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Abstract

Postoperative atrial fibrillation (AF) is a well-known complication occurring after thoracic surgery. B-type
natriuretic peptide has recently been investigated as a predictive marker of postoperative AF after cardiac
surgery. The aim of this study was to evaluate a definite cut-off for N-terminal pro-B type natriuretic peptide
(NT-proBNP) in predicting postoperative AF in lung cancer patients. NT-proBNP was determined before and
after surgery in 400 patients. Cardiac function was monitored by continuous postoperative ECG and clinical
cardiological evaluation. AF occurred in 18% of the patients. Receiver operating characteristic curve analy-
ses identified a cut-off of 182.3ng |7 as the one with the highest sensitivity and specificity. Perioperative
increased levels of NT-proBNP seem to predict postoperative AF in patients undergoing thoracic surgery,
and a single cut-off of 182.3ng I" can be used to select high-risk patients who could receive preventive
therapy, leading to a considerable decrease in the total costs associated with the management of this

complication.
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Introduction

Natriuretic peptides are cardiac hormones synthesized
in the atria and ventricles in response to ventricular dys-
function and wall stress. They modulate plasma volume
homeostasis and systemic blood pressure through their
action as diuretic, renin-angiotensin-aldosterone sys-
tem antagonists, and inhibitors of sympathetic outflow
and vasoconstrictor production (Goetze 2004, Struthers
1994).

In particular, several studies have demonstrated
the importance of brain natriuretic peptide (BNP) and
N-terminal pro-B type natriuretic peptide (NT-proBNP)
as markers of cardiac impairment; they are elevated in
patients with cardiac disorders such as congestive heart

failure (CHF), with levels correlating with the severity of
the disease (Hunt et al. 1997, Dao et al. 2001, Cowie et al.
1997, Seino et al. 2004), and are useful in the risk strati-
fication of patients with acute coronary syndromes and
in the clinical assessment of left ventricular dysfunction
(Yamamoto et al. 1996, Lubien et al. 2002, Mueller et al.
2004).

Atrial fibrillation (AF) represents one of the most fre-
quent postoperative cardiac complications occurring after
surgery, especially in patients undergoing cardiothoracic
surgery, with an incidence ranging from 10 to 40% (Ommen
et al. 1997, Brathwaite & Weissman 1998, Cardinale et al.
1999). Although AF is often transient and benign, it may
lead to important complications resulting in a longer hos-
pital stay, increased morbidity and postoperative mortality
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(Cardinale et al. 1999, Ascione et al. 2000, Amar 2002, De
Decker et al. 2003, Roselli et al. 2005).

Strategies directed toward an early identification of
patients who might be at risk of postoperative arrhyth-
mias and who might benefit from prophylactic therapy
were based on the evaluation of various clinical risk fac-
tors and on the development of scoring systems to esti-
mate the likelihood of postoperative AF (Asamura et al.
1993, Vaporciyan et al. 2004, Amar et al. 2004, Passman
etal. 2005, Auer et al. 2005).

However, there is not yet a reliable method to evalu-
ate the risk of postoperative AF. Recently the association
between BNP and AF both in patients with lone AF and
in patients undergoing cardiac surgery has been evalu-
ated (McKie & Burnett 2005, Ellinor et al. 2005, Lee et al.
2006, Wazni et al. 2004, Patton et al 2009), and the results
suggest a significant correlation between BNP levels and
the risk of development of AE.

We recently investigated the role of NT-proBNP in the
prediction of AF after major thoracic surgery for lung can-
cer and showed that elevated perioperative NT-proBNP
levels were significantly associated with the development
of postoperative AF (Cardinale et al. 2007). In this study
stratification of the patients took into account six differ-
ent cut-off points, according to the age and gender of the
subjects. This may be difficult to implement in routine
clinical practice. Therefore, the aim of the present study
was to look for a single definitive cut-off point to be used
by clinicians in order to evaluate the risk of postopera-
tive AFE also in the light of a study in which a preventive
therapy could be given to patients to avoid this cardiac
complication.

