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Abstract
OBJECTIVES: B-type natriuretic peptides (BNPs) are secreted by the human heart in response to ventricular wall stretch or myocardial ischaemia, and predict adverse cardiovascular events and death in the general population. Following non-cardiac surgical procedures, there
is growing evidence supporting BNP measurement as a powerful independent predictor of death and perioperative complications.
However, the clinical implication of elevated BNP measurements after pulmonary resection has not been completely deﬁned. This study
aimed to evaluate the role of BNP in predicting adverse cardiopulmonary events after thoracic surgery.
METHODS: A prospective, short-term, observational cohort study was conducted in a tertiary care hospital, including consecutive patients
undergoing scheduled pulmonary resection between April 2012 and October 2013. Baseline clinical details were obtained; serum BNP
levels were measured at baseline and on postoperative days 1 and 4.
RESULTS: We enrolled 294 consecutive patients, median age 66 [interquartile range (IQR): 57–73], 67% male. There were 2 perioperative
deaths, and 52 patients experienced one or more cardiopulmonary complications. The baseline median BNP value was normal (29.5 pg/
ml, IQR: 16–57.2), and showed signiﬁcant postoperative increase, peaking on day 1. Patients who developed postoperative complications
had a signiﬁcantly greater BNP increase (P < 0.0001) when compared with those without complications. A postoperative day 1 BNP measurement of ≥118.5 [receiver operating characteristic area: 0.654; 95% conﬁdence interval (CI): 0.57–0.74; P = 0.001] was associated with a
3-fold risk of developing postoperative cardiopulmonary complications [odds ratio (OR): 2.94; 95% CI: 1.32–6.57; P = 0.008]. Logistic regression analysis showed major pulmonary resections (lobectomies or pneumonectomies), BNP ≥ 118.5 and age ≥ 65 to be the only independent predictive variables. In the subset of patients undergoing lobectomy or pneumonectomy (n = 226), BNP was the strongest
independent predictor of complications (OR: 3.49; 95% CI: 1.51–8.04).
CONCLUSIONS: Our results show that BNP elevation, measured in the ﬁrst days after thoracic surgery, is independently associated with
postoperative adverse events. In patients undergoing major pulmonary resections, a postoperative BNP elevation is the strongest independent predictor of cardiopulmonary complications.
Keywords: B-type natriuretic peptide • Cardiovascular complication • Pulmonary complication • Pulmonary resection • Perioperative
management • Non-small-cell lung cancer

INTRODUCTION
Natriuretic peptides are vasodilator hormones involved in the regulation of blood pressure and volume homoeostasis [1]. B-type natriuretic
peptide (BNP) and its inactive cleavage product, N-terminal fragment
BNP (NT-proBNP), are produced and secreted by the human heart in
response to ventricular wall stretch, or myocardial ischaemia [2].
Under physiological conditions, the ventricular myocardium produces a limited amount of natriuretic peptides [3], but several cardiac
†
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and pulmonary pathological conditions stimulate BNP production
and release from ventricular cardiomyocytes [4]. There is growing
evidence supporting BNP measurement as a powerful independent predictor of perioperative and long-term cardiovascular complications following non-cardiac surgical procedures [5, 6]. In
thoracic surgery, BNP and NT-proBNP have been reported to reﬂect
postoperative right ventricular dysfunction [1], to be an appropriate
predictor of atrial ﬁbrillation [7, 8] and to be a useful predictor of
postoperative cardiopulmonary complications in elderly patients
following lung resection for lung cancer [9]. However, to date, the
potential clinical implication of elevations in BNP secretion following pulmonary resections has not been properly deﬁned. We,
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MATERIALS AND METHODS
Study design
We designed and conducted a prospective, single-centre short-term
observational study in a tertiary care hospital. We planned to enrol
consecutive consenting patients among those scheduled to undergo
elective pulmonary resection over the period April 2012 to October
2013. The primary aim of this study was to evaluate the role of BNP
as a possible marker of short-term postoperative cardiopulmonary
complications. All eligible patients had to give their informed consent prior to inclusion. The study protocol was approved by the local
regional ethics committee (reference no. 28609/11).

