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ABSTRACT
The recent guideline from the European Society of
Cardiology and European Society of Anesthesiology
recommended the use of B-type natriuretic peptide
(BNP) as preoperative testing for high-risk cardiac
patients undergoing non-cardiac surgery. In this article,
the potential benefits, risks and details for
implementing BNP testing in perioperative medicine are
discussed. Review of four related lines of research
including the use of BNP test for preoperative
prognosis, BNP test for screening asymptomatic heart
failure, BNP as prognostic test in asymptomatic, non-
heart failure patients and using BNP for detecting silent
myocardial ischaemia showed converging cut-off levels
of BNP for risk stratification. BNP has better OR and
relative risk in comparison with Revised Cardiac Risk
Index (RCRI) in predicting perioperative cardiac risk.
BNP-guided therapy can be low risk based on current
evidence on non-surgical patients, including treating
asymptomatic patients without heart failure to prevent
cardiovascular complications. At present, there is lack
of direct evidence supporting perioperative BNP
testing. Further research with randomised controlled
trials is needed to confirm the benefit of BNP-guided
management. Preoperative BNP testing may be
considered in patients with RCRI above 0 undergoing
intermediate or high-risk surgery. BNP-guided therapy
is likely a beneficial addition to perioperative medicine.
Its combination with β-blocker titration, RCRI and
perioperative cardiovascular monitoring can be a major
advance in reducing cardiac risk resulting in a
dynamic, individualised optimisation process.

INTRODUCTION
The recent guideline from European Society
of Cardiology (ESC) and European Society of
Anesthesiology (ESA) recommended using
B-type natriuretic peptide (BNP) or amino
terminal-proBNP (NT-proBNP) for independ-
ent perioperative prognosis in high-risk
cardiac patients undergoing non-cardiac
surgery.1 Both BNP and NT-proBNP are
derived from proBNP which is synthesised by
myocytes and fibroblasts in response to ven-
tricular filling pressures and wall stress. BNP
has sympathoinhibitory effects and reduces
secretion of renin, angiotensin and

aldosterone. BNP also decreases blood pres-
sure, increases diuresis and vasodilation. BNP
is degraded by endopeptidases with a half-life
of 5–10 min.2 NT-proBNP was the best among
30 biomarkers for improving cardiovascular
risk estimation in patients who had no history
of heart disease in two recent large prospective
cohort studies.3 A similar conclusion was
reached on BNP in a study using 10 biomar-
kers.4 Preoperative BNP (including
NT-proBNP) level has been confirmed by two
meta-analyses as a powerful independent pre-
dictor of short-term cardiovascular complica-
tions within 30–43 days of non-cardiac surgery
with OR above 19.5 6 A similar meta-analysis on
the use of preoperative BNP in vascular surgi-
cal patients also showed high OR above 17 in
predicting major cardiac complications.7

A recent cohort study concluded that pre-
operative BNP was the only clinically useful
predictor of postoperative cardiac complica-
tions.8 BNP is a strong prognostic indicator
of death and cardiac events for both asymp-
tomatic patients9–12 and patients with heart
failure.13 In heart failure patients, each
100 pg/mL increase was associated with a

KEY MESSAGES

What is already known about this subject?
▸ BNP is superior to RCRI in predicting periopera-

tive cardiac risk. BNP guided therapy is benefi-
cial and low risk for heart failure patients under
age 75.

What does this study add?
▸ Integrating BNP guided therapy with current

guidelines on perioperative medical management.

How might this impact on clinical practice?
▸ Perioperative BNP guided therapy can lead to a

dynamic, individualized approach of reducing
perioperative cardiac risk. Its synergistic com-
bination with beta-blockade can enhance the
benefit and reduce the harm of perioperative
beta-blockade. At present, the benefit of peri-
operative BNP guided therapy still await confirm-
ation of further research.
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35% increase in the relative risk of death.13 In patients
without heart failure, each increment of 1 SD in log
BNP levels was associated with a 27% increase in the
relative risk of death, a 28% increase in the relative risk
of a first cardiovascular event, a 77% increase in the rela-
tive risk of heart failure after adjustment for cardiovascu-
lar risk factors.10 The results of large prospective cohort
studies suggest that slight elevations of BNP may reflect
early stages of pathological processes that precede the
development of apparent cardiac manifestations. BNP
measurement may provide a very early warning signal
for future cardiovascular disease in persons without
symptoms.14 It is likely that BNP elevation identifies
patients with impaired cardiac function or a significant
ischaemic risk who may not withstand the haemo-
dynamic and proinflammatory stresses of general anaes-
thesia and major surgery.6

