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ABSTRACT

Background Perioperative myocardial injury (PMI) is a
common complication following non-cardiac, particularly
thoracic, surgery and is associated with increased
cardiovascular risk. Although guidelines recommend
cardiac biomarker monitoring to detect PMI, its
implementation in routine clinical practice remains limited.
Objective To evaluate the combined use of high-
sensitivity cardiac troponin | (hs-cTnl) and N-terminal pro-
brain natriuretic peptide (NT-proBNP) in predicting major
adverse cardiovascular events (MACE) following elective
thoracic surgery, and to determine whether NT-proBNP
provides incremental prognostic value beyond hs-cTnl
alone.

Design Multicentre observational cohort study.

Setting Conducted between February 2021 and
November 2023 in three Spanish tertiary hospitals.
Participants Patients aged >45 years scheduled

for elective thoracic surgery involving lung resection
(pneumonectomy, lobectomy, bilobectomy or
segmentectomy) under general anaesthesia. Exclusion
criteria included urgent or non-thoracic surgery, active
infection or sepsis and a history of severe heart failure
(ejection fraction <30%).

Main outcome measures Combined measurement of
hs-cTnl and NT-proBNP at baseline (preoperatively) and at
24 and 48 hours postoperatively.

PMI was defined as hs-cTnl >45 ng/L at 24 and/or 48
hours or a >20% increase from baseline in patients with
elevated preoperative concentrations.

Results Among 475 patients, PMI occurred in 11.8%. PMI
had higher rates of prior stroke (12.5% vs 2.9%; p=0.004),
smoking history (85.7% vs 64.0%; p=0.001) and severe
renal dysfunction (7.1% vs 0.7%; p=0.001), with similar
Revised Cardiac Risk Index distribution. Patients with

PMI also had greater postoperative elevations of hs-cTnl
and NT-proBNP (p<0.001), longer surgeries (3.5 hours

vs 2.7 hours; p<0.001) and more frequent lobectomy/
bilobectomy (64.3% vs 50.4%; p<0.001). Robotic-assisted
thoracic surgery (RATS) was associated with increased
PMI risk (OR 2.29; p=0.019). Among 49 patients (10.3%)
with dual postoperative elevation of hs-cTnl and NT-

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Dual biomarker assessment, including identification
of a high-risk dual biomarker subgroup, provided
novel insights into perioperative cardiovascular
risk and improved prediction of major adverse car-
diovascular events (MACE) beyond traditional risk
factors.

= The use of high-sensitivity cardiac troponin | (hs-
cTnl) assays with rigorous quality control and se-
rial measurements allowed accurate detection of
perioperative myocardial injury (PMI) and sustained
postoperative cardiac stress.

= Focused on thoracic surgery, this study provides
valuable data on a clinically relevant but under-
represented patient population, highlighting the role
of surgical factors and comorbidities influencing PMI
and MACE.

= Use of predetermined hs-cTnl and N-terminal pro-
brain natriuretic peptide cut-offs without adjustment
for age or sex, combined with incomplete 48-hour
sampling due to early discharge, may have reduced
the precision of risk stratification.

= Exclusion of urgent/emergency surgeries and pa-
tients with severe heart failure, together with a rel-
atively small sample size, may limit the applicability
of findings to patients at highest perioperative risk.

proBNP, cardiovascular comorbidities were common
(hypertension 81.6%, smoking history 85.7%, stroke
14.3%), and most procedures were minimally invasive
(video-assisted thoracic surgery 61.2%, RATS 24.5%),
with a median duration of 3 hours 42 min. MACE occurred
in 18.4% of this group, indicating a substantially elevated
risk than isolated or no biomarker elevations. At 30 days,
patients with PMI had higher MACE (14.3% vs 3.3%;
p<0.001), mortality (3.6% vs 0.7%; p=0.049) and new-
onset arrhythmias (5.3% vs 0.2%; p<0.001), particularly
atrial fibrillation (7.1% vs 1.7%; p=0.011). Dual biomarker
elevation was associated with the highest MACE risk
(15.2%), representing a twofold to threefold increase over
single biomarkers.
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Conclusions Combined hs-cTnl and NT-proBNP assessment improves
perioperative cardiovascular risk stratification beyond ischaemia.
Trial registration number NCT04749212

INTRODUCTION

Postoperative mortality accounts for nearly 8% of global
deaths, with rates around 2% in patients >45 undergoing
non-cardiac surgery.' > As surgeries rise in older, multi-
morbid populations, early detection of complications is
crucial to reduce morbidity and mortality. Cardiovascular
complications remain a leading cause of postoperative
morbimortality, with perioperative myocardial injury
(PMI) being common yet frequently silent, strongly
linked to increased mortality.” * Many PMI cases likely
go unnoticed due to asymptomatic presentation and the
absence of systematic cardiac biomarker monitoring.” °
Given recent evidence that PMI is a major contributor to
major adverse cardiovascular events (MACE), cardiology
and anaesthesiology societies acknowledge that postop-
erative measurement of high-sensitivity cardiac troponin
(hs-cTn) may help identify patients at higher risk, rather
than relying solely on clinical signs.” ® While routine
preoperative biomarker testing to guide management
is not currently supported by evidence, observational
studies and recent meta-analyses indicate that elevated
postoperative hs-cI'n concentrations are associated with
increased risk of MACE and 30-day mortality.”™""

PMI is of particular concern in thoracic surgery, which
carries higher cardiovascular stress.'* " Procedures
involving the lungs, oesophagus and mediastinum may
induce PMI via ischaemia-reperfusion, systemic inflam-
mation and haemodynamic shifts."?

In patients with known cardiovascular disease or
cardiovascular risk factors (including aged =65 years)
undergoing intermediate-risk or high-risk non-cardiac
surgery, the 2022 European Society of Cardiology (ESC)
guidelines® recommend measuring hs-cTn before surgery
and at 24 and 48 hours postoperatively to facilitate risk
stratification and detect PMI. The most recent European
Society of Anaesthesiology and Intensive Care (ESAIC)-
focused guideline’ also addresses the use of preoperative
and postoperative troponin measurements as a prog-
nostic tool, although with weaker evidence and recom-
mendations. More recent guidelines assign a greater role
to brain natriuretic peptides (BNP) than to troponin as
risk predictors in high-risk non-cardiac surgery patients."*

The ESC and ESAIC therefore advise hs-cTn assessment
preoperatively and at 24 and 48 hours postoperatively in
patients 265 or those with cardiovascular risk undergoing
intermediate /high-risk surgery.7 ® However, routine
surveillance in thoracic procedures remains inconsistent
despite significant underdiagnosis.® ' Unlike myocardial
infarction (MI), PMI lacks a universal definition, leading
to variability in biomarker thresholds. The initial Vascular
Events in Noncardiac Surgery Patients Cohort Evaluation
(VISION) studies coined ‘MINS’ for myocardial injury
without MI criteria, measured only postoperatively.” The

BASEL-PMI study later combined preoperative and post-
operative hs-cTnT, revealing a 14.8% PMI incidence and
20.6% MACE at 1 year, emphasising the need for contin-
uous monitoring.” '°

Beyond troponins, BNPs (N-terminal pro-brain natri-
uretic peptide (NT-proBNP)) are established in heart
failure management'” ** and increasingly recognised
as predictors of long-term postoperative risk.'” *’ In
2519 patients >60 undergoing emergency non-cardiac
surgery, elevated preoperative NT-proBNP and cTnl inde-
pendently predicted MACE, with combined measure-
ment improving prognostic value.”’ In thoracic surgery,
NT-proBNP has similarly predicted complications such as
atrial fibrillation and myocardial ischaemia.”***

Although hs-cTnl is strongly predictive of MACE,
it primarily reflects myocardial necrosis and may not
capture broader cardiovascular stress or subclinical heart
failure. NT-proBNP, a marker of myocardial stretch and
neurohormonal activation, provides complementary
prognostic information.

