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Anaesthetic depth and complications after major surgery: 
an international, randomised controlled trial
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Juan P Cata, Thomas Painter, Kelly Byrne, Ruquan Han, Mandy H M Chu, Davina J McAllister, Kate Leslie, for the Australian and New Zealand 
College of Anaesthetists Clinical Trials Network and the Balanced Anaesthesia Study Group*

Summary
Background An association between increasing anaesthetic depth and decreased postoperative survival has been shown 
in observational studies; however, evidence from randomised controlled trials is lacking. Our aim was to compare all-
cause 1-year mortality in older patients having major surgery and randomly assigned to light or deep general anaesthesia.

Methods In an international trial, we recruited patients from 73 centres in seven countries who were aged 60 years and 
older, with significant comorbidity, having surgery with expected duration of more than 2 h, and an anticipated hospital 
stay of at least 2 days. We randomly assigned patients who had increased risk of complications after major surgery to 
receive light general anaesthesia (bispectral index [BIS] target 50) or deep general anaesthesia (BIS target 35). 
Anaesthetists also nominated an appropriate range for mean arterial pressure for each patient during surgery. Patients 
were randomly assigned in permuted blocks by region immediately before surgery, with the patient and assessors 
masked to group allocation. The primary outcome was 1-year all-cause mortality. The trial is registered with the 
Australian New Zealand Clinical Trials Registry, ACTRN12612000632897, and is closed to accrual.

Findings Patients were enrolled between Dec 19, 2012, and Dec 12, 2017. Of the 18 026 patients screened as eligible, 
6644 were enrolled, randomly assigned to treatment or control, and formed the intention-to-treat population (3316 in 
the BIS 50 group and 3328 in the BIS 35 group). The median BIS was 47·2 (IQR 43·7 to 50·5) in the BIS 50 group 
and 38·8 (36·3 to 42·4) in the BIS 35 group. Mean arterial pressure was 3·5 mm Hg (4%) higher (median 84·5 
[IQR 78·0 to 91·3] and 81·0 [75·4 to 87·6], respectively) and volatile anaesthetic use was 0·26 minimum alveolar 
concentration (30%) lower (0·62 [0·52 to 0·73] and 0·88 [0·74 to 1·04], respectively) in the BIS 50 than the BIS 35 
group. 1-year mortality was 6·5% (212 patients) in the BIS 50 group and 7·2% (238 patients) in the BIS 35 group 
(hazard ratio 0·88, 95% CI 0·73 to 1·07, absolute risk reduction 0·8%, 95% CI –0·5 to 2·0). Grade 3 adverse events 
occurred in 954 (29%) patients in the BIS 50 group and 909 (27%) patients in the BIS 35 group; and grade 4 adverse 
events in 265 (8%) and 259 (8%) patients, respectively. The most commonly reported adverse events were infections, 
vascular disorders, cardiac disorders, and neoplasms.

Interpretation Among patients at increased risk of complications after major surgery, light general anaesthesia was 
not associated with lower 1-year mortality than deep general anaesthesia. Our trial defines a broad range of 
anaesthetic depth over which anaesthesia may be safely delivered when titrating volatile anaesthetic concentrations 
using a processed electroencephalographic monitor.
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Introduction
Current practice for general anaesthesia involves the 
use of drug doses and combinations that ensure 
unconsciousness and suppression of potentially 
harmful haemodynamic responses during surgery in all 
patients. Patients who are sensitive to anaesthetics 
therefore receive more drug than necessary. With the 
development of processed electroencephalographic 
monitors such as the bispectral index (BIS), it is now 
possible to individualise the depth of anaesthesia.1

Using BIS as a measure of anaesthetic depth, 
observational studies have explored an association 
between increasing anaesthetic depth and mortality.2–9 

A meta-analysis10 of these studies revealed a 21% increase 
in mortality associated with deep anaesthesia. However, 
most of these studies did not report blood pressure, and 
those studies that did showed a stronger relationship 
between deep anaesthesia and complications when blood 
pressure was also low.7,8 Several small randomised 
studies did not find this association between anaesthetic 
depth and mortality.11–15

Because it is unclear whether actively intervening to 
prevent deep anaesthesia can reduce mortality and other 
complications after surgery, we did the Balanced 
Anaesthesia Study to compare light and deep general 
anaesthesia in patients at risk of complications after 
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major surgery. Our primary hypothesis was that light 
general anaesthesia would lead to a decrease in all-cause 
mortality 1 year postoperatively, compared with deep 
general anaesthesia.

