
incorrect or exaggerated results,11 and the suggestion that the durabil-
ity of medical knowledge is unrelated to methodologic quality.12

Even the best observational study is limited by an inability to draw
causal inferences and by the presence of confounders. RCT design
takes causality as a given and puts its trust in an ability to minimize—of
course it does not eliminate—confounders by randomization. But the
problem of “unknown unknowns” remains, and the greater the num-
ber of unknown confounders that exist, the greater the likelihood of an
imbalance. This problem is common to RCTs and observational studies
alike and is probably most likely in small studies where our under-
standing of disease pathogenesis is limited. In a study with total n �
1,600, where five independent confounders exist, each with an inci-
dence of 20%, the probability of an imbalance for at least one con-
founder is almost 25%.13 So studies A and B might disagree because A
has greater balance of unknown confounders than B, and thus a better
balance of confounders in a large observational study might “trump”
randomization in a small RCT. This does not upgrade the status of
observational studies, but it does explain why well-designed observa-
tional studies often arrive at similar conclusions relative to RCTs, and
why some of the time they will correctly contradict previous RCT data.
The controversial articles by Karkouti et al.4 and Mangano et al.5 may
exemplify this—as suggested by the results of the recent Blood Con-
servation Using Antifibrinolytics in a Randomized Trial.14

The article of Vincent et al. discusses whether leukoreduction might ac-
count for the findings but provides no data2; the editorial does not mention
it.1 Neither the original article nor the editorial provides any convincing
explanation (i.e., biologic basis) for the reported effect. We wonder whether
additional analysis of the data in the article of Vincent et al.2 might shed light
on whether leukoreduction may be responsible for the apparently altered
impact of transfusion, as has been suggested previously.15,16

The data of Vincent et al.2 and the recent TRICC reanalysis by Deans
et al.9 suggest that outcome is changing over time and that the inter-
pretation of the TRICC trial is more complex than we thought. It will
be some time before we get a clearer picture, but in the meantime, we
should not treat propensity scoring as a straw man. Reading the article
of Vincent et al.,2 we experience the judgment under uncertainty that
pervades clinical life. Decisions to transfuse—and not to transfuse—are
not made lightly, so it is a truism that these data should be viewed with
caution. The function of the article, however, is to make us view with
caution things that we think we know.

John F. Boylan, M.B., F.R.C.P.C.,* Brian P. Kavanagh, M.B.,
F.R.C.P.C. *St. Vincent’s University Hospital, Dublin, Ireland.
jboylan@iol.ie
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Propensity Scores Do Not Necessarily Lie!

To the Editor:—Recently, an Editorial View was published on propen-
sity score methods.1 The editorial describes strengths and weaknesses
of propensity score methods in observational therapeutic studies. The
authors apparently refer in their title to a quote said by the English
Prime Minister Benjamin Disraeli (1804–1880) in the 19th century:
“There are lies, damn lies and statistics.” In general, we appreciate links
to statements from outside the clinical research world. However, the
title of the Editorial View may be misinterpreted as a statement against

propensity scores. Readers of ANESTHESIOLOGY in general are not pro-
fessional statisticians and may be reluctant to use propensity scores,
even in appropriate situations, because of such a title.

The editorial is of value because it reviews an important problem of
observational therapeutic studies. In such studies, investigators do not
have control over who is or is not receiving the index treatment, which
potentially results in imbalance of prognostic factors across the treat-
ment arms. In the absence of randomization, treatment indication and
assignment are typically related to the prognosis of the patient. For
example, more patients with advanced disease may be given the index
treatment than patients with early disease stages. As a consequence,
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the estimated treatment effect can be biased. This is known as confound-
ing by indication and can be adjusted for in the statistical analysis. How-
ever, adjustments can be made only for prognostic factors that were
measured in the study. Prognostic factors that were not measured may
introduce hidden bias, for which adjustment is not possible. Any statistical
method that aims to adjust for confounding by indication suffers from this
problem, which is by no means restricted to propensity score methods!
Propensity score methods may even have particular advantages over other
correction methods. Therefore, the chosen title of the Editorial View was
in our view very unfortunate.1

Prognostic factors can influence the treatment effect only if the factors
are related both to the patient outcome and to the assignment of treat-
ment. This implies that two different analytical strategies are possible.
Conventionally, the measured prognostic factors are directly included in a
regression model together with the assigned treatment and with the
patient outcome as a dependent variable (treatment model). The propen-
sity scores method contains two steps. First, the focus is on the
association between the assigned treatment (dependent variable)
and the prognostic factors, to develop a so-called propensity score.
The propensity score predicts the probability of having received the
index treatment based on the prognostic factors. Second, the focus
is on the association between the patient outcome and the prog-
nostic factors included as one combined variable (i.e., the propensity score)
together with the assigned treatment. The propensity score is here used to
adjust the treatment effect for all prognostic factors.2

