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Randomized and Nonrandomized Clinical Studies

Statistical Considerations

THE article in this issue of ANesTHESIOLOGY by O’Hara et
al.' provides a good opportunity to review different
clinical study designs and statistical issues associated
with analyzing data from randomized and nonrandom-
ized comparative studies. Statistics are necessary to ana-
lyze clinical data because the response to intervention
usually varies widely among patients.” Most biostatisti-
cians favor the use of randomized trials to compare
interventions. To understand why, consider the question
posed by O’Hara et al.:' whether either of two interven-
tions—regional or general anesthesia—led to greater
mortality in hip fracture patients. Ideally one would
compare mortality after all patients received regional,
and then, after turning back the clock, after the same
patients all received general. Such a study design would
eliminate the possibility that different outcomes in re-
gional or general resulted from differences inherent to
the patients. Of course, this study design is impossible to
implement, but it sets a standard for evaluation.
Randomly assigning subjects to regional or general
anesthesia comes closest to the ideal situation. Instead of
comparing regional and general in the same subjects, a
randomized trial compares regional and general in sub-
jects with the same distribution of observed and unob-
served risk factors. In other words, in a randomized trial,
observed or unobserved risk factors would have the
same chance of occurrence in subjects who receive

regional anesthesia as in subjects who receive general. In .
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practice, the observed risk factors may not be allocated
exactly the same in subjects who receive regional as in
subjects who receive general. The P values and confi-
dence intervals take into account the possibility of dif-
ferent allocations of observed and unobserved risk fac-
tors.?

In some situations, a satisfactory randomized trial is
not feasible. Expanding on Byar,? some reasons include
(1) enrollment of sufficient numbers of patients is too
time consuming, (2) the cost or necessary effort is ex-
cessive, (3) the time until the endpoint is reached is too
long, and (4) investigators would need to confront vari-
ous ethical issues. O’Hara ef al.' justify an observational
study by stating that a large number of subjects would be
necessary for a randomized trial. However, an unbiased
nonrandomized study would necessitate approximately
the same number of subjects to detect the same effect.
The underlying reason for not performing a randomized
trial of regional anesthesia versus general is that enroll-
ment of sufficient numbers of patients is too time con-
suming or the cost or necessary effort is excessive.

For some clinically important questions for which a
single, large, randomized trial is difficult to implement,
results from various small randomized trials have been
published. If small, randomized trials are performed in-
stead of one large trial, one can increase power relative
to a single small trial by using a meta-analysis, which is a
weighted average of the estimates from each trial. A
large, carefully conducted randomized trial is generally
preferable to a meta-analysis because a meta-analysis can
give misleading results if some trials are conducted
poorly or if the interventions are very different. How-
ever, when the interventions are reasonably similar, a
good meta-analysis can provide useful information. We
performed a meta—analysis4 of regional versus general
anesthesia using the nine studies analyzed by Parker et al.,’
along with three other studies.®"® The endpoint was a
1-month mortality, if reported; otherwise it was a 1-week or
in-hospital mortality. The estimated difference in the prob-
ability of short-term mortality between general and regional
anesthesia was 1.5%, with a 95% confidence interval of
—0.6%, 5.4%. To put this result into perspective, apply-
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ing the adjusted odds ratio results of the study by O’Hara
et al' to a baseline mortality rate of 4.8%, the estimated
difference in the probability of 1-month mortality rate
between general and regional was 0.4%, with a 95%
confidence interval of —0.8%, 1.8%. Thus, both ap-
proaches give the same conclusion of no effect of re-
gional versus general anesthesia on short-term mortality,
although the meta-analysis suggests that the short-term
mortality rate may be slightly higher with general.

Because of the study by O’Hara et al.' is observational,
how confident can we be in the results? The difficulty
interpreting data from a study without random allocation
to regional or general anesthesia is that the type of
patient who receives regional may differ from the type of
patient who receives general. Instead of evaluating the
effect of regional versus general anesthesia, one is eval-
uating regional in one type of patient versus general in
another type of patient. Another way of looking at the
problem is that there is a risk factor for mortality that
could occur more frequently than by chance in subjects
who receive regional anesthesia than in subjects who
receive general. In this case, comparing regional and
general could give an incorrect result.

To compare the effect of regional and general anesthe-
sia on the mortality in an observational study, O'Hara et
al.' used a logistic regression model to adjust for many
baseline risk factors related to intervention and mortal-
ity. By including these risk factors in the logistic regres-
sion, one can avoid a bias when the risk factors occur
more frequently in subjects who receive regional than in
subjects who receive general anesthesia. O’Hara et al’
did well to include demographic variables, laboratory
results, cointerventions, and types of surgery. The au-
thors were also very careful to exclude variables, such as
blood pressure, that occurred during or after the initia-
tion of anesthesia. Because blood pressure is affected by
anesthesia and may predict mortality, its inclusion would
increase bias and not eliminate it. A limitation of logistic
regression analysis is the assumption of a particular
mathematical relation between risk factors and mortal-
ity. As a check, by using propensity scores, which do not
necessitate this assumption,” O’Hara et al.' obtained a
similar result. However, even the best multivariate ad-
justment can be biased if it misses an important risk
factor related to why a subject receives one intervention
and not the another. In the most extreme case, an omit-
ted covariate could lead one to conclude the opposite of
the truth in what is known as Simpsons’s paradox.' In
a classic article, The Coronary Drug Project Research
Group used logistic regression to compare mortality be-
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tween poor and good adherers to clofibrate and found a
statistically significant difference (P = 0.0001), even
though the randomized trial showed no significant ef-
fect."' As another example, using propensity scores,
Lieberman et al'? found a significant effect of labor
epidural analgesia on the probability of cesarean section,
but a meta-analysis of randomized trials indicated no
significant effect.'®> Sometimes a multivariate adjustment
can give the same result as a randomized trial.”!%?>
Thus, the level of confidence in multivariate adjustments
depends on how strongly one believes that all baseline
risk factors related to intervention and mortality have
been included.

Another type of nonrandomized clinical study involves
historical controls. The traditional method of using his-
torical controls compares outcome in a previous group
that received treatment A with outcome in a current
group that is receiving treatment B. The major problem
is that the criteria for selecting patients to receive treat-
ment A may differ from the criteria for selecting patients
to receive treatment B.'® To reduce this selection bias
with historical controls, Baker and Lindeman'” proposed
the paired availability design in the context of estimating
the effect of epidural analgesia on the rate of cesarean
section (C/S). In hospitals with a sudden change in the
availability of epidural analgesia, one compares the rate
of cesarean section before and after the increased avail-
ability of epidural analgesia among all eligible subjects,
not just among those who received epidural analgesia
after the change versus no epidural analgesia before the
change. Applying the method to data from 11 hospitals
with a change in the availability of epidural analgesia,
Baker'® obtained a point estimate similar to that from
randomized trials.

In summary, the comparison of interventions using
logistic regression from a large database is typically
much more difficult and less definitive than the analysis
of data from a randomized trial because of the need to
identify all important risk factors. For nonrandomized
studies, the paired availability design for historical con-
trols represents a new approach that may have less bias.
For further nontechnical reading, see the References
section and the book Nonrandomized Comparative
Clinical Studies, edited by U. Abel and A. Koch, which is
available at http://www.symposion.com/nrccs.
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