Methods
Study design and patients
The Balanced Anaesthesia Study was an international, 
randomised, patient-blinded, and assessor-blinded trial 
comparing two levels of anaesthetic depth in older 
patients with significant comorbidity. The rationale, 
design, and pilot testing of the trial were reported 
previously.14,16

We studied patients aged 60 years and older, with an 
American Society of Anesthesiologists (ASA) physical 
status of 3 or 4, who were having surgery with expected 
duration of more than 2 h, and an anticipated hospital 
stay of at least 2 days. Patients received volatile 
anaesthetic-based general anaesthesia with or without 
major regional anaesthesia. Exclusion criteria included 
inability to place electrodes and monitor the BIS because 
of the site of surgery; planned wake-up test; use of 
nitrous oxide, propofol infusion for maintenance of 
anaesthesia, or ketamine at an infusion rate of more than 
25 mg/h-1; or expected to be uncontactable at 1 year. All 
patients provided written informed consent.

Randomisation and masking
On the day of surgery, patients completed the 12-item 
WHO Disability Assessment Schedule (WHODAS 2.0) 
and the Charlson comorbidity index.17,18 Patients were 
then randomly assigned in a 1:1 ratio using a web-based 
randomisation service to either the BIS target 50 group 

or the BIS target 35 group in permuted blocks of eight 
patients according to region.

Anaesthetists had knowledge of the group assignment of 
patients. Patients and research staff who were responsible 
for postoperative patient assessments were not aware of 
group assignment. Adherence to BIS targeting was 
monitored throughout the trial by a data analyst who had 
no other involvement in the trial. Sites with unsatisfactory 
BIS targeting were actively managed, using feedback of 
BIS tracking, educational material, and, if necessary, site 
withdrawal from the trial. Electronic records were used 
whenever possible, to avoid biased recording.

Procedures
To reduce the risk of a blood pressure difference between 
groups becoming a confounding factor, attending 
anaesthetists chose a mean arterial pressure (MAP) 
target range appropriate for their patient and confirmed 
whether they would use major regional anaesthesia as 
part of the anaesthetic technique, before learning of the 
group allocation. The randomised BIS targets were 
50 and 35 (referred to as the BIS 50 and BIS 35 groups, 
respectively). These targets were chosen on the basis of 
previous published research,6,11,19,20 audit data from a large 
hospital database, where these targets were close to the 
first and third quartiles of mean BIS in a similar group 
of patients, and the manufacturer’s recommendations 
for appropriate targets for general anaesthesia. After 
induction of anaesthesia, anaesthetists were required to 
maintain anaesthesia within five BIS units of the target, 
while maintaining MAP within their chosen target 
range, but not to pursue the BIS target to the extent of 
using doses of drugs that could compromise patient 
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Research in context 

Evidence before this study
An association between increasing anaesthetic depth and 
decreased postoperative survival has been shown in 
observational studies; however, evidence from randomised 
controlled trials is required to establish causality. We searched 
PubMed on Aug 20, 2019, using the terms “bispectral index”, 
“mortality”, and “randomised controlled trial” for published 
randomised controlled trials comparing light general 
anaesthesia with deep general anaesthesia in adult patients 
having major surgery. Reference lists of extracted articles were 
manually searched for other relevant articles. Of 35 articles, we 
found three relevant trials, with two more found by manual 
searching. Two small trials (n=114 and n=200) recruited highly 
selected populations of patients aged 65 years and older with 
fractured neck of femur, one trial (n=381) was stopped after an 
interim analysis because of futility, mortality was a secondary 
outcome in one large trial of patients aged 40 years and older 
(n=921), and one trial (n=200) was a feasibility trial. We did not 
identify an adequately sized trial addressing the relationship 
between anaesthetic depth and mortality.

Added value of this study
In this large, international, randomised controlled trial that 
enrolled patients aged 60 years and older with significant 
comorbidity and at increased risk of complications after major 
surgery, we found no evidence that light general anaesthesia 
(bispectral index 50) was superior to deep general anaesthesia 
(bispectral index 35) in reducing 1-year mortality. There was 
one confirmed case of awareness (in the bispectral index 50 
group) and no difference in cardiovascular or septic outcomes.

