanned ICU
admission, length of stay, and time in electroencephalographic burst suppression.
Results: The incidence of postoperative delirium in the BIS 50 group was 19% and in the BIS 35 group was 28% (odds ratio
0.58 [95% confidence interval: 0.38e0.88]; P¼0.010). At 1 yr, those in the BIS 50 group demonstrated significantly better
cognitive function than those in the BIS 35 group (9% with AMTS "6 vs 20%; P<0.001).
Conclusions: Among patients undergoing major surgery, targeting light anaesthesia reduced the risk of postoperative
delirium and cognitive impairment at 1 yr.
Clinical trial registration: ACTRN12612000632897.
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Editor’s key points

# Consistent with findings in other large studies, the
6644-patient BALANCED Anaesthesia Study provided
evidence that deliberately targeting light anaesthesia
(bispectral index reading of 50) with a volatile-agent-
based general anaesthetic is not associated with
significantly superior outcomes, compared with
deliberately targeting deep anaesthesia (bispectral
index reading of 35).

# The current study was a 515-patient sub-study of the
BALANCED Anaesthesia Study, focusing on post-
operative delirium, and was conducted mainly in
patients in Hong Kong and China.

# This study found that there were significantly fewer
patients with syndromal delirium when a bispectral
index reading of 50 was targeted, but no reduction
was found in sub-syndromal delirium.

# It is unlikely that deliberately targeting light general
anaesthesia alone leads to clinically important
changes in patient outcomes, apart from increasing
the risk of intraoperative awareness, but further
research should address whether there are vulner-
able populations to deep anaesthesia based on fac-
tors, such as age, genetics, or comorbidities.

Perioperative neurocognitive disorders, including new onset
postoperative delirium (POD), are common in older patients
after anaesthesia and surgery, and are associated with poor
short- and long-term outcomes, including worsening cogni-
tive decline, surgical complications, increased risk of institu-
tionalisation, and death after both cardiac and noncardiac
surgery.1e5 POD is more frequent with increasing age, occur-
ring in up to 65% of older patients, and its incidence is
increased in patients with even subtle cognitive impairment.6

With increasing numbers of older people undergoing surgery
and anaesthesia, POD has become a significant global health
challenge that requires urgent attention. Preventive strategies
involving multidisciplinary perioperative interventions may
be of some benefit overall, but the influence on POD of modi-
fying anaesthesia technique remains inconclusive.7

A number of studies have investigated whether bispectral
index (BIS)-guided anaesthesia is associated with a decreased
risk of POD, compared with ‘standard of care’ anaesthesia or
useof targetedend-tidal volatile agent concentrations,with the
inference being that the use of BIS guidancewould result in less
anaesthetic exposure and therefore ‘lighter’ anaesthesia.8e10

Small studies have used the frontal EEG-based BIS monitor as
a measure of anaesthetic depth, and have shown associations
between POD and very low BIS values or burst suppression.9

Recently, the Electroencephalography Guidance of Anesthesia
to Alleviate Geriatric Syndromes (ENGAGES) trial investigated
minimising anaesthetic administration and minimising EEG
suppression during surgical anaesthesia to reduce POD.11 They

found no difference between BIS-guided anaesthesia and
routine care on POD outcomes (26.0% vs 23.0%; P¼0.22). This
study had several limitations likely associated with the
comparator being ‘routine care’, most importantly, the sepa-
ration of anaesthetic dose was small (0.69 vs 0.80 minimal
alveolar concentration), the median time difference between
groupswith EEG burst suppressionwas small (7 vs 13min), and
the mean BIS level in the two groups was not reported.