Evidence indicates that combining NT-proBNP with
hs-cTnl improves risk stratification, capturing aspects of
cardiac stress not identified by troponin alone.” In the
context of thoracic surgery, this combined approach may
better identify patients at risk for 30-day MACE.

This study aimed to evaluate the combined predictive
value of hs-cTnl and NT-proBNP for predicting MACE
in elective thoracic surgery, and to determine whether
NT-proBNP provides additional prognostic information
beyond hs-cTnl alone.

PATIENTS AND METHODS

Study design and population

This prospective, multicentre, observational cohort study
was conducted from February 2021 to November 2023 in
three Spanish tertiary hospitals. Patients aged >45 years
scheduled for elective thoracic lung resection (pneu-
monectomy, lobectomy, bilobectomy or segmentectomy
via open or endoscopic approach) were enrolled after
preoperative evaluation and informed consent. Exclu-
sion criteria included urgent/emergent surgery, active
infection/sepsis and severe heart failure (ejection frac-
tion <30%). The study was registered at ClinicalTrials.
gov (NCT04749212) and adhered to Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.

Study procedures

Full study methods, including eligibility criteria and data
collection procedures, are described in detail in the previ-
ously published protocol.*® Hs-cTnI and NT-proBNP were
measured using the Atellica IM (Siemens Healthineers,
Germany) with routine quality control at three time-
points: preoperatively, and at 24 and 48 hours postoper-
atively, integrated into standard blood draws. PMI was
defined as hs-cTnl 245ng/L at 24/48 hours or 220% rise
if baseline was elevated. MI was diagnosed by the fourth
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universal definition.* Abnormal NT-proBNP was defined
as 2125ng/L preoperatively and 2300ng/L postoper-
atively, reflecting consensus thresholds for stable versus
acute settings; age-specific cut-offs were not applied for
consistency.”

Follow-up and data collection

Patients were monitored in hospital for 2days postopera-
tively. ECGs were performed if postoperative hs-cTnl rose
or if ischaemic symptoms occurred. Confirmed PMI/
MI cases were confirmed by cardiology. At 30 days, tele-
phone follow-up assessed MACE (non-fatal cardiac arrest,
MI, heart failure, stroke/transient ischaemic attack, new
atrial fibrillation, pulmonary embolism) per guidelines,
with events validated by medical records (figure 1). Data
were recorded using a secure electronic case report form
(www.clinapsis.com).

Patient and public involvement

The study was designed and conducted only by the inves-
tigators. No patients or members of the public were
involved in the design, recruitment, conduct or reporting
of the research. Although patient and public involvement
is encouraged in all study designs, it was not feasible for
this observational study conducted within routine clinical
practice.

Outcomes

Our primary outcome was the incidence of all-cause death
and MACE during the follow-up according to whether
PMI or non-PMI existed; the secondary one was the same
for any of the individual MACE components.

Statistical analysis

Sample size was calculated based on previously reported
incidences of these biomarkers in similar patient popu-
lations. Our group'® reported a 28% incidence of
hs-cTnl elevation, while Cardinale et af** reported a 22%

©

Study procedures. hs-cTnl, high-sensitivity cardiac troponin I; NT-proBNP, N-terminal pro-brain natriuretic peptide;
PMI, perioperative myocardial injury; URL, upper reference limit.
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incidence of NT-proBNP elevation in patients undergoing
lung resection. Using these values, we determined that a
sample of 310 patients would provide sufficient precision
for our primary endpoints, with 95% CIs of 23% to 33%
for hs-cTnl and 17.4% to 26.6% for NT-proBNP.'*#*

To account for potential dropouts, we increased the
total planned sample size to 345 patients. This approach
allows us to describe biomarker incidences with adequate
precision, which is the primary aim of the study. Online
supplemental table 1 presents the detailed sample size
calculations and precision estimates for both biomarkers.

Data were summarised as mean+SD, median (IQR) orn
(%). Continuous variables were expressed as means and
SDs or medians and IQRs, while categorical variables as
frequencies and percentages.

Comparisons between patients with and without PMI
were done with Student’s t-test or Mann-Whitney U test
for continuous variables, or %2 test or Fisher’s exact test
for categorical variables. ORs with 95% CIs were calcu-
lated for all exposure factors. Multivariate logistic regres-
sion was performed to identify factors independently
associated with PMI, with results expressed as ORs and
95% Cls. Variables entered in the regression model were
those with either clinically relevant or statistical signifi-
cance—or a trend towards it—in univariate analyses. The
relationship between postoperative biomarker positivity
(ie, elevated hs-cInl and NT-proBNP) and MACE was
checked by y* tests. MACE incidence was described across
the four biomarker combinations: both negative, one
positive (either marker) or both positive. Analyses were
performed using SPSS V.27 (IBM); statistical significance
was set at p<0.05.

RESULTS
We included 475 patients after excluding those (n=14) not
fulfilling inclusion criteria or completing the follow-up.
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Baseline characteristics of the patients are presented in
table 1, overall and stratified by occurrence of PMI. The
mean age was 67.6 years, with slightly over half being male
(57.3%).

PMI occurred in 56 patients (11.8% of total). Four
patients had preoperative hs-cInl concentrations
>45ng/L, but only one met PMI criteria in the serial
sampling. Most troponin elevations defining PMI
occurred within 24 hours (80.6%), and 64.3% remained
elevated at 48 hours.

There were few baseline differences between PMI
and non-PMI subgroups. Body mass index (BMI) was
lower in patients with PMI than in patients without PMI
(25.3+3.9kg/m”vs 26.6+4.7kg/m? p=0.02). Most patients
had a Revised Cardiac Risk Index (RCRI) class I (84.2%)
and class IT (13.9%), and index distribution among RCRI
classes did not differ between PMI subgroups (p=0.13),
indicating broadly comparable perioperative cardiac risk.

Patients with PMI had a higher prevalence of prior
stroke (12.5% vs 2.9%;p=0.004) and smoking history
(85.7% vs 64.0%;p=0.001), but no differences in other
cardiovascular risk factors or diseases. Preoperative
haemoglobin and creatinine levels were similar between
groups. However, PMI was more frequent (7.1% vs
0.7%in no-PMI) in patients with severe kidney impair-
ment (estimated glomerular filtration rate (eGFR)
<30mL/min/1.73 mQ), while in remaining eGFR cate-
gories (30-44, 45-59 and >60mL/min/1.73 m2) PMI
incidences were broadly comparable between groups,
and most PMI cases (48 of 56 cases) occurred in patients
with eGFR >60mL/min/1.73 mZ. Notably, no patients
with abnormal eGFR had elevated baseline hs-cTnl. Most
patients were in sinus rhythm before surgery (92.2%),
with no group differences.