Implications of all the available evidence
This study provides the first adequately powered randomised 
comparison of light and deep anaesthesia with respect to 
postoperative survival. The study defines a broad range of 
anaesthetic depth over which anaesthesia might be safely 
delivered when titrating volatile anaesthetic concentrations 
using a processed electroencephalographic monitor. The low 
incidence of awareness supports the safety of targeting a 
bispectral index of 50 using relatively low doses of volatile 
anaesthetics in older patients.
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safety. All drugs administered during anaesthesia were 
recorded.

Maintenance of anaesthesia was defined as the time 
epoch from 10 min after induction of anaesthesia until 
discontinuation of volatile anaesthetic administration at 
the end of surgery. Mean values for BIS, MAP, and volatile 
anaesthetic administration were calculated for each 
patient. Data were then expressed as medians of these 
means. Volatile anaesthetic concentrations were converted 
to minimum alveolar concentration (MAC) equivalents 
and expressed as a fraction, with no age adjustment.

Patients were followed up in the postanaesthesia care 
unit, on the first three postoperative days, at hospital 
discharge, and at 30 days and 1 year after surgery. The 
Brice questionnaire for awareness was administered 
once on day 1, 2, or 3, and again on day 30.21 The 15-item 
quality of recovery score was administered on days 1, 2, 3, 
and 30 postoperatively.22 At day 30 and 1 year, the 
WHODAS 2.0 was repeated to determine new-onset 
disability. Patients with continuing pain also completed 
the modified brief pain inventory at 30 days and 1 year23 
and the neuropathic pain questionnaire at 1 year.24

Outcomes
The primary outcome was 1-year all-cause mortality. 
Secondary outcomes were the incidences of myocardial 
infarction, cardiac arrest, pulmonary embolism, stroke, a 
composite of these four cardiovascular outcomes, sepsis, 
surgical site infection, a composite of these two septic 
outcomes, total intensive care unit stay, awareness 
during anaesthesia, WHODAS 2.0 score at 30 days and 
1 year, disability-free survival (defined as alive and less 
than a 4-point decline in WHODAS 2.0 score at 1 year25), 
persistent pain, and cancer recurrence.

All secondary outcomes were adjudicated by an 
endpoint adjudication committee, comprising an internal 
medicine physician (chair), an intensive care physician, 
and two anaesthetists. Members of the endpoint 
adjudication committee did not participate in the trial and 
adjudicated all secondary outcomes while masked to 
group allocation, using source documentation. The trial 
included full adverse event reporting using the coding 
and procedures of the Medical Dictionary of Regulatory 
Activities (MedDRA) system.26 Random site monitoring 
was done by the project office.

Statistical analysis
The primary and secondary outcomes were initially 
analysed using an intention-to-treat population that 
included all patients who were randomly assigned and 
had induction of general anaesthesia for surgery. These 
patients were followed up for the duration of the trial 
unless they withdrew consent, in which case data were 
censored at the time of withdrawal.

The expected probability of 1-year survival was 90%.14,16 
With a type I error of 0·05, we calculated that enrolment 
of 6500 patients was required to detect a reduction in 

mortality in the BIS 50 group of 20% with a power of 0·8. 
The sample size was inflated by 2% to account for 
withdrawals and loss to follow-up and the probability 
reduced to 0·049 to allow for one interim analysis.

Baseline characteristics were summarised by group 
using means and SDs, medians and IQRs, or counts 
and percentages as appropriate. Participant disposition, 
including reasons for withdrawal from the study at each 
stage, were recorded.

The primary outcome was compared between groups 
using a log-rank test stratified by region. Results are 
summarised as hazard ratios (HRs) with 95% CI 
generated from a Cox regression model, which included 

Figure 1: Trial profile
BIS=bispectral index. *Some patients had multiple reasons for exclusion. †Does not include those with recorded 
censor data. 