We designed and conducted a sub-study of the ‘Anaes-
thetic depth and complications after major surgery
(BALANCED) trial’ to determine whether light general anaes-
thesia (BIS target 50) was associated with a lower incidence of
POD than deep general anaesthesia (BIS target 35).12

Methods

The main BALANCED study

The BALANCED Anaesthesia Study investigated 1 yr all-cause
mortality in adult patients aged 60 yr or more scheduled to
undergo major surgery lasting 2 h or more who were rando-
mised to receive either light (BIS target 50) or deep (BIS target
35) general anaesthesia.12 Blood pressure targeting was
implemented to prevent blood pressure from being a con-
founding factor.12,13 Inclusion criteria were patients aged 60 yr
or more, ASA physical status of 3 or 4, expected duration of
surgery 2 h ormore, and an anticipated hospital stay of at least
2 days. Exclusion criteria included site of surgery interfered
with placing BIS electrodes, planned wake-up test, use of
nitrous oxide, propofol infusion, ketamine infusion greater
than 25mg h$1, or not expected to be contactable after 1 yr. An
a priori MAP target suitable to the patient was chosen by the
attending anaesthetist, and patients were then randomised to
maintenance of anaesthesia being targeted to BIS 50 or BIS 35.
For the delirium sub-study, all BIS and anaesthetic data were
captured electronically. Assessors undertaking POD and
cognition assessments were blind to group allocation.

The BALANCED delirium sub-study

The POD sub-study protocol was approved by the trial steering
committee in 2014. All sites were invited to participate. Insti-
tutional ethics approval for the delirium sub-study was ob-
tained at each participating site. Patients were required to
provide specificwritten informed consent for the delirium sub-
study (either as part of amodifiedmain study consent form, an
addendum to the main study consent form, or an alternative
consent form that included the sub-study). An additional
exclusion criterion for the PODsub-studywas the identification
of preoperative delirium at baseline. Baseline assessments for
the delirium sub-study were completed before randomisation.

Deliriumwas assessed at baseline and twice daily (between
05:00e11:00 h and 18:00e22:00 h) using the confusion assess-
ment method (CAM) 3 min diagnostic interview (3D-CAM) or if
patients were in the ICU, the CAM-ICU.14,15 Sub-syndromal
delirium was classified where patients experienced at least
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two features of delirium without meeting the criteria for
delirium.16 All research staff were fully trained via the online
training as per the guidelines for the 3D-CAM and CAM-ICU.
Staff training was overseen by the corresponding author, and
all staff undertaking assessments were required to have
approval before commencing assessments. Delirium training
and assessments were overseen by a collaborating neuropsy-
chologist (Dr Paul Maruff of The Royal Melbourne Hospital,
Melbourne, VIC, Australia). Once weekly, the research staff
would discuss any cases that required adjudication and refer
to a third assessor or the corresponding author. These adju-
dicated outcomes were then compiled and checked for final
classification by the corresponding author. Delirium was
assessed for 5 days postoperatively or until discharge,
including weekends. The CAM-ICU was used for patients
admitted to the ICU postoperatively and who were unable to
talk on these days. POD assessments were performed when
patients could be roused sufficiently in order to be assessed
(Richmond Agitation and Sedation Scale score above e4). Pa-
tients with a complete baseline assessment and at least one
postoperative assessment were included in the analysis.

Cognitive screening

Cognitive function was assessed at baseline, discharge, 30
days, and 1 yr postoperatively. The Mini-Mental State Exami-
nation (MMSE) was used at baseline to identify undiagnosed
significant cognitive impairment, and at discharge to explore
any association with POD. The abbreviated mental test score
(AMTS) was administered by telephone at 30 days and 1 yr
postoperatively to identify long-term cognitive consequences
of anaesthesia and POD. The AMTS is a 10-item test assessing
recall, concentration, orientation, and registration.17 Scores 6
or below have been shown to correlate well with dementia.18

Both the MMSE and the AMTS are cognitive screening tools
designed to identify at-risk patients.19

Quantitative EEG analysis

The BIS is a quantitative EEG parameter between 0 (isoelectric
EEG) and 100 (fully conscious) commonly used during general
anaesthesia to titrate drug effect. Duration of anaesthesia was
defined as the time from when the BIS value decreased below
60 after induction of anaesthesia until the inspired anaesthetic
agent was stopped after completion of surgery. The signal
quality ratio (SQR) is a proprietary algorithm assessing the
signal quality of the EEG data from which BIS is derived. An
SQR <50 was considered poor and was discarded before
further analysis. The suppression ratio (SR) was defined as the
percentage of time that the EEGwas isoelectric during each BIS
time series epoch (with SQR %50). If the SR was equal to zero,
then no EEG burst suppression was recorded. If the SR was
greater than zero, burst suppression was defined as being
present, and the duration of burst suppression during that
epoch was calculated. Durations of suppression for each
epoch were summed to derive the total duration of EEG sup-
pression for each patient.