Table 2 shows preoperative and postoperative data
of cardiac biomarkers. Preoperatively, median overall
hs-cTnl concentration was 3.3ng/L (3.0-6.0); patients
with PMI had a higher median (4.7ng/L (3.0-7.0))
than those without PMI (3.1ng/L (2.9-5.8); p=0.005).
Elevated preoperative concentrations were observed only
in one (1.8%) patient with PMI and three (0.8%) patients
without PMI, without differences. The preoperative
overall median NT-proBNP concentration was 110ng/L
(59-228), without significant differences between patients
with and without PMI (132ng/L (73-281)vs 108 ng/L
(56-222)). Elevated baseline NT-proBNP concentrations
were more common (45.1%) than elevated hs-cTnl,
without significant differences between the subgroups.
Patients with PMI showed higher postoperative hs-cTnl
concentrations, with median values of 77.3ng/L (58.2—
175ng/L) at 24 hours and 77.0ng/L (38.6-189ng/L) at
48 hours after surgery, compared with patients without
PMI (table 2). The median hs-cTnl was 77.3ng/L (58.2—
175) at 24 hours, remaining similarly elevated at 48 hours.
Median NT-proBNP concentrations were also higher in
patients with PMI at 24 hours (500ng/L (265-846)) and
at48hours (444ng/L (205-899)) compared with patients
without PMI, indicating sustained postoperative cardiac

Table 1 Baseline characteristics of the whole population
and PMI/non-PMI subgroups
PMI
All patients n=56 Non-PMI
Variable n=475 (11.8%) n=419 (88.2%) P value
Demographics
Age (mean, SD), 67.6+9.4 68.3+8.3 67.5+9.6 0.56
years
Height (mean, 165.9+8.8 168.1+8 165.7+8.8 0.53
SD), cm
Weight (mean, 73+14.7 71.8+13.8 73.2+14.8 0.49
SD), kg
BMI (mean, SD)  26.5+4.6 25.3+3.9 26.6+4.7 0.02
Men, n (%) 272 (57.3) 36 (64.3) 236 (56.3) 0.26
Women, n (%) 203 (42.7) 20 (35.7) 183 (43.7)
RCRI
[ 400 (84.2) 43 (76.8) 357 (85.2) 0.13
Il 66 (13.9) 13 (23.2) 53 (12.6)
11l 8(1.7) 0(0) 8(1.9)
I\ 1(0.2) 0(0) 1(0.2)
Medical history
Hypertension 255 (53.7) 32 (57.1) 223 (563.2) 0.58
Hyperlipidaemia 247 (52.0) 29 (51.8) 218 (52.0) 0.93
Diabetes mellitus 82 (17.3) 10 (17.9) 72 (17.2) 0.91
COPD 106 (22.3) 12 (21.4) 94 (22.4) 0.85
Chronic anaemia 22 (4.6) 1(1.8) 55 (13.1) 0.49
Atrial fibrillation 41 (8.6) 3(5.4) 52 (12.4) 0.45
History of cardiac 3 (0.6) 0 (0) 3(0.7) 1.0
arrest
Coronary heart 31 (6.5) 1(1.8) 55 (13.1) 0.15
disease
Cardiac 17 (3.6) 0(0) 17 (4.1) 0.25
revascularisation
Cardiac 1(0.2) 0(0) 1(0.2) 1.0
revascularisation
6 months before
Congestive heart 10 (2.1) 0(0) 10 (2.3) 0.61
failure
Stroke 19 (4.0) 7 (12.5) 12 (2.9) 0.004
TIA 3(0.6) 1(1.8) 2 (0.5) 0.31
Peripheral 24 (5.1) 3(5.4) 21(5.0) 0.75
arteriopathy
Pulmonary 11 (2.3) 1(1.8) 10 (2.4) 1.0
embolism
Deep vein 17 (3.6) 0(0) 17 (4.1) 0.24
thrombosis
Smoking history 316 (66.5) 48 (85.7) 268 (64.0) 0.001
History of COVID 62 (13.1) 7 (12.5) 55 (13.1) 0.89
History of 281 (59.2) 29 (51.8) 252 (60.1) 0.23
neoplasia
Laboratory values
Preoperative 136.7+16.4 138.9+14.7 136.4+16.6 0.28
haemoglobin (g/L)
(mean, SD)
<90 3(0.7) 0(0) 3(0.7) 0.23
91-119 77 (16.2) 5(8.9) 72 (17.2)
>120 395 (83.2) 51 (91.1) 344 (82.1)
Continued
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Table 1 Continued
PMI
All patients n=56 Non-PMI
Variable n=475 (11.8%) n=419 (88.2%) P value
Preoperative 743 (62.9- 71 (61.0- 74.3 (62.9-89.1) 0.96
creatinine (umol/L) 89.3) 90.2)
(median, IQR)
eGFR (mL/
min/1.73 m?)
<30 7 (1.5) 4(7.1) 3(0.7) 0.001
30-44 19 (4.0) 2 (3.6) 17 (4.0)
45-59 43 (9.1) 2 (3.6) 41 (9.8)
>60 405 (85.3) 48 (85.7) 357 (85.2)
Preoperative ECG
Sinus rhythm 411 (92.2) 51 (91.1) 360 (85.9) 0.93
Atrial fibrillation 9 (2.0) 1(1.8) 8(1.9)
Flutter 3(0.7) 0 (0) 3(0.7)
Other rhythms 23 (5.2) 3 (5.4) 20 (4.8)

Values in bold indicate statistical significance (p<0.05).

BMI, body mass index; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration;
COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration
rate (using the CKD-EPI formula); PMI, perioperative myocardial injury; RCRI, Revised
Cardiac Risk Index; TIA, transient ischaemic attack.

stress (p=0.001for both). NT-proBNP concentrations
2300ng/L occurred in 45.9% and 36.6% of the cohort
at 24 and 48 hours, respectively, with a higher proportion
in the PMI group (62.5% vs 43.7%, p=0.005at 24 hours;
58.9% vs 33.6%, p=0.001 at 48 hours).

Regarding surgical and intraoperative variables (online
supplemental table 2), median surgery duration was
significantly longer in the PMI group (3.5 hours (2.8-4.4))
compared with the non-PMI group (2.7hours (1.7-3.8);
p<0.001). The frequency of open surgery did not differ
between groups (17.9% in patients with PMI vs 9.3% in
patients without PMI; p=0.07).

A significant difference existed in the types of pulmo-
nary resections performed: pneumonectomy was exclusive
to the PMI group (7.1%), while lobectomy or bilobec-
tomy was more common in patients with PMI (64.3% vs
50.4%; p<0.001). Intraoperative hypotension (ie, systolic
blood pressure (SBP) >20% and episodes of SBP <90 mm
Hg) was similar between groups; but bleeding was more
frequent (12.5% vs 6.2%) in patients with PMI, though
not significantly (p=0.093). ECG changes from baseline
were infrequent (2.3% overall), with no group differ-
ences in new admissions or reinterventions.

