
Biomarkers to Personalize Preoperative Cardiovascular Risk
Stratification: Ready for Prime Time?

Globally, more than 200 million adults have major
noncardiac surgery each year (1). Although ad-

vances in anesthesia, surgical techniques, and post-
operative care have improved outcomes, cardiovascu-
lar complications remain the most common causes of
postoperative morbidity and mortality. Among patients
having elective noncardiac surgery, greater than 5%
have a major cardiac complication within the first 30
days, resulting in death, disability, prolonged hospital-
ization, and increased health care expenditure (2). Sev-
eral preoperative factors are associated with more car-
diac events, including high-risk coronary artery disease,
recent stroke, congestive heart failure, renal insufficiency,
uncontrolled hypertension, valvular heart disease, and di-
abetes mellitus. In addition, the risk for cardiac complica-
tions is increased in the setting of hemodynamic compro-
mise, increased sympathetic activation, inflammation,
bleeding, or hypercoagulability. Several approaches have
been examined to predict the risk for cardiac complica-
tion after major noncardiac surgery, including assessment
of clinical risk factors, noninvasive cardiac testing, and
biomarkers.

Clinical risk indices are used to assess the risk for
cardiac complications after noncardiac surgery. Of
these, the Revised Cardiac Risk Index (RCRI) is most
frequently used and recommended by clinical practice
guidelines (2, 3). This index predicts the risk for cardiac
complications on the basis of the risk associated with
the procedure and presence of clinical risk factors (isch-
emic heart disease, prior congestive heart failure,
stroke or transient ischemic attack, use of insulin ther-
apy, and serum creatinine level of >2 mg/dL [>176.8
μmol/L]) established to be independently associated
with perioperative cardiac complications. Although the
RCRI has been considered a gold standard for cardio-
vascular risk prediction after noncardiac surgery, sev-
eral validation studies of large cohorts have shown that
it underestimates risk by as much as 50% (1). The National
Surgical Quality Improvement Program Myocardial Infarc-
tion and Cardiac Arrest Risk Index is the second most
widely used perioperative cardiac risk calculator. It in-
cludes age and functional status in addition to clinical risk
factors and has discriminative ability superior to the RCRI
(3). However, this risk index has been shown to underes-
timate perioperative myocardial infarction. Many clinical
practice guidelines recommend preoperative noninvasive
cardiac testing (for example, cardiac stress test and coro-
nary computed tomographic angiography) to improve
cardiac risk stratification (2, 3). However, these diagnostic
tests have been shown to overestimate cardiac risk, result-
ing in such unintended consequences as additional diag-
nostic testing (including invasive coronary angiography),
increased health care costs, and delays in planned sur-
gery. Consequently, efforts have been made to develop

novel approaches of risk stratification that improve the
current perioperative cardiac risk calculators. To this end,
early developments have shown a potential role for car-
diac biomarkers (4). Although these markers are com-
monly used in the diagnosis and prognostication of pa-
tients with cardiovascular disease, they are rarely used for
preoperative cardiac risk stratification in patients having
surgery.

In this context, Duceppe and colleagues (5) report
the role of N-terminal pro–B-type natriuretic peptide
(NT-proBNP), a biomarker of myocardial wall stress and
structural changes, in risk stratification of patients having
noncardiac surgery. In their analysis of 10 402 patients
having noncardiac surgery, the investigators examined
whether the addition of preoperative NT-proBNP levels to
the RCRI improves risk prediction for the primary compos-
ite outcome of vascular mortality, myocardial infarction,
and ischemic myocardial injury at 30 days after surgery.
An independent and incremental association between
preoperative NT-proBNP levels and higher rates of car-
diovascular events was found, such that patients with NT-
proBNP levels greater than 1500 pg/mL had a more than
5-fold higher risk for the primary outcome relative to
those with levels less than 100 pg/mL. Furthermore, add-
ing NT-proBNP levels to the RCRI improved risk predic-
tion and reclassification compared with the RCRI alone
(c-statistic increased from 0.65 to 0.73). Of note, an NT-
proBNP concentration of 200 pg/mL or greater was asso-
ciated with risk for a primary outcome exceeding 5%.
These findings are consistent with several smaller studies
and meta-analyses that have shown improved periopera-
tive cardiac risk stratification with the addition of NT-
proBNP levels to clinical risk indices (6, 7). The association
of increased NT-proBNP levels with higher rates of cardio-
vascular events in apparently healthy persons and pa-
tients with stable coronary artery disease, acute coronary
syndrome, and heart failure is well established (8). The
ability of NT-proBNP to predict cardiac events relates to
its sensitivity to detect myocardial wall stress and struc-
tural changes even in the absence of clinical manifesta-
tions. Thus, the findings by Duceppe and colleagues are
not surprising and demonstrate the biological underpin-
nings of NT-proBNP. Nonetheless, this study is a major
step forward in advancing the use of biomarkers for pre-
operative cardiac risk assessment.

There are several notable strengths of this work
compared with prior studies. First, it is the largest study
evaluating NT-proBNP in a preoperative setting. Sec-
ond, the investigators examined the risk for events
across a wide range of NT-proBNP values compared
with dichotomized values in prior studies, providing
more precision in risk prediction. Finally, in addition to
hard clinical end points, the authors evaluated rates of
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myocardial injury, a proven risk marker of short- and
long-term outcomes.

Individualized and precise preoperative cardiac
risk assessment should be a major component of elec-
tive noncardiac surgery planning. An effective risk strat-
ification achieves several goals, including facilitation of
shared decision making for surgery and optimization of
intra- and postoperative care. Although there is un-
questionable evidence about the prognostic signifi-
cance of NT-proBNP in preoperative risk stratification,
these breakthroughs have not translated into routine
clinical practice. As such, the European Society of Car-
diology and European Society of Anaesthesiology and
the American College of Cardiology and American
Heart Association 2014 guidelines do not recommend
routine use of NT-proBNP for preoperative cardiac risk
stratification (2, 3). Thus, given the well-known limita-
tions of clinical risk indices and noninvasive cardiac di-
agnostic testing in preoperative risk prediction, evalua-
tion of NT-proBNP in addition to clinical factors offers a
readily available, precise, and inexpensive tool for risk
stratification. However, whether NT-proBNP–driven peri-
operative management reduces the risk for cardiovascu-
lar events is unknown and should be investigated.

The role of biomarkers in routine preoperative car-
diac risk stratification is still in its infancy and further
study is needed. This field is wide open to investigation
to find a suitable position for biomarkers in this setting;
for example, a randomized trial of biomarker-guided
preoperative risk assessment versus RCRI alone may
answer whether this approach results in meaningful im-
provement in outcomes. Until then, data support the
use of NT-proBNP to personalize cardiac risk stratifica-
tion in patients having noncardiac surgery.
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