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Editor’s key points

† Previous studies have
suggested a link between
deep anaesthesia and
mortality.

† The authors studied this
association using data
from two previous studies.

† A multivariate analysis did
not show an association
between .5 min of EEG
suppression and
mortality.

† EEG suppression and
coincident hypotension
were however strongly
associated with mortality.

Background. Low bispectral index values frequently reflect EEG suppression and have been
associated with postoperative mortality. This study investigated whether intraoperative EEG
suppression was an independent predictor of 90 day postoperative mortality and explored
risk factors for EEG suppression.

Methods. This observational study included 2662 adults enrolled in the B-Unaware or BAG-
RECALL trials. A cohort was defined with .5 cumulative minutes of EEG suppression, and 1:2
propensity-matched to a non-suppressed cohort (≤5 min suppression). We evaluated the
association between EEG suppression and mortality using multivariable logistic regression,
and examined risk factors for EEG suppression using zero-inflated mixed effects analysis.

Results. Ninety day postoperative mortality was 3.9% overall, 6.3% in the suppressed cohort,
and 3.0% in the non-suppressed cohort {odds ratio (OR) [95% confidence interval (CI)]¼2.19
(1.48–3.26)}. After matching and multivariable adjustment, EEG suppression was not
associated with mortality [OR (95% CI)¼0.83 (0.55–1.25)]; however, the interaction
between EEG suppression and mean arterial pressure (MAP) ,55 mm Hg was [OR (95%
CI)¼2.96 (1.34–6.52)]. Risk factors for EEG suppression were older age, number of
comorbidities, chronic obstructive pulmonary disease, and higher intraoperative doses of
benzodiazepines, opioids, or volatile anaesthetics. EEG suppression was less likely in
patients with cancer, preoperative alcohol, opioid or benzodiazepine consumption, and
intraoperative nitrous oxide exposure.

Conclusions. Although EEG suppression was associated with increasing anaesthetic
administration and comorbidities, the hypothesis that intraoperative EEG suppression is a
predictor of postoperative mortality was only supported if it was coincident with low MAP.

Clinical trial registration. NCT00281489 and NCT00682825.

Keywords: anaesthesia, general; comorbidity; deep sedation; electroencephalography; risk
assessment
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It is estimated that between 2% and 5% of surgical inpatients
die within 90 days of their operations.1 – 4 However, it is
unknown to what extent intraoperative management contri-
butes directly to this mortality. Several studies have shown
an association between low intraoperative bispectral index

(BIS) values and postoperative mortality.2 5 – 8 The BIS is a pro-
prietary processed EEG index, ranging from high values
(approaching 100) when patients are awake to low values
(approaching 0) during very deep general anaesthesia. Low
BIS values frequently reflect epochs of isoelectric EEG
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punctuated by bursts of activity, a pattern described as EEG
burst suppression.9 EEG burst suppression has also been
observed in pathological states, including traumatic brain
injury, coma, severe hypothermia, hypoxia, hypoglycaemia,
or childhood encephalopathies.10–13 Computer models indicate
that burst suppression results from depleted intracellular ATP
and extracellularcalciumstores and is associated withdepressed
neuronal metabolism.14 15 As such, burst suppression could dir-
ectly reflect important neurobiological processes. The potential
clinical relevance of EEG suppression was made salient in a
study in medical intensive care patients which found that burst
suppression was independently associated with a doubling of
mortality at 6 months.16 In this respect, avoiding the potential
harm of intraoperative EEG suppression by reducing anaesthetic
agents might be worthy of further investigation.

Analysis into postoperative outcomes after low intraopera-
tive BISvalues have prompted an ongoing debate about the po-
tential of relatively excessive anaesthetic administration,
within a clinically relevant range, to be directly injurious and
to increase postoperative mortality. Many of these studies
have been dispraised for incompletely capturing confounding
factors.17 – 19 Preliminary research has shown that patients
are more likely toexhibitEEGsuppression duringgeneral anaes-
thesia with propofol when they were elderly, male, or had cor-
onary artery disease.20 The primary goal of this study was to
investigate whether intraoperative EEG suppression is an inde-
pendent predictor of 90 day postoperative mortality in patients
at risk for intraoperative awareness who underwent general
anaesthesia with volatile anaesthetics. A secondary goal was
to explore risk factors for intraoperative EEG suppression.

