
Large Multicenter Trials: What Do They Achieve and What
Should Be Done in Perfusion?

Paul Myles, FANZCA

Department of Anaesthesia and Perioperative Medicine, Alfred Hospital and Monash University, Melbourne, Australia

Presented at the Perfusion Downunder Meeting, Hayman Island, Queensland, Australia, August 9–11, 2007.

Abstract: There have been a vast number of publications in the
perfusion and cardiac surgical literature suggesting possible
therapeutic benefits from many perfusion interventions. Most of
the reports are case series and other observational studies; few
are randomized trials, and most of these are small, focusing on
surrogate endpoints. We know there are many factors that can
affect outcome after cardiac surgery, and some of these can bias
results of clinical studies. Evidence-based medicine has high-
lighted the importance of avoiding bias with good study design,
critical appraisal, and careful application into clinical practice.
Associations shown in observational studies do not provide re-
liable evidence of effect (causation). Random allocation to treat-

ment groups accounts for many sources of bias, but small ran-
domized trials can still be unreliable because they may identify a
spurious positive finding by chance (type I error), as well as
providing imprecise estimates of effect, as shown by wide confi-
dence intervals. Obtaining data on actual outcomes with enough
study power requires a large number of patients. Meta-analysis
of small randomized trials can increase power, but this intro-
duces other sources of bias. Large randomized pragmatic trials,
using straightforward interventions reflecting routine clinical
practice, can optimize the ability to generalize and therefore are
clinically relevant and reliable. They thus provide the best evi-
dence of effectiveness. JECT. 2007;39:274–277

BEWARE OBSERVATIONAL STUDIES

A confident demeanor is a valued element of being a
good clinician, but in reality, we practice in an environ-
ment of great uncertainty. Individual patient and clinician
characteristics, and a whole host of perioperative factors,
can affect outcome after cardiac surgery. Similarly, inter-
pretation and clinical application of published research is
hindered by uncertainty because of numerous alternative
explanations of observed findings: is a positive result
“true” or is it a spurious finding? Evidence-based medi-
cine has highlighted the importance of avoiding bias with
good study design, critical appraisal, and careful applica-
tion into clinical practice (1). Many sources of bias have
been known for a long time (2), but others have become
more widely recognized because of new study design tech-
niques (3,4).

Large case series, registries, and other prospective ob-
servational studies can provide a lot of useful data con-
cerning patient and surgical characteristics and their rela-
tionship with patient outcome. Being large, such studies
can provide sufficient power to identify possible associa-
tions between many specific factors and complications,
and so it is a useful first step when studying potential

improvements in care. However, strong associations have
many possible explanations (2,4).

An illustrative example in perfusion is the relationship
between red cell transfusion and poor outcome after coro-
nary artery bypass graft surgery (CABG) (4). A large ob-
servational study in 11,963 patients undergoing CABG, in
which one half had received a transfusion, found that red
cell transfusion was associated with an increased risk of
numerous serious postoperative complications. This in-
cluded renal failure [odds ratio (OR), 2.1; 95% confidence
interval (CI): 1.9–2.3; p < .001], serious infection (OR, 1.8;
95% CI: 1.7–1.8; p < .001), cardiac complications (OR, 1.6;
95% CI: 1.5–1.6; p < .001), neurologic events (OR, 1.4;
95% CI: 1.3–1.4; p < .001), and death (OR, 1.8; 95% CI:
1.7–1.9; p < .001). These associations persisted after ac-
counting for patient and perioperative factors. Also, there
was a clear dose response shown with each unit of red cells
transfused being associated with an incrementally in-
creased risk for complications (5). However, does this
mean that red cell transfusion increase death and disability
after CABG? Should we restrict red cell transfusion in this
setting? Such studies have led to calls for restrictive trans-
fusion practices and in particular use of a transfusion pro-
tocol (5), but there is no compelling evidence that this will
reduce complications after CABG. There are many pos-
sible explanations for the observed association betweenAuthor for correspondence: P. Myles, P.Myles@alfred.org.au
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red cell transfusion and poor outcome (4). Some can be
tested and/or controlled for with multivariate analyses, but
experience has taught us that these cannot be depended
on (6,7). Associations shown in observational studies do
not provide reliable evidence of effect (causation). They
are hypothesis-generating, and stronger levels of evidence
should be sought (7).