Methods

Study population

The study population included 441 consecutive patients
undergoing major thoracic surgery for lung cancer dis-
ease in our Institute, from October 2004 to December
2005. The study was approved by the Institutional
Review Board and written consent from the patients was
obtained. Patients with a history of heart failure (n=4),
a left ventricular ejection fraction (LVEF) value <50
(n=13), paroxysmal, persistent or chronic AF (n=15),
and antiarrhythmic drug use (n=9) were excluded from
the study. Patients were not excluded if they were taking
beta-blockers or calcium channel blockers for reasons
other than cardiac arrhythmia. Finally, there were 400
eligible patients.

Study protocol

The study protocol was the same as described previ-
ously and this study represents a further analysis of the

data, undertaken to find a single definitive cut-off level
for NT-proBNP (Cardinale et al. 2007). Briefly, a clinical
cardiological evaluation, electrocardiogram, echocardio-
gram, chest X-ray and pulmonary function tests were part
of the preoperative assessment. Plasma for NT-proBNP
determination was taken the day before surgery and
immediately after (within 1h). All patients remained
under continuous electrocardiographic monitoring for
at least 72h after surgery, then underwent daily clini-
cal cardiological evaluation until discharge. Any docu-
mented episode of AF lasting at least 5min or requiring
intervention because of symptoms or haemodynamic
impairment was considered. Treatment of AF was left to
the discretion of the referring cardiologist, as directed by
the international guidelines (ACC/AHA/ESC 2001).

Laboratory methods

Blood samples were centrifuged at 1000 g for 10 min and
stored at —30°C until analysis was performed. NT-proBNP
was assayed using an electrochemiluminescence immu-
noassay (Elecsys NT-proBNP Test; Roche Diagnostics,
Mannheim, Germany) on a semiautomated analyser
(Elecsys-1010; Roche Diagnostics).

The analytical sensitivity of the assay is <5ng 1
NT-proBNP with a maximum of the master calibration
curve of 35000ng 1.

Statistical analysis

Numerical variables with a nearly normal distribution
were summarized as means and SD, those with skewed
distributions as medians and interquartile range (IQR),
and categorical variables as frequency and percentage.
Pre- and postoperative NT-proBNP levels were com-
pared between groups using the Wilcoxon rank-sum
test. In order to identify the best NT-proBNP measure in
predicting the development of postoperative AFE receiver
operating characteristic (ROC) curve analysis was used.
This approach allows both sensitivity and specificity
to be accounted for and it is preferred to computing
overall accuracy, which is affected by the prevalence of
events within the studied population. ROC curves were
computed using postoperative AF as a dependent vari-
able and considering four measures of NT-proBNP: (1)
preoperative values; (2) postoperative values; (3) mean
value between pre- and postoperative determinations;
and (4) the maximum value between pre- and postopera-
tive NT-proBNP.

Stratified analysis was performed according to gender
and age of patients, two variables known to be associated
with NT-proBNP levels. A sample size of 400 patients
allowed us to estimate the area under the curve (AUC)
with a standard error of 3%, with an established incidence
of postoperative AF of 18%. The optimal cut-off value was
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identified using the ‘closest-to-(0.1)" criterion, i.e. the
value corresponding to the point on the ROC curve clos-
est to the upper-left corner of the total area (the point with
coordinates 0.1 on the plane) (Coffin & Sukhatme 1997).

All analyses were performed using SAS statistical pack-
age v. 9.13 (SAS Institute Inc., Cary, NC, USA).

Results

The clinical characteristics of the study population are
shown in Table 1. NT-proBNP values were available for
271 males (67.7%) and 129 women (32.3%) (mean age
62110 years) who underwent thoracic surgery (pneu-
monectomy n=49 (12%), lobectomy n=297 (74%),
bilobectomy rn=6 (2%), single or multiple resections n=48
(12%)). All had good performance status, defined accord-
ing to the Eastern Cooperative Oncology Group scale as a
performance status <2 (Oken et al. 1982, Mohamed et al.
2005), and had been free from acute major clinical events
for atleast 2 months.

Postoperative AF occurred in 72 patients (18%), with
a peak of incidence (33% of the cases) on the second
postoperative day for a total of 81% of the events during
the first 3 days.

