
lost, these tenets can still be upheld by using advance direc-
tives or by respecting the choices of surrogate decision makers.5

However, this analysis suggests that a majority of US states re-
strict the health care options available to decisionally inca-
pacitated women during pregnancy and do not disclose these
restrictions in advance directive forms.

Although states have an obligation to be transparent about
pregnancy restrictions, the heterogeneity among state laws and
the justification for these restrictions warrant further ethical
and legal scrutiny. Neither the frequency with which these stat-
utes are encountered nor their effect on clinical practice is
known. It is unclear whether the current legal framework
achieves an ethical balance between the state’s interest in pre-
serving fetal life and the interests incapacitated women may
have in forgoing life-sustaining treatments.6
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COMMENT & RESPONSE

Post Hoc Bayesian Analyses
To the Editor Dr Goligher and colleagues1 used a Bayesian ap-
proach to reanalyze the negative ECMO [extracorporeal mem-
brane oxygenation] to Rescue Lung Injury in Severe ARDS
[acute respiratory distress syndrome] (EOLIA) trial. I believe
this reanalysis is an example of confirmation bias2 and illus-
trates the common criticisms of Bayesian methodology.

An unplanned Bayesian reanalysis would probably not
have been performed if the EOLIA trial results had been mar-
ginally positive (eg, P = .03), especially if known prior infor-
mation about the efficacy of ECMO was unfavorable. To the
contrary, the data showing a P value of .09 in the EOLIA trial
needed only a small boost to cross a significance threshold in
reanalysis. The authors used prior probability distributions
that were not impartial to the analytical result. The severely
skeptical prior placed the relative risk (RR) at 1.0 rather than a
higher number that would reflect the possibility that some
therapies initially shown to be beneficial are found to be
harmful in larger replication trials.3 Excluding the noninfor-
mative prior, the remainder of the priors were likewise gener-
ous. Using the ARDS Network tidal volume trial4 as a refer-
ence for the prior distributions is biased because it is one of
the few positive trials in ARDS with a favorable RR and is an
outlier among unselected ARDS trials.5 A cohort of all ran-
domized clinical trials of therapies for ARDS would likely
show a reduced aggregate effect that would be more nar-
rowly distributed around an RR of 1.0, compared with the
distributions shown in Figure 1 in the article.1

The results of the Bayesian analysis underscore the sub-
jective nature of Bayesian methods for the analysis of trial
data and the latitude and flexibility to perform unplanned
(and unregistered) analyses using data known to the authors
at the outset, thus increasing type I error rates. A simpler
approach would be to advise practitioners that if the results
of a trial approach significance, they should just enlist their
beliefs. This would obviate formal Bayesian analyses with
their arrays of prior probability distributions, yet it would
yield the same result—a biased estimate of treatment effect
driven as much by beliefs as by evidence.
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To the Editor The article by Dr Goligher and colleagues1 re-
ported a post hoc Bayesian analysis of a randomized clinical
trial assessing the effects of ECMO for ARDS on mortality. The
new analysis of the trial evaluated an important clinical issue
using an appropriate methodology, but we would like to sug-
gest that this analysis be completed with another tool of Bayes-
ian methods.

Goligher and colleagues computed the posterior prob-
ability that the ECMO effect would exceed a certain value.
However, the authors did not consider the sequential
aspects of the EOLIA trial,2 which was stopped early for
futility. We believe that the calculation of predictive prob-
abilities, to “determine the degree of belief” in these poste-
rior probabilities computed on the basis of an intermediate
analysis, was missing.

Interim high posterior probabilities are not necessarily
associated with good prediction of the clinical effect derived
from the final results with a larger sample size.3 These
interim posterior probabilities must be interpreted with pre-
dictive probabilities. Bayesian predictive probabilities mea-
sure the credibility of the hypothesis of superiority based on
interim data and allow for termination of the study if pre-
defined bounds are crossed. The predictive probability of
superiority is then the probability to conclude superiority by
the end of the study, considering all the possible future data.
Predictive probabilities open the way to early trial stopping
for futility or efficacy. If a stopping rule is defined before the
beginning of the study, based on a predefined lower bound
(for futility) and a predefined upper bound (for efficacy), the
study can be discontinued if the predictive probability is
above or below these boundaries. If the predictive probability
is between these 2 predefined values, the accrual continues
to the next interim analysis and to the next computation of
the predictive probability of superiority.

The EOLIA trial concluded after the inclusion of 249
of 331 planned patients, during the fourth sequential interim
analysis. If a predictive probability was calculated at this point,
it is likely that the trial would have been continued and would
have had a chance of being positive in favor of ECMO.
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In Reply Dr Aberegg raises several important issues about our
Bayesian reanalysis of the EOLIA trial.1

First, in raising the specter of confirmation bias, the
author describes exactly the kind of intuitive Bayesian
analysis that clinicians perform regularly, combining a
hypothetical prior consistent with treatment harm and a
hypothetical marginally “significant” trial result to imagine
a posterior consistent with treatment harm. He may or may
not be correct in speculating that such a result would not
have been met by a Bayesian reanalysis; a prior for harm
might have motivated this. Nevertheless, his concern about
confirmation bias is not an argument against Bayesian
analysis as such, but rather that these analyses should be
performed consistently regardless of the anticipated result
and specified as part of the design, a contention that we
fully support.