A literature search on Scopus database (the largest
abstract and citation database of peer-reviewed research
literature which encompasses MEDLINE, EMBASE and
Cochrane databases) using ‘(BNP OR natriuretic) AND
(preoperative OR perioperative)’ yielded 811 articles
from 1995 to present. When ‘randomised’ was added as
keyword to limit the results, the number of publications
was reduced to 110. A review of the title and abstract of
the articles showed that there has been no prospective
randomised controlled trial using BNP-guided manage-
ment in perioperative medicine despite related research
suggesting the potential benefit of perioperative BNP
testing. How BNP testing should be integrated into
current perioperative medicine guidelines has not been
established. In this article, the benefits, risks and a
detailed algorithm for application of BNP testing in peri-
operative medicine are discussed based on current evi-
dence which includes not only the perioperative
observational studies, but also the related studies on the
use of BNP testing in heart failure, silent ischaemia and
asymptomatic patients.

Criteria for BNP testing in preoperative patients
BNP was shown to have sensitivity of 87% and specificity
of 87% in predicting cardiovascular events for non-
cardiac vascular surgery in a prospective derivation
study.15 The commonly used Revised Cardiac Risk Index
(RCRI) which includes ischaemic heart disease, heart
failure, diabetes requiring insulin, cerebrovascular
disease, renal insufficiency with creatinine above
2 mg/dL as 5 independent predictors with a score from
0 to 5 based on the number of risk factors, only showed
sensitivity of 64% and specificity of 70% in predicting
cardiovascular events in a recent meta-analysis.16 In
several head-to-head comparison study of BNP or
NT-proBNP versus RCRI, preoperative BNP has shown
better OR17 and relative risk18 than RCRI in predicting
perioperative cardiovascular complications. BNP remains
independently predictive after correction for RCRI in
several studies.19 20 RCRI and BNP are independent
perioperative predictors of cardiac dysfunction and

mortality.18 Combining BNP, RCRI and C reactive
protein (CRP) predicted better relative risk than any
one alone for preoperative cardiac risk stratification.18

Since the sensitivity and specificity of BNP have been
shown to be better than those of RCRI, it would be
more appropriate to use a lower threshold of RCRI to
initiate BNP measurement than using the conventional
high-risk threshold of RCRI above 1. Some cohort
studies have shown that BNP provides prognostic infor-
mation of mortality and first major cardiovascular events
beyond traditional risk factors. NT-proBNP has been
shown to be a stronger risk biomarker for cardiovascular
disease and death than CRP in patients without heart
failure.3 21 On the other hand, a recent study suggests
that NT-proBNP was not predictive of death or cardiovas-
cular events in patients without traditional clinical car-
diovascular risk factors and echocardiographic structural
cardiac abnormalities.22 BNP measurement is unlikely to
be cost-effective in patients with RCRI of 0 in light of
the low risk in this population. Therefore, RCRI above 0
is a reasonable threshold for using BNP testing in
patients who require intermediate or high-risk surgeries.
This is consistent with the recent proposal of using BNP
as a screening test to target specific subpopulations with
borderline or single traditional risk factor for coronary
artery disease.23 BNP may also be considered for pre-
operative evaluation in patients undergoing intermedi-
ate or high-risk surgeries with heart disease, history of
elevated BNP or abnormal ECG. The current guidelines
recommend preoperative ECG for all vascular surgical
patients and patients undergoing intermediate risk
surgery with RCRI >0,1 or peripheral vascular disease.24

Since the cost of BNP test (∼US$20)6 is comparable to
the cost of performing and interpreting ECG while the
evidence supporting BNP for preoperative risk stratifica-
tion is stronger than that of ECG,25 26 BNP testing
should be considered in patients who meet the criteria
of preoperative ECG which is very similar to the criteria
of RCRI >0 for patients undergoing intermediate or
high-risk surgeries.

