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Several observational studies have found that measures of
‘deep hypnosis’ during general anaesthesia were associated
with increased odds of intermediate-term postoperative
mortality.’? A meta-analysis evaluated eight observational
studies that included 40 317 patients; overall there was a
statistically significant association between the depth of
hypnosis, reflected by low bispectral index (BIS) values
(<40—45), and mortality (pooled adjusted hazard ratio, 1.21;
95% confidence interval [CI], 1.07—1.38; P=0.003)." However,
given that observational studies are vulnerable both to
known and unknown confounders, it is difficult to
disentangle whether or to what extent ‘deep hypnosis’: 1)
directly causes harm, 2) mediates harm when patients are
vulnerable, or 3) reflects patient morbidity, and therefore
merely predicts ‘inevitable’ poor outcomes but has no causal
relationship whatsoever. According to conventional wisdom,
well-designed randomised trials would be required to solve
this important mystery. In this issue of the British Journal of
Anaesthesia, Sieber and colleagues® report the secondary
outcomes of the STRIDE (A STrategy to Reduce the Incidence
of Postoperative Delirium in Elderly Patients) clinical trial, in
which older adults undergoing hip fracture repair under
spinal anaesthesia were randomised to ‘lighter’ or ‘deeper’
sedation.> Primary outcome results (on the incidence of in-
hospital delirium between days 1 and 5) have been

DOI of original article: doi: 10.1016/j.bja.2018.12.021.

previously reported, showing no overall significant benefit
with ‘lighter’ sedation, but a possible effect modification,
based on severity of preoperative morbidity, was suggested.*
The secondary outcomes of interest in the current study
were intermediate-term mortality and return to preoperative
ambulation level. It has been suggested that an independent
Discussion for scientific manuscripts can be useful in
objectively assessing inferential reproducibility.” In Table 1,
we provide a structured independent Discussion for the
study by Sieber and colleagues,® and we comment on the
similarities and differences between the original Discussion
and the independent Discussion as an example of this
approach. The author of the Independent Discussion (PEV)
had access only to the manuscript’s Introduction, Methods
and Results, but not to the Abstract or the Discussion.
Regarding the specific hypotheses tested in the study by
Sieber and colleagues,® it is important to consider whether it is
biologically plausible that ‘deeper’ hypnotic levels could in-
crease the risk of intermediate-term postoperative death.
There are several postulated mechanisms by which ‘deeper’
hypnosis could be injurious. First, anaesthetic agents might be
directly neurotoxic, and increased administration could have
adverse postoperative cognitive consequences. Second, ‘deep’
hypnosis could cause haemodynamic instability, which could
increase the risk of postoperative organ injury, including the
heart, brain, and kidneys. Third, increased anaesthetic agent
concentrations could have immunosuppressant effects, which
could increase susceptibility to infection or cancer growth. All
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Table 1 Original and independent discussions, and interpretive commentary.

Title of manuscript: Depth of sedation as an interventional target to reduce postoperative delirium: mortality and functional
outcomes of the STRIDE randomised clinical trial®

Main finding

Original Discussion: ‘This manuscript reports the secondary outcomes of the STRIDE trial. When comparing heavier vs lighter
sedation during spinal anaesthesia for hip fracture repair, there was no significant difference between study groups in delirium
incidence at 30 days, functional outcomes at 12-month follow-up, and 1-year mortality. These results are reassuring in that level of
intraoperative sedation comparable to those studied in STRIDE are probably not associated with worsened functional outcomes or
increased mortality up to 1 year after surgery.”

Independent Discussion: In this secondary analysis of the STRIDE trial, depth of sedation during spinal anaesthesia was not
associated with mortality, regardless of comorbidity burden. Likewise, sedative depth demonstrated no appreciable effect on
return to pre-fracture ambulation level, persistent delirium, or additional functional outcomes after adjusting for relevant
confounders. The analysis does not provide evidence to suggest that depth of intraoperative sedation influences mortality,
functional outcomes, or persistent delirium after hip fracture surgery.

Commentary: The interpretation of the main findings in the Original and Independent Discussions are concordant.