NT-proBNP concentrations were significantly higher
in patients who developed postoperative AF (preop-
erative evaluation 231ng 1!, IQR 98-348; postopera-
tive evaluation 202ng 1!, IQR 83-437) versus patients
with no postoperative AF (preoperative evaluation
55ngl™, IQR 31-107; postoperative evaluation 58 ng 17,
IQR 34-107) (p<0.001 for both pre- and postoperative
comparisons).

The ROC curve analysis indicated for preoperative
and postoperative samples two cut-off points with
similar sensitivity and specificity, and comparable AUC
(Figure 1). In the case of the preoperative sample a cut-
off value of 128.7ng 1! emerged as the most appropriate,
with a sensitivity of 69.4% and a specificity of 82.6%. A
similar cut-off was found for the postoperative sample

Table 1. Baseline characteristics of the patients.

Eligible patients, n 400
Age (years), mean + SD 62+10
Men, n (%) 271 (67.7)
Hypertension, n (%) 141 (35.2)
Creatinine clearance <60 ml min!, n (%) 7(1.75)
Preoperative LVEF (%) 62 (+4)
Atrial fibrillation, n (%) 72 (18)
Medication, n (%)

B-Blockers 34(8.5)
ACE inhibitors 86 (21.5)
Calcium channel blockers 49 (12.25)
Statins 33(8.25)

LVEE left ventricular ejection fraction.
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(120 ng 1'") with identical sensitivity and slightly lower
specificity (79%). We also evaluated the possibility of
combining the results of the two tests for the same
patients. Using the mean value between pre- and post-
operative determinations, we found a cut-off level of
117.5ng 1! with increased sensitivity (77.8%) but a slight
decrease in specificity (77.7%), compared with the two
previous analyses. Finally, when the maximum value
between the two measures was considered, an AUC of
0.82 (95% confidence interval (CI) 0.76-0.88) was found,
with a good sensitivity (72.2%) and the best specificity
(86.9%), at a cut-off value of 182.3ng 1.

Given that age and gender have a great impact on
NT-proBNP concentration, two subgroup analyses were
performed by subdividing the study population accord-
ing to age (<60 years vs >60 years) or gender. The results
are shown in Tables 2 and 3. In all strata, the best AUC
was achieved when the maximum value was considered.
In Table 2, similar AUC and sensitivity were found both
for mean and maximum values when women were con-
sidered; however, specificity was considerably better in
the case of maximum value (89.3%) compared with the
mean value (76.8%), and also the cut-off levels were sub-
stantially different. In men, all the AUC were comparable
for all the samples, and the best combination of sensi-
tivity and specificity was found again for the maximum
value. Table 3 shows the different value of sensitivity and
specificity dividing the population into two age groups,
<60 years and >60 years. In younger patients we found
similar AUC for all the samples, apart from the preop-
erative samples, with different cut-off values and quite
different sensitivity and specificity. In older subjects
the AUC were comparable (0.80, 95% CI 0.73-0.87) for
all the samples, with different cut-off values, apart from
the postoperative sample, for which a slightly lower AUC
(0.76,95% CI 0.69-0.84) corresponded to a lower value of
sensitivity and specificity.

Discussion

A number of multifactorial risk indexes have been
evaluated in an attempt to predict postoperative AF in
patients undergoing major thoracic surgery. Although
these indexes have been extensively studied, their reli-
ability in predicting postoperative cardiac complica-
tions is uncertain and no gold standard currently exists.
Recent studies evaluated the performance of natriuretic
peptides in this setting (Karthikeyan et al. 2009), analys-
ing patients undergoing cardiac surgery: significant cor-
relation between preoperative levels of these molecules
and patients’ outcome has been suggested (Hutfless et al.
2004, Kerbaul et al. 2004, Dernellis & Panaretou 2006). In
particular, Wazni et al. (2004) reported that elevated pre-
operative BNP levels predict the onset of postoperative AF
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Figure 1. Receiver operating characteristic (ROC) curves for N-terminal pro-B type natriuretic peptide (NT-proBNP) as a predictor of postopera-
tive atrial fibrillation. The arrows indicate cut-off concentrations of NT-proBNP taking into account the pre- and postoperative evaluation, and
the mean and maximum value between the two NT-proBNP determinations. AUC, area under the curve.