Methods
Patient population

This study includessubjects from the B-Unaware (NCT00281489)
and BAG-RECALL (NCT00682825) clinical trials, which were
designed to test whether an anaesthetic protocol based on BIS
guidance was superior to a protocol based on end-tidal anaes-
thetic concentration (ETAC) alerts in preventing intraoperative
awareness.21 22 These trials included patients .18 yr old receiv-
ing volatile anaesthetics, who were at high risk for intraoperative
awareness as defined by having at least one of the following risk
factors: preoperative long-term use of anticonvulsants, opioids,
benzodiazepines, or cocaine; cardiac ejection fraction ,40%;
history of anaesthesia awareness; history of difficult intubation
or anticipated difficult intubation; ASA physical status class IV
or V; aortic stenosis; end-stage lung disease; marginal exercise
tolerance not resulting from musculoskeletal dysfunction; pul-
monary hypertension; planned open-heart surgery; and daily
alcohol consumption. The B-Unaware trial enrolled 2000
patients at Washington University in St Louis between 2004
and 2006. The BAG-RECALL trial enrolled 6041 patients
between 2008 and 2010 at Washington University in St Louis
and the University of Chicago and Manitoba (Winnipeg,
Manitoba, Canada). Patients were randomized to receive
general anaesthesia dosed by either ETAC or BIS values. Under
the ETAC protocol, an alarm sounded when the patient’s

ETAC went outside the target range of 0.7–1.3 age-adjusted
minimum alveolar concentration23 (MAC), and providers were
blinded to their patient’s BIS values. In the BIS group, an alarm
sounded when BIS values went outside the target range of
40–60, and ETAC values were available to practitioners.

In this substudy, we included patients whose surgeries
lasted at least 30 min and whose intraoperative EEG suppres-
sion was recorded and available for at least half of the case’s
duration. Suppression ratio (SR) values were excluded from
analysis if the BIS electrode’s indicated signal quality index
was ,50. SR was not a primary target in this study’s parent
trials and hence was not recorded electronically for many
cases (Fig. 1). We included intraoperative data from the most
recent surgery if a patient had multiple operations in one or
both studies. Our final sample included 2662 patients.

Ethics

Both parent trials (B-Unaware and BAG-RECALL) received regu-
latory approval from institutional review boards at all partici-
pating institutions, and both studies specified at registration
that associations between anaesthetic depth and post-
operative mortality would be explored in secondary studies
(NCT00682825, NCT00281489).

Outcome measures and data collection

SR is avariable calculatedby the BISmonitorw (Covidien, Boulder,
CO, USA)asthepercent of theprevious63 s during which the EEG
was suppressed.24 BIS and SR values were recorded electronical-
ly using BIS Quatrow (Covidien) forehead electrodes and a BIS
XPw (Covidien) processing module. For patients included in this
substudy, ETAC and SR values were recorded using Trendface
Solo software (ixellence, Wildau, Germany).

Data were processed using Matlabw 7.14 R2012a (The Math-
Works Inc., Natick, MA, USA). ETAC and SR measurements were
resampled to intervals of one measurement per minute by
retaining the first value of every minute, and ETAC values
were converted to MAC equivalents using the formulae pro-
vided by Nickalls.23 Anaesthetic concentrations were consid-
ered missing when ETAC fell outside the range of 0.1–4 MAC
equivalents. To evaluate the relationship between EEG sup-
pression and mortality, we estimated the total time during
which a patient’s EEG was suppressed by summing each
case’s fractional SR values and multiplying them by 100.
Leslie and colleagues7 analysed patients according to
whether or not BISwas ,40 forat least 5 min. Based on this ap-
proach, we defined a ‘suppressed group’ of patients whose
EEGs were suppressed for at least 5 cumulative (but not neces-
sarily contiguous) minutes; the ‘non-suppressed group’
included the remaining patients.