Study population
Patients were eligible for inclusion in the study if they were ≥18
years of age, had American Society of Anesthesiologists (ASA)
score ≤3, New York Heart Association (NYHA) classiﬁcation ≤2
and were scheduled for elective pulmonary surgical resections.
This included patients undergoing pneumonectomies, lobectomies, anatomical segmentectomies or wedge resections. Patients
were excluded based on the following criteria: unwilling to
participate, urgent or emergency surgical procedure, cardiac
rhythm other than sinus, paroxysmal, persistent or chronic atrial
ﬁbrillation, anti-arrhythmic drug use, recent (<3 months) angina
pectoris, myocardial infarction or pneumonia, symptomatic coronary artery disease or congestive heart failure, NYHA classiﬁcation >2, need for mechanical ventilation after the surgical
procedure and moderate or severe renal disease (serum creatinine >200 μmol/l). The preoperative evaluation included detailed
history, accurate physical examination and thorough cardiopulmonary assessment including blood gas analysis, 12-lead electrocardiogram, spirometry, diffusing capacity of the lung for
carbon monoxide (DLCO) and echocardiographic examinations
to exclude the presence of right ventricular overload or left
ventricular diastolic dysfunction.
The diagnostic evaluation was planned according to the
scheduled procedure and, in case of malignancy, it included
total body computed tomography (CT), videobronchoscopy and
18-ﬂuorodeoxyglucose-positron emission tomography (PET).
Because of the observational nature of this study, no set guidelines for intraoperative and postoperative management were
imposed, and all patients were treated in accordance with local
established practice. All patients were scheduled for extubation
in the surgical theatre at the end of the operation and were
managed in our thoracic unit ward unless complications
required their admission to the intensive care unit. Thereafter,
intraoperative ﬂuid and drug administration was controlled by
the anaesthesiologist and by the surgical team, depending on
the clinical course of the patient. From the ﬁrst postoperative
day all patients received daily physiotherapy, which included
deep breathing exercises, incentive spirometry, supported
coughing and mobilization.

Surgical procedures
All patients underwent standard posterolateral thoracotomy or
video-assisted thoracic surgery (VATS) under general anaesthesia
with selective one-lung ventilation and insertion of radial arterial
catheters for constant blood pressure monitoring.
In VATS, three access ports were created through 1–4 cm skin
incisions. Patients undergoing VATS then converted to open
thoracotomy were classiﬁed as open thoracotomy patients. In lung
cancer patients, pulmonary resection was performed with curative
intent and was associated with systematic lymph node dissection.
All patients were extubated at the end of operation and thereafter
none required reintubation. Postoperative pain control was provided for 3 days by paravertebral analgesia (0.5% levobupivacaine
bolus of 15–20 ml via a catheter), in addition to continuous intravenous infusion of morphine by a silicone elastomeric pump
and paracetamol. If needed, non-steroidal anti-inﬂammatory drugs
were introduced from the third postoperative day.

Postoperative complications
All patients during the postoperative period were monitored daily
and complications detected using clinical, biochemical and instrumental methods were recorded (Table 1). Postoperative pulmonary
complications, deﬁned according to the Melbourne Group Scale
Version-2 (MGS-2) score [11] (previously validated within the thoracic surgery population [12]), were diagnosed when four or more of
the following dichotomous criteria were present: radiological evidence of atelectasis/consolidation, temperature >38°C, oxygen saturation <90% on room air, abnormal sputum production, sputum
culture indicating infection, raised white cell count (>11.2 × 10 9/l),
abnormal auscultation ﬁndings, physician’s diagnosis of pulmonary
complication, or administration of respiratory antibiotics postoperatively (in addition to prophylactic antibiotics). Postoperative cardiovascular complications included: arrhythmias (atrial ﬁbrillation,
paroxysmal supraventricular tachycardia and ventricular tachycardia), angina pectoris, myocardial infarction, congestive heart failure,
thromboembolic events, deep vein thrombosis (DVT), acute renal
failure (ARF) and transient ischaemic attack (TIA).
Postoperative surgical complications were considered due to
surgical factors and were not included in the analysis.