Table 2. Sensitivity and specificity for N-terminal pro-B type natriuretic peptide (NT-proBNP) in predicting atrial fibrillation according to

gender.

Women (n =129, 32.3%) Men (n=271, 67.7%)
NT-proBNP Cut-off (ngl)  AUC Sensitivity (%) Specificity (%) Cut-off (ngl?) AUC  Sensitivity (%) Specificity (%)
Preoperative 182.5 0.81 76.5 87.5 94.7 0.80 78.2 72.7
Postoperative 150.4 0.84 76.5 82.1 126.7 0.78 65.5 81.9
Mean value 117.5 0.88 88.2 76.8 119.7 0.80 74.5 79.6
Maximum value 205.7 0.88 88.2 89.3 143.0 0.81 74.5 78.7

AUC, area under the curve.

in patients undergoing cardiac surgery, and concluded
that BNP levels could be used to identify the underling
susceptibility to develop postoperative AE. Other stud-
ies evaluated the usefulness of BNP determinations in
patients with lone AF. Lee et al. (2006) compared plasma
levels of BNP between subjects with sinus rhythm and
subjects with lone AF, and found that markedly elevated

BNP value was associated with lone AFE In spite of the
results, these molecules are presently not included as
part of the assessment tools routinely used in the preop-
erative evaluation of the patients undergoing surgical
procedures.

We previously showed (Cardinale et al. 2007) that
in patients undergoing thoracic surgery NT-proBNP
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Table 3. Sensitivity and specificity for N-terminal pro-B type natriuretic peptide (NT-proBNP) in predicting atrial fibrillation according to age.
Age <60 years (n = 157, 39.3%) Age >60 years (n=243, 60.7%)

NT-proBNP Cut-off (ngl!) AUC  Sensitivity (%)  Specificity (%) Cut-off (ng 1) AUC Sensitivity (%)  Specificity (%)
Preoperative 101.1 0.69 63.6 84.4 170.4 0.80 70.5 83.4
Postoperative 140.7 0.78 63.6 93.3 140.4 0.76 67.2 76.7
Mean value 80.7 0.81 81.8 77.8 157.6 0.80 70.5 82.9
Maximum value 101.1 0.81 81.8 79.3 199.0 0.80 73.8 86.5
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AUC, area under the curve.

measurement before or immediately after the surgical
procedures was a strong independent predictor of AF
occurrence, potentially allowing the implementation of
prophylactic therapy in high-risk patients. Our popu-
lation was stratified using six different cut-off points,
suggested by the manufacturer, depending on age and
sex. This further analysis was undertaken in order to
find a single cut-off value, easy to implement in clini-
cal practice, allowing a good discrimination between
subjects who will or will not develop AF after thoracic
surgery.

To the best of our knowledge there is no substantial
consensus on the NT-proBNP threshold to be used in
different clinical conditions. In particular, no data have
been reported until now defining the cut-off value for
NT-proBNP in the prediction of AF associated with lung
surgery.

ROC curve analysis was performed to evaluate the
sensitivity and the specificity of NT-proBNP throughout
a wide range of concentrations both considering the
preoperative samples alone, the postoperative samples
alone, and the mean and maximum value between the
two determinations.

A threshold of 182.3 ng 17!, calculated by considering
the maximum value between the two determinations,
emerged as the best cut-off value with a sensitivity of
72.2% and a specificity of 86.9%. Using this cut-off value
we obtained the correct classification of 337 patients
(84.3%, 95% CI 80.3-87.7%). Comparing the perform-
ance of this single cut-off value with the performance
when using age and gender specific cut-off values, we
observed that the best performance of the NT-proBNP
was found when the maximum value between the pre-
and the postoperative samples was considered, although
substantially different cut-off values for male and female
(143 ngl*and 205.7ng 1!, respectively) and for old (>60
years) or young (< 60 years) patients (199ng 1! and
101.1ng 17!, respectively) were found. However, the
improvement in the performance of different NT-proBNP
thresholds, compared with the use of the single cut-off
value, was limited, and only in the female subgroup were
the AUC, the sensitivity and the specificity higher. We
further explored whether the use of this single cut-off
value was comparable with the performance obtained
using the cut-off points proposed by the manufacturer,
and used in our previous study (Cardinale et al 2007).