Perioperative data were retrieved from medical files. Post-
operative mortality dates were ascertained from the US
Social Security Death Index and by contacting patients and
their families in Canada to establish vital status.

Statistics

Differences in patient characteristics and comorbidities
between the suppressed and non-suppressed groups were
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evaluated with Student’s t-test andx2 test as appropriate. Nor-
mality of continuous variables was verified with one-sided Kol-
mogorov–Smirnov tests before parametric statistics were
applied. We evaluated the unadjusted association between
EEG suppression and postoperative mortality using a univari-
able logistic regression. To account for significant differences
in baseline characteristics between the suppressed and non-

suppressed group, we propensity matched each suppressed
case with up to two non-suppressed controls based on their
patient characteristics and comorbid covariates (Table 1).25

We performed a 2:1 nearest neighbour matching with replace-
ment to allow every suppressed case to be matched to at least
one control, and a calliper allowed matches up to a distance of
0.2 standard deviations of the predicted propensity score.26 27

2000 Patients
enrolled in B-

Unaware

7750 Patient records
available

2662 Records included in
the analysis

SR=Suppression Ratio

Final sample: 1941 Patients

59 Were excluded
•21 Cancelled surgery
•14 Received sedation only
•13 Technical difficulties
•6 Received spinal
anesthetic only
•5 Received total
i.v. anesthetic

Final sample: 5809 Patients

232 Were excluded
•75 Cancelled surgery
•78 Received sedation only
•10 Technical difficulties
•13 Received regional
anaesthesia
•10 Received total
i.v. anaesthetic
•46 Did not meet inclusion
criteria after randomization

5088 Were excluded
•300 Cases had no
intraoperative data
available
•351 Cases lasted < 30
min
•3956 Cases had non SR data
available
•430 Cases were missing >
50% of the recorded SR
•41 Cases were duplicate
operations
•10 Cases had no death
data available

6041 Patients
enrolled in BAG-

RECALL

Fig 1 Study enrolment.
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To account for controls matched to multiple cases, we gener-
ated weights to deflate the sample to its original size. The
paired t-tests and x2 tests were used to evaluate differences
before and after matching, and variance ratios and absolute
values of the standardized differences in means were used to
evaluate post-match balance between the two matched
groups.28

Survival information beyond the 90 day postoperative
period was available for 2420 (90.9%) patients. To evaluate
the potentially longer-term effects of EEG suppression, we
used the Kaplan–Meier analyses to determine the association
between EEG suppression and time to mortality up to 1 yr after
surgery. A conditional multivariable logistic regression was
performed using data from the matched patient cohort to
evaluate the independent effect of EEG suppression on 90

day mortality. Covariates were defined a priori by clinical rele-
vance or significance in prior research studies. They included
age (continuous), gender, ASA physical status score (dichot-
omous, defined as IV vs I–III), number of comorbidities (con-
tinuous), planned heart surgery, history of congestive heart
failure or malignancy (all dichotomous), duration of low
mean arterial pressure (MAP) (,55 mm Hg), and an interaction
term between low MAP and EEG suppression group.8 All vari-
ables were force-entered into the model in a single step.
Model goodness of fit was assessed with the log-likelihood
ratio.

Finally, we constructed a non-linear mixed effects model
using the complete, unmatched patient sample to evaluate
the strength of association between several candidate risk
factors and intraoperative burst suppression. Because most

Table 1 Characteristics and absolute standardized mean difference effect sizes (d ) between EEG suppressed (EEG-S) and non-suppressed (Non-S)
groups on all baseline covariates before and after propensity score matching. M, mean; n, number; SD, standard deviation. *Compared with patients
with burst suppression

Covariate All patients
(2662)