B-type natriuretic peptide measurements
All of the analytical measurements were performed at the Central
Laboratory of the Perugia Teaching Hospital. Fasting haematological,
biochemical proﬁle and the levels of BNP were collected and measured before surgery and on the morning of the ﬁrst (BNP + 24 h)
and fourth (BNP + 96 h) postoperative days. Venous blood (4 ml) was
obtained from each patient and transferred to tubes containing ethylenediamine tetra-acetic acid, then stored at −20°C until determination. BNP plasma concentrations were measured using a
chemiluminescent enzyme immunoassay kit (TRIAGE BNP; Biosite
Incorporated, San Diego, CA, USA). The minimum quantity of
human BNP detectable with this system is 1.0 pg/ml. The
intra-assay and interassay coefﬁcients of variation (CVs) of the
test were 3.1 and 4.5%, respectively. BNP determination cost was
€20 per sample.

THORACIC

therefore, designed and conducted a prospective observational
pathophysiology-driven study to serially assess BNP secretion
after thoracic surgery and to clarify the role of BNP as a possible
risk marker for postoperative cardiopulmonary complications.
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Acute respiratory distress
syndrome

Postoperative acute lung injury

Ventricular tachycardia
Acute myocardial infarction
Transient ischaemic attack
Deep vein thrombosis
Respiratoy complications
Pneumonia

Functional electrical disorder characterized by the absence of P waves and an irregular ventricular rate
Increase in serum creatinine ≥0.3 mg/dl within 48 h; increase in serum creatinine ≥1.5 times of the baseline measure within the preceding 7 days;
urine volume <0.5 ml/kg/h for 6 h
Any rhythm faster than 100 (or 120) beats/min, with 3 or more irregular beats in a row, arising distal to the bundle of His
According to the universal definition of myocardial infarction by Thygesen et al. [10].
Presence of focal neurological symptoms or signs lasting <24 h
Acute, confirmed by venous ultrasound
According to the MGS-2 [11]
Fever >38°C, purulent sputum, abnormal findings on chest X-ray, oxygen saturation <90% on air, physician’s diagnosis of
pneumonia/chest infection
Partial pressure of oxygen in arterial blood/fraction of inspired oxygen <300 mmHg, bilateral diffuse chest X-ray infiltrates, oxygen
saturation <90% on air
Partial pressure of oxygen in arterial blood/fraction of inspired oxygen <200 mmHg, bilateral diffuse chest X-ray infiltrates, oxygen
saturation <90% on air

1
3
2
2
32
25

18
15
10
1
52
43
31
4
All complications
Cardiovascular complications
Atrial fibrillation
Acute renal failure

Definition
Complications

Table 1: Distribution and definition of the postoperative cardiopulmonary complications

Number (n = 294)

%

Statistical analysis
Categorical data are presented as absolute values and percentage.
Continuous data are presented as median with interquartile
range. Independent categorical data were compared using the χ 2
test. Continuous data were compared using the Mann–Whitney
U-test. Median postoperative BNP values according to complications were compared for statistical signiﬁcance using the Wilcoxon
signed-rank test.
To establish a BNP cut-off value with appropriate sensitivity and
speciﬁcity, receiver operating characteristic (ROC) curves were
plotted and the area under the curve (AUC) was estimated. The
optimal BNP cut-off value was determined as the value that maximized the Youden index, calculated as (sensitivity + speciﬁcity) − 1.
Only variables found to be signiﬁcant in univariate analysis
were entered into multivariate analysis. Logistic regression was
used to test the predictive value of the BNP cut-off and other
selected parameters. A P-value of <0.05 was considered statistically signiﬁcant. SPSS 13.0 (SPSS, Inc., Chicago, IL, USA) was used for
the statistical analysis.