Sample size calculation

Chan and colleagues8 reported that POD incidence was
reduced from 24.1% to 15.6% with the use of BIS-guided
anaesthesia vs routine care in a healthier older patient group
(83% ASA physical status 1 or 2) than the BALANCED trial

cohort. Based on this study, we hypothesised that the inci-
dence of POD would be reduced from a conservative incidence
of 25% in the BIS 35 group to 15% in the BIS 50 group. A total of
270 patients would be required in each group to achieve a
power of 80% at two-tailed alpha value of 0.05. We therefore
planned to recruit 600 patients to allow for all-cause loss to
follow-up.

Intention-to-treat population

All randomised patients in the sub-study were included in the
intention-to-treat (ITT) population. The primary and second-
ary endpoints were analysed using the full ITT population,
which included all randomised patients who did not have
delirium on preoperative screening and underwent induction
of general anaesthesia for surgery.

Statistics

The primary outcome compared the presence of POD on any of
the 10 assessments in the ITT population between randomised
groups using a ManteleHaenszel c2 test stratified by study-
centre groups (Australia, China, and the USA). The pooled es-
timate of the odds ratio (OR) and 95% confidence interval (CI)
was used to describe the statistical comparison. The dichoto-
mous secondary outcomes, thresholds for MMSE and AMTS
scores, were compared using the same models as for the pri-
mary outcome. The scores and score changes for MMSE and
AMTS were compared using a general linear model, which
included study-centre groups as a factor. The number of epi-
sodes of delirium was compared between randomised groups
using a Poisson regression model, which also included study-
centre groups as a factor. Intraoperative characteristics were
compared between randomised groups using ManneWhitney
U-tests for continuous data, including drug doses and c2 or
Fisher’s exact tests as appropriate for dichotomous data. All
analyses were undertaken using SPSS version 26 (IBM,
Armonk, NY, USA), and a two-tailed P-value <0.05was taken to
indicate statistical significance with no adjustment for multi-
ple comparisons.

A per-protocol analysis of the primary outcome and sec-
ondary outcomes was performed after removing all patients
with a mean BIS more than 5 BIS units from target, patients
who were lost to follow-up, and patients who had major pro-
tocol deviations.

Results

This POD sub-study enrolled 547 of the 655 eligible partici-
pants from the BALANCED study over eight sites in Australia,
China (including Hong Kong Special Administrative Region),
and the USA. After excluding four patients because of the
presence of delirium on their preoperative assessment and 32
patients without baseline delirium assessment, 515 patients
with a baseline delirium assessment and at least one post-
operative assessment were included in the final analysis
(Fig. 1). Most delirium assessments were conducted with the
3D-CAM. Only two patients were assessed with the CAM-ICU
(one assessment each while in the ICU). The patient and sur-
gical characteristics are presented in Table 1.

The median (inter-quartile range [IQR]) BIS for each group
in the POD study was 51 (48e53) for the BIS 50 group and 38
(36e40) for the BIS 35 group, and the median volatile anaes-
thetic concentrationswere 0.59 (0.51e0.69) and 0.79 (0.66e0.95)
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minimumalveolar concentration (MAC), respectively (Table 2).
Time with SR >0 was 2.0 (0e7.0) min and 5.3 (0e27.7) min,
respectively. Mean arterial pressure was 4 mm Hg higher and
inotrope or vasopressor use was 20% lower in the BIS 50 group
compared with the BIS 35 group.