Using this approach, which implies the use of six differ-
ent cut-off points specific for the two genders and three
age strata, we obtained a sensitivity of 75% and spe-
cificity of 87.2% which allowed the identification of 54
true positive patients and of 286 true negative patients.
Forty-two subjects did not develop postoperative AF,
although their NT-proBNP level was above the cut-off
point, while 18 developed postoperative AF with low
levels of NT-proBNP. Using the newly proposed single
cut-off value of 182.3ng 1™, we obtained substantially the
same classification: 52 true positive, 285 true negative, 43
false positive and 20 false negative. Therefore, compared
with the use of the six specific cut-off levels, the single
cut-off approach yielded one more false positive result
and 2 more false negatives. Lastly, we also compared this
new single cut-off level with the one previously estimated
of 204ng 1! (Cardinale et al. 2007). It is true that the
percentage of correct classification (87.7%) was higher
compared with what we found in the present evaluation
(84.3%). However, that result was attained at the price
of an inadequate sensitivity (58%) thus confirming that,
when the prevalence of events is low, the approach
based on ROC curve analysis is more reliable than that
based on the correct classification. Moreover, our previ-
ous result was calculated taking into consideration only
the preoperative value, while our new more advanced
analysis showed the higher performance of maximum
value between pre- and postoperative samples.

Few data are available in the literature with which to
compare our results. The only report we can consider
is by Wazni et al. (2004); we share with this study the
same endpoint, i.e. the prediction of postoperative AF,
but substantial differences are represented by the clini-
cal situation, as they evaluated patients after coronary
artery bypass and/or valve surgery, and the use of BNP.
They reported that patients with BNP concentration
above the 50th percentile have a higher risk of AF devel-
opment in the postoperative period. However they do
not specify a definite cut-off to be used in the clinical
practice.

Historically, postoperative AF has often been con-
sidered to be a ‘benign, self-limiting complication.
However, the accumulated evidence, suggests that AF
is often associated with other serious complications
(resulting in increased utilization of hospital resources
and lengthened postoperative hospital stay), and may
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be a persistent or recurrent problem for affected patients
even after hospital discharge. Given the large number
of patients undergoing thoracic surgery each year, the
aggregate economic costs associated with this com-
plication are enormous. We previously demonstrated
(Cardinale et al. 2007) that patients presenting AF had
alonger postoperative hospital length of stay compared
with those in whom this complication did not present
(9+8 vs 65 days; p=0.003). Therefore it is clear that
this complication leads to a substantial increase in costs
both due to the lengthening of hospital stay and to the
cardioversion procedure. Identifying patients at risk of
AF earlier through the evaluation of NT-proBNP before
and after surgery, and targeting these patients with
preventive therapy, when needed, may result in a much
more cost-effective strategy. We estimated that, at our
institution, additional hospital charges plus cardiover-
sion technique were associated with a mean charge of
2200€ per patient treated, versus a cost of about 65€,
which includes two NTproBNP determinations and the
administration of prophylactic therapy. Therefore, it
seems that any decrease in the rate of occurrence of AF
could potentially result in a large decrease in the total
cost associated with the management of this complica-
tion. Also assuming that only ~50% of the patients will
benefit from the preventive therapy, we could obtain a
significant reduction of the hospital costs. We also have
to consider that the preventive therapy is usually well
tolerated, it is given for only a few days (until discharge)
and it prevents the patients from the discomfort of an
AF complication.

We are aware that our study may have some limita-
tions. First, we do not know whether our results can be
transferred to different clinical settings, as only patients
with lung cancer undergoing thoracic surgery were
analysed. Second, the gender unbalance in our popula-
tion may have had an impact in the determination of
the cut-off value, due to the potential effect of gender
on NT-proBNP concentration. However, our results
reflect the gender distribution actually found in this
malignancy.

In conclusion, our analysis demonstrated that a single
and definitive cut-off value of NT-proBNP can be used
to select patients at high risk of developing postopera-
tive AE. This marker could be included as a predictive
index in the evaluation of the patients, providing the
clinician with useful information in the management
of the patients, who may possibly undergo prophylactic
therapy.
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