RESULTS
Patients, procedures and complications
During the study period, 298 eligible patients were enrolled and
consented to the study. Four patients were excluded: one for
severe long-lasting intraoperative arrhythmia and hypotension,
and three who required postoperative mechanical ventilation.
Therefore, 294 patients were available for data analysis; the clinical
characteristics of the population along with their association with
complications at univariate analysis are given in Table 2. Because
of the patient selection process, nearly 85% of the study population was NYHA grade 1 (cardiac disease, but no symptoms and no
limitation in ordinary physical activity) with the remainder being
scored as NYHA grade 2 (mild symptoms, mild shortness of breath
and/or angina and slight limitation during ordinary activity).
All surgical procedures were performed with selective one-lung
ventilation and all patients were extubated by the end of operation and thereafter none required reintubation. The most frequent procedure was lobectomy (n = 176, 60%), followed by
wedge or segmentectomy (n = 68, 23%), pneumonectomy (n = 22,
7%), bilobectomy (n = 13, 4%), sleeve lobectomies (n = 11, 4%)
and two right sleeve pneumonectomies and two extrapleural
pneumonectomies. Two hundred thirty-two (79%) patients had
primary lung cancer, 50 (17%) secondary metastatic cancer, 10
(3%) low malignant tumours and two mesothelioma. Fifty-two
(18%) patients experienced one or more cardiovascular morbid
events or clinical evidence of postoperative pulmonary complications according to the MGS-2 scale and 70% of these arose in the
third postoperative day.
As given in Table 1, the most frequent cardiovascular complication was atrial ﬁbrillation in 31 patients, followed by ARF in 4,
acute myocardial infarction in 3, TIA in 2, DVT in 2 and ventricular
tachycardia in 1, and 32 patients (11%) had clinical evidence of
pulmonary complications. The most frequent ﬁndings in the
MGS-2 scale were a chest X-ray with signs of atelectasis/inﬁltration, physician diagnosis of pneumonia, oxygen saturation <90%
on air, white cell count >11.2 units and purulent sputum. There
were 3 perioperative deaths, 1 due to myocardial infarction and 2
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Table 2: Characteristics of the population and their association with postoperative cardiopulmonary complications as evaluated
by univariate analysis
Characteristic

Total (n = 294)

Complications (n = 52)

No complications (n = 242)

P-value

Age (years)
BNP admission (pg/ml)
C-Reactive Protein (CRP) admission (mg/dl)
PaO2/FiO2
Body Mass Index (BMI) (kg/m2)
Duration of anaesthesia (min)
FEV1
DLCO
Major surgery (%)
Males (%)
Diabetes (%)
Hypertension (%)

66 (57–63)
29.5 (16–57)
0.3 (0.1–1)
3.3 (2.5–3.9)
26 (24–28)
210 (180–240)
91 (75–108)
88 (69.7–102.2)
226 (76.8)
197 (67)
21 (7.1)
98 (33.3)

70 (62–74)
38.5 (22–71)
0.8 (0.3–1.4)
3 (2.2–3.8)
26.1 (24.7–28.3)
240 (180–270)
98 (86–108)
81 (73.5–100)
48 (92.3)
39 (75)
3 (5.8)
19 (36.5)

64 (56–72)
26.5 (15–56)
0.3 (0.2–1.1)
3.3 (2.5–4)
26.1 (23.7–28)
210 (170–240)
90.5 (74.7–108)
89 (68.5–102)
178 (73.5)
158 (65.3)
18 (7.4)
79 (32.6)

0.02
0.01
0.91
0.13
0.13
0.12
0.38
0.67
0.001
0.17
0.67
0.58

Data are expressed as median (interquartile range)/count (percentage of each column).
BNP: B-type natriuretic peptides; FEV1%: forced expiratory volume in 1 second; DLCO: diffusing capacity of the lung for carbon monoxide.

caused by a pneumonia evolving into acute respiratory distress syndrome. Surgery was complicated by prolonged air leak (4), bronchopleural ﬁstula (2) and chylothorax (3). One patient required
rethoracothomy due to haemorrhage a few hours following
extubation.