Nuttall et al. seem to suggest that both analytical methods are
equally insufficient. We like to stress that propensity score methods
have particular advantages when the outcome event is rare, the treat-
ment is common, and many prognostic factors are collected.3 The low
number of outcome events in fact limits the number of prognostic
factors that can be included in the conventional treatment model. A
low ratio of “number of events over number of included factors”
jeopardizes proper estimation of the treatment effect in the regression
analysis. In contrast, the numbers of patients in the two treatment
groups are generally high. This allows for adequate modeling of the
association between the treatment assignment and many prognostic
factors—a high ratio of “number of patients with the treatment over
number of included factors.” Subsequently, the treatment model in-
cludes only the assigned treatment and the propensity score, allowing
for a proper and adjusted estimation of the treatment effect, despite
the low number of outcome events. The efficiency of propensity

scores in relation to the number of outcome events has been shown in
a previous study, where propensity scores were found to produce less
biased, more robust, and more precise estimates when fewer than
seven events were available for each prognostic factor.4

Like any other correction method in observational therapeutic studies,
propensity scores cannot control for hidden bias. However, sensitivity
analysis has been proposed to indicate the magnitude of hidden bias that
should be present to alter the conclusion of the study.5 Furthermore,
propensity scores cannot fix other potential methodologic bias, as dis-
cussed by Nuttall et al., which again applies also to the conventional
approach. Propensity scores do not pretend to solve these problems.
Hence, propensity scores can not be considered as “liars.”

In conclusion, Nuttall et al. discussed confounding by indication as
an important weakness of observational therapeutic studies. However,
when for ethical, economical, or practical reasons randomized trials
can not be conducted, observational studies are the only appropriate
alternative.6 Imbalance in prognostic factors can be adjusted for in the
analysis. Particularly when the number of outcome events is small,
propensity score methods can more efficiently adjust for the imbalance
than can conventional methods. Sensitivity analysis may complete the
statistical analysis to study possible effects of hidden bias.

Yvonne Vergouwe, Ph.D.,* Wilton A. van Klei, M.D., Cor J.
Kalkman, M.D., Karel G. M. Moons, Ph.D. *Julius Center for
Health Sciences and Primary Care, University Medical Centre
Utrecht, Utrecht, The Netherlands. y.vergouwe@umcutrecht.nl
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In Reply:—I would like to thank the journal ANESTHESIOLOGY for the op-
portunity to respond to these letters to the editor. In general, the purpose of
our editorial1 was to educate the anesthesiologist community on the
strengths and weaknesses of propensity analysis. It was not meant advo-
cate or demean this type of analysis. I will respond to each letter sequentially.

Dr. Engoren is correct that observational studies should be encour-
aged as a complement to prospective randomized studies. He is also
correct that there are limitations and biases to prospective randomized
control trials, which he enumerates. Despite these limitations, they are
still considered the gold standard.

Drs. Vincent and Sakr are correct that one of the strengths of their
study is the very large size of the Sepsis Occurrence in Acutely Ill
Patients database.2 It also is a weakness in that they are using data from
another study that was designed for another purpose. They are correct
that their statistical analysis is well performed. The comment in our
editorial about the statistical process being opaque, simulating a “black
box,” was intended as a general comment about propensity analysis,
not specifically their propensity analysis.

Drs. Boylan and Kavanagh are correct that our editorial was long on
methods and short on biology. This was intentional because we had a
limited word count and the goal of our editorial was to educate the

anesthesiologist community on the strengths and weaknesses of pro-
pensity analysis. In searching through the literature, I found very few
articles describing propensity analysis in the anesthesia literature. The
authors do a very nice job describing the biology.

Dr. Vergouwe et al. are correct that propensity scores do not necessar-
ily lie, but to nonstatisticians they are mysterious. The authors are correct
that the title was a play on the quote by the English Prime Minister
Benjamin Disraeli (1804–1880). Though the title was provocative, we
tried to write a balanced editorial on the strengths and weaknesses of
propensity analysis. I trust that the anesthesiologist community is smart
enough not to be biased by a title in a single editorial.

Gregory A. Nuttall, M.D., Mayo Clinic College of Medicine,
Rochester, Minnesota. nuttall.gregory@mayo.edu
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