The optimal cut-off BNP level for distinguishing low-risk
versus high-cardiac risk
Two meta-analyses published in 2009 could not define
the optimal cut-off value for BNP and NT-proBNP due
to wide variation between studies.5 6 A more recent
meta-analysis suggested that the screening BNP cut
point was 30 pg/mL for predicting cardiac death and
non-fatal myocardial infarction within 30 days of non-
cardiac vascular surgery with 95% sensitivity and 44%
specificity.27 This level is quite consistent with other
studies using BNP to predict cardiovascular events in
asymptomatic patients which is similar to the task of pre-
operative cardiac evaluation of asymptomatic surgical
patients. Excess risk was apparent at BNP levels well
below current thresholds used to diagnose acute heart
failure: In a large cohort study on asymptomatic patients
who started without diagnosis of heart failure, BNP
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values above 20.0 pg/mL for men and 23.3 pg/mL for
women were associated with multivariable-adjusted HRs
of 1.62 for death, 1.76 for a first major cardiovascular
event and 3.07 for heart failure during a mean follow-up
of 5.2 years.10 Similar BNP threshold of increasing
cardiac risk were found in several other large cohort
studies.28 29 A review suggested that the optimal cut
points for excluding heart failure in asymptomatic
patients are BNP <20 pg/mL and NT-proBNP <125 pg/
mL30 which has been supported by the recent
PROBE-HF study.31 32 Furthermore, studies have shown
that BNP >20 pg/mL produced 87% sensitivity, 37% spe-
cificity and a negative predictive accuracy of 90% at
detecting silent ischaemic heart disease in patients with
diabetes.33 Heart failure and ischaemic heart disease are
well-established risk factors of perioperative cardiac com-
plications and are part of the RCRI.24 Based on conver-
ging results from several lines of related research
discussed above, BNP cut-off value is likely around
20–30 pg/mL and NT-proBNP cut-off value is likely
around 125 pg/mL31 32 for preoperative screening pur-
poses in moderate to high-risk patients. The conver-
gence of results from several related lines of research
further suggests that the cut-off value of BNP for vascu-
lar surgerical patients may be similar to non-vascular sur-
gical patients. Some study also suggests normal
NT-Pro-BNP levels should be stratified by age and
gender to improve the negative predictive values of car-
diovascular diseases.34

Another controversy is the utility of BNP testing in
patients with renal impairment. A recent cohort study
involving 356 patients undergoing non-cardiac vascular
surgery showed that the prognostic value of NT-pro-BNP
decreased with the patients’ glomerular filtration rate.
In this study, the NT-pro-BNP had no prognostic value
in patients with GFR <30 mL/min/1.73 m2.35 However,
there were only 18 patients with GFR <30 and their
event rate was more than 40% in this study. On the
other hand, many studies have shown that NT-pro-BNP
has prognostic value for heart failure patients with renal
impairment,36 including patients on dialysis.37 The con-
clusion from a recent review suggests that the cut-off
points of NT-proBNP do not require adjustment with
renal impairment.36

BNP-guided therapy in perioperative medicine
While preoperative revascularisation is costly and has not
shown significant benefit in stable patients,1 24 38

BNP-guided therapy has not been prospectively tested in
perioperative medicine but appears to be safe39 and cost-
effective in stable heart failure patients.40–42 In inpatient
and outpatient studies, patients with the largest relative
reductions in BNP levels had the most favourable out-
comes, whereas patients with the greatest percentage
increase in BNP were observed to have the highest
cardiac event rates.2 A meta-analysis of randomised con-
trolled trials has shown that BNP-guided therapy
reduced the relative risk of all cause mortality by 48% in

heart failure patients under age 75.39 43 A randomised
controlled trial on asymptomatic patients with risk
factors but without heart failure also showed relative
reduction of major cardiovascular events over 40% using
BNP-guided therapy as prevention.44 It is encouraging
that BNP-guided therapy led to relative reduction of
major cardiovascular events over 40% both as prevention
of heart failure in randomisedcontrolled trial (RCT)
and as direct treatment of heart failure in meta-analysis.
None of the meta-analysis or RCTs has detected any sig-
nificant increase in adverse events from BNP-guided
therapy in comparison with standard care.39 It is still
controversial regarding the application of BNP-guided
therapy in elderly above age 75. A recent RCT showed
that BNP-guided therapy can be more effective in
elderly over age 75 when the therapy was gradually
titrated with small increment of dosing adjustment and
close follow-up.45 A recent prospective study involving
1918 stable asymptomatic patients suggested that simple
medication switch involving mostly one clinic visit can
lead to BNP reduction associated with 13% potential
relative reduction in mortality.46 This study also sug-
gested that further up titration beyond one clinic visit is
much less cost-effective in asymptomatic patients.46