Primary outcome measures

Figure 1: Comparison of postoperative BNP measurements between patients
with postoperative complications and those without complications (P < 0.0001).

increase in the risk of developing postoperative complications
[odds ratio (OR): 2.94; 95% CI: 1.32–6.57; P = 0.008].
The ROC analysis, using preoperative BNP measurements, gave
worse results (AUC: 0.613; 95% CI: 0.535–0.692; P = 0.01); and the
BNP level on admission, included in the logistic regression analysis
in place of BNP on postoperative day 1, failed to enter the ﬁnal
model (OR: 1.03; 95% CI: 0.997–1.09; P = 0.33).
When restricted to patients undergoing major pulmonary resections (i.e. lobectomies and pneumonectomies; n = 226), the
risk of developing postoperative complications with BNP + 24 h
values ≥ 118 pg/ml was even greater (OR: 3.49; 95% CI:1.51–8.04;
P = 0.005); however, in this group of patients (with a complication
prevalence rate of 21.1%), a post hoc ROC analysis yielded an
optimal cut-off value of 137.5 pg/ml (Youden index 0.310) with a
sensitivity of 72%, a speciﬁcity of 58% (AUC: 0.666, 95% CI: 0.579–
0.753; P = 0.001), a PPV of 32.1%, NPV of 88.8%, a positive likelihood ratio of 1.71 and negative likelihood ratio of 0.47.
We found no correlation between postoperative BNP level and
length of anaesthesia and found no signiﬁcant differences of BNP
measurements according to the surgical approach: thoracotomy
vs VATS lobectomy.

THORACIC

As given in Table 2, at admission, the only variables associated with
adverse events were age, preoperative BNP measurement and
major surgery. In the whole study population, the median BNP
value was normal (29.5 pg/ml, IQR: 16–57.2) at admission; however,
patients who developed postoperative cardiopulmonary complications had, at baseline, signiﬁcantly greater BNP values when compared with those without complications [38.5 (22.2–71.5) vs 26.5
(15–56.2) P < 0.0001].
As shown in Fig. 1, the time course of BNP secretion was characterized by a signiﬁcant postoperative increase, peaking on the
ﬁrst postoperative day. Patients with postoperative adverse events
showed signiﬁcantly greater BNP increases, compared with those
without adverse events (P < 0.0001). BNP measurements gradually
decreased over the study period, but remained well above baseline.
In contrast, BNP measurements in patients without events returned
to baseline within 2 days after surgery (Table 3 and Fig. 1).
The ROC curve, in assessing the utility of BNP on postoperative
day 1 as a predictor of postoperative cardiopulmonary adverse
events (Fig. 2), yielded a cut-off value of 118.5 pg/ml, with a sensitivity of 78.4% and a speciﬁcity of 51% [AUC: 0.654 (95% conﬁdence interval (CI) 0.571–0.738); P = 0.001]; a positive predictive
value (PPV) of 25.6% and a negative predictive value (NPV) of
91.7%, a positive likelihood ratio of 1.60 and a negative likelihood
ratio of 0.42. As a matter of fact 78.8% of patients who developed
postoperative cardiopulmonary adverse events had BNP levels
>118.5 pg/ml (P < 0.0001) on postoperative day 1 (Fig. 3).
The logistic regression analysis (Table 4) showed major surgery,
BNP + 24 h ≥ 118.5 pg/ml and age ≥65 years as the only independent variables predictive of complications. Patients showing a
postoperative BNP value of ≥118.5 pg/ml had a nearly 3-fold

e78

L. Cagini et al. / European Journal of Cardio-Thoracic Surgery

Table 3: B-type natriuretic peptide secretion serial measurements according to complications
Variable

Total (n = 294)

Complications (n = 52)

No complications (n = 242)

P-value

BNP admission (pg/ml)
BNP + 24 h (pg/ml)
BNP + 48 h (pg/ml)
BNP + 96 h (pg/ml)
BNP + 168 h (pg/ml)

29.5 (16–57)
123 (79–193)
73.0 (51–152)
61.0 (34–116)
85.0 (32–127)

38.5 (22–71)
168 (120–267)
167.0 (91–251)
117.5 (48–221)
183.0 (66–310)

26.5 (15–56)
117 (76–183)
69.5 (46–126)
56.0 (32–100)
64.0 (31–102)

0.01
<0.0001
0.03
<0.0001
0.08

Data are expressed as median (interquartile range).