STUDY DESIGN

Reliability, or precision, is important to clinicians be-
cause we want to know whether likely effects of any new
treatment are clinically useful in any particular circum-
stance (7). If uncertainty exists, a change in practice is
unlikely until further studies are done. These issues are
highlighted when considering the potential benefits and
risks of off-pump coronary artery surgery (OPCAB).
Early reports and case series published in the early 1990s
suggested OPCAB reduced complications traditionally as-
sociated with cardiopulmonary bypass (CPB). These posi-
tive reports fostered great interest in off-pump techniques,
but many cardiac surgeons were cautious because of con-
cerns about inadequate revascularization. At present, the
key questions seem to be (i) does OPCAB improve post-
operative outcomes, and if so, (ii) is there sufficient evi-
dence to support more widespread use; but if not, (iii)
what type of studies are required to provide compelling
evidence? A similar series of questions surrounded warm
heart surgery in the 1980s, with the eventual widespread
use of 32–34°C for most routine cardiac surgery (8), and
laser myocardial revascularization with the eventual de-
cline in interest for the technique in most settings (9).

WHAT OUTCOMES SHOULD WE
BE MEASURING?

Research in CPB and other perfusion techniques fre-
quently uses surrogate endpoints—biochemical markers
such as blood gases, electrolytes, and hematologic results,
urine flow, myocardial ischemia, embolic load, and cere-
bral blood flow. Some of these have no meaningful rela-
tionship to “actual” outcomes of concern to patients (10).

Clinical researchers typically use surrogate endpoints
because obtaining data on actual outcomes with enough
study power requires a larger number of patients. It is
common for there to be an underlying assumption that the
surrogate endpoint relates directly to the actual outcome.
For example, troponin release is a marker of myocardial
damage and therefore is a surrogate marker of myocardial
infarction (MI); similarly, for delta creatinine and renal
failure, cerebral oximetry and stroke, embolic load and
stroke, and so on. In some circumstances, this can be ac-
cepted, but in others, the relationship is more tenuous.
Experience in other clinical settings tells us that studies

showing a positive effect on a surrogate endpoint can be
quite misleading when a definitive outcome study is done
(11). Thus, there should be greater efforts at following up
initial positive studies based on surrogate endpoints with
true outcome studies.

Because serious adverse outcomes after surgery are
rare, outcome studies need to be large. For example, the
incidence of stroke, renal failure, or death after CABG is
mostly <4%. Study power is determined by the number of
trial events, and therefore, power can be increased by fo-
cusing on high-risk patients and/or by using a combined
endpoint (7,12). Both these approaches have been used in
the Aspirin and Tranexamic Acid for Coronary Artery
Surgery (ATACAS) trial (13).

WHY DO LARGE RANDOMIZED TRIALS?

It is far simpler, and far more common, for large clinical
studies to be observational (non-randomized), and there-
fore, they may be biased (2,14). We know outcome after
cardiac surgery is dependent on many factors, and there-
fore a new treatment being studied may have a spurious
association with a good outcome unrelated to any true
effect. Random allocation to treatment groups accounts
for many such sources of bias (7).

The major source of bias overcome by randomization is
treatment bias, whereby allocation to treatment groups is
not decided by the clinician or patient. However, small
randomized trials can still be unreliable because they may
identify a spurious positive finding by chance (type I er-
ror), as well as providing imprecise estimates of effect, as
shown by wide confidence intervals (7,8). For example, a
small randomized study in 80 patients undergoing CABG
surgery compared on-pump and off-pump CABG (15).
Myocardial injury was assessed using serial troponin re-
lease, and this was significantly lower in the OPCAB
group for up to 24 hours postoperatively. In addition, ino-
tropic requirements were less in the OPCAB group, but
this did not reach statistical significance. These findings
offered promise but do not convincingly show improved
outcome (less myocardial injury or deaths) with OPCAB.

