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Abstract: The most common cardiac surgical procedures are coro-
nary artery bypass graft surgery and aortic or mitral valve repair or
replacement. Underlying conditions include coronary artery dis-
ease and heart failure, manifesting as exertional angina, dyspnea,
and poor exercise tolerance. The major goals of surgery are to
alleviate symptoms and improve patient survival. These, therefore,
should inform the choice of primary outcome measures in clinical
studies enrolling patients undergoing cardiac surgery. Studies
focusing on surrogate outcome measures are relied on all too
often. Many are of questionable significance and often have no
convincing relationship with patient outcome. Traditional “hard
endpoint” outcome measures include serious complications and
death with the former including myocardial infarction (MI) and
stroke. Such serious adverse outcomes are commonly collected
in registries, but because they occur infrequently, they need to be
large to reliably detect true associations and treatment effects. For
this reason, some investigators combine several outcomes into a

single composite endpoint. Cardiovascular trials commonly use
major adverse cardiac events (MACEs) as a composite primary
endpoint. However, there is no standard definition for MACE.
Most include MI, stroke, and death; others include rehospita-
lization for heart failure, revascularization, cardiac arrest, or bleed-
ing complications. An influential trial in noncardiac surgery found
that perioperative b-blockers reduced the risk of MI but increased
the risk of stroke and death. Such conflicting findings challenge the
veracity of such composite endpoints and raise a far more impor-
tant question: which of these endpoints, or even others that were
unmeasured, are most important to a patient recovering from sur-
gery? Given the primary aims of cardiac surgery are to relieve
symptoms and improve good quality survival, it is disability-free
survival that is the ultimate outcome measure. The question then
becomes: what is disability and how should it be quantified after
cardiac surgery? Keywords: outcomes, cardiopulmonary bypass,
quality of life. JECT. 2014;46:23–27

The most common cardiac surgical procedures are coro-
nary artery bypass graft (CABG) surgery and valve repair
or replacement. The two most common underlying con-
ditions are coronary artery disease and heart failure,
manifesting as exertional angina, dyspnea, and poor exer-
cise tolerance. It is these symptoms, along with concerns
about their own mortality, that bring patients into contact
with the cardiac surgical process (1,2). The major goals of
surgery are to both alleviate patient symptoms and to
improve survival. This reality, therefore, should inform the
choice of outcome measures in clinical studies enrolling
patients undergoing cardiac surgery. Unfortunately, this is
not often the case.

The aim of this review is to consider the range of out-
come measures typically included in clinical studies of

patients undergoing cardiac surgery. The growing interest
in the use of patient-centered outcomes, the relationship
between these and perioperative complications, and the
potential value of using disability-free survival as a pri-
mary outcome measure are addressed.

SURROGATE OUTCOME MEASURES

A large proportion of clinical studies in patients under-
going cardiac surgery is focused on variables that perhaps
help to explain underlying pathophysiological processes
during and after surgery and/or surrogate measures that
directly or indirectly correlate with true patient outcomes
(3–6); for example, measures of cardiovascular performance
(cardiac output, vascular resistance, diastolic dysfunction,
serum lactate), gas exchange (arterial blood gases), renal
function (urine flow, creatinine flux), and inflammation
(interleukins, C-reactive protein). Surrogate measures such
as these often substitute for true clinical outcomes (7).

Studies focusing on surrogate outcome measures are
relied on all too often (3,7). Many are of questionable
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significance and often have no convincing relationship with
patient outcome. For example, a drug proven to lower
blood pressure may result in an increased risk of stroke
(8), reduce hyperglycemia but increase the risk of death
(9), or lower cholesterol but possibly increase the risk of
cardiovascular events (10). Efforts to improve surrogate
markers of kidney function such as urine flow or reduce
biomarkers such as neutrophil gelatinase-associated lipo-
calin may or may not be valid measurements of renal
function or failure (11).