Multivariate logistic regression (table 3) included
patients (n=454) with at least one postoperative deter-
mination of both biomarkers. Severe renal dysfunction
(eGFR <30mlL,/min/1.73 m2) and history of smoking
were strongly associated with PMI (renal dysfunction: OR
12.25, 95% CI 2.41 to 62.29, p=0.003; smoking: OR 2.78,
95%CI 1.24 to 6.23, p=0.013). Video-assisted thoracic
surgery (VATS) was used as the reference surgical tech-
nique; by comparison, robotic-assisted thoracic surgery
was associated with a higher PMI risk (OR 2.29, 95% CI
1.14 to 4.58; p=0.019), while open surgery showed no

Table 2 Preoperative and postoperative concentrations of
cardiac biomarkers

All
patients PMI Non-PMI
n=475 n=56 n=419 P value
Preoperative
hs-cTnl* 3.3(3.0- 4.7(3.0-7.0 3.1(2.9-5.8) 0.005
6.0)T

hs-cTnl 245 (n
(%))

4(0.9) 1(1.8) 3(0.8) 0.41

NT-proBNP* 110 (69- 132 (73-281) 108 (56-222) 0.057
228)t

NT-proBNP >125 214 (45.1) 29 (51.8) 185 (44.2) 0.31

(n (%))

Postoperative

24 hours

hs-cTnl 8.5@4.7- 77.3(58.2-175) 7.8 (4.1-12.9) <0.001
17.7)

hs-cTnl 245 (n 48 (10.1) 45 (80.6) 3(0.7) <0.001

(%))

NT-proBNP 306 (176— 500 (265-846) 289 (168-534) 0.001
547)

NT-proBNP 218 (45.9) 35 (62.5) 183 (43.7) 0.005

>300 (n (%))

48 hours

hs-cTnl 8.7 (4.7- 77.0(38.6-189) 7.2 (4-13.3) <0.001
17)

hs-cTnl 245 (n 39 (8.2) 36 (64.3) 3(0.7) <0.001

(%))

NT-proBNP 263 (146- 444 (205-899) 244 (142-517)  0.001
551)
NT-proBNP 174 (36.6) 33 (58.9) 141 (33.6) 0.001

>300 (n (%))

Values in bold indicate statistical significance (p<0.05).

*Both hs-cTnl and NT-proBNP are expressed as median (range).

tBoth hs-cTnl and NT-proBNP concentrations are expressed in nanograms per litre
(ng/L).

hs-cTnl, high-sensitivity cardiac troponin I; NT-proBNP, N-terminal pro-brain natriuretic
peptide; PMI, perioperative myocardial injury.

significant association (OR 1.61, 95% CI 0.66 to 3.89;
p=0.29). Anatomical pulmonary resections (OR 2.01,
95% CI1.05 to 3.83; p=0.034), postoperative ECG changes
from baseline (OR 4.04, 95% CI 1.01 to 16.23; p=0.048)
and prior stroke (OR 3.28, 95% CI 1.15 to 9.36; p=0.026)
were also linked with higher PMI risk. To partially
address potential confounding by demographic or renal
factors, an exploratory multivariable logistic regression
including hs-cTnl and NT-proBNP, adjusted for age, sex
and their interaction, was conducted. No clear variation
in biomarker associations with PMI was observed across
age or sex (data not shown), and these analyses should
be interpreted cautiously given the limited sample size.
Regarding renal function, only seven patients had eGFR
<30mL/min/1.73 m2, which precluded robust interac-
tion or stratified analyses in this subgroup.

At the 30-day follow-up (table 4), MACE occurred
in 4.6% of patients (n=22) and was more common in
patients with PMI (14.3% vs 3.3%; p<0.001). MI occurred
in 0.4% of the cohort, with a higher but not statistically
significant incidence in patients with PMI (1.8% vs 0.2%;
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Table 3 Multivariate logistic regression analysis of factors associated with PMI

SE OR 95% ClI P value

eGFR <30mL/min/1.73 m? 0.83 12.25 2.41 t0 62.29 0.003
History of smoking 0.41 2.78 1.24 10 6.23 0.013
Surgical approach VATS (reference) 0.057

RATS 0.35 2.29 1.14 to 4.58 0.019

Open surgery 0.45 1.61 0.66 to 3.89 0.29
Stroke 0.53 3.28 1.15t0 9.36 0.026
ECG changes 0.71 4.04 1.01 to 16.23 0.048
Type of pulmonary resection Lobectomy/pneumonectomy 0.33 2.01 1.05 to 3.83 0.034
Constant 0.44 0.026 <0.001

Values in bold indicate statistical significance (p<0.05).

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate (using the CKD-EPI formula); PMI, perioperative
myocardial injury; RATS, robotic-assisted thoracic surgery; VATS, video-assisted thoracic surgery.

p=0.093). No cardiac arrest cases were reported. Heart
failure, stroke and transient cerebrovascular accidents
were rare, occurring in 0.2% of patients, all within the
non-PMI group (p=0.71). New-onset atrial fibrillation
(7.1% vs 1.7%; p=0.011) and other arrhythmias (5.3% vs
0.2%; p<0.001) were more frequent in patients with PMI.
Pulmonary thromboembolism was rare (0.4%) and only
observed in patients without PMI (p=0.60). Mortality was
1.1% overall, with higher incidence in patients with PMI
(3.6% vs 0.7%; p=0.049).

MACE occurrence varied according to the combination
of biomarkers (table 5 and figure 2). Patients who were
negative for both biomarkers (hs-cTnl-/NT-proBNP-)
comprised 40.5% of all measurements and exhibited
the lowest 30-day MACE rate (2.7%; reference group).
Among patients with hs-cTnl-/NT-proBNP+ (46.5%),
the MACE risk increased to 4.3% (OR 1.60, 95% CI 0.53

Table 4 MACE incidence at 30-day follow-up

Complications during

hospitalisation and All patients PMI Non-PMI

30-day follow-up n=475 (%) n=56 (%) n=419 (%) P value*

MACE 22 (4.6) 8(14.3) 14 (3.3) <0.001
Non-fatal cardiac 0 0 0
arrest
Myocardial infarction 2 (0.4) 1(1.78) 1(0.2) 0.093
Congestive heart 1(0.2) 0(0) 1(0.2) 0.71
failure
Stroke 1(0.2) 0(0) 1 (100) 0.71
Transient 1(0.2) 0(0) 1(0) 0.71
cerebrovascular
accident
New-onset atrial 11 (2.3) 4(7.1) 7(1.7) 0.011
fibrillation
New-onset arrhythmia 4 (0.8) 3(5.3) 1(0.2) <0.001
Pulmonary 2(0.4) 0 (0) 2 (0.5) 0.60
thromboembolism

All-cause death 5(1.1) 2(3.6) 3(0.7) 0.049

Values in bold indicate statistical significance (p<0.05).
*Statistical significance between the PMI and non-PMI groups.
MACE, major adverse cardiovascular events; PMI, perioperative myocardial injury.

to 4.85; p=0.410). Patients with only hs-cTnl positivity (hs-
cTnl+/NT-proBNP-) comprised 2.9% and had a MACE
rate of 7.7% (OR 2.98, 95% CI 0.32 to 27.61; p=0.336).
In contrast, the highest risk was observed in patients
with dual biomarker positivity (hs-cTnl+/NT-proBNP+)
comprising 10.1% and with a 15.2% MACE rate (OR 6.43,
95% CI 1.94 to 21.31; p=0.002). At any level of hs-cTnl
status, postoperative NT-proBNP elevation was associ-
ated with an incremental increase in 30-day MACE risk,
highlighting the complementary prognostic value of
combining myocardial injury and haemodynamic stress
biomarkers.