Therefore, a cost-effective perioperative BNP-guided
therapy in stable patients should aim to limit preopera-
tive medication titration to no more than one extra
clinic visits beyond the current standard of care. It has
been proposed to start BNP-guided therapy for pre-
operative medical optimisation 4–5 weeks before
surgery.42 Elevated BNP is common in patients with
renal impairment due to poorly controlled hypervole-
mia, heart failure and/or other reasons. Medication
adjustment such as titrating diuresis, nitrate and hydra-
zine may be ineffective for many of them. This is
unlikely to be a major problem for using the algorithm
which recommends the preoperative medication titra-
tion to be mostly limited to one round as long as BNP is
not trending up significantly.
Based on a recent review of BNP-guided therapy

trials,47 the perioperative medicine guideline1 and the
other evidence listed above, the following algorithm of
BNP-guided therapy may be considered for periopera-
tive medicine (figure 1).
If BNP is less than the optimal cut-off value, proceed

with the current American College of Cardiology/
American Heart Association (ACC/AHA)24 or ESC/ESA
guideline with no more BNP tests unless patients show
new signs of cardiovascular stress (eg, angina, tachycar-
dia, dyspnoea, ECG change). If BNP is above the
optimal cut-off value, use serial BNP-guided therapy with
the goal of reducing BNP below the cut-off level by
substituting calcium channel blockers, increasing renin–
angiotensin–aldosterone blockade, diuresis, fluid restric-
tion and/or nitrate +/− hydralazine. Avoid hypotension
(eg, keep systolic blood pressure >100 mm Hg)1 or wor-
sening renal function. Since angiotensin blockade and
diuresis are associated with higher risk of intraoperative
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hypotension48 and kidney injury, nitrate may be pre-
ferred over angiotensin blockade and diuresis for
patients at high risk of complications. Digoxin and
cardiac resynchronisation therapy may be considered if
indications are met.47 Repeat BNP testing, electrolytes
and medication adjustment after five half-lives of the
newly adjusted medications or sooner—depending on
the stability of the patients and urgency of the surgery. If
the target BNP has not been reached, medication may
be adjusted during the perioperative period as long as
blood pressure, renal function and electrolytes are
stable. If the repeat BNP level is decreasing or fluctuat-
ing within 30% of its baseline, proceed with surgery and
continue BNP-guided therapy. If BNP is trending up
more than 30%, this signifies high risk of cardiovascular
complications49 which requires more work-up and

treatment adjustment before elective surgery. If BNP is
trending up and does not respond to medication adjust-
ment, consider evaluation of acute coronary syndrome,
pulmonary embolism and other acute conditions asso-
ciated with BNP increment.

Incorporation of BNP testing into the current perioperative
cardiac risk management algorithm
While there is convincing evidence that BNP predicts
perioperative cardiac risk, there is lack of direct evidence
whether optimising perioperative BNP levels improves
surgical outcome. To incorporate the ESC/ESA guide-
line, the following approach of incorporation of BNP test
may be considered as an optional modification of current
ACC/AHA algorithm for perioperative cardiac risk man-
agement while awaiting further research (figure 2):

Figure 1 A proposed B-type natriuretic peptide (including amino terminal-proBNP)-guided therapy for perioperative medicine.
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At step 1 of the modified algorithm: For emergent
intermediate or high-risk surgery, consider BNP testing
if RCRI >0 or patient meets the criteria of perioperative
ECG. Consider incorporating BNP-guided therapy in
perioperative surveillance and risk management if BNP
is above the cut-off level.
At step 2 of the modified algorithm: Consider incorp-

orating BNP-guided therapy in managing active cardiac
conditions if the patient’s BNP is above the cut-off level.

At step 3: Since the average mortality rate and hospital-
isation rate for low-risk surgery are already less than 0.5%
and less than 1%, respectively,50 further improvement
using BNP-guided therapy is unlikely to be cost-effective.
At step 4 of the algorithm: For a stable low-risk patient

with RCRI of 0, additional testing is unlikely to be
cost-effective. Patient may proceed with surgery which is
consistent with current guideline.24 If RCRI is more
than 0, consider BNP testing.