Unmatched Propensity score matched

EEG-S (756) Non-S (1906) d P-value* Non-S (926) d P-value*

M or n SD

or %
M or n SD

or %
M or n SD

or %
M or n SD

or %

Age 60.8 13.7 64.3 12.8 59.4 13.8 0.36 0.03 64.1 12.6 0.13 0.73

BMI 30.0 7.7 28.8 6.6 30.5 8.1 0.22 0.00 28.7 6.3 0.09 0.90

Male gender 1632 61.3 447 59.1 1185 62.2 0.06 0.16 541 58.5 0.05 0.78

White race 2324 87.3 645 85.3 1679 88.1 0.08 0.06 791 85.5 0.05 0.94

ASA ,0.001 0.0 0.14

I 27 1.0 0 0.0 27 1.4 2 0.3

II 429 16.1 54 7.1 375 19.7 81 8.8

III 1089 40.9 279 36.9 810 42.5 306 33.0

IV 1117 42.0 423 56.0 694 36.4 537 57.9

Planned heart surgery 1316 49.4 500 66.1 816 42.8 0.47 ,0.001 616 66.5 0.15 0.86

Past medical history 0.0

Aortic stenosis 245 9.2 95 12.6 150 7.9 0.16 ,0.001 111 12.0 0.03 0.71

Cerebrovascular disease 154 5.8 68 9.0 86 4.5 0.19 ,0.001 64 6.9 0.16 0.12

Cancer 519 19.5 92 12.2 427 22.4 0.26 ,0.001 120 13.0 0.12 0.63

Chronic obstructive pulmonary
disease

451 16.9 140 18.5 311 16.3 0.06 0.19 168 18.1 0.04 0.83

Congestive heart failure 398 15.0 142 18.8 156 13.4 0.15 0.00 164 17.7 0.09 0.58

Coronary artery disease 1287 48.3 428 56.6 859 45.1 0.23 ,0.001 523 56.5 0.09 0.96

End-stage lung disease 30 1.1 14 1.9 16 0.8 0.10 0.04 21 2.3 0.04 0.51

Ejection fraction ,40% 224 8.4 72 9.5 152 8.0 0.06 0.22 78 8.5 0.03 0.45

Diabetes 658 24.7 210 27.8 448 23.5 0.10 0.02 255 27.6 0.02 0.93

Dysrhythmia 290 10.9 118 15.6 172 9.0 0.21 ,0.001 138 15.0 0.12 0.71

Hypertension 1788 67.2 546 72.2 1242 65.2 0.15 ,0.001 672 72.6 0.04 0.88

Marginal exercise tolerance 1332 50.0 338 44.7 994 52.2 0.15 0.00 409 44.2 0.06 0.83

Peripheral vascular occlusive
disease

383 14.4 134 17.7 249 13.1 0.13 0.00 160 17.3 0.06 0.83

Pulmonary hypertension 93 3.5 33 4.4 60 3.1 0.07 0.13 37 4.0 0.06 0.68

Sleep apnoea 288 10.8 80 10.6 208 10.9 0.01 0.84 94 10.1 0.03 0.76

Regular alcohol use (daily) 353 13.3 75 9.9 278 14.6 0.14 0.00 97 10.5 0.08 0.69

Regular anticonvulsant use 147 5.5 40 5.3 107 5.6 0.01 0.78 48 5.2 0.03 0.95

Regular benzodiazepine use 339 12.7 84 11.1 255 13.4 0.07 0.12 102 11.0 0.05 0.97

Regular opiate use 515 19.3 98 13.0 417 21.9 0.23 ,0.001 115 12.4 0.06 0.75

BJA Willingham et al.

1004

 at Fachbereichsbibliothek on June 10, 2015
http://bja.oxfordjournals.org/

D
ow

nloaded from
 

http://bja.oxfordjournals.org/


(�90%) SR measurements were zero, we included a two-part
piecewise likelihood function in the model.29 When SR¼0, a lo-
gistic likelihood function was used to compute a set of coeffi-
cients describing a patient’s odds of developing any amount
of EEG suppression. When SR .0, a general g distribution was
assumed and a second set of coefficients were computed to
describe the association between the included factors and
the level of SR. The included risk factors were defined a priori
based on prior research studies or clinical relevance and
included age (continuous), sex (dichotomous), ASA physical
status score (dichotomous, defined as IV vs I–III), number of co-
morbidities (continuous), histories of coronary artery disease,
congestive heart failure, chronic obstructive pulmonary disease,
malignancy, and regular preoperative alcohol, opioid, or benzodi-
azepine use (all dichotomous).20 30 We controlled foranaesthetic
factors includingETACin 0.1MACunits (continuous), andwhether
the patient received .2 mg midazolam equivalents (dichotom-
ous), .50 mg morphine equivalents (dichotomous), or any
amount of nitrous oxide (dichotomous). To reduce pharmacoki-
netic confounding, intraoperative data included in this model
were restricted to epochs when ETAC was within +0.05 MAC
for the preceding 10 min. A random effect was included as part
of the intercept toallow for variation between patients. Statistical
analyses were performed in SASw software version 9.3 (SAS Insti-
tute Inc., Cary, NC, USA), and R version 2.10 (The R Foundation for
Statistical Computing, Vienna, Austria).