Given the higher incidence of MACE in patients
with combined postoperative elevation of hs-cTnl and
NT-proBNP, we evaluated the characteristics of this
subgroup (table 6). A total of 49 patients met the dual
biomarker criteria at either 24 or 48 hours after surgery.
Compared with patients with any or only isolated
biomarker elevation, this subgroup did not differ substan-
tially in major cardiovascular risk factors such as hyper-
tension, diabetes, dyslipidaemia, chronic obstructive
pulmonary disease or prior revascularisation, although
they more frequently had preoperative stroke (p=0.001),
active smoking (p=0.001) and severely reduced renal
function (eGFR <30mL/min/1.73 m2; p=0.008). These
patients underwent longer surgical procedures, predom-
inantly endoscopic lobectomies (median duration
3hours 42min, range 1-7hours 42min), consistent with
greater perioperative stress. Nevertheless, only seven
of the observed MACE (14.3%) occurred in the group,
primarily cardiac rhythm alterations, with only one acute
MI. Despite a higher prevalence of some risk factors in
this subgroup, about one-third (31.8%) of MACE in
the overall cohort occurred in patients without dual
biomarker elevation, indicating that baseline clinical
characteristics alone are not enough to predict postop-
erative events.

To find the main determinants of MACE, we also
analysed the profile of the 22 patients with these events.
Although the number of MACE events was limited,
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Table 5 Association between postoperative biomarkers’ positivity and 30-day MACE occurrence

Biomarker Total measurements* MACE No MACE OR P value versus
combination n (%) n (%) n (%) (95% ClI) reference
hs-cTnl- NT-proBNP- 184 (40.5) 5(2.7) 179 (97.3) Reference
hs-cTnl+ NT-proBNP- 13 (2.9) 1(7.7) 12 (92.3) 2.98 336

(0.32 to 27.61)
hs-cTnl- NT-proBNP+ 211 (46.5) 9 (4.3) 202 (95.7) 1.60 410

(0.53 to 4.85)
hs-cTnl+ NT-proBNP+ 46 (10.1) 7 (15.2) 39 (84.8) 6.43 002

(1.94 to 21.31)

*Number of measurements obtained in the patients with at least one postoperative value of both biomarkers.
hs-cTnl, high-sensitivity cardiac troponin I; MACE, major adverse cardiovascular events; NT-proBNP, N-terminal pro-brain natriuretic peptide.

preventing formal statistical comparisons, cardiovascular
risk factors were highly prevalent in the overall cohort
and in the subgroup in which MACE events occurred.
We found antecedents of hypertension and smoking in
77% of cases and of stroke and coronary artery disease
in 9.1%; remarkably, eGFR 260 mL/min/1.73 m? was
observed in 77% of patients. Median surgical duration was
3hours 59min (range: 30 min to 7hours 39 min); surgery
procedures were mostly endoscopic (72.7%) and mainly
lobectomies (77%). PMI was present in 36.4% of patients.
Thus, MACE patients presented a pattern not different
from that observed in patients with dual biomarker posi-
tivity. However, the distribution of events varied markedly
according to the biomarker combinations presented.
15 events occurred in NT-proBNP+ patients, while only
eight in those with hs-cTnl+; deaths (n=5), not consid-
ered among MACE, were only registered in NT-proBNP+
groupsas well as most cardiac rhythm alterations (n=9).
These findings suggest that NT-proBNP adds incremental
prognostic value beyond hs-cTnI and baseline clinical risk
factors.

DISCUSSION
Our study demonstrates that NT-proBNP significantly
enhances the prognostic performance of hs-cTnl for

POSTOPERATIVE
BIOMARKERS

%_, 97.3%
I S e 1 L

095 =~ hs-cTnl- NT-proBNP-

92.3% =17 hs-cTnl+ NT-proBNP-

= hs-cTl- NT-proBNP+

~ hs-cTnl+ NT-proBNP+

MACE-free survival

84.8%

) 7 14 2 ) 35

30-day follow-up

Figure 2 Kaplan-Meier curves of 30-day MACE-free
survival stratified by postoperative biomarker status. hs-cTnl,
high-sensitivity cardiac troponin I; MACE, major adverse
cardiovascular events; NT-proBNP, N-terminal pro-brain
natriuretic peptide.

predicting major cardiovascular events in patients
undergoing thoracic surgery. The combined use of both
biomarkers allows a more accurate identification of high-
risk patients and may support improved perioperative
risk stratification and clinical decision-making." w27

Table 6 Characteristics of the patient subgroup with
elevated hs-cTnl and elevated NT-proBNP after surgery

n=49

Medical history

Hypertension (%) 40 (81.6)
Hyperlipidaemia (%) 25 (51)
Diabetes mellitus (%) 7 (14.3)
Smoking history (%) 42 (85.7)
eGFR (%) <30mL/min/1.73 m? 4(8.1)
30-59 mL/min/1.73 m? 4 (8.1)
>60mL/min/1.73 m? 41 (83.7)
History of cardiac arrest 0
Coronary heart disease (%) 2(4.1)
Cardiac revascularisation (%) 1@2)
Stroke (%) 7 (14.3)
Transient ischaemic attack (%) 1@2)
Peripheral arteriopathy (%) 3(6.1)
Congestive heart failure 0
Pulmonary embolism (%) 12
Deep vein thrombosis 0
Atrial fibrillation (%) 3(6.1)
Surgery type and duration
Open (%) 7 (14.3)
RATS (%) 12 (24.5)
VATS (%) 30 (61.22)

Length, median (range) 3hours 42 min (1-7

hours 42 min)
MACE

Total MACE (%) 9(18.4)

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR,
estimated glomerular filtration rate (using the CKD-EPI formula); hs-cTnl,
high-sensitivity cardiac troponin I; MACE, major adverse cardiovascular
events; NT-proBNP, N-terminal pro-brain natriuretic peptide; RATS, robotic-
assisted thoracic surgery; VATS, video-assisted thoracic surgery.
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The incidence of PMI in our cohort (11.8%) was slightly
lower than that reported in previous large studies.” *' *
This difference is likely attributable to several factors.
First, the majority of patients (89.7%) underwent mini-
mally invasive procedures, predominantly VATS, which
is associated with lower surgical stress and fewer cardio-
vascular complications than open approaches.”’ *
Second, we used hs-cTnl rather than hs-cTnT, which may
result in different diagnostic rates across studies. Prior
cohorts, such as VISION and Basel Perioperative Myocar-
dial Injury (BASEL-PMI), mainly relied on hs-cITnT
assays,' > '’ whereas in the BASEL-PMI study, PMI was
detected in 6.1% of patients using hs-cTnl and in 11.3%
using hs-cTnT with similar diagnostic criteria.'’ Finally,
our definition of PMI required both preoperative and
postoperative measurements, thereby reducing the risk
of misclassifying chronically elevated troponin concentra-
tions as acute myocardial injury.*