Figure 2 Cardiac evaluation and care algorithm for non-cardiac surgery—combined with B-type natriuretic peptide (BNP;

including amino terminal-proBNP)-guided therapy. Modified from ACC/AHA Cardiac Evaluation and Care Algorithm for

Noncardiac Surgery.
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At step 5 of the modified algorithm, if a patient is
undergoing a high-risk or intermediate-risk surgery and
the patient’s BNP is known to be below optimal cut-off
level, patient may proceed to surgery without further
testing.7 42 Otherwise, consider BNP-guided therapy
combined with heart rate control (mostly through
β-blockade titration). For predicting perioperative
cardiac risk, the OR of functional capacity assessment
(walking 4 blocks or climbing 2 flights of stairs)25 is less
than 2 while the OR of BNP testing is above 17.5 6

Recent systematic reviews have shown that BNP is better
than functional capacity based New York Heart
Association Classification in risk stratification in asymp-
tomatic patients regardless of heart failure diagnosis.4 13

It is therefore a reasonable option to replace functional
capacity assessment with BNP testing at this step for risk
stratification. Functional capacity assessment can still be
useful in preoperative evaluation as an optional addition
to RCRI in risk factor stratification, that is, a combin-
ation of Fleisher-Eagle criteria51 and RCRI.

BNP-guided therapy and titration of perioperative β-blockade
BNP-guided therapy is likely to be useful in optimising
β-blockade to reduce complications from β-blockade
titration. Elevated BNP is associated with higher risk of
mortality21 22 52 and stroke.9 12 53 54 BNP increase from
β-blockade titration can be detected early and corrected
by decreasing β-blockade or increasing renin–angioten-
sin–aldosterone blockade and/or nitrate +/−hydrazaline
to avoid complications such as decompensation of heart
failure, stroke and death shown in the POISE trial.55

The prognostic power of BNP in perioperative medicine
also suggests that certain β-blockers may be preferred as
they are associated with greater BNP reduction. For
example, switching atenolol to carvedilol or bisoprolol
has been associated with BNP reduction.46

Conclusion
BNP-guided therapy has been shown to be a safe and
cost-effective treatment in heart failure though contro-
versies still exist regarding its application in elderly with
age more than 75 and in patients with severe renal
impairment. It is likely a beneficial addition to peri-
operative medicine though the prospective RCTs in peri-
operative setting are still lacking. Its combination with
β-blocker titration, RCRI and perioperative cardiovascu-
lar monitoring is likely to improve the outcome of surgi-
cal patients with moderate to high-cardiac risk. Since
revascularisation in stable preoperative patients has been
largely ineffective, BNP-guided therapy hold the
promise of a more effective perioperative cardiac risk
reduction, especially in a potentially synergistic combin-
ation with β-blockade titration with individualised
dynamic optimisation process due to the short half-life
and strong prediction power of BNP. The algorithm
detailed in this article is a reasonable option to imple-
ment the current ESC/ESA guideline regarding the use
of perioperative BNP testing based on current evidence.

Further research with RCTs is needed to verify the
benefit of BNP-guided therapy in perioperative medi-
cine. Based on the trials on perioperative β blockade24

as well as the trials on BNP-guided therapy in heart
failure47 and in prevention of heart failure,44 a large
multicenter trial involving thousands of patients will be
needed to compare the addition of BNP-guided therapy
versus current standard care in perioperative medicine.
Based on the current trend of research
results,2 22 29 41 44 46 56 it is likely that future guideline
on BNP testing will be similar to the current guidelines
on low-density lipoprotein and blood pressure for car-
diovascular risk reduction. Then the perioperative BNP
testing will be part of the continuum of BNP-guided car-
diovascular risk reduction which may be best started in a
primary care setting as performed in the STOP-HF
trial44 long before a surgery. In multiple large cohort
studies, NT-proBNP showed higher predictive value of
cardiovascular events3 10 and mortality28 than BNP in
asymptomatic patients without initial diagnosis of heart
failure. The superiority of NT-proBNP is likely due to its
longer half-life, therefore more consistent intraday
plasma levels28 which are more reflective of baseline and
less prone to transient fluctuations than those of BNP.
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