Relationship of main finding to previous studies

Original Discussion: ‘Hip fracture repair is associated with high postoperative mortality. Large case series report a 5.1% 30-day and
25% 1-year mortality, with a mean survival of 3.75 years (95% CI, 3.13 to 4.54). The 14% 1-year mortality in the current study is
comparable to other prospective hip fracture series, but lower than the smaller randomized trial conducted by members of the
same research team as the STRIDE study. Exclusion criteria (severe dementia and medications which prevent the safe
administration of spinal anesthesia) were similar between these studies. However, anaesthetic management in STRIDE was
performed exclusively by 4 senior anaesthesiologists and may have contributed to the different findings in the two studies. In
addition, as discussed below, ongoing changes in management of hip fractures occurred at our institution over the time period of
the two trials. The baseline risk factors of low BMI, incremental IADL decreases and incremental CCI increases for 1-year mortality
observed in STRIDE are consistent with the literature. However, the previously reported higher mortality with male sex was not
observed, possibly owing to our predominantly female population. Since the use of intraoperative electroencephalogram-based
depth of anaesthesia monitoring has become commonplace, several observational case series report an association between
deeper anaesthesia levels and mortality. However, it is unclear whether this link represents an epiphenomenon, where deeper
anaesthesia is merely a marker of poor prognosis, particularly since these studies have not assessed for individual sensitivity to
anaesthetics. We found that neither interventional group nor individual BIS values were risk factors for 1-year mortality.
Furthermore, it is unlikely that anesthetic depth management alone would influence one year mortality given that patients in this
age group and undergoing this type of surgery would likely have other events after the index surgery that may influence longer
term survival. Our bias is that if any differences were to be found, they might assert themselves in the first 30 days postoperatively.
We report 30 day complications in Table 1 and show no difference between intervention groups. For this reason we further
investigated other predictors of 1-year mortality and reported them in the manuscript. Of note, we found, as others have, that
severity of POD in hospital was predictive of mortality at 1-year, after multivariable adjustment. Heavier us lighter sedation levels
during hip fracture repair under spinal anaesthesia have been associated with higher mortality in patients with CCI score >4.
STRIDE found no interaction between interventional group and CCI for 1-year mortality. The reasons behind study outcome
differences are complicated, but could be explained by ongoing changes in practice as evidenced by the shorter time to surgery,
shorter hospitalization following surgery, and fewer ICU days in the STRIDE trial compared to the previous, smaller trial. In
addition, the incidence of pulmonary and cardiovascular complications was higher in subjects with CCI>4 comparing heavier vs
lighter sedation in the previous trial; whereas no difference was found between treatment arms in STRIDE.>

Independent Discussion: One-year mortality is described as the main outcome of this secondary analysis, and depth of sedation was
not associated with 1-yr mortality. Other than the prior small trial described by the investigators,® there are no studies specifically
examining the depth of sedation during spinal anaesthesia in relation to mortality in patients with hip fractures. However,
observational, interventional, and meta-analytic studies have investigated whether anaesthetic technique (i.e. general us regional
anaesthesia) might be causally linked to outcomes such as mortality after hip fracture surgery. Two recent systematic reviews
found no significant association between mortality and anaesthetic technique in adults presenting for hip fracture surgery,
although considerable clinical and methodological heterogeneity was present among studies.”® Additionally, a 2016 Cochrane
Review found no significant association between 30-day mortality and anaesthetic technique (risk ratio 0.78; 95% CI, 0.57—1.06;
>=24%).° Quality of evidence, however, was rated very low. Subsequent to this review, Ahman and colleagues'® performed a
registry-based retrospective cohort study that included more than 14 000 hip fracture patients, and type of anaesthesia was not
independently predictive of mortality (hazard ratio 1.08; CI, 0.99—1.18, P=0.084); rather, comorbidity burden was most strongly
predictive (ASA physical status 5: hazard ratio 12.57; 95% CI, 6.91—-22.85, P<0.001; ASA physical status 4: hazard ratio 4.79; 95% CI,
4.30 to 5.33, P<0.001). Thus, it is not surprising that sedative depth was not found to be associated with mortality in this secondary
analysis. Comorbidity burden may be a significant driver of postoperative mortality after hip fracture, as demonstrated here and in
prior investigations.'>**

