
the interpretation of the results.Wewould really appreciate it if the
investigators could provide information on this issue.
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Reply from the authors

Intraoperative hypotension and postoperative delirium: no confusion
on confounding

T. H. Kappen*, E. M. Wesselink, W. A. van Klei and A. J. C. Slooter

Utrecht, The Netherlands

*E-mail: t.kappen@umcutrecht.nl

Editor—We would like to thank Zhang and colleagues for their
interest in our study. The authors raise concerns about the possi-
bility of residual confounding in our study on the relation be-
tween intraoperative hypotension (IOH) and delirium after on-
pump cardiac surgery.1 The authors of the letter suggest three
possible mechanisms for residual confounding.

First, the depth of anaesthesia and the dose of inhalational
anaesthetics were suggested as possible confounders. The rela-
tion with depth of anaesthesia and IOH is complicated, because
these are part of the same causal chain; deeper levels of anaes-
thesia cause more IOH. Including two independent variables
that share the same causal pathway in a statistical analysis is
not very rational.

Nonetheless, the authors also suggest that there is a direct
effect of the depth of anaesthesia on postoperative delirium,
through an increase in blood–brain barrier permeability. As the
literature on the direct effects of anaesthetics on postoperative de-
lirium is still very limited,we cannot simplyassume that the direct
effect of the depth anaesthesia is larger than the indirect effect
through IOH. Consequently, an analysis that includes depth of
anaesthesia as a confounder may be difficult to understand.

However, as the authors requested, we performed a sensitivity
analysis that included the average concentration of inhalational
anaesthesia (bispectral index monitoring was not routinely per-
formed). This sensitivity analysis did not change the odds ratios
for different IOH definitions (Table 1, second analysis compared
with first analysis).

Second, a history of stroke is indeed a risk factor for post-
operative delirium. Inaddition, stroke is also likely tobeassociated
with IOH, because a stroke is an expression of arteriopathy.
Preoperative cognitive impairment, another established risk factor
for delirium, may have a similar relation to IOH. However,
extracardiac arteriopathy (e.g. carotid occlusion) is one of the
risk factors included in the EuroSCORE.2 Adjusting the analysis
for the EuroSCORE is likely to suffice as adjustment for the relation
between IOH, stroke, and postoperative delirium.

Moreover, while the difference in history of stroke [35 (5%) vs 6
(6%)] between non-delirious and delirious patients was statistic-
ally significant, the effect is of dubious clinical relevance. The
rounded difference between the groups is 1%, yet the real differ-
ence is only 0.55%. The clinical irrelevance of this difference is
confirmed by our sensitivity analysis, because additional adjust-
ment for stroke did not change the results of the original analysis
(Table 1, third analysis compared with first analysis).

Third, the authors of the letter suggest temperature manage-
ment during CPB to be a confounder. The authors present three
articles to support this claim, yet none of the articles confirms
hypothermia to be an established risk factor for postoperative de-
lirium.3–5 Evenwhenwe assume an established relation between
hypothermia during CPB and postoperative delirium, this does
not mean that there is a strong relation between hypothermia
and IOH. The sensitivity analysis indeed confirms that hypother-
mia during CPB was not a residual confounder in the original
analysis (Table 1, fourth analysis compared with first analysis).
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In conclusion, the concerns about the interpretation of the
study results donot seem to be justified. Fromaconceptual stand-
point, none of the three factors should be considered as a con-
founder; depth of anaesthesia and dose of anaesthetics are part
of the same causal chain as the determinant (i.e. IOH), whereas
a history of stroke or cognitive impairment and hypothermia
are not related to the determinant. This conceptual standpoint
is backed up by the sensitivity analysis, because additional ad-
justment for these variables did not change the study results.
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Reliable critical care: how knowledge translation can result in patient
harm

P. J. McGuigan*

Belfast, UK

*E-mail: peterjmcg@hotmail.com

Editor—I read with interest the editorial by Sundaram and Roo-
ney1 discussing the translation of evidence into routine clinical
practice with reference to lung-protective ventilation. This is
one of the few therapies in critical care that has stood the test
of time and clearly should be implemented in clinical practice.
However, I believe that knowledge translation in critical care
should be discussed in the broader context of the trend towards
reversal of evidence over the last decade.

A review of 2044 articles published between 2001 and 2010
in The New England Journal of Medicine found that ‘of the 363 ar-
ticles testing standard of care, 146 (40.2%) reversed that prac-
tice’.2 Even before trial results are reversed, positive trials are

often not as robust as they seem. Walsh and colleagues3 mea-
sured the Fragility Index of 399 papers from five major medic-
al journals. This index is a measure of ‘the number of events
required to change statistically significant results to non-
significant results’. It was found that the number of patients
lost to follow-up exceeded the Fragility Index in 52.9% of
trials. In recent years, interventions such as intensive insulin
therapy, activated protein C, steroids in sepsis, and glutamine
have been shown to be ineffective or indeed harmful. This is
despite initial evidence appearing robust. It is easy to see why
critical care physicians are slow to translate knowledge into
practice.

Table 1Adjusted odds ratios for the association between the area under the curve of intraoperative hypotension during cardiac surgery and
occurrence of postoperative delirium. *Results were adjusted for EuroSCORE, duration of surgery and CPB, total intraoperative fluid,
cumulative duration of vasopressors, and inotropes. †Restrictive cubic splines were used to include the additional variable in the regression
model. ‡Estimates per 1000 mmHg2min2AUC2 increase of intraoperative hypotension depth or duration, or both. AUC, area under the curve;
CI, confidence interval; CPB, cardiopulmonary bypass; MAP, mean arterial pressure; OR, odds ratio

Definition of intraoperative hypotension Original adjusted
analysis*

Additionally
adjusted for depth
of anaesthesia*†

Additionally
adjusted for
history of stroke*

Additionally
adjusted for
lowest
temperature on
CBP*†

OR‡ 99% CI OR‡ 99% CI OR‡ 99% CI OR‡ 99% CI

MAP <60 mm Hg 1.04 0.99–1.10 1.04 0.97–1.12 1.04 0.99–1.10 1.04 0.99–1.11
MAP <50 mm Hg 1.14 0.98–1.52 1.22 0.88–2.04 1.14 0.97–1.51 1.16 0.98–1.59
MAP decrease >30% relative to baseline 1.00 0.99–1.01 1.00 0.98–1.01 1.00 0.99–1.01 1.00 0.99–1.02
MAP decrease >40% relative to baseline 1.01 0.97–1.04 1.00 0.96–1.04 1.01 0.97–1.04 1.01 0.98–1.06
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