Surgical recovery times and hospital stay reflect both the
postoperative course as well as administrative and patient
social aspects such as a supportive home environment. Time
to tracheal extubation and duration of stay in the intensive
care unit (ICU) are common endpoints in cardiac surgical
studies. They do provide some indication of the patient’s
recovery profile and exposure to complications after surgery
and are in effect composite measures of the entire perioper-
ative process. They also have social and health economic
value; patients want to return home, and the costs associ-
ated with prolonged hospitalization can be better spent in
other areas. They are, therefore, useful surrogate outcome
measures in cardiac surgery. However, they are not suffi-
cient and often do not reflect or evaluate the underlying
goals of cardiac surgery. They can also be manipulated.

For CABG surgery and percutaneous coronary inter-
vention, there is genuine interest in the rate of graft occlu-
sion after the revascularization procedure (6). Advances
in stent technology and greater understanding of identi-
fication of suitable patients, coronary artery anatomy
(of lesions), and antiplatelet therapy are aimed at avoiding
in-stent thrombosis and early graft occlusions (12). How-
ever, an occluded graft is only important if it threatens
myocardial viability, and so it can be argued that such
endpoints are merely surrogates for recurrence of angina,
myocardial infarction (MI), and patient survival (6).

CLINICAL INDICATORS AND REGISTRIES

Clinical indicators are process and outcome measures of
both the safety and effectiveness of patient care (13–16).
They may also be used to measure surgeon and hospital
performance, allowing benchmarking and the identifica-
tion of many aspects of quality of care. These are best
done by adjusting for hospital case mix. With the growing
interest in the role of public reporting of outcomes in
cardiac, thoracic, and vascular surgery (17–20), procedure
registries such as that run by the Society for Cardiothoracic
Surgery in the United Kingdom and the Society of Thoracic
Surgeons National Adult Cardiac Surgery Database in the
United States offer a valuable resource (20,21). However,
there are ongoing concerns about clinician and patient
privacy, selective reporting, differences in case mix, and

“gaming.” The capacity of the general population to prop-
erly evaluate performance and risk is open to question.

Valuable indicators include unplanned reoperation,
unplanned ICU admission, and hospital readmission rates.
Such outcomes are major setbacks for the patient and
have numerous adverse consequences that could include
a greater likelihood of poor survival (22). However, few
clinical indicators consider the perspective of the patient:
are their symptoms relieved and is their life improved?

SERIOUS COMPLICATIONS

Traditional outcome measures include death and serious
complications such as MI and stroke. These are uncommon
after most types of cardiac surgery, making clinical research
more difficult because very large numbers of patients must
be enrolled into studies to have sufficient power to detect
important differences. For this reason, most researchers
combine several outcomes into a single composite endpoint
such as major adverse cardiac events (23–25). The use of
composite endpoints is problematic and needs to be justi-
fied (23). An influential trial in noncardiac surgery found
that perioperative b-blockers reduced the risk of MI but
increased the risk of stroke and death (26). Such conflicting
findings challenge the veracity of such composite endpoints
and raise a far more important question: which of these
endpoints, or even others that were unmeasured, are most
important to a patient recovering from surgery? As stated,
recovery times such as ICU and hospital stay mostly reflect
a composite of several adverse events after surgery.

POSTOPERATIVE DELIRIUM AND
COGNITIVE DYSFUNCTION

Delirium is a common, costly, and potentially serious
complication after cardiac surgery. It is more common in
the elderly and is associated with an increased risk of
death, institutionalization, and possibly dementia (27).
Although this is an unwanted scenario after surgery and
dose demand extra nursing resources, it is mostly a short-
term problem and perhaps related more to the hospitaliza-
tion and ICU process itself rather than as a surgical-related
outcome measure.

Postoperative cognitive dysfunction (POCD) has been
frequently studied in cardiac surgery (28–30). Contemporary
thinking suggests that POCD is not unique to cardiac sur-
gery involving cardiopulmonary bypass, but in fact occurs
at comparable frequency in many types of major surgery
(31,32). It may even occur after coronary angiography or in
any hospitalized patient with a major medical condition
(31). Important aspects of study design for POCD include
the use of a recommended test battery, an appropriate
control group, and focusing on relative change indices
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rather than absolute values (33,34). POCD is defined sta-
tistically; it is not based on patient symptoms or their
capacity to manage activities of daily living. The subtle
changes detected by neuropsychological testing are often
not apparent to the patient or their family. There seems to
be a relationship between test performance and longer-
term outcome (30), but how POCD manifests in a patient’s
daily life is unclear. POCD is a surrogate measure of mild
cognitive impairment and dementia. However, at present,
there is insufficient evidence to link POCD and risk of
later-onset dementia.