Commentary: In the Original Discussion, the investigators focus on reasons why the findings of the current study were different from
a smaller previous study with a similar design done by the same team.® The Independent Discussant notes that while there has
been little research examining whether depth of sedation affects outcomes after hip fracture surgery, several clinical trials and
observational studies have investigated whether the outcomes are different after general anaesthesia vs regional anaesthesia.
These studies have generally found that regional anaesthesia was not associated with significant improvements in outcomes,
including death. The Independent Discussant opines that the findings in the current study are consistent with this prior body of
evidence. The Independent Discussion places the current trial in a broader and more systematic context than the investigators do,
while the Original Discussion focuses more on juxtaposing the prior and current experience of the specific team, which conducted
the studies. Changes in the practices of the team over time may not necessarily be generalisable to changes in practices in other
teams.

Additional (secondary) findings

Original Discussion: ‘Neither the occurrence of POD nor days of POD in hospital were predictors of 1-year mortality in STRIDE.
Similarly, previous studies have found that, when accounting for confounders, incident delirium was not an independent risk
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Table 1 Continued

factor for intermediate term mortality. However, several delirium-associated characteristics do appear to be associated with
mortality. Specific to surgical patients, trend-level associations between delirium severity and 6-month mortality following hip
fracture repair have been reported, but STRIDE is the first study to demonstrate statistically significant relationships between POD
severity and 1-year mortality. Participants with lower pre-fracture ambulation level had greater odds of maintaining level of
function by 1-year compared to participants with a higher pre-fracture ambulation level. This indicates a floor effect in terms of
return to function with poorer pre-fracture ambulation status and is consistent with previous reports documenting decreased
odds of change in ambulatory status as pre-fracture ambulatory function decreases.”®

Independent Discussion: In terms of the primary functional outcome, return to pre-fracture ambulation level, adjusted odds of
returning to baseline were not significantly different between the study groups. In contrast, preoperative CCI, preoperative
ambulatory status, and postoperative delirium were independently predictive of lack of return to pre-fracture ambulation level.
The overall incidence of persistent delirium was low (2%) and not significantly different between groups. Lastly, additional
functional outcomes (e.g. Activities of Daily Living, Instrumental Activities of Daily Living (IADL), Grip Strength, Timed Chair Raise,
and Timed 3-m Walk) were not significantly different between groups both 1 month and 1 yr after operation.

Commentary: In the Original Discussion, the investigators focus on predictors of 1-yr mortality and ability to ambulate. The
Independent Discussant focuses on predictors of ambulation ability, and functional outcomes. In general, there is substantial
concordance between the two Discussions, although there is only modest overlap regarding what is highlighted in the two
Discussions.

Relationship of additional (secondary) findings to previous studies

Original Discussion: ‘Other studies have reported an association between poor recovery of ambulation following hip fracture repair
and CCI as well as delirium episodes, similar to the STRIDE results.’?

Independent Discussion: There are limited data on sedative depth, particularly during spinal anaesthesia, and functional outcomes
after hip fracture surgery. In 2018, Patel and colleagues’ performed a systematic review that analysed a broad range of hip fracture
outcomes related to anaesthetic technique. In the review, 11 studies (between 1985 and 2018) reported on various postoperative
functional outcomes (e.g. time to ambulation, functional independence). No consistent benefits or harms were identified in
association with anaesthetic technique, though the quality of evidence was limited by sample size, variability in (or unknown)
assessment methodology, and non-randomised study designs. In a single-centre, randomised controlled trial, patients with hip
fracture were randomised to general or spinal anaesthesia, and those in the spinal group demonstrated a slightly lower
postoperative IADL score (2.35 [1.06]) compared with the general anaesthesia group (3.03 [1.55], P=0.043).% The absolute difference,
however, was less than one point, and this was a secondary outcome measure. These investigators also examined cognitive
function, using 10 neuropsychological tests, at 1 month after operation (which parallels the ‘persistent delirium’ designation in
this study). No consistent differences in 30-day cognitive function were appreciated between groups. Overall, there is a dearth of
high-quality evidence to support—or refute—associations between anaesthetic/sedative depth and long-term functional or
cognitive outcomes after hip fracture surgery. However, evidence to date does not demonstrate associations between anaesthetic
technique and functional or cognitive outcomes 1 month after operation.