Results
This analysis included 2662 unique patients (Fig. 1) who pro-
vided 10 216 h of recorded intraoperative parameters. Most
surgeries were performed by cardiothoracic (60.5%), general
(14.8%), or urological (6.1%) services. Seven hundred and fifty-
six (28.4%) patients experienced .5 cumulative minutes of
suppressed EEG and comprised the suppressed group. The
median duration of EEG suppression in the suppressed group
was 15.3 min (range: 5.0–235.6 min), compared with 0.2 min
(range: 0.0–5.0 min) in the non-suppressed group. Patients in
the suppressed group tended to be older, had higher ASA
scores, and had a higher prevalence of many comorbidities,
but a 46% reduced prevalence of malignancy compared with
patients in the non-suppressed group (12.2% vs 22.4%,
P,0.001; Table 1). Patients in the suppressed group were less
likely to regularly use sedatives, including alcohol, benzodiaze-
pines, or opioids.

Mortality analyses

The 90 day all-cause mortality rate in our study cohort was
3.9% (105 of 2662). Mortality at 90 days was 6.3% (48 of 756)
in the suppressed group, 3.0% (57 of 1906) in the non-
suppressed group (P,0.001), and 5.5% (51 of 926) in the
matched cohort (P¼0.456). Before adjusting for confounders,
patients in the suppressed group had 2.19 (95% CI: 1.48–
3.26) times higher odds of dying up to 90 days after surgery
than those in the non-suppressed group.

Therewerenosignificantdifferencesinpatientcharacteristics
or prevalence of comorbidities between the two propensity-

matched groups (Table 1). No absolute value of the standardized
mean difference forany variable exceeded 0.25, and no variance
ratio was outside the range of 0.5–2. After matching and
adjusting for confounding factors, patients who experienced
EEG suppression had similar odds of dying by 90 days as their
non-suppressed counterparts [odds ratio (OR)¼0.83, 95% confi-
dence interval (CI)¼0.55–1.25, P¼0.375; Table 2]. However,
patients in the suppressed group who also had low MAP had
nearly three times higher odds of dying compared with their
non-suppressed counterparts without low arterial pressure
(OR¼2.96, 95% CI: 1.34–6.52, P¼0.007). Comparisons of the
proportion of patients surviving up to 1 yr after surgery revealed
that patients with EEG suppression had a shorter time-to-death
than the non-suppressed group (log-rank x2¼14.09, df¼1,
P¼0.0002), but there was no significant difference between
the patients with EEG suppression and their matched counter-
parts (log-rank x2¼2.13, df¼1, P¼0.14; Fig. 2).

Predictors of burst suppression

After censoring unstable MAC values, 2356 h of data remained
available for analysis in the mixed effects model (Table 3). In

Table 2 Multivariable predictors of 90 day postoperative mortality
in the matched sample. CI, confidence interval; MAP, mean arterial
pressure