3326 assigned to BIS 50 

3316 had general anaesthetic 
and surgery

25 107 participants screened 

18 026 eligible

6668 enrolled and randomly assigned

7081 did not meet eligibility criteria

10 excluded
6 surgeries cancelled
3 no general anaesthetic given   
1 withdrew

8 lost to follow-up†

3308 analysed for primary 
outcome

2074 analysed in per-protocol 
population

1234 excluded
1198 mean BIS out of range

30 lost to follow-up at 1 year
6 protocol violations 

3342 assigned to BIS 35 

3328 had general anaesthetic 
and surgery

14 excluded
9 surgeries cancelled
3 no general anaesthetic given
2 withdrew

11 358 excluded*
2619 anaesthetist declined  
4978 time constraint
2459 patient declined

181 screened too late

  10 lost to follow-up†

3318 analysed for primary 
outcome

1986 analysed in per-protocol 
population

1332 excluded
1291 mean BIS out of range

32 lost to follow-up at 1 year
9 protocol violations
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randomised treatment and region as factors. Patients 
who were lost to follow-up were censored to the last 
time that they were known to be alive after hospital 
discharge. A two-tailed p value of 0·049 was taken to 

indicate statistical significance. Sensitivity analyses 
were done whereby all those lost to follow-up at 1 year 
were assumed to be dead.

Secondary outcomes were compared between groups 
using the Mantel-Haenszel χ² test with stratification 
according to region and were summarised as common 
odds ratios (OR) and 95% CIs. The Holm-Bonferroni 
adjustment for multiplicity was applied to the secondary 
outcomes.

A per-protocol analysis was also done after removing all 
patients with mean BIS values more than five points 
from the BIS target, patients who were lost to 1-year 
follow-up and patients who had major protocol violations. 
These included patients who did not meet trial inclusion 
criteria and patients who inadvertently received prohibited 
drugs for maintenance of anaesthesia.

Study oversight was provided by an independent data 
monitoring committee appointed by the New Zealand 
Health Research Council, which included a review of 
the results from the planned interim analysis after 
2000 patients had been randomly assigned and com
pleted the study.

The trial is registered with the Australian New Zealand 
Clinical Trials Registry, ACTRN12612000632897, and is 
closed to accrual.

Role of the funding source
The funders of the study had no role in the study design, 
data collection, data analysis, data interpretation, or 
writing of the Article. TGS had full access to all the data 
in the study. TGS and KL had final responsibility for the 
decision to submit for publication. There was no 
commercial involvement in this trial.

Results
Patients were enrolled between Dec 19, 2012, and 
Dec 12, 2017, at 73 centres in seven countries (ie, Australia, 
China, Ireland, New Zealand, the Netherlands, the UK, 
and the USA). Of the 18 026 patients screened as eligible, 
6644 were enrolled, randomly assigned to treatment or 
control, and formed the intention-to-treat population 
(3316 in the BIS 50 group and 3328 in the BIS 35 group; 
figure 1). The median number of patients enrolled per site 
was 48 (IQR 20–145); a complete list of sites and their 
recruitment to the trial is provided in the appendix (pp 3–6).

The mean age of patients was 72 years (SD 7); 
4221 (63%) were male and 2423 (37%) were female, 
3107 (46%) had surgery for cancer and 3053 (46%) had 
abdominal surgery. There were no differences between 
groups in any of the measured baseline variables 
(table 1). The ethnicity of patients is reported in the 
appendix (p 9). Of the intention-to-treat population, 
80 patients (1%) were lost to follow-up at 1-year, with 
censored data available for 62 of these patients.

BIS and MAP targeting, and volatile anaesthetic use 
are summarised in table 2 and displayed in figure 2. 
Electronic recording of the BIS was available for 

BIS 50 (n=3316) BIS 35 (n=3328)

Age, years 72 (7) 72 (7)

Sex

Male 2111 (64%) 2110 (63%)

Female 1205 (36%) 1218 (37%)

Bodyweight, kg 79 (67–93) 79 (67–93)

Body-mass index, kg/m2 28 (24–32) 28 (24–32)

ASA physical status*

3 3158 (95%) 3144 (95%)

4 158 (5%) 183 (5%)

Operation for cancer 1531 (46%) 1576 (47%)

Preoperative WHODAS 2.0 score 18 (14–25) 18 (14–25)

Preoperative Charlson 
comorbidity index

6 (4–9) 6 (4–9)

Preoperative haemoglobin, g/L–¹ 131 (119–144) 131 (117–143)

Preoperative creatinine, mmol/L–¹ 85 (71–104) 84 (71–103)

Albumin, g/L–¹ 39 (36–42) 39 (36–42)

Country

Australia 1279 (39%) 1291 (39%)

China 540 (16%) 530 (16%)

New Zealand 669 (20%) 678 (20%)

UK and Europe 280 (8%) 285 (9%)

USA 548 (17%) 544 (16%)

Type of surgery

Cardiac 53 (2%) 60 (2%)