Figure 3: On postoperative day 1, 78.8% of patients who developed postoperative cardiopulmonary adverse events had BNP measurements >118.5 pg/
ml (P < 0.0001).

Figure 2: ROC curve for development of complications according to different
cut-off values of BNP + 24 h. Area under the curve: 0.654 (95% CI: 0.571–0.738);
P = 0.001.

DISCUSSION
This study shows that BNP measured 24 h after pulmonary resection is an independent predictor of postoperative complications
and that patients with elevated BNP levels are at increased risk for
adverse cardiopulmonary events. Using the ROC curve, the postoperative BNP measurement of 118 pg/ml was identiﬁed as being
the optimal cut-off point for the prediction of complications and
was present in almost 80% of patients undergoing adverse events.
At admission patients who develop postoperative cardiopulmonary complications have, at baseline, signiﬁcantly greater BNP level
when compared with those without complications. Preoperative
BNP levels were also found to be signiﬁcantly associated with
postoperative complications on univariate analysis, but were
excluded by the subsequent multivariate analysis. Furthermore, in
the subset of patients undergoing mayor pulmonary resection
(lobectomy and pneumonectomy), a BNP value of ≥118.5 pg/ml
at 24 h after surgery was associated with a 3.5-fold increase in the
risk of cardiopulmonary complications.
BNPs are secreted from the myocardium in response to multiple stimuli such as ischaemia, myocardial stretch, inﬂammation
and other neuroendocrine stimuli [13–15]. International guidelines recommend NP measurement for the diagnosis, risk

Table 4: Multiple logistic regression analysis for predictors
of postoperative complications
Factor

Odds ratio (95% CI)

P-value

Major surgery
BNP + 24 h (≥118.5 pg/ml)
Age (≥65 years)

9.77 (1.29–73.9)
2.94 (1.32–6.57)
2.15 (1.02–4.53)

0.027
0.008
0.043

stratiﬁcation and follow-up of patients with chronic or acute heart
failure [16] and acute coronary syndrome [17]. Moreover, elevated
NP levels are associated with several pulmonary pathological conditions related to right ventricular overload. This suggests that
certain chronic pulmonary diseases and cardiac dysfunction could
be closely related [1].
Growing evidence conﬁrms the role for NP in the risk assessment of surgical patients; the European Society of Cardiology and
European Society of Anesthesiology guidelines for preoperative
cardiac risk assessment have recommended NP measurement in
high-risk non-cardiac surgery patients [18]. Further, in vascular
surgical patients preoperative NP risk stratiﬁcation has been
shown to outperform traditional clinical risk stratiﬁcation [19]. Two
recent systematic reviews that have included various types of noncardiac surgery (in both elective and emergency patients) have
shown that preoperative NP measurements are powerful predictors of postoperative mortality and myocardial infarction, and that
elevated postoperative NP measurements are independently
associated with adverse cardiac events at 30 and ≥180 days [5, 6].
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Our ﬁndings have limitations; this is a single-centre
pathophysiology-driven clinical study. Little a priori knowledge
was available to formally deﬁne an ideal sample size, which therefore limits the generalizability of our results and did not permit us
to assess the interaction between pre- and postoperative BNP
levels. The study time frame was short by design, and the number
of observed events was limited, thus it cannot fully elucidate the
independent prognostic impact of the ﬁndings without incurring
the risk of model overﬁtting.
Finally, the PPV found for the BNP cut-off of 118.5 pg/ml was
quite low (25.6%), which is not surprising, since PPV depends on
the prevalence of the disease in a given population [25], which is
quite low (18%) in the present study. Nevertheless, the same analysis, performed on the group of patients who underwent major
surgery (with a higher prevalence of complications, 21.1%), gave
substantially the same results.
In our opinion, before postoperative BNP measurement after thoracic surgery is widely adopted, additional prospective multicentre
investigations are necessary to completely deﬁne the prognostic
value of BNP in the prediction of adverse postoperative cardiovascular and pulmonary complications in patients undergoing pulmonary
resection. Therefore, the results of this observational non-randomized
study should be regarded as hypothesis-generating, deserving
further conﬁrmatory studies.
Conﬂicts of interest: none declared.
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THORACIC

