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(BIS target 50) and 1·10 (0·93–1·30) in 
the low BIS group (BIS target 35). 

A human volunteer study 4 showed 
that BIS can be reduced to less 
than 50 with the administration of 
neuromuscular blocking agents in 
the absence of sedative hypnotics. 
Most patients in the Balanced Anaes-
thesia Study probably received neuro-
muscular blocking agents. However, 
although most patients did not 
remember their procedures, it remains 
possible that some were conscious, 
paralysed, and distressed during 
surgery, especially when BIS readings 
were 50 or higher.

Two facts are highly informative: 
(1) no currently available monitor 
reliably detects consciousness when 
neuromuscular blocking drugs are 
administered; and (2) based on 
findings from the ENGAGES trial5 and 
Balanced Anaesthesia Study,2 post-
operative outcomes are apparently 
not worse in older patients (those 
≥60 years) receiving higher anaes-
thetic concentrations. Therefore, the 
following recommendations seem 
prudent for older surgical patients 
requiring general anaesthesia: minimise 
the administration of neuromuscular 
blocking agents, and, when patients 
must be pharmacologically paralysed, 
err on the side of more, rather than less, 
anaesthesia.
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The estimated effect of the inter-
vention calculated from this new 
model, if consistent with the potential 
for harmful effects from deep general 
anaesthesia for important secondary 
outcomes (appendix), might yet con-
vince the jury.
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The minimum alveolar concentration 
(MAC) of volatile anaesthetic agents 
is the concentration required to 
prevent movement with noxious 
stimulation in 50% of people.1 Lower 
concentrations than the MAC typically 
prevent memory formation. The MAC is 
conventionally reported with reference 
to healthy people aged 40 years and 
was reported like so in the Balanced 
Anaesthesia Study.2 However, the MAC 
decreases by approximately 6–7% 
per decade of life.3 In the Balanced 
Anaesthesia Study,2 the mean patient 
age was 72 years (SD 7). We calculated 
the estimated median age-adjusted 
MAC to be 0·78 (IQR 0·65–0·91) in 
the high bispectral index (BIS) group 

Authors’ reply
We thank everyone for their interest in 
our study.1 We would like to reiterate 
that the Balanced Anaesthesia Study 
was an intention-to-treat randomised 
controlled trial designed to show a 
2% absolute difference in mortality 
between groups. We aimed to confirm 
the finding from several observational 
studies that there is a roughly 
20% increase in mortality in sick, older 
patients (aged ≥60 years) receiving 
deep anaesthesia.2

Blood pressure targets were set 
to reduce the risk of confounding. 
Our trial was quite different to the 
observational studies that reported an 
association between anaesthetic depth 
and mortality in that our study tested 
whether an intervention to control 
depth within tight, predetermined 
parameters is effective (ie, that, in terms 
of postoperative mortality, the anaes-
thetic depth is intrinsically causal). The 
difficulty that many anaesthetists had 
titrating anaesthesia to a specific target 
does not alter the result of our study. 
This difficulty is simply clinical reality, 
and the study was not underpowered 
to test our hypothesis.

Our per-protocol analysis supported 
our conclusion that increasing anaes-
thetic depth did not increase mortality. 
Perhaps including a larger number of 
patients, a sicker group of patients 
(ie, those with an American Society of 
Anesthesiologists physical status of 4), 
or more accurate bispectral index (BIS) 
targeting could produce a different 
result, but it is probable that this dif-
ference would shrink towards clinical 
irrelevance.

In response to Luzius A Steiner and 
colleagues, we did not conclude that 
there was no difference between the 
two groups, only that we did not 
observe a difference. Our trial was not 
designed to test non-inferiority.
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pregnant is limited, and identifying 
the effect on subsequent outcomes 
can be challenging.4 Allowing pregnant 
girls in school mitigates one adverse 
consequence of pregnancy (ie, having 
to drop out), and the benefits of being 
in school might disincentivise second 
pregnancies. Peers who interact with 
pregnant classmates might also 
update their beliefs about pregnancy, 
either favourably or unfavourably.