Factor Conditional

Odds ratio 95% CI P-value

EEG suppression×low MAP 2.96 1.34–6.52 0.007

Malignancy 2.66 1.56–4.55 ,0.001

Congestive heart failure 1.62 1.10–2.37 0.014

ASA IV (vs I–III) 1.45 0.87–2.41 0.150

Comorbidity index (#) 1.15 1.03–1.28 0.011

Age (yr) 1.02 1.01–1.04 0.010

Cardiac surgery 0.97 0.59–1.60 0.971

EEG suppression 0.83 0.55–1.25 0.375

Male gender 0.75 0.53–1.06 0.101

Low MAP (h) 0.74 0.35–1.56 0.432

100

Unmatched controls
Suppressed group
Non-suppressed group

1-Yr postoperative survival

95
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Fig 2 Per cent of the study population surviving after surgery.
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general, higher concentrations of volatile anaesthetics and
higher doses of benzodiazepines or opioids were associated
with increased burst suppression incidence and severity, and
patients who received nitrous oxide had decreased incidence
and severity of EEG suppression. Patients older than 60 yr had
5.31 times (OR¼5.31, 95% CI: 3.81–7.41, P,0.0001) higher
odds of developing EEG suppression compared with their
youngercounterparts, and each additional comorbidity increased
their odds by 43% (OR¼1.43, 95% CI: 1.29–1.70, P,0.0001).
Chronic obstructive pulmonary disease was also associated
with increased incidence of EEG suppression (OR¼1.65, 95% CI:
1.07–2.53, P¼0.023). Regular users of alcohol, benzodiazepines,
and opioids had lower odds of developing EEG suppression
(OR¼0.53, 95% CI: 0.38–0.75, P¼0.0003).

Discussion
The major reason motivating this study was an ongoing debate
about the potential of relatively excessive anaesthetic admin-
istration, within a clinically relevant range, to be directly injuri-
ous and to increase postoperative mortality. This study found
that when considered in the absence of other clinical factors,
intraoperative EEG suppression is strongly associated with
postoperative mortality. However, the significant bivariate as-
sociation between EEG suppression and mortality was attenu-
ated through matching and multivariate analysis. These
results do not support the hypothesis that relatively excessive
anaesthetic administration, as reflected by intraoperative
EEG suppression, is an independent predictor of 90 day post-
operative mortality. However, EEG suppression may contribute
to postoperative mortality in conjunction with low MAP during
the same general anaesthesia.

Unsurprisingly, EEG suppression was related to increasing
anaesthetic administration. Interestingly, there was also an in-
dependent relationship between certain patient morbidities
and EEG suppression. This suggests, as others have found,
that intraoperative EEG suppression is a marker of patient
frailty, albeit a weak marker. We chose to examine the link
between EEG suppression and mortality, rather than between
a particular processed EEG index and mortality, as most intrao-
perative EEG monitors record EEG suppression. We therefore
felt that the results of this study would have relevance for
any EEG-based intraoperative brain monitor. Although the
BIS algorithm is proprietary, we do know that at lower BIS
values, the index is inversely correlated with the extent of
EEG suppression.31 32 The results of this study are therefore
consistent with the findings of several other observational
studies that have not found an independent link between
cumulative duration of low BIS values and postoperative
mortality.6 8 33

The strong univariate association between EEG suppression
and mortality is striking and, if viewed uncritically, could lead to
a possibly erroneous conclusion that intraoperative EEG sup-
pression causes mortality. This emphasizes the importance
of appropriate statistical adjusting techniques (e.g. propensity
matching) and inclusion of known important confounders
when assessing candidate associations between perioperative
variables and postoperative outcomes in non-randomized
studies. However, the propensity scoring techniques used
here, while effective, may not have been fully inclusive of all
relevant covariates. It is possible that a confounding variable
may be responsible for the significance of the EEG suppres-
sion–low MAP interaction, as the presence of both conditions
may be an indicator of ‘sickness’.

Table 3 Anaesthetic and patient predictors of intraoperative EEG suppression. Est., estimate; CI, confidence interval; OR, odds ratio; Eq.,
equivalents