PATIENT-CENTERED OUTCOMES RESEARCH

Rahimi et al. (35) did a systematic review of randomized
trials evaluating the treatment or prevention of cardio-
vascular disease published in 10 leading general medical
and cardiology journals from 2005 to 2008. They found
that few studies used primary outcome measures that
could be rated as important from the patient’s point of
view. Only 93 of 413 trials (23%) used endpoints such as
death or major morbidity or any other patient-reported
outcomes. A similar proportion used a composite end-
point that included one or more less important outcomes.
They recommended that patients should be directly
involved in the selection of meaningful outcome measures
for cardiovascular trials. More recent evidence suggests
that clinicians sometimes make wrong assumptions about
patient preferences and values (36).

These are not new concepts. Chalmers and Clark (37)
noted that most large cardiovascular trials use patient
survival/mortality as the sole primary endpoint, so-called
“tombstone trials.” They noted that patients are not only
interested in the potential benefits of new treatments on
survival, but also how these treatments affect the quality
of their lives.

In the United States, the Patient Protection and Afford-
able Care Act becomes fully implemented in January 2014.
The central aim is to reduce costs and improve healthcare
outcomes by focusing on quality (rather than quantity) of
care. The Patient-Centered Outcomes Research Institute
was established as part of this government program with
an aim to undertake more comparative effectiveness
research (38). These changes place much greater emphasis
on outcomes research, evidence synthesis, and knowledge
translation, aiming to encourage clinicians to ask about
and understand patient preferences to properly inform clini-
cal decision-making.

QUALITY OF RECOVERYANDQUALITYOF LIFE

An overall measure of quality of recovery after surgery
is useful in that it can provide a global measure of out-

come from the patient’s perspective (39). The 40-item
quality of recovery score (QoR-40) has undergone exten-
sive psychometric evaluation (40) and has been used in
many cardiac and other surgical studies (41). A system-
atic review of postoperative recovery outcome measure-
ments found the QoR-40 was the only instrument that
fulfilled all of the eight prespecified criteria needed to
measure health status: appropriateness, reliability, validity,
responsiveness, precision, interpretability, acceptability, and
feasibility (42). Other systematic reviews have confirmed its
psychometric properties and clinical use (41,43). Quality of
life after surgery is also important (44) and is being mea-
sured more often in cardiac surgical studies (12,44,45). It is
acknowledged that these are important patient-centered
outcomes, but some aspects are unrelated to the surgery
itself and they may not reflect how well patients can func-
tion in the months and years after cardiac surgery.

Patients recovering from major surgery, especially the
elderly and those with comorbidity, have a slow and com-
plicated recovery course. They are at increased risk of
numerous surgical and medical complications in the weeks
and months after surgery. Nearly one-fifth of U.S. Medi-
care (elderly) patients discharged from the hospital, esti-
mated to be more than 2.5 million people, have an acute
medical problem over the next 30 days leading to readmis-
sion to the hospital. Krumholz (46) has labeled this phe-
nomenon the posthospital syndrome, and we know this
is associated with very poor longer-term survival (47). We
simply have insufficient information about what happens
to patients in the months after surgery—how many are
relieved of their symptoms and go on to enjoy a healthy
existence? What proportion are harmed by their surgery?

It is not just survival, but the relief of symptoms, avoid-
ance of long-term disability, and a sense of well-being that
are likely to be the most important and highly valued out-
comes for patients undergoing major surgery (44,48,49).
Disability-free survival, therefore, seems to satisfy the
key criteria for an ideal outcome measure after cardiac
surgery. It addresses the primary aims of most cardiac sur-
gery: reduced symptoms and/or improved healthy survival.
It is clearly a patient-centered outcome. The question then
becomes: how would our patients define disability and how
should it be quantified after cardiac surgery? Are standard
measures of disability such as the Katz activities of daily
living (50) and the World Health Organization disability
assessment scale (51,52) valid and reliable after surgery?
These important questions require urgent study.
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