Two patients died postoperatively and before completion of
any POD assessments, both in the BIS 35 group. They were
excluded from subsequent analyses. Adjudication of POD
proceeded as described in the methods, with no final adjudi-
cations nor reclassifications by the corresponding author. The
incidence of POD was 19% in the BIS 50 group and 28% in the
BIS 35 group, OR 0.58 (95% CI: 0.38e0.88), P¼0.010 (Table 3) with
a number needed to treat (NNT) of 10 (95% CI: 6e43). This
corresponded to an absolute risk reduction of 9.7% (95% CI:
2.3e16.8). PODmostly occurred on the first 2 days after surgery
(Fig. 2). There was no difference in the MMSE on discharge, but
the mean AMTS at 1 yr was statistically significantly lower in
the BIS 35 group compared with the BIS 50 group (7.8 [0.2] vs 8.2
[0.2], respectively; P¼0.012). The clinical relevance of this dif-
ference would require further testing of patients to interpret.
At 1 yr, significantly more patients in the BIS 35 group had an
AMTS score of "6 compared with the BIS 50 group, 20% vs 9%,
respectively; P¼0.001. The per-protocol analysis also sup-
ported the finding of less POD and higher AMTS scores (better
cognitive function) at 1 yr in the BIS 50 compared with the BIS
35 group (Table 4).

Postoperative delirium was significantly associated with
increased unplanned ICU admission rates, OR 2.99 (95% CI:
1.3e6.6), and duration of hospital stay, which was increased
from a median (IQR) of 6 (IQR: 4e10) to 8 (6e13) days. The
incidence of myocardial infarction was significantly higher in
those who experienced delirium (6% with delirium vs 1%

without delirium; P¼0.002). Duration of surgerywas 11% longer
in patients with POD (Table 4). Exploratory analysis to inform
future hypotheses showed patients with delirium declined
significantlymore than those without delirium at discharge on
the MMSE (change 1.0 vs 0.1, respectively; P<0.001). They were
also significantly more likely to have an AMTS score "6 sug-
gestive of clinically important impairment than those without
delirium, at both 30 days (19% vs 6%, respectively; P<0.001) and
1 yr (35% vs 8%, respectively; P<0.001).

Burst suppression occurred in both groups with time in
burst suppression being median (IQR) 2 (0e7) min in the BIS 50
group vs 6 (0e23) min in the BIS 35 group (Table 2). Time in
burst suppression was significantly longer in those patients
who went on to experience delirium (Table 5). Mortality at 1 yr
was significantly greater in those patients who experienced
delirium than those who did not (12% vs 6%, respectively;
P¼0.024).

Although not part of the original analysis plan, our data
also enabled us to calculate sub-syndromal POD. Patients who
were classified as positive for delirium were not included in
the sub-syndromal data. Sub-syndromal POD was detected in
117 (45%) of the 262 patients in the BIS 35 group and 125 (49%)
of 253 patients in the BIS 50 group (OR 1.21 [95% CI: 0.86e1.71];
P¼0.278) (Supplementary Table S1; Supplementary Fig. S1).
Bispectral index, MAP, MAC, POD, and sub-syndromal POD
data for each site for the BIS 35 and BIS 50 groups are also
presented in Supplementary Table S1.

Discussion

In this randomised trial of patients undergoing major surgery,
BIS-guided lighter anaesthesia decreased the risk of POD

Enrolled in BALANCED trial = 655

 Patient declined substudy = 108

Enrolled in Delirium substudy = 547

Assigned to BIS 50 group = 269 Assigned to BIS 35 group = 278 

Analysed for primary outcome = 253 Analysed for primary outcome = 262

Analysed in per protocol population = 196  Analysed in per protocol population =  199

No preoperative delirium assessment = 14
Delirium on preoperative testing = 2

No preoperative delirium assessment = 14
Delirium on preoperative testing = 2

  Not per-protocol = 57
     - Mean BIS out of range = 56
     - Lost to follow up at 1 yr = 1
     - Death = 0

  Not per-protocol = 63
    -  Mean BIS out of range = 58
    -  Lost to follow up at 1 yr = 3
    -  Death = 2    

Fig 1. Enrolment, randomisation, and outcome assessment for the intention-to-treat and per-protocol groups (Consolidated Standards of
Reporting Trials diagram). BIS, bispectral index.
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compared with BIS-guided deeper general anaesthesia. Tar-
geting BIS 50 resulted in a 34% relative reduction in patients
suffering an episode of POD, an absolute reduction of 9%when
compared with targeting BIS 35. Patients with an episode of
POD had more unplanned ICU admissions, stayed 2 days
longer in hospital, had a higher incidence of myocardial

infarction, were more likely to have impaired cognitive func-
tion on the MMSE at discharge and the AMTS score at 30 days
and 1 yr. This result confirms past research on the importance
of delirium as an indicator of the potential causes of poor
outcomes in a healthcare environment where the number of
older at-risk patients having major surgery is steadily
increasing.4 Although we did not find an association between
POD and other postoperative outcomes, the size of the study
meant the number of adverse outcomes was relatively small.