Covariates Part 1: binary model Part 2: generalized g model

Est. OR 95% CI P-value Est. SE 95% CI P-value

Intercept 29.32 ,0.0001 22.35 0.12 22.59 to 22.12 ,0.0001

Anaesthetic factors

MAC (0.1 units) 4.37 78.67 64.12–96.51 ,0.0001 2.19 0.06 2.08–2.31 ,0.0001

.2 mg midazolam Eq. 0.86 2.35 1.69–3.28 ,0.0001 0.23 0.07 0.10–0.36 0.0004

.50 mg morphine Eq. 0.63 1.88 1.35–2.63 0.0002 0.31 0.07 0.19–0.44 ,0.0001

Nitrous oxide used 20.77 0.46 0.26–0.81 0.0072 20.49 0.11 20.70 to 20.27 ,0.0001

Patient factors

Male gender 0.26 1.29 0.94–1.78 0.1152 0.14 0.06 0.01–0.26 0.0307

Age .60 yr 1.67 5.31 3.81–7.41 ,0.0001 0.43 0.07 0.30–0.56 ,0.0001

ASA¼IV (vs I–III) 20.13 0.88 0.61–1.28 0.5008 0.05 0.07 20.09 to 0.20 0.4709

Comorbidity index (#) 0.39 1.48 1.29–1.70 ,0.0001 0.10 0.03 0.04–0.15 0.0004

Coronary artery disease 20.28 0.75 0.51–1.11 0.1564 20.02 0.08 20.17 to 0.13 0.7907

Congestive heart failure 0.26 1.30 0.82–2.08 0.2661 0.12 0.09 20.06 to 0.30 0.1989

Chronic obstructive pulmonary disease 0.50 1.65 1.07–2.53 0.0226 0.19 0.08 0.03–0.36 0.0229

Malignancy 20.49 0.61 0.40–0.96 0.0308 20.27 0.09 20.44 to 20.10 0.0018

Regular preoperative alcohol, opiate,
or benzodiazepine use

20.53 0.59 0.42–0.84 0.0029 20.12 0.07 20.26 to 0.01 0.0793
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One limitation of this study is that there is no physiological
justification for the 5 min suppression threshold used in the
propensity match. However, using a historically precedented
threshold improves comparison with previous research.7 Add-
itionally, although selected a priori, this threshold conveniently
subdivided the subject pool without making any single group
overly small. The result regarding nitrous oxide demonstrates
that caution is warranted in interpreting SR as an accurate bar-
ometer of excessive anaesthetic depth. The addition of nitrous
oxide is likely to deepen anaesthesia, but in this study, nitrous
oxide was associated with a decrease in SR. An additional limi-
tation of this study is that its observational methodology pre-
cluded us from accounting for all confounders, including
temperature, which was not recorded in this study’s parent
trials. Even rigorous statistical approaches cannot ensure
that the experimental and the control groups are equivalent
apart from the exposure, which in this study was EEG suppres-
sion. Only a study that randomizes patients to EEG suppression
(or its avoidance) as a therapeutic intervention can provide a
more compelling answer to the hypothesis that intraoperative
EEG suppression increases postoperative mortality. After the
matching, the lack of an association between EEG suppression
and mortality could be a false-negative finding. However, the
CI for the propensity-matched OR suggests that even if there
is a causal link between EEG suppression and mortality, it is
likely to be a weak association. Although the findings of this
study are conflicting in relation to the link between intraopera-
tive EEG suppression and mortality reported by former trials,
there are other important outcomes that this study did not
evaluate.5 – 7 These include longer-term postoperative mortal-
ity, quality of postoperative recovery, postoperative morbidity,
and postoperative cognition.

If intraoperative EEG suppression had a direct association
with postoperative mortality, one would expect the largest mor-
tality differences to occur rapidly after surgery. It is possible that
90 days are too long a period after surgery to find a significant
difference. However, in this sample, the 90 day mortality rate
was necessary to ensure enough events to perform a multivari-
ate analysis without over-fitting.Future studies mayconsider in-
vestigating the association between EEG suppression endpoints
such as delirium or postoperative cognitive changes to further
explore any long-term effects of EEG suppression.

The findings of this study do not support the contention that
volatile anaesthetic dose should be limited within a clinically
relevant range in order to avoid intraoperative EEG suppression
to decrease postoperative mortality. There is no compelling
reason to desist from the practice of inducing EEG suppression
when it is thought to be clinically indicated (e.g. during certain
brain surgeries). However, even if EEG suppression is not asso-
ciated with direct harm, for the most part, it is likely to reflect
unnecessarily deep anaesthesia and should be further investi-
gated with a randomized controlled trial.
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