Several clinical and procedural factors were inde-
pendently associated with PMI. Preoperative renal
dysfunction (eGFR <30mL/min/1.73 m2), smoking
history, lower BMI values and prior stroke were among
the strongest clinical predictors, while longer surgical
duration and pneumonectomy were the most relevant
intraoperative variables. These findings are consistent
with previous studies identifying renal insufficiency,
smoking and surgical complexity as important contrib-
utors to PML5 ® % 3% 1 contrast, RCRI showed limited
predictive value in our cohort, suggesting that traditional
cardiac risk scores may not fully capture the specific risk
profile of patients undergoing thoracic surgery and high-
lighting the need for procedure-specific risk stratification
models.”*’

PMI was strongly associated with adverse clinical
outcomes. Patients with PMI experienced significantly
higher rates of MACE and increased 30-day mortality
compared with patients without PML' ? '° Notably, the
highest risk subgroup consisted of patients with postop-
erative elevation of both hs-cTnl and NT-proBNP, among
whom the incidence of MACE reached 15.2%. Among
patients with PMI, the presence of elevated NT-proBNP
approximately doubled the risk of MACE compared with
those with isolated hs-cTnl elevation. Arrhythmias, partic-
ularly atrial fibrillation, were the most frequent cardio-
vascular events, underscoring the clinical relevance of
combined biomarker assessment for identifying patients
who may benefit from closer monitoring and targeted
perioperative management,**2* %%

Our findings support the growing evidence that periop-
erative cardiac biomarkers play a central role in the
detection of myocardial injury and guiding risk stratifica-
tion after non-cardiac surgery.?” * Current guidelines’®
already recommend perioperative troponin monitoring
in high-risk patients, although standardised therapeutic
strategies for PMI remain poorly defined. Previous
studies have shown that cardiology consultation and early
pharmacological management may reduce mortality in
patients with myocardial injury after surgery."” * In our

cohort, all patients with PMI received cardiology assess-
ment, and management was individualised according
to clinical presentation. Although our study was not
designed to evaluate treatment strategies, the observed
excess mortality in patients with PMI reinforces the need
for multidisciplinary approaches and suggests that incor-
porating NT-proBNP alongside troponin measurements
may further refine clinical risk assessment and follow-up
strategies.

Limitations and strengths

The study has several limitations. First, the relatively
small sample size may limit the statistical power, partic-
ularly for the predictive value of biomarkers. Addition-
ally, owing to the absence of postoperative complications,
many patients were discharged early, which precluded
48-hour biomarker assessments and may have affected
the completeness of postoperative monitoring. Second,
the 30-day follow-up period may have missed cardio-
vascular complications that manifest beyond the study
window. Third, the lack of a standardised PMI defini-
tion complicates direct comparisons with other studies.
Fourth, using fixed hs-cInl and NT-proBNP thresh-
olds without adjusting for age and sex may reduce risk
stratification accuracy and require tailored adjust-
ments for diverse patient populations. In particular, the
NT-proBNP threshold may not fully reflect a cohort with
multiple conditions that can independently alter natri-
uretic peptide concentrations. Additionally, reliance on
a specific immunoassay for hs-cTnl may limit external
validity of findings. Finally, excluding urgent or emer-
gency surgeries, and patients with severe heart failure,
may limit generalisability to higher risk populations.

Our study has several important strengths. First, it
provides integrated preoperative and postoperative
hs-cTnl and NT-proBNP measurements, in line with
recent international guidelines; remarkably, our design
predated these recommendations but aligns with them.
This dual marker approach offers a more accurate model
for predicting MACE compared with troponin alone.
Second, employing a hs-cTn assay enhances the precision
of PMI detection and refines risk stratification. Third,
the specific focus on thoracic surgery patients provides
relevant insights into this under-represented population.
Fourth, the multicentre design involving three Spanish
university hospitals strengthens the external validity of the
findings. Fifth, identification of modifiable risk factors,
such as smoking and renal dysfunction, underscores
opportunities for targeted preoperative management.
Finally, serial cardiac biomarker measurements provide
an objective, readily available, inexpensive and relatively
cost-effective approach that requires fewer resources and
less clinical effort while maintaining diagnostic value.

In conclusion, systematic perioperative assessment
of hs-cTnl and NT-proBNP improves the identification
of patients at increased cardiovascular risk. This dual
biomarker approach provides incremental prognostic
information and may support more refined perioperative
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risk stratification. The potential impact of this strategy on
patient outcomes requires further investigation.

Author affiliations

'Department of Anaesthesiology and Intensive Care, Hospital Vall d’Hebron,
Barcelona, Spain

%Faculty of Medicine, Department of Surgery and Morphological Sciences,
Universitat Autonoma de Barcelona, Barcelona, Spain

%nstitut de Recerca Sant Pau, Barcelona, Spain

“Centro de Investigacién Biomédica en Red de Enfermedades Cardiovasculares,
Instituto de Salud Carlos Ill, Madrid, Spain

SDepartment of Biochemistry, Hospital de la Santa Creu i Sant Pau, Barcelona, Spain
SFoundation for Clinical Biochemistry & Molecular Pathology, Barcelona, Spain
"Department of Thoracic Surgery and Lung Transplantation, Hospital Vall d’Hebron,
Barcelona, Spain

8Department of Thoracic Surgery, Hospital de la Santa Creu i Sant Pau, Barcelona,
Spain

Department of Anesthesiology and Critical Care, Hospital Universitario Ramén y
Cajal, Madrid, Spain

"%Department of Anaesthesiology and Intensive Care, Hospital de la Santa Creu i
Sant Pau, Barcelona, Spain

"Department of Epidemiology and Public Health, Hospital de la Santa Creu i Sant
Pau, Barcelona, Spain

Acknowledgements We thank all the patients who agreed to be included in
the study, as well as all the personnel from the three participating hospitals who
contributed to various stages of the study. MA is a PhD candidate in Surgery and
Morphological Sciences Department, Universitat Autonoma de Barcelona, Spain.
This work is part of her doctoral thesis.

Contributors MA, EP and MdN were involved in the design, conceptualisation and
methodology of the study. MA wrote the first draft of the manuscript. MdN, EP and
JOL contributed to formal analysis, data interpretation, visualisation, supervision
and writing—review and editing. MdM, AGO and AGT contributed to methodology,
project administration and writing—review and editing. AJ, JT, EMT, AMG, AP, GP, LT
and DB were involved in project administration, data curation, review and editing.
JSR contributed to formal analysis, data interpretation, review and editing. All
authors provided critical revisions and approved the final version of the manuscript.
MdN obtained funding for this work. MdN is responsible for the overall content as
guarantor.

Funding This work was supported by a competitive research grant (‘PI20/00154’)
from the Instituto de Salud Carlos Il (cofunded by the European Regional
Development Fund ‘Una manera de hacer Europa’).

Disclaimer The funders had no role in the study design, data collection,
management, analysis, writing of the report and the decision to submit the report
for publication; they will not have ultimate authority over any of these activities.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Consent obtained directly from patient(s).