Previous studies addressing depth of anaesthesia and POD
have predominantly compared BIS guidance (either targeted
or untargeted) vs no BIS (i.e. ‘standard of care’), and have
yielded inconclusive results. In 2014, Whitlock and col-
leagues10 reported on POD in ICU patients after cardiothoracic
surgery with BIS-guided anaesthesia compared with end-tidal
anaesthetic-concentration-guided anaesthesia (18.8% vs 28.0%
[OR 0.60; 95% CI: 0.35e1.02; P¼0.058]). This study confined the
assessment of POD to the ICU, but included a meta-analysis of
other studies, identifying a reduction in POD overall compared
with standard of care (OR 0.56; 95% CI: 0.42e0.73). A Cochrane
review by Punjasawadwong and colleagues20 in 2018 in
noncardiac surgery patients that included three studies found
there was moderate quality evidence that processed EEG-
guided anaesthesia (such as BIS) reduced the incidence of
POD.8,9 The patients included in this meta-analysis underwent
a variety of surgeries, from minor day procedures to major
noncardiac surgery.

Our results contrast with the results of the ENGAGES trial;
however, we achieved a wider separation of anaesthetic dose
of 0.21 MAC units as compared with 0.11 MAC units in the
ENGAGES trial.11 Duration of burst suppression was longer in
the two arms of the ENGAGES trial (7 vs 13min) compared with
our BALANCED delirium study (2.0 vs 5.3 min), making burst
suppression, as distinct from BIS, a less likely cause of the
difference in our study. The decision to actively target two BIS
values (i.e. 35 and 50) rather than use a standard-care group
improved BIS separation, and therefore increased anaesthetic
dose separation and consequent anaesthetic dose reduction in
the BIS 50 group.

Some of the previous literature on this topic has focused on
patients with hip fracture, in whom there is a very high inci-
dence of POD.21 Sieber and colleagues22 studied depth of
sedation using i.v. propofol during spinal anaesthesia, tar-
geted to a sedation scale, in patients undergoing hip fracture
repair. BIS was monitored in both groups (although not tar-
geted), with no difference in POD being found with light
sedation (34% POD; mean [standard deviation {SD}] BIS 82.3
[9.4]) vs deep sedation (39% POD; mean [SD] BIS 57.0 [14.8]). Of
note, most of these patients were female, and many had high
frailty indices and significant comorbidities, making them less
generalisable to other patient cohorts. Indeed, these in-
vestigators found that patients with the least comorbidity
(lowest Charlson Comorbidity Index scores) had a 2.3-fold in-
crease in POD risk (95% CI: 1.1e3.2) with deep sedation
compared with light sedation. This suggests that the influence
of comorbidities in high-risk patients may mask any benefit
from changing the depth of anaesthesia or sedation.

POD has been confirmed by many studies to be associated
with poor outcomes, although there are limited long-term data
in perioperative patients to date.4,23,24 Our study confirmed an
association between POD occurrence and unplanned ICU
admission, length of hospital stay, risk of myocardial infarc-
tion, and 1 yr mortality; however, it was not designed to
determine whether POD triggered these outcomes, and it was

Table 1 Patient and surgical characteristics by BIS group. Data
aremean (standard deviation), n (%), or median (inter-quartile
range). BIS, bispectral index; MMSE, Mini-Mental State Ex-
amination; SAR, Special Administrative Region; WHODAS,
WHO Disability Assessment Schedule.