We examined Demographic and 
Health Surveys data from nine countries 
in Africa that overturned bans on girls 
returning to school after pregnancy 
between 1993 and 2015 (appendix p 3). 
Across these nine countries, the average 
pregnancy rate among girls aged 
14–20 years was 14·4% in the year of 
the policy change that allowed pregnant 
girls in school (the year of the policy 
change varied across countries). 2 years 
before the policy change, the pregnancy 
rate was at 13·7%, showing that the rate 
subsequently rose by 0·7%.

2 years after the policy change, the 
average pregnancy rate across coun-
tries was 13·3%: an absolute reduction. 
We calculated the expected pregnancy 
rate—based on the trend in the 2 years 
before the policy change—and observed 
how different the actual pregnancy rate 
was relative to the expected rate. If 
the pregnancy rate had continued to 
change at the same rate in the 2 years 
after the policy change as it had in the 
2 years before the policy change, the 
average rate across the nine countries 
would have been 15·1%. However, the 
observed rate 2 years after the lifting 
of the ban is just 13·3%. Although the 
change in pregnancy rate varies across 
countries, the rate after the policy 
change falls in six of nine countries 
relative to expectations (appendix p 1); 
two of those declines are statistically 
significant. The proportion of girls who 
report both having been pregnant and 
currently attending school rises across 
countries in the 2 years after the policy 
change.

This evidence suggests that allowing 
girls who have been pregnant to 
attend school is unlikely to boost 

postoperative complications, both BIS 
targets were similar in terms of their 
influence on anaesthetic mortality.
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Urvi Karamchandani and Varun Suresh 
imply that we should give equal 
importance to observational data as 
we give to data from our randomised 
controlled trial, but these methods of 
study are very different and should not 
be directly compared. Nevertheless, 
we have planned a secondary analysis 
of our data to investigate further 
relationships between anaesthetic 
depth, anaesthetic agent sensitivity, 
and blood pressure (ie, the triple low 
state), and the effect of these factors 
on mortality. A subgroup analysis by 
operation would only include small 
numbers of patients and would not 
provide useful information. We are 
not aware of any effects that racial 
differences have on anaesthetic depth 
and outcome that would support 
investigating such a hypothesis.

Stephen M McHugh and col-
leagues report on Medtronic’s recom-
mendations for BIS targeting, but 
these recommendations were based 
on the use of the monitor to ensure 
adequate hypnosis during anaesthesia. 
The BIS targets in our study were based 
on large-scale observational data of 
values actually recorded while patients 
were under routine anaesthesia. 
The targets chosen were close to the 
first and third quartiles for mean BIS 
recorded in an audit of a large tertiary 
hospital’s anaesthetic database.2

We appreciate Philip E Vlisides and 
colleagues’ suggestions; however, 
we did not age-adjust our volatile 
anaesthetic doses because such an 
adjustment is made by use of pooled 
population data derived from a small 
number of individuals, has wide CIs, 
and could confound any statistical 
treatment. We do not believe that the 
observation of low BIS values in awake, 
unstimulated, unintubated volunteers 
given rocuronium is relevant to this 
study.3 We only had one report of 
awareness during anaesthesia, despite 
enrolling 6644 patients having major 
surgery.

We stand by our conclusion that, in 
the context of strict blood pressure 
control and in older patients at risk of 

Lifting bans on 
pregnant girls in school
The debate about whether to permit 
girls to attend school after becoming 
pregnant has been in the headlines 
in Sierra Leone, Tanzania, and else-
where.1 Advocates for permitting 
girls to remain in school affirm that 
education is a human right.2 Critics 
propose that permitting girls to return 
might encourage more adolescent 
pregnancy, even as countries seek 
to reduce adolescent childbearing.3 

Evidence on the consequences of girls 
returning to school after they become 

See Online for appendix

For the Demographic and 
Health Surveys Program 
datasets see https://dhsprogram.
com/data/availabledatasets.cfm
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