Commentary: In the Original Discussion, the emphasis is mostly on the relationship between hip fracture surgery, comorbidities,
and delirium metrics on the one hand, and recovery of ambulation on the other hand. In contrast, the Independent Discussant
examines the evidence regarding anaesthetic technique and functional outcomes, and concludes that the quality of evidence in
this regard is weak, after a more extensive and systematic assessment of the evidence.

Limitations

Original Discussion: ‘1) The sample size of STRIDE was based on the hypothesized intervention effect on the primary outcome of
delirium incidence during postoperative Day 1 to Day 5, or to hospital discharge. Because mortality was the secondary outcome of
greatest interest, the minimal size of intervention effect on mortality that could be detected after sample size determination was
evaluated. However, there was no formal determination of sample size requirements in relation to any secondary outcomes. In
addition, most of the modeling with adjustment was done for exploratory purposes, so there were also no power calculations for
these. 2) A single site trial limits generalisability. 3) Exclusion of participants with MMSE <15 may have limited the sample to a
more cognitively intact cohort than the usual hip fracture population. 4) Exclusion of anticoagulant users may have biased toward
a population with fewer cardiovascular risk factors. 5) Pre-fracture walking ability was assessed by patient and family interview,
and may be subject to bias. 6) Averaging BIS values over the intraoperative period can conceal potentially important short periods
of low BIS as well as cumulative duration of low BIS, both of which have been associated with worse intermediate term survival.’>

Independent Discussion: This was a single-centre trial, which limits generalisability. Additionally, as a secondary analysis, there are
inherent limitations. STRIDE was originally powered for postoperative delirium (primary outcome), reported previously.* Although
power calculations were performed for mortality (secondary outcome), the mortality incidence in each group (14%) was lower than
the preliminary assumption (31.5%); in fact, the absolute risk reduction magnitude (15.5%) for which power was calculated was
larger than the actual 1-yr mortality rate in either group. Accordingly, this secondary analysis was underpowered for detecting
associations between sedative depth and mortality.

Commentary: In the Original Discussion, the investigators highlight several weaknesses mostly related to the study population, and
these are not dealt with in the Independent Discussion. In contrast to this, the Independent Discussant focuses only on mortality,
and suggests that the both the a priori estimated mortality incidence and the estimated mortality reduction with the intervention
were unrealistically high.

Strengths

Original Discussion: ‘1) The study was a randomized, double blinded design with excellent intermediate term follow up to 1 year. 2)
There was a high rate of enrollment. 3) Assessments of the delirium outcome were rigorously conducted by multidisciplinary
consensus panel using all available data. 4) STRIDE was a large enough study to detect a clinically important 15% difference in
mortality between treatment groups.”®

Independent Discussion: STRIDE was a double-blind, randomised clinical trial that was registered with pre-defined outcomes. To
demonstrate the fidelity of the trial intervention, the investigators also report data on depth of sedation (both Observer’s
Assessment of Alertness/Sedation Scale and BIS). Rigorous delirium assessments were performed, which incorporated Diagnostic
and Statistical Manual of Mental Disorders (DSM)-based criteria and a consensus panel for adjudication. The statistical plan for
these secondary analyses was also finalised and approved before data review. Mortality and functional outcome regression models
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included multiple covariates for adjustment, in addition to the randomised nature of the intervention. Lastly, the investigators
have made trial data available to interested researchers to facilitate transparency and reproducibility.

Commentary: There are multiple strengths that are highlighted in both Discussions. There is general agreement on these strengths.

Future directions

Original Discussion: ‘In planning the STRIDE trial the mechanisms studied focused on intermediate term effects of delirium and its
relationship to both mortality and function. The intervention did not affect overall delirium incidence in hospital, nor did it affect
the intermediate term outcomes studied. Yet, the importance of postoperative delirium still was apparent when analyzing factors
associated with mortality and function. In addition, the same theme emerges throughout both the short term and intermediate
term study results, and that is the role of underlying co-morbidity in determining not only incident delirium in hospital, but
intermediate term outcomes as well. Although the intervention did not produce an overall decrease in delirium incidence or
intermediate term outcomes in the elderly hip fracture population, it is hoped that reporting the other covariates important in
determining intermediate term outcomes will help to stimulate further work focusing on perioperative management based on
comorbidity as a possible means of preventing postoperative delirium or reducing delirium severity, and thus improving surgical
outcomes in the elderly.”®