BIS 50
(n¼253)

BIS 35
(n¼262)

Age (yr) 70.8 (6.9) 71.1 (6.8)
Sex
Female 91 (36) 92 (35)
Male 162 (64) 170 (65)

Body weight (kg) 70 (58e78) 70 (60e78)
BMI (kg m$2) 26 (23e28) 26 (22e28)
ASA physical status
3 249 (98) 256 (98)
4 4 (2) 6 (2)

Operation for cancer 178 (70) 170 (65)
Emergency operation 3 (1.2) 2 (1.0)
Preoperative WHODAS 2.0
score

18 (12e21) 18 (12e21)

Preoperative Charlson
Comorbidity Index

7 (5e8) 7 (5e8)

MMSE 28 (2) 28 (2)
Preoperative haemoglobin
(g L$1)

128
(115e141)

126
(113e140)

Preoperative creatinine
(mmol L$1)

81 (69e99) 80 (68e101)

Preoperative albumin
(g L$1)

39 (35e42) 39 (36e42)

Type of surgery
Cardiac 0 (0) 1 (0.4)
Head and neck 5 (2) 8 (3)
Intra-abdominal 178 (73) 184 (70)
Orthopaedic 6 (2) 12 (5)
Spinal 20 (8) 15 (6)
Thoracic 16 (6) 12 (5)
Vascular 13 (5) 16 (6)
Other 9 (4) 14 (5)

Coexisting medical
conditions
Cardiovascular 50 (20) 76 (29)
Stroke/neurological 49 (19) 39 (15)
Respiratory 36 (14) 47 (18)
Rheumatic/connective
tissue

11 (4) 5 (2)

Gastric/peptic ulcer 6 (2) 7 (3)
Diabetes mellitus 77 (30) 78 (30)
Hepatic 117 (46) 125 (48)
Malignancy 140 (55) 138 (53)

Ethnicity
Asian 199 (79) 201 (78)
Black or African
American

4 (2) 2 (1)

Hispanic/Latino 2 (1) 2 (1)
White/Caucasian 41 (16) 50 (19)
Not specified 7 (3) 7 (3)

Recruitment by country
Australia 21 (8) 22 (8)
China, including Hong
Kong SAR

199 (74) 203 (73)

USA 49 (18) 53 (19)
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not sufficiently powered to identify if the reduction in POD
associated with higher BIS targets affected these outcomes.

The association between POD and mortality at 1 yr (12% in
those with POD vs 6% in those without) supports previous
work, which has demonstrated a higher rate of mortality in
patients who experience POD.25

Limitations and strengths

Because of an oversight, the delirium sub-study was retro-
spectively registered. This is a limitation; however, given the
sub-study was undertaken in an entirely prospective design,
we believe any effect would be minimal. Because of time

limitations, the cognitive assessments undertaken in this
study were screening measures designed to identify at-risk
patients who may require further investigation. Nonetheless,
we have demonstrated that patients randomised to BIS 50 had
a significantly lower incidence of poor cognition screening
score (AMTS) at 1 yr compared with those randomised to BIS
35, despite there being no difference in cognitive screening
score between the groups at baseline, discharge, and 30 days.
The reasons for this are unclear. Blood pressure targeting in
this study ensured that blood pressure was not a source of
bias. It is possible that the higher volatile anaesthetic con-
centrations or increased use of vasopressors and inotropes
may have contributed to this difference, but the study was not

Table 2 Intraoperative characteristics. Data are median (inter-quartile range) or n (%). BIS, bispectral index; MAC, minimum alveolar
concentration; SR, suppression ratio. *One patient with missing intraoperative data.

BIS 50 (n¼253) BIS 35 (n¼261)* P-value

Duration of surgery (min) 221 (164e293) 216 (162e298) 0.973
Major regional anaesthesia 23 (9) 28 (11) 0.535
BIS 51 (48e53) 38 (36e40) <0.001
MAP (mm Hg) 85 (77e93) 81 (74e87) <0.001
MAC fraction of volatile anaesthetic 0.59 (0.51e0.69) 0.79 (0.66e0.95) <0.001
Midazolam 92 (36) 134 (51) <0.001
mg 2.0 (2.0e2.0) 2.0 (2.0e2.0) 0.535