In thoracic surgery preoperative NP measurement has been
reported to be an independent risk factor for postoperative atrial
ﬁbrillation [7, 8, 20]. Recently, Nojiri et al. [9] reported, in a limited
series of older patients, of mean age 78 years and undergoing pulmonary resection for lung cancer, that preoperative NP was a
useful predictor not only of cardiovascular but also of respiratory
complications. After thoracic surgery, early NP elevations have
been correlated with postoperative ﬂuid retention [21]. NP elevations have also been correlated with the extent of pulmonary resection, possibly due to the increase in pulmonary artery pressure
and total pulmonary vascular resistance requiring right ventricular
compensation [1].
The incidence of pulmonary complications after thoracic surgery
ranges from 15 to 37%, and several independent risk factors have
been identiﬁed [22, 23]. However, as reported by Agostini et al. [12],
the results of existing studies are difﬁcult to compare because
outcome deﬁnitions vary widely between studies; many of the
identiﬁed risk factors are interrelated; small sample size preclude
multivariate logistic regression; and ﬁnally many studies are retrospective in design and so there are valid concerns as to the sensitivity and speciﬁcity of data scoring.
In our series, we experienced a low rate of pulmonary complications (11%), probably related to our patient selection process and to
the intense preoperative physiotherapy programme. Twenty-ﬁve
percent of pulmonary complications occurred in patients who also
developed cardiovascular events. This association has previously
been reported by Nojiri et al. and could be related to the poor cardiopulmonary reserve in patients who develop signiﬁcant morbidity after thoracic surgery [9].
The patients included in our study underwent surgery after a
thorough cardiological and respiratory examination and most
of them (77%) underwent major pulmonary resections (lobectomies or pneumonectomies). In our series, at baseline, the median
BNP level was far below the threshold value, the median forced
expiratory volume in 1 second value was 91% (75–108), the
median DLCO was 88 (69.7–102.2) and none of patients showed
evidence of RV overload or LV diastolic dysfunction on echocardiographic examination. This study was therefore conducted in a
relatively low-risk population, ﬁt to undergo elective major pulmonary resection. Consequently, our results show that the BNP
assessment could have a powerful prognostic value to identify
patients at major risk of perioperative adverse events. In our
series, the incidence of cardiovascular and respiratory complications was signiﬁcantly higher in patients with elevated postoperative BNP levels; therefore BNP determination could
represent a rapid and relatively inexpensive method to enhance
the perioperative risk prediction. Since surgery-related complication risk is still the main focus of surgeons, there is a lack of knowledge evaluating patients’ speciﬁc responses after surgery. In this
series, we show the relationship between BNP and the risk of
short-term cardiopulmonary impairment; this evidence allows us
to generate the hypothesis of a potential translational perspective.
It is possible that BNP could identify minor changes in ventricular
function caused by transient myocardial ischaemia or ﬂuid overload during surgery [24]; this could be useful in identifying patients
at high risk of adverse cardiac and pulmonary events who may
beneﬁt from closer postoperative monitoring and more rigorous
heart rate and ﬂuid balance assessment [6]. More research is
needed to transform this hypothesis into clinical practice, but
‘markers of risk’ together with ‘markers of disease’ can be very
useful for directing the attention of perioperative physicians to
those patients most at risk of an upcoming event.
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