Independent Discussion: Reducing mortality in this population may prove challenging given the urgent nature of surgery and
comorbidity-driven risk factors.'®!* Surgical factors (e.g. bone cementation’’) could be further explored. Novel and early strategies
involving physical and occupational therapy may help patients to recover function, particularly those with high pre-fracture
ambulatory status (given the inherent difficulty with returning to high pre-fracture levels). Barriers to physical and occupational
therapy participation could also be explored in this context. Regarding persistent delirium, now described as delayed
neurocognitive recovery,”’ additional neuroscientific investigation is warranted to understand the pathophysiology and risk
factors associated with such syndromic states.

Commentary: Both Discussions address the importance going forward of improving our understanding of delirium, optimising
perioperative care, and enhancing surgical outcomes in older adults. The Original Discussion continues to place emphasis on
evaluating lines of research related to comorbidity, which was felt to be an important effect modifier in the prior reporting of the
primary outcome of the STRIDE trial.*

Conclusion

Original Discussion: ‘Nonetheless, the STRIDE results provide reassurance for the anaesthesiologist managing hip fracture patients.
Particularly for 1-year mortality, given the ongoing controversy surrounding the association between anaesthetic depth and
mortality, the STRIDE interventional groups had similar outcomes. Furthermore, the heavier levels of sedation studied in STRIDE

were not extreme and are consistent with current practice in the United States.™

Independent Discussion: In this secondary analysis of the STRIDE trial, depth of sedation during spinal anaesthesia was not
associated with postoperative mortality, functional outcomes, or persistent delirium.

Commentary: The overall conclusion is concordant in the two Discussions.

Inferential reproducibility

Commentary: The major inferential difference between the Discussions is in relation to appropriateness of the sample size. In the
Original Discussion the investigators opine that the study was large enough to detect a clinically meaningful reduction in
mortality. In contrast, the Independent Discussant infers that the estimated mortality was too high and that the estimated
decrease in mortality with the intervention was unrealistic; thus, with only 200 patients, the study was not sufficiently large to
address the research question. There are also differences in emphasis in the Discussions regarding existing evidence and
contextualization, and whether comorbidity should be a major issue for future research. In many other respects, there is

inferential reproducibility between the Discussions.

of these mediating actions and early postoperative adverse
events could in turn impact intermediate-term functionality
and survival (Fig. 1).

If ‘deeper’ hypnosis were harmful, guiding anaesthetic
administration with a ‘depth of hypnosis’ monitor could
potentially mitigate the damage. Several randomised trials,
with variable follow-up periods, have been conducted using
‘depth of hypnosis’ monitors in the intervention group,
allowing us to conduct an exploratory examination of this
hypothesis. Most of these studies have used the BIS pro-
cessed EEG monitor to guide anaesthetic titration. The pri-
mary outcomes have usually been intraoperative awareness,
postoperative delirium, or postoperative cognitive dysfunc-
tion. The findings in relation to mortality (as a post hoc sec-
ondary outcome) are summarised as follows. 1) Leslie and
colleagues'® followed up on patients in the B-Aware trial
after a median of 4.1 yr: 548 patients (22.2%) had died since
the index surgery. The overall mortality was 20.6% (252/1225)
in the BIS-guided group and 23.9% (296/1238) in the control
group (difference=—3.34%; 95% CI, —6.67 to 0.01 to, P=0.05).'*
2) In an analysis of cardiac surgery patients in the B-Unaware
trial, Kertai and colleagues’ reported no significant differ-
ence in mortality rates (>3 yr) between patients who had
been randomised to the BIS-guided group vus the routine care