Propofol 214 (85) 223 (85) 0.786
mg 100 (80e140) 100 (80e140) 0.728

Ketamine 12 (4.7) 9 (3.4) 0.458
mg 25 (12e25) 20 (10e25) 0.754

Fentanyl 196 (78) 198 (76) 0.667
mg 100 (100e300) 113 (100e350) 0.331

Remifentanil 88 (35) 97 (37) 0.574
mcg 470 (296e804) 365 (234e757) 0.503

Morphine 102 (40) 96 (37) 0.410
mg 4.5 (4.0e6.0) 4.5 (4.0e6.5) 0.695

Alpha-2 agonist 26 (10) 26 (10) 0.906
Paracetamol 26 (10) 28 (11) 0.868
Nonsteroidal anti-inflammatory 21 (8) 21 (8) 0.916
Tramadol 42 (17) 36 (14) 0.375
Inotrope or vasopressor 133 (53) 189 (72) <0.001
PACU duration of stay (min) 80 (59e120) 84 (64e136) 0.138
Time with burst suppression (SR >0) (min) 2.0 (0e7.0) 5.3 (0e27.7) 0.001

Table 3 Primary and secondary outcomes. Data are n (%) or mean (standard error of the mean). AMTS, abbreviated mental test score;
CI, confidence interval; MMSE, Mini-Mental State Examination.

BIS 50
(n¼253)

BIS 35
(n¼262)

Odds ratio (95% CI) or
mean difference

P-value

Primary outcome
Incidence of postoperative delirium 47 (19) 74 (28) 0.58 (0.38e0.88) 0.010
Number of assessments for delirium 2135 2157

Secondary outcomes
Number of episodes of delirium/patient 0.45 0.77 e0.32 (e0.45 to e0.15) <0.001
MMSE at discharge (n¼417) n¼207 n¼210
Score 28.0 (2.8) 27.7 (2.8) 0.31 (e0.22 to 0.84) 0.25
Change from preoperative score 0.36 (0.36) 0.12 (0.34) 0.24 (e0.11 to 0.58) 0.18
Score <26 11 (7.0) 18 (11.3) 0.58 (0.27e1.28) 0.18

AMTS at 30 days (n¼476) n¼230 n¼246
Score 8.1 (0.1) 8.1 (0.1) 0.06 (e0.16 to 0.28) 0.58
Score "6 20 (8.7) 22 (8.9) 0.96 (0.51e1.81) 0.90

AMTS at 1 yr (n¼413) n¼208 n¼205
Score 8.2 (0.2) 7.8 (0.2) 0.34 (0.07e0.60) 0.012
Score "6 18 (8.7) 41 (20.0) 0.37 (0.20e0.67) <0.001
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designed to explore these factors. There was no evidence in
this study that midazolam was associated with a higher inci-
dence of postoperative cognitive consequences. The identifi-
cation of four patients who met the criteria for delirium at
baseline reflects the age and comorbidity of this population,
and emphasises the importance of preoperative screening
before undertaking surgical procedures and research.26

Although not assessed as part of this study, such patients
would be expected to also have a higher risk for POD.

The study design did not control for other factors that may
influence POD outcomes, such as benzodiazepine exposure,
anticholinergic drugs, or opioid use. POD is a complex clinical
entity, and the current best practice for prevention and care
involves the implementation of a range of strategies as part of
a ‘bundle’ of perioperative care.25 This study maintained
tightly controlled MAP, ensuring outcomes were not

Table 4 Per-protocol analysis, primary and secondary. Data are n (%) or mean (standard error of the mean). AMTS, Abbreviated Mental
Test score; BIS, bispectral index; CI, confidence interval; MMSE, Mini-Mental State Examination.

BIS 50
(n¼196)

BIS 35
(n¼199)

Odds ratio (95% CI) or
mean difference

P-value

Primary outcome
Incidence of postoperative delirium 34 (17) 57 (29) 0.53 (0.32e0.85) 0.009
Number of assessments for delirium 1655 1665

Secondary outcomes
Number of episodes of delirium/patient 0.44 (0.06) 0.86 (0.10) e0.42 (e0.59 to e0.25) 0.002
MMSE at discharge (n¼290) n¼143 n¼147
Score 27.1 (3.0) 26.7 (2.9) 0.33 (e0.30 to 0.96) 0.30
Change from preoperative score 0.59 (0.6) 0.23 (0.6) 0.35 (e0.05 to 0.76) 0.085
Score <26 10 (8.1) 14 (11.4) 0.69 (0.29e1.63) 0.401

