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Elevated circulating levels of neutrophil extracellular traps after
cardiopulmonary bypass surgery as risk factors of postoperative
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Background: Cardiopulmonary bypass (CPB) can trigger a systemic inflammatory response during the
perioperative period, which may lead to the consumption of the contact system and the production of
neutrophil extracellular traps (NETs). This study attempted to determine whether the formation of NETs
and contact activation are a vivid occurrence during CPB and whether they are related to post-operative
atrial fibrillation (AF) and survival.

Methods: A prospective observational study was conducted in 97 patients who underwent aortic valve and/
or aorta replacement surgery with CPB. Circulating markers of NETs [histone-DNA complex, cell-free
double stranded DNA (dsDNA), neutrophil elastase] and the contact system [prekallikrein, high molecular
weight kininogen (HMWK)), activated factor XII (FXIIa)] were measured at four-time points: before surgery
(T0), immediately after surgery (T'1), 1 day after surgery (12), and 3 days after surgery (T3).

Results: Elevated levels of circulating NETs markers were observed across post-CPB time. Significantly
elevated levels of histone-DNA complex and cell-free dSDNA measured T3 were detected in patients with
post-operative AF compared to those without. In logistic regression analysis, levels of histone-DNA complex
and cell-free dSDNA measured at T3 were significant markers of risk for occurrence of AF. The levels of
cell-free dsSDNA measured T2 were significantly higher in non-survivors than in survivors. The level of cell-
free dsDNA showed significant prognostic value.

Conclusions: NETs markers may be useful for the assessment of risk for post-operative AF and mortality.
Conduct of additional research regarding the role of NETs as clinical markers and as a therapeutic target in
CPB is anticipated.
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Introduction

Cardiopulmonary bypass (CPB) can trigger a systemic
inflammatory response during the peri-operative period (1).
The inflammatory response can be caused by multiple
factors including blood contact with an extracorporeal
circuit, ischemia-reperfusion injury, and neutrophil
activation (1,2). The activation of neutrophils, elicited by
various stimuli (3) leads to the formation of neutrophil
extracellular traps (NE'Ts) consisting of histones, DNA,
neutrophil elastase, and myeloperoxidase, etc. (4). Among
these constituents, DNA provides a negatively charged
surface, thus promoting the intrinsic coagulation system
through activation of coagulation factor XII (FXII) (5).
FXII assumes a pivotal role as a protease in the initiation of
the contact system, which drives both the kallikrein-kinin
system and the intrinsic coagulation system (6). The contact
system includes coagulation factor XII and XI, prekallikrein,
and high molecular weight kininogen (HMWK).

Findings from recent studies have indicated that
NETs-induced proinflammatory processes might play a
contributory role in the development of post-operative
complications after cardiac surgery including atrial
fibrillation (AF) (7,8). AF has been reported to occur in 30%
to 50% of patients after cardiac surgery, which contributes
to the potential for poor outcomes of cardiac surgery (9).
The post-operative AF has been reported to be associated
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* Elevated neutrophil extracellular traps (NETs) markers measured
after surgery showed association with post-operative atrial
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What is known and what is new?

¢ NETs-induced proinflammatory processes contribute to
development of post-operative complications after cardiac surgery
including AF.

¢ In this study, there were increases in the levels of circulating
NETs markers after surgery with cardiopulmonary bypass (CPB).
Notably, when comparing patients with post-operative AF to those
without, significantly elevated levels of histone-DNA complex and
cell-free double stranded DNA were detected after surgery.

What is the implication, and what should change now?

* Patents with elevated levels of NETs markers at three days after
CPB surgery have a high risk for occurrence of post-operative AF.

® Markers of NETs may be useful for assessment of risk for post-
operative AF and mortality.
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with local and systemic inflammations (10). Inflammation
can lead to increased atrial conduction heterogeneity after
cardiac surgery, which can lead to the development of AF
(11,12). Interleukin-6 (IL-6), C-reactive protein (CRP), and
mitochondrial damage associated molecular patterns levels
have been proposed as predictors of post-operative AF (13-16).
The use of predictive markers can enable accurate
identification of patients at risk of post-operative AF,
which can facilitate preventive management and reduce the
potential for adverse outcomes associated with AF.

Because activation of neutrophils can occur during
CPB, leading to the formation of NETs, the levels of
NETs can increase during the perioperative period of CPB
and may influence the occurrence of complications such
as AF. This study attempted to determine whether the
formation of NETs and the activation of the contact system
is a vivid occurrence during CPB and whether they are
related to post-operative AF and survival. Therefore, the
levels of circulating markers of NETs [including histone-
DNA complex, cell-free double stranded DNA (dsDNA),
neutrophil elastase] and the levels of contact system
markers [comprising prekallikrein, HMWK, activated
factor XII (FXIIa)] were measured in 97 patients who had
undergone CPB. We present this article in accordance with
the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-24-295/rc).

Methods
Study population and data collection

This was a prospective observational study in a single
institution. A total of 97 patients who underwent elective
surgery for aortic valve