group (mortality=19.7% [47/239] in the BIS group vs 15.8% [35/
221] in the control group; difference=3.83%; 95% CI, —3.53 to
11.06, P=0.33). 3) In a separate analysis of non-cardiac sur-
gery patients in the B-Unaware trial, Kertai and colleagues®
reported no significant difference in mortality rates (over
approximately 4 yr) between patients who had been rando-
mised to the BIS-guided group vs the routine care group
(mortality=24.9% [180/723] in the BIS group vs 23.7% [178/750]
in the control group; difference=1.2%, 95% CI, —3.3 to 5.6,
P=0.63). 4) Avidan and colleagues'’ reported 30-day mortality
for patients in the BIS or anesthesia gas to reduce explicit
recall (BAG-RECALL) trial. They found that 30-day mortality
was 1.96% (57/2907 patients) in the BIS-guided group and
2.21% (64/2902 patients) in the control group (differ-
ence=-0.24%; 95% CI, —0.99 to 0.50, P=0.51). 5) In the cogni-
tive dysfunction after anesthesia (CODA) trial, Chan and
colleagues'® found 26/462 (5.6%) deaths at 3 months in the
‘light’ group, and 22/459 (4.8%) deaths in the ‘deep’ group
(difference=0.8%; 95% CI, —2.26 to 3.95, P=0.57). 6) In the
dexamethasone, light anesthesia and tight glucose control
(DeLiT) study, mortality was the primary outcome.'® The trial
was terminated early for futility; at 1 yr after surgery,
Abdelmalak and colleagues'® found 22/194 (11.3%) deaths in
the ‘light’ group and 23/187 (12.3%) in the ‘deep’ group
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Fig 1. Deep sedation or anaesthesia and poor intermediate-term outcomes. This figure illustrates possible intraoperative mediators and
postoperative adverse events associated with ‘deeper’ hypnosis during sedation or general anaesthesia, which could in turn increase the

likelihood of intermediate-term immobility and death.

(difference=-0.96%, 95% CI, —7.96 to 5.97 to, P=0.77). 7) In the
surgery depth of anaesthesia cognitive outcome (SuDoCo)
trial, Radtke and colleagues?’ reported 5.4% 90 day mortality
(31) in the BIS-guided group and 5.3% in the control group
(difference=0.05%; 95% CI, —2.73 to 2.83, P=0.97). 8) In a 114
patient study by Brown and colleagues,® which provided
motivation for the STRIDE trial, mortality did not differ
significantly between groups at 1 yr after surgery. There were
11/57 (19.3%) deaths in the ‘light’ sedation group, and 17/57
(29.8%) in the ‘deep’ sedation group (difference=—10.53%,

Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl
B-Aware 2010 0.860 (0.742, 0.998) 252/1225 296/1238
B-Unaware cardiac 2010 1.242 (0.834, 1.848) 47/239 35/221
B-Unaware non-cardiac 2010 1.049 (0.876, 1.256) 180/723 178/750
BAG-RECALL 2011 0.889 (0.625, 1.266) 57/2907 64/2902
CODA 2012 1.174 (0.675, 2.041) 26/462 22/459
DelLit 2013 0.922 (0.533, 1.596) 22/194 23/187
SuDoCo 2013 1.009 (0.621, 1.637) 31/575 31/580
Brown and colleagues 2014 0.647 (0.333, 1.256) 11/57 17/57

STRIDE 2019 1.000 (0.503, 1.988) 14/100 14/100
ENGAGES 2019 0.212 (0.073, 0.619) 4/614 19/618

Overall (12=81.11%,P=0.118) 0.904 (0.688, 1.188) 644/7096 699/7112

95% CI, —26.87 to 6.53; P=0.19).° 9) The STRIDE trial reported
1-yr mortality as a pre-specified secondary outcome. There
were 14/100 (14%) deaths in each group (difference=0%, 95%
CI, —10.5 to 10.5).% 10) Finally, in the electroencephalography
guided anesthesia to alleviate geriatric syndromes (EN-
GAGES) trial, Wildes and colleagues®! reported that 30-day
postoperative mortality was four of 614 (0.7%) in the EEG-
guided group and 19/618 (3.1%) in the usual care group (dif-
ference=-2.42%, 95% CI, —4.25 to —0.81). Figure 2 shows a
meta-analytic summary of these 10 trials.