Ethics approval This study involves human participants and was approved by the
Ethics Research Committees of the three participating university hospitals: Hospital
Vall d’Hebron, Barcelona, Spain (15 January 2021); Hospital Santa Creu i Sant Pau,
Barcelona, Spain (14 April 2021); and Hospital Ramén y Cajal, Madrid, Spain (14
June 2021) (Protocol ID: PR(AG)621/2020). The study was conducted in accordance
with the Declaration of Helsinki. Participants gave informed consent to participate in
the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. The data
underlying this article will be shared on reasonable request to the corresponding
author. The data used in the present study are part of a larger dataset. The data

not used for this manuscript will be employed in future manuscripts. Technical
appendix, statistical code and dataset are available from the Dryad repository.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and

responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: https://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Ekaterine Popova https://orcid.org/0000-0002-8781-9873
Anna Gonzalez-Tallada https://orcid.org/0000-0001-6509-6777

REFERENCES

1 Devereaux PJ, Biccard BM, Sigamani A, et al. Association of
Postoperative High-Sensitivity Troponin Levels With Myocardial
Injury and 30-Day Mortality Among Patients Undergoing Noncardiac
Surgery. JAMA 2017;317:1642.

2 Puelacher C, Lurati Buse G, Seeberger D, et al. Perioperative
Myocardial Injury After Noncardiac Surgery: Incidence, Mortality, and
Characterization. Circulation 2018;137:1221-32.

3 Nepogodiev D, Martin J, Biccard B, et al. Global burden of
postoperative death. The Lancet 2019;393:401.

4 Biccard BM, Devereaux PJ, Rodseth RN. Cardiac biomarkers in the
prediction of risk in the non-cardiac surgery setting. Anaesthesia
2014;69:484-93.

5 Puelacher C, Gualandro DM, Glarner N, et al. Long-term outcomes of
perioperative myocardial infarction/injury after non-cardiac surgery.
Eur Heart J 2023;44:1690-701.

6 Botto F, Alonso-Coello P, Chan MTV, et al. Myocardial injury after
noncardiac surgery: a large, international, prospective cohort study
establishing diagnostic criteria, characteristics, predictors, and 30-
day outcomes. Anesthesiology 2014;120:564-78.

7 Buse GL, Pinto BB, Abelha F, et al. ESAIC focused guideline for the
use of cardiac biomarkers in perioperative risk evaluation. 2023.
Available: http://links.lww.com/EJA/A845

8 Halvorsen S, Mehilli J, Cassese S, et al. 2022 ESC Guidelines on
cardiovascular assessment and management of patients undergoing
non-cardiac surgery. Eur Heart J 2022;43:3826-924.

9 Strickland SS, Quintela EM, Wilson MJ, et al. Long-term major
adverse cardiovascular events following myocardial injury after non-
cardiac surgery: meta-analysis. BJS Open 2023;7:zrad021.

10 Gualandro DM, Puelacher C, Lurati Buse G, et al. Incidence
and outcomes of perioperative myocardial infarction/injury
diagnosed by high-sensitivity cardiac troponin I. Clin Res Cardiol
2021;110:1450-63.

11 Millan-Figueroa A, Lépez-Navarro JM, Pérez-Diaz |, et al. Evaluation
of perioperative high-sensitive cardiac troponin | as a predictive
biomarker of major adverse cardiovascular events after noncardiac
surgery. Rev Invest Clin 2020;72:110-8.

12 Gonzélez-Tallada A, Borrell-Vega J, Coronado C, et al. Myocardial
Injury After Noncardiac Surgery: Incidence, Predictive Factors, and
Outcome in High-Risk Patients Undergoing Thoracic Surgery: An
Observational Study. J Cardiothorac Vasc Anesth 2020;34:426-32.

13 Shelley B, Glass A, Keast T, et al. Perioperative cardiovascular
pathophysiology in patients undergoing lung resection surgery: a
narrative review. Br J Anaesth 2023;130:e66-79.

14 Fleisher LA, Beckman JA, Brown KA, et al. AHA/ACC Guideline for
the perioperative cardiovascular evaluation and management of
patients undergoing non-cardiac surgery. Circulation 2024;149:e.

15 Duceppe E, Parlow J, MacDonald P, et al. Canadian Cardiovascular
Society Guidelines on Perioperative Cardiac Risk Assessment and
Management for Patients Who Undergo Noncardiac Surgery. Can J
Cardiol 2017;33:17-32.

16 Sazgary L, Puelacher C, Lurati Buse G, et al. Incidence of major
adverse cardiac events following non-cardiac surgery. Eur Heart J
Acute Cardiovasc Care 2021;10:550-8.

17 Wettersten N, Maisel AS. Biomarkers for Heart Failure: An Update for
Practitioners of Internal Medicine. Am J Med 2016;129:560-7.

18 Rerth R, Jhund PS, Yilmaz MB, et al. Comparison of BNP and
NT-proBNP in Patients With Heart Failure and Reduced Ejection
Fraction. Circ Heart Fail 2020;13:e006541.

19 Lurati Buse GA, Koller MT, Burkhart C, et al. The predictive value of
preoperative natriuretic peptide concentrations in adults undergoing

Alonso M, et al. BMJ Open 2026;16:e108073. doi:10.1136/bmjopen-2025-108073


https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-8781-9873
https://orcid.org/0000-0001-6509-6777
http://dx.doi.org/10.1001/jama.2017.4360
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.030114
http://dx.doi.org/10.1016/S0140-6736(18)33139-8
http://dx.doi.org/10.1111/anae.12635
http://dx.doi.org/10.1093/eurheartj/ehac798
http://dx.doi.org/10.1097/ALN.0000000000000113
http://links.lww.com/EJA/A845
http://dx.doi.org/10.1093/eurheartj/ehac270
http://dx.doi.org/10.1093/bjsopen/zrad021
http://dx.doi.org/10.1007/s00392-021-01827-w
http://dx.doi.org/10.24875/RIC.19002888
http://dx.doi.org/10.1053/j.jvca.2019.08.014
http://dx.doi.org/10.1016/j.bja.2022.06.035
http://dx.doi.org/10.1161/CIR.0000000000001234
http://dx.doi.org/10.1016/j.cjca.2016.09.008
http://dx.doi.org/10.1016/j.cjca.2016.09.008
http://dx.doi.org/10.1093/ehjacc/zuaa008
http://dx.doi.org/10.1093/ehjacc/zuaa008
http://dx.doi.org/10.1016/j.amjmed.2016.01.013
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.119.006541

Open access

surgery: a systematic review and meta-analysis. Anesth Analg 31 Swanson SJ, Meyers BF, Gunnarsson CL, et al. Video-assisted
2011;112:1019-33. thoracoscopic lobectomy is less costly and morbid than open

20 Lee CY, Bae MK, Lee JG, et al. N-Terminal Pro-B-type Natriuretic lobectomy: a retrospective multiinstitutional database analysis. Ann
Peptide Is Useful to Predict Cardiac Complications Following Lung Thorac Surg 2012;93:1027-32.