AMTS at 30 days (n¼370) n¼178 n¼192
Score 8.2 (0.1) 8.2 (0.1) 0.04 (e0.21 to 0.29) 0.77
Score "6 17 (9.6) 19 (9.9) 0.95 (0.48e1.90) 0.90

AMTS 1 yr (n¼326) n¼164 n¼162
Score 8.1 (0.2) 7.8 (0.2) 0.27 (e0.04 to 0.58) 0.09
Score "6 17 (10.4) 33 (20.4) 0.45 (0.24e0.85) 0.012

Table 5 Association between postoperative delirium, various outcomes, and use of various drugs during anaesthesia. Data are n (%) or
median (inter-quartile range). CI, confidence interval; CVS, cardiovascular system; SR, burst suppression ratio. *Intraoperative data
missing for one patient in the no delirium group.

Delirium
(N¼122)

No delirium
(N¼393)

Odds ratio (95% CI)
or P-value

Intraoperative use of*
Midazolam 51 (42) 175 (45) 0.9 (0.6e1.4)
Propofol 106 (88) 331 (84) 1.3 (0.7e2.4)
Ketamine 7 (6) 14 (4) 1.7 (0.7e4.2)
Opioids 121 (100) 391 (99) d
Vasopressors or inotropes 85 (70) 237 (60) 1.6 (1.0e2.4)

Duration of surgery (min) 237 (180e320) 211 (157e287) P¼0.005
Duration of hospital stay (days) 8 (6e13) 6 (4e10) P<0.001
Time with SR >0 (min) 7 (0e28) (n¼47) 2 (0e10) (n¼152) P¼0.028
Mortality 15 (12) 24 (6) 2.15 (1.1e4.2)
Myocardial infarction 7 (6) 4 (1) 6.0 (1.7e20.8)
Pulmonary embolism 0 (0) 1 (0.3) d
Stroke 1 (0.8) 2 (0.5) d
Sepsis 11 (9) 18 (5) 2.09 (1.0e3.0)
Surgical site infection 7 (6) 19 (5) 1.21 (0.5e3.0)
Unplanned ICU admission 12 (10) 14 (4) 3.00 (1.3e6.6)
Composite of CVS and mortality 20 (17) 32 (8) 2.2 (1.2e4.1)

Day 1 Day 2 Day 3 Day 4 Day 5
0%

10%
20%
30%
40%
50%
60%
70% BIS 50 (n=47)

BIS 35 (n=74)

Fig 2. Percentage of new delirium diagnoses for each group on
each day. BIS, bispectral index.
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confounded bymajor differences in blood pressure or episodes
of hypotension. We did not adjust for multiplicity of testing
with respect to secondary outcomes. Finally, although most
baseline variables appeared well matched, a chance difference
in cardiovascular disease (higher incidence in the BIS 35 group)
may have confounded the relationship between depth of
anaesthesia and POD, although this risk may have been
balanced by a higher incidence of stroke in the BIS 50 group.
Exploration of these associations was not pre-planned for our
study and requires a much larger RCT.

Conclusions

This sub-study of the BALANCED Anaesthesia Study demon-
strated a protective effect of targeting a BIS of 50 to reduce POD
compared with a BIS of 35. This is the first study to investigate
POD with two specific BIS targets. Consequently, there was
significant separation in BIS and anaesthetic dose between the
groups and a significant reduction in PODwhen targeting a BIS
of 50. We have also shown that patients randomised to light
anaesthesia (BIS 50) have a lower incidence of poor cognitive
screening scores at 1 yr compared with those randomised to
deep anaesthesia (BIS 35). The NNT of 10 means lighter
anaesthesia was an efficient therapy to reduce POD in this
population. We also observed a reduction in the risk of mor-
tality at 1 yr in patients who did not suffer delirium. Targeting
light anaesthesia using EEG prevented 1 in 10 cases of
delirium. Reducing the incidence of POD has the potential to
improve outcomes for older individuals undergoing surgery
worldwide, but this conclusion needs to be confirmed in a
larger study.
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