1
0.07 0.15 0.36 073 09 1.45 2,04

Relative risk (log scale)

Fig 2. Meta-analysis summarising 10 trials in which the intervention group had received EEG or bispectral index (BIS) guidance, with or
without the explicit goal of ‘light’ anaesthesia or sedation. This analysis was conducted using OpenMetaAnalyst.”” It is a binary, random
effects, Hartung-Knapp-Sidik-Jonkman model.?*** The [°’=81%, tau®=0.131, Q(df=9)=14.135, and heterogeneity P-value=0.118. As shown in
the figure, the estimated overall risk ratio for death with the intervention (BIS-guided [reduction in] sedation/anaesthesia)=0.904 (95%

confidence interval, 0.688—1.188, P=0.471).
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Some of the randomised trials were also included in the
observational meta-analysis,’ but with a focus on overall low
BIS values rather than on randomisation groups. The indi-
vidual trials constituting this meta-analysis reported mortality
over widely differing time intervals, and there is considerable
heterogeneity in the results. Much of the heterogeneity is
driven by the recent ENGAGES trial which, in a post hoc
exploratory analysis, found a very large decrease in 30-day
mortality with EEG guidance of anaesthesia. Excluding the
ENGAGES trial from the meta-analysis reduces the heteroge-
neity I? estimate from 81.1% to 30.5%. The overall point esti-
mate of risk ratio for mortality with EEG-guided anaesthesia,
excluding the ENGAGES trial from the meta-analysis, would be
0.964 (95% CI, 0.839—1.109, P=0.610). Taken individually and
jointly, the assumption is made that any effect of the inter-
vention in the trials on mortality is persistent and relatively
constant over time (proportionality assumption). Also, the
difference in anaesthetic management between the inter-
vention and control groups varied markedly across the trials in
the meta-analysis. The total sample size across all 10 trials is
still only ~14 000 participants (approximately one-third of the
sample size of the meta-analysed observational evidence?),
and the 95% CI of the summary estimate from the 10 trials
includes at one end an increased risk ratio for death in the
control group that is higher than the point estimate of
increased risk of death (with deep anaesthesia) suggested by
the observational evidence (1/0.688=1.45 vs 1.21). Therefore,
some substantial benefit (and some substantial harm) in terms
of mortality with BIS or EEG-guided anaesthesia cannot be
excluded based on these data.

Despite these important caveats, the result of this meta-
analysis weighs somewhat against ‘hypnotic depth’ having a
large effect on postoperative mortality. The summary point
estimate for relative risk is relatively close to the null (0.904).
Thus, from a Bayesian perspective, any study evaluating the
hypothesis that ‘light’ sedation or anaesthesia substantially
decreases postoperative death would have a low pre-study
probability of being true, even if an individual study were to
find a large and ‘significant’ decrease in mortality with this
approach,”” such as the study by Wildes and colleagues.?!
With a completed enrolment of 6500 patients, the Balanced
Anaesthesia Trial’® will make an important contribution to
resolving a controversy that arose almost 15 yr ago when, in an
observational study, Monk and colleagues?’ first reported an
association between hypnotic depth during surgery and 1-yr
postoperative mortality. However, the difficulty in attempt-
ing to answer this question ‘definitively’ is emphasised by the
small estimated effect size of the intervention: approximately
10% relative risk reduction in death with ‘light’ sedation or
hypnosis is suggested by the summary point estimate of the 10
trials. The practical implications are illustrated in the
following conceptualisation. In designing a trial to detect an
absolute decrease in 1-yr mortality from 10% to 9% (10% rela-
tive reduction) with >80% power and a statistical significance
level of <0.005,%® the trial would require ~23 000 patients per
group. Even with a less stringent and more conventional sta-
tistical significance level of <0.05, an adequately powered
(>80%) trial would require about 13 500 patients per study
group. Yet a 1% absolute reduction in death should be
considered clinically meaningful, as this would mean that for
every 100 patients treated with ‘lighter’ anaesthesia, one life
would be saved.

Overall, it is probably reasonable to conclude that biologi-
cally plausible ‘negative’ findings, such as those of Sieber and
colleagues,® are likely to reflect the ‘truth’: depth of hypnosis
does not meaningfully affect intermediate-term postoperative
outcomes. However, on the other hand, we must also realise
that it is very difficult to detect and demonstrate a small effect
of an intervention on a clinically important outcome such as
death, and conventionally designed clinical trials of modest
sample size might be inadequate for this purpose. Large
pragmatic trials with far larger sample sizes, done in multi-
centre settings, and using point of care randomisation to
optimise the yield of recruitment, may have a role for securing
more definitive answers to such questions.
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