Resection Surgery. Korean J Thorac Cardiovasc Surg 2011;44:44-50. 32 Falcoz P-E, Puyraveau M, Thomas P-A, et al. Video-assisted

21 MaJ, Xin Q, Wang X, et al. Prediction of Perioperative Cardiac thoracoscopic surgery versus open lobectomy for primary non-small-
Events through Preoperative NT-pro-BNP and cTnl after cell lung cancer: a propensity-matched analysis of outcome from the
Emergent Non-Cardiac Surgery in Elderly Patients. PLoS ONE European Society of Thoracic Surgeon database. Eur J Cardiothorac
2015;10:e0121306. Surg 2016;49:602-9.

22 Cardinale D, Colombo A, Sandri MT, et al. Increased perioperative N- 33 Thygesen K, Mair J, Giannitsis E, et al. How to use high-sensitivity
terminal pro-B-type natriuretic peptide levels predict atrial fibrillation cardiac troponins in acute cardiac care. Eur Heart J 2012;33:2252-7.
after thoracic surgery for lung cancer. Circulation 2007;115:1339-44. 34 Ofori S, Wang MK, Popova E, et al. Smoking, Colchicine and

23 Amar D, Zhang H, Tan KS, et al. A brain natriuretic peptide- Postoperative Outcomes in Thoracic Surgery: Post Hoc Analysis of
based prediction model for atrial fibrillation after thoracic surgery: the COP-AF Randomized Controlled Trial. CJC Open 2025;7:860-70.
Development and internal validation. J Thorac Cardiovasc Surg 35 Kampmann J, Heaf J, Backer Mogensen C, et al. Troponin Cut-
2019;157:2493-9. Offs for Acute Myocardial Infarction in Patients with Impaired Renal

24 Cagini L, Andolfi M, Leli C, et al. B-type natriuretic peptide following Function-A Systematic Review and Meta-Analysis. Diagnostics
thoracic surgery: a predictor of postoperative cardiopulmonary (Basel) 2022;12:276.
complications. Eur J Cardiothorac Surg 2014;46:e74-80. 36 Vernooij LM, van Klei WA, Moons KG, et al. The comparative and

25 Zhang L, Zhang Y, Wang Y, et al. Cardiac biomarkers predicting added prognostic value of biomarkers to the Revised Cardiac Risk
major adverse cardiovascular events in patients undergoing Index for preoperative prediction of major adverse cardiac events
noncardiac surgery: a meta-analysis. Front Cardiovasc Med and all-cause mortality in patients who undergo noncardiac surgery.
2019;6:19. Cochrane Database Syst Rev 2021;12:CD013139.

26 Zhang K, Liu C, Tan J, et al. Using preoperative N-terminal pro- 37 Chew MS, Puelacher C, Patel A, et al. Identification of myocardial
B-type natriuretic peptide levels for predicting major adverse injury using perioperative troponin surveillance in major noncardiac
cardiovascular events and myocardial injury after noncardiac surgery surgery and net benefit over the Revised Cardiac Risk Index. Br J
in Chinese advanced-age patients. J Geriatr Cardiol 2022;19:768-79. Anaesth 2022;128:26-36.

27 Perrone MA, Aimo A, Bernardini S, et al. Natriuretic Peptides and 38 Conen D, Ke Wang M, Popova E, et al. Effect of colchicine on
Troponins to Predict Cardiovascular Events in Patients Undergoing perioperative atrial fibrillation and myocardial injury after non-cardiac
Major Non-Cardiac Surgery. IJERPH 2022;19:5182. surgery in patients undergoing major thoracic surgery (COP-AF): an

28 Alonso M, Popova E, Martin-Grande A, et al. Study protocol for an international randomised trial. The Lancet 2023;402:1627-35.
observational cohort evaluating incidence and clinical relevance of 39 Mases A, Beltran de Heredia S, Gallart L, et al. Prediction of Acute
perioperative elevation of high-sensitivity troponin | and N-terminal Myocardial Injury in Noncardiac Surgery in Patients at Risk for Major
pro-brain natriuretic peptide in patients undergoing lung resection. Adverse Cardiovascular and Cerebrovascular Events: A Multivariable
BMJ Open 2022;12:e063778. Risk Model. Anesth Analg 2023;137:1116-26.

29 Thygesen K, Alpert JS, Jaffe AS, et al. Fourth Universal Definition of 40 Méndez Hernandez R, Ramasco Rueda F. Biomarkers as Prognostic
Myocardial Infarction (2018). J Am Coll Cardiol 2018;72:2231-64. Predictors and Therapeutic Guide in Critically Ill Patients: Clinical

30 Pascual-Figal DA, Casademont J, Lobos JM, et al. Documento Evidence. J Pers Med 2023;13:333.
de consenso y recomendaciones sobre el uso de los péptidos 41 Park J, Oh AR, Kwon J-H, et al. Association between cardiologist
natriuréticos en la practica clinica. Revista Clinica Espafiola evaluation and mortality in myocardial injury after non-cardiac
2016;216:313-22. surgery. Heart 2022;108:695-702.

10 Alonso M, et al. BMJ Open 2026;16:108073. doi:10.1136/bmjopen-2025-108073


http://dx.doi.org/10.1213/ANE.0b013e31820f286f
http://dx.doi.org/10.5090/kjtcs.2011.44.1.44
http://dx.doi.org/10.1371/journal.pone.0121306
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.647008
http://dx.doi.org/10.1016/j.jtcvs.2019.01.075
http://dx.doi.org/10.1093/ejcts/ezu348
http://dx.doi.org/10.3389/fcvm.2019.00019
http://dx.doi.org/10.11909/j.issn.1671-5411.2022.10.008
http://dx.doi.org/10.3390/ijerph19095182
http://dx.doi.org/10.1136/bmjopen-2022-063778
http://dx.doi.org/10.1016/j.jacc.2018.08.1038
http://dx.doi.org/10.1016/j.rce.2016.02.008
http://dx.doi.org/10.1016/j.athoracsur.2011.06.007
http://dx.doi.org/10.1016/j.athoracsur.2011.06.007
http://dx.doi.org/10.1093/ejcts/ezv154
http://dx.doi.org/10.1093/ejcts/ezv154
http://dx.doi.org/10.1093/eurheartj/ehs154
http://dx.doi.org/10.1016/j.cjco.2025.04.008
http://dx.doi.org/10.3390/diagnostics12020276
http://dx.doi.org/10.3390/diagnostics12020276
http://dx.doi.org/10.1002/14651858.CD013139.pub2
http://dx.doi.org/10.1016/j.bja.2021.10.006
http://dx.doi.org/10.1016/j.bja.2021.10.006
http://dx.doi.org/10.1016/S0140-6736(23)01689-6
http://dx.doi.org/10.1213/ANE.0000000000006469
http://dx.doi.org/10.3390/jpm13020333
http://dx.doi.org/10.1136/heartjnl-2021-319511

	N-­terminal proBNP adds prognostic value to high-­sensitivity cardiac troponin I in elective thoracic surgery: an observational cohort study
	Abstract
	Introduction﻿﻿
	Patients and methods
	Study design and population
	Study procedures
	Follow-up and data collection
	Patient and public involvement
	Outcomes
	Statistical analysis

	Results
	Discussion
	Limitations and strengths

	References