Head and neck 77 (2%) 86 (3%)

Intra-abdominal 1528 (46%) 1525 (46%)

Orthopaedic 361 (11%) 344 (10%)

Spinal 267 (8%) 249 (7%)

Thoracic 234 (7%) 234 (7%)

Vascular 634 (19%) 649 (20%)

Other 162 (5%) 181 (5%)

Planned postoperative care in ICU 479 (14%) 499 (15%)

Coexisting medical conditions

Cancer 1641 (50%) 1647 (50%)

Cardiovascular disease 1278 (39%) 1248 (38%)

Stroke or neurological disease 567 (17%) 529 (16%)

Respiratory disease 773 (23%) 749 (23%)

Diabetes 1028 (31%) 1008 (30%)

Peptic ulcer disease 385 (10%) 393 (12%)

Rheumatoid arthritis or 
connective tissue disease

318 (10%) 313 (9%)

Renal disease 249 (8%) 276 (8%)

Liver disease 215 (7%) 218 (7%)

Data are mean (SD), n (%), or median (IQR). BIS=bispectral index. ASA=American 
Society of Anesthesiologists. WHODAS 2.0=12-Item WHO Disability Assessment 
Schedule, which estimates the amount of disability; scores of 24 or more indicate 
at least moderate disability. ICU=intensive care unit. *Includes the protocol 
violation of one ASA physical status 2 patient.

Table 1: Characteristics of the patients at baseline
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6445 (97%) cases, blood pressure for 5980 (90%) cases, 
and volatile anaesthetic concentrations for 5995 (90%) 
cases. There were no differences in duration of anaesthesia 
nor use of major regional anaesthesia between groups. 
Anaesthetists reported difficulty with BIS tracking for 
3307 (50%) cases and that targeting BIS 50 was 
more difficult than targeting BIS 35. The median BIS 
was 47·2 (IQR 43·7–50·5) in the BIS 50 group and 
38·8 (36·3–42·2) in the BIS 35 group, with 4272 (66%) 
patients being within five units of the target and a BIS 
separation of 8·4 between the two groups. MAP was 
3·5 mm Hg (4%) higher and volatile anaesthetic use was 
0·26 MAC (30%) lower in the BIS 50 group than the 
BIS 35 group. 2602 (39%) patients received a mean MAC 
of less than 0·7 during maintenance of anaesthesia.

1-year mortality was 6·5% (212 patients) in the BIS 50 
group and 7·2% (238 patients) in the BIS 35 group 
(table 3). The HR was 0·88 (95% CI 0·73 to 1·07), with 
no heterogeneity in mortality between regions (HR 0·89, 
0·74 to 1·07; appendix p 14). The absolute risk reduction 
was 0·8% (–0·5 to 2·0). The Kaplan-Meier survival 
curves for the two groups are provided in figure 3.

Testing of the effects of the distribution of the various 
demographic variables on the result found no signifi
cant confounding between groups that could account 
for the result (appendix p 14). In the sensitivity analysis 
of 1-year mortality, the HR was 0·89 (95% CI 0·74–1·06), 
indicating that missing data were not a source of bias in 
the study result.

The influence of anaesthetic depth on the secondary 
outcomes is summarised in table 3. There was one case 
of awareness in the BIS 50 group. Anaesthetic depth had 
no effect on quality of recovery from anaesthesia, hospital 

length of stay, or any of the cardiovascular or septic 
outcomes. At 1 year, disability-free survival was similar in 
both groups. There was a significant difference between 
the groups in the severity, but not incidence, of 
neuropathic pain at 1 year.

The per-protocol population comprised 4060 (61%) 
patients (figure 1). 2489 patients were excluded for mean 

BIS 50 (n=3316) BIS 35 (n=3328)

Duration of surgery, min 200 (145–272) 195 (144–274)

Major regional local 
anaesthesia

576 (17%) 573 (17%)

BIS 47·2 (43·7–50·5) 38·8 (36·3–42·4)

Mean arterial pressure, 
mm Hg

84·5 (78·0–91·3) 81·0 (75·4–87·6)

MAC of volatile anaesthetic 0·62 (0·52–0·73) 0·88 (0·74–1·04)

Volatile anaesthetic

Isoflurane 126 (4%) 157 (5%)

Sevoflurane 2252 (68%) 2158 (65%)

Desflurane 1187 (36%) 1328 (40%)

Inotrope or vasopressor use 2538 (77%) 2853 (86%)

Postanaesthesia care unit

Number who attended 3314 (91%) 3030 (90%)

Number given analgesia 1954 (65%) 1919 (63%)

Number given antiemetic 626 (21%) 609 (20%)

Duration of stay, min 90 (60–144) 92 (60–150)

Data are n (%) or median (IQR). 9% of patients received more than one volatile 
anaesthetic. BIS=bispectral index. MAC=minimum alveolar concentration.