Second, we disagree with the statement regarding the
strongly skeptical prior. While it was centered on a RR of 1.0,
it specifies a 50% probability that early ECMO increases mor-
tality and only a small chance (<5%) that the true benefit of
ECMO could equal or exceed the effect observed in the ARDS
Network low tidal volume trial (RR, 0.78). Given that this prior
is equivalent to having data from a hypothetical trial larger than
EOLIA (n = 264) finding no benefit, it seems difficult to jus-
tify greater skepticism from available evidence.

Third, priors are not used to “boost” the result; priors can
also function to temper unrealistically large observed effects.
We specified the priors to represent the range of beliefs about
ECMO among the clinical community prior to EOLIA. We also
used data-driven priors from recently published randomized
clinical trials and observational studies with similar results.
The resulting posterior probability of benefit was also consis-
tent with the observed effect of early ECMO on many second-
ary outcomes in EOLIA.2

Fourth, the critique draws a false dichotomy between
evidence and belief. The goal of science is not to exclude
belief but rather to form beliefs appropriately warranted by
evidence. Bayesian analysis helps physicians understand the
extent to which a trial should inform their beliefs about
the benefit of therapy and whether there is sufficient confi-
dence to support action. Overreliance on P values derived

Letters

1632 JAMA April 23/30, 2019 Volume 321, Number 16 (Reprinted) jama.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a The University of Melbourne Libraries User  on 04/23/2019

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.14276&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.1198
https://dx.doi.org/10.1007/s12144-010-9087-5
https://dx.doi.org/10.1007/s12144-010-9087-5
https://dx.doi.org/10.1056/NEJMoa0810625
https://dx.doi.org/10.1056/NEJM200005043421801
https://dx.doi.org/10.1186/cc8990
mailto:dferreira@chu-besancon.fr
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.14276&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.1194
https://dx.doi.org/10.1056/NEJMoa1800385
https://dx.doi.org/10.1056/NEJMoa1800385
https://dx.doi.org/10.1177/1740774514531352
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.1194


from frequentist analysis isolated from all other prior
information leads to a high risk of misguided beliefs about
treatment effect.3

Fifth, regarding subjectivity in Bayesian analysis, judg-
ment plays an inescapable role in scientific inference. Inter-
preting data requires the judgment of properly trained
minds, not merely a robotic response to arbitrarily signifi-
cant P values. Such judgments are subjective only in the
sense that they reflect a personal or community weighting
of various relevant considerations. Bayesian analysis makes
such judgments explicit and is therefore more transparent
and informative.

Drs Ferreira and Meyer raise the important issue of early
stopping. The authors point out that decisions by the data and
safety monitoring board may have been very different had the
trial been designed in accordance with Bayesian principles. This
important point strongly supports consideration of Bayesian
trial design principles for future trials.
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Patient-Physician Relationship in the Age
of Expanded Access to Information
To the Editor Drs Kilbride and Joffe discussed how expanded
access to medical information and services will change the
nature of the patient-physician relationship by enhancing
patient autonomy and diminishing the physician’s role as the
gatekeeper to medical information, tests, and interventions.1

They concluded that the physician will cede power to the pa-
tient and shift into the role of an advisor with increased focus
on downstream care coordination.1 This characterization is in-
complete; increased access to information does not necessar-
ily foster meaningful autonomy or independence.

Insofar as ideal autonomy requires understanding rel-
evant information and having access to an appropriate array
of valuable choices,2 factors that limit information or elimi-
nate options impair the capacity to choose and thus diminish
a patient’s autonomy. Accordingly, readily available online

medical resources and direct-to-consumer testing may en-
hance a patient’s autonomy by improving access to informa-
tion and removing barriers to certain health services.

However, for a patient to use these services to meaning-
fully improve medical decisions requires making sense of the
variety of data these services provide; ie, understanding their
meaning and significance and applying the lessons to a pa-
tient’s own health. This capacity to gather and interpret health
information to make meaningful health decisions is defined
as health literacy.3

Interpreting medical information from online sources and
direct-to-consumer tests requires applying data gathered from
“complex graphs, tables, or other health-related texts or
documents.”4 This requires intermediate health literacy ac-
cording to the US Department of Education.4 Yet, in a na-
tional US survey, only 53% had intermediate health literacy,
and 36% fell below this level.4

Therefore, merely increasing the availability of health in-
formation or direct-to-consumer testing will do little to em-
power the more than one-third of all patients who cannot make
use of this information. The assumption that increasing ac-
cess to information alone enhances autonomy must be dis-
carded; information must be paired with the ability to inter-
pret and apply it.

What does this mean for physicians? The physician must
rise above the role of gatekeeper or advisor. Physicians should
acknowledge any disparity in health literacy, tailor the con-
versation to the patient’s level of understanding, and guide
them toward a thoughtful, meaningful choice in accordance
with their values. When faced with a patient who requests
a subspecialty referral based on results from a direct-to-
consumer test, the physician should inquire further. Doing so
can address the limits of health literacy and enhance au-
tonomy; this is the essence of shared decision making.
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In Reply Dr Weinlander argues that the characterization of the
modern patient-physician relationship in our Viewpoint1 was
incomplete. Specifically, he contends that patients’ decreas-
ing dependence on physicians for access to information and
health care resources does not, as we asserted, enhance pa-
tient autonomy.
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