Another small trial addressed the effect of OPCAB on
long-term graft patency in 197 patients (16). Graft patency
was similar for OPCAB and conventional CABG using
CPB at 30 days (p � .19) and at 1 year (absolute differ-
ence, −2.2%; 95% CI: −6.1% to 1.7%; p � .27). Rates of
death, stroke, myocardial injury, and reintervention were
also comparable. The authors concluded that OPCAB
provided comparable rates of complete revascularization
and was cost effective (16). Is this enough to change prac-
tice? Given that the author had extensive experience in
OPCAB surgery, does this allow an ability to generalize to
other settings? Do the 95% CIs suggest a clinically impor-
tant increase or decrease in graft patency, myocardial in-
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jury, or death? For example, the risk of death was slightly
higher in the OPCAB group, but this was not statistically
significant (OR, 1.6; 95% CI: 0.3–9.8). Would a 1.6-fold
(or 9.8-fold) increase risk of death temper enthusiasm in
OPCAB? If the study was multicenter (numerous sur-
geons and settings), and the outcomes being studied were
myocardial injury, stroke, and death, a change in practice
would be justified. To be fair to the authors of this study,
it was not their stated intention to address these latter
issues. However, that is what is required to change prac-
tice (17).

Small trials are still prone to imbalances in prognostic
factors that can have a potent effect on outcome: a special
type of bias known as confounding (7,18). The larger the
sample size in a randomized trial, the less likely it is that
confounding can occur. A large randomized trial will
equalize both known and unknown confounders between
groups (6,7). Large trials are usually multicentered, and
sometimes multinational, to maximize recruitment and en-
able early conclusion (6,7). This provides a broad range of
settings and offers an opportunity to identify other pa-
tient, clinician, and institutional factors that may influence
outcome. Large trials with straightforward requirements
reflecting standard practice are sometimes called effec-
tiveness, pragmatic, or practical trials (6,17). They thus
optimize the ability to generalize their findings and there-
fore are clinically relevant. This is often not the case, with
interested researchers studying select groups of patients in
specialized settings. This is particularly relevant in perfu-
sion studies, including use of off-pump surgical tech-
niques, because of specific expertise at some centers—
positive results may not be reproduced in other settings.

Another area of interest to perfusionists is neurologic
injury associated with CPB, and in particular, stroke. A
small trial reported a reduction in cognitive deficits with
OPCAB at 3 months but no difference at 6 months after
surgery (19). There were no significant differences in
stroke or death rates, but the study was not designed or
adequately powered to reliably address these issues. Sev-
eral other trials have been done on this topic, and there-
fore, a pooled analysis can be done. This increases sample
size and therefore increases study power. Such meta-
analyses can provide least-biased estimates, but there are
some weaknesses with this approach, particularly when
meta-analysis is limited to small trials (20,21).

Sedrakyan et al. (22) identified 41 trials of OPCAB that
had enrolled 3996 patients and reported a 50% reduction
in the relative risk of stroke (95% CI: 7%–73%), 30%
reduction in atrial fibrillation (95% CI: 16%–43%), and
48% reduction in wound infection (95% CI: 26%–63%).
These studies represent a diverse range of clinical settings.
Here, for the first time, we have strong evidence that
OPCAB can significantly reduce serious complications
associated with CPB. The outcomes are serious and

have a real impact on patient’s lives. This evidence might
affect a surgeon’s practice, but the authors caution over-
interpretation because of limitations of meta-analyses,
variations in surgical expertise, increased need for conver-
sion to on-pump surgery, and a lack of long-term outcome
data (graft occlusion and reoperation). The current state
of evidence clearly supports a definitive large randomized
trial comparing OPCAB and on-pump CABG with short-
term and long-term follow-up.

What should be done to improve the evidence base of
perfusionist practices? Collecting accurate perfusion and
perioperative data is a good first step. Ideally such data
collection should be coordinated and extensive (multi-
center), using agreed data definitions. Considering pos-
sible improvements in care (from such data or from any
positive publications) should lead to testing new interven-
tions with randomized trials. Irrespective of the size of the
clinical trial, meaningful outcome data should be routinely
collected and reported (to enable meta-analyses), and de-
finitive large trials should eventually be done. Large trials
rightly deserve the mantle of “gold standard” in providing
evidence of effectiveness, because they provide reliable
and relevant information to guide clinical practice
(6,17,23,24).
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