Table 2: Intraoperative characteristics

Figure 2: BIS, MAP, and MAC of volatile anaesthetic in patients receiving BIS 
target 50 and BIS target 35 anaesthesia
Data are expressed as median of means with IQR. The whiskers are 1·5 times the 
IQR, the open circles >1·5 times the IQR, and the asterisks >3 times the IQR. 
BIS=bispectral index. MAP=mean arterial pressure. MAC=minimum alveolar 
concentration.
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BIS being more than five units from the target, 62 for 
being lost to follow-up at 1 year, and 15 for major 
protocol violations, which included receiving nitrous 
oxide or propofol infusion for maintenance of 
anaesthesia, having an ASA score of 2, or being younger 
than age 60 years. Baseline characteristics for the per-
protocol group are provided in the appendix (p 10). Data 
on BIS and MAP targeting, and volatile anaesthetic use 
are also provided in the appendix (p 11). There was no 
significant difference in the primary outcome within 

1 year of surgery, OR 0·86 (95% CI 0·67–1·09; 
appendix p 15). There were also no significant 
differences between groups in any of the secondary 
outcomes (appendix p 12).

Adverse events are summarised in the appendix (p 13). 
Grade 3 events (severe or medically significant) occurred 
in 954 (29%) patients in the BIS 50 group and 909 (27%) 
patients in the BIS 35 group; and grade 4 adverse events 
(life-threatening) in 265 (8%) and 259 (8%) patients, 
respectively. The most commonly reported adverse 
events were infections, vascular disorders, cardiac 
disorders, and neoplasms.

Discussion
In this international, randomised controlled trial, we 
evaluated the influence of two levels of anaesthetic depth 
on postoperative survival and serious complications in 
older patients (≥60 years) with significant comorbidity 
presenting for major surgery. At 1 year, there was no 
evidence of a difference in mortality or the incidence of 
complications between the two groups. The quality and 
time course of recovery from anaesthesia and surgery 
were similarly unaffected.

The strengths of this study include its large size and 
the number of participating sites in seven countries. 
We achieved a clinically significant difference in volatile 
anaesthetic concentration between the two groups, with 
MAC values 30% lower in the BIS 50 group than the 
BIS 35 group, while maintaining patient safety. Patient 
sensitivity to anaesthetic drugs was managed by indi
vidualised titration to target BIS values. The potential 
confounder of blood pressure was mitigated by 
requiring anaesthetists to choose appropriate MAP 
targets for their patients before knowing their treatment 
allocation. There was a small (4%) difference in median 
MAP between groups, but we do not consider this large 
enough to affect the validity of our result. Observational 
studies of the relationship between blood pressure and 

BIS 50 (n=3316) BIS 35 (n=3328) Ratio (95% CI)* or 
p value

Primary outcome

All-cause mortality 212 (6%) 238 (7%) 0·88 (0·73–1·07)

Secondary outcomes

Myocardial infarction 77 (2%) 77 (2%) 1·00 (0·73–1·38)

Cardiac arrest 23 (1%) 12 (<1%) 1·9 (0·96–3·9)

Pulmonary embolism 33 (1%) 43 (1%) 0·77 (0·49–1·22)

Stroke 43 (1%) 33 (1%) 1·31 (0·83–2·1)

Sepsis 204 (6%) 219 (7%) 0·93 (0·76–1·13)

Surgical site infection 240 (7%) 212 (6%) 1·15 (0·95–1·39)

Unplanned ICU admission 170 (5%) 190 (6%) 0·89 (0·72–1·10)

Awareness during anaesthesia 1 0 ··

WHODAS 2.0 score

30 days post surgery 18 (14–25) 18 (13–25) 0·78

1 year post surgery 16 (13–23) 16 (13–23) 0·19

Disability-free survival at 1 year 2035 (68%) 2021 (68%) 1·05 (0·94–1·17)

Persistent pain

Day 30 729 (22%) 745 (22%) 0·98 (0·87–1·10)

Day 30 score 230 (90–440) 205 (80–405) 0·14

1 year 250 (8%) 224 (7%) 1·13 (0·93–1·36)

1 year score 213 (60–460) 224 (76–524) 0·32

Neuropathic pain

1 year 237 (7%) 211 (6%) 1·13 (0·93–1·38)

1 year score 140 (60–300) 180 (70–355) 0·038

Recurrence of cancer at 1 year 216 (14%) 211 (13%) 1·02 (0·85–1·25)

Exploratory outcomes

Composite of mortality, myocardial 
infarction, cardiac arrest, pulmonary 
embolism, and stroke

333 (10%) 360 (11%) 0·92 (0·79–1·08)

Composite of sepsis and surgical site 
infection

372 (11%) 359 (11%) 1·05 (0·90–1·22)

Other outcomes

Quality of recovery score

Day 1 101 (86–114) 101 (86–116) 0·66

Day 2 109 (93–124) 108 (92–123) 0·53

Day 3 104 (89–118) 104 (88–118) 0·64

Day 30 132 (118–142) 132 (118–142) 0·89

Duration of postoperative hospital stay, days 6 (4–10) 6 (3–9) 0·54

Data are n (%), n, or median (IQR), unless otherwise stated. Quality of recovery score was the 15-item score; its range is 
0 to 150, with 150 being excellent in all domains. BIS=bispectral index. ICU=intensive care unit. WHODAS 2.0=WHO 
Disability Assessment Schedule, which estimates the amount of disability; scores of 24 or more indicate at least 
moderate disability. *Hazard ratio for BIS 50 compared with BIS 35 for primary outcome; odds ratio for BIS 50 
compared with BIS 35 for other outcomes.

Table 3: Primary, secondary, exploratory, and other outcomes

Figure 3: Kaplan-Meier curve showing survival to 1 year after surgery in 
patients receiving BIS target 50 and BIS target 35 anaesthesia
HR=hazard ratio. BIS=bispectral index.
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outcome only report adverse effects at MAP less than 
70 mm Hg, well below the mean values recorded in both 
groups in our study.7,27 There was a significant difference 
between groups in the severity, but not the incidence, of 
neuropathic pain at 1 year. The difference was 2·5% of 
the neuropathic pain scale and this is unlikely to be 
clinically meaningful.

We assessed patients for awareness on two occasions, 
using the widely cited Brice questionnaire. Only one 
patient had confirmed awareness during surgery. The 
incidence of awareness was previously reported to be 
0·08–0·24% in BIS-monitored patients having major 
surgery.19,20,28 Our finding is important when considering 
that 39% of patients received less than 0·7 MAC of 
volatile anaesthetic throughout surgery. This low 
incidence of awareness supports the safety of targeting a 
BIS of 50 using relatively low doses of volatile anaesthetics 
in older patients.

A limitation of our study is that we did not achieve 
our target BIS values in the two groups, which might 
have decreased our ability to confirm a difference if one 
existed. However, the per-protocol analysis also found 
no difference in 1-year mortality or other outcomes, 
which supports the robustness of our findings. A 
further limitation is that 1-year mortality was 2% lower 
than anticipated, possibly because of fewer patients 
with an ASA physical status of 4 being recruited than 
expected. The incidence of the cardiovascular and 
septic secondary outcomes was also lower than expected 
from recent studies of older patients.29,30 Our study 
was limited to general anaesthesia maintained with 
volatile anaesthetics and provides no information 
about maintenance of anaesthesia with intravenous 
propofol.

Our findings contrast with those of previous large 
observational studies of anaesthetic depth and compli
cations.2–9 These studies were limited by lack of 
randomisation and the potential for confounding by low 
blood pressure, which was not reported in most of these 
studies and is more likely with higher volatile anaesthetic 
administration.2–6,8,9 Our findings are more robust and 
generalisable than the previous small randomised trials, 

which did not achieve enough BIS separation12 or were 
done in specific surgical groups.13,15

In conclusion, in a large, multicentre, comparative 
efficacy trial, we found no evidence that mortality and 
serious complications of anaesthesia and surgery were 
influenced by targeting a BIS of either 50 or 35. This 
finding defines a broad range of anaesthetic depth over 
which anaesthesia may be safely delivered when titrating 
volatile anaesthetic concentrations using a processed 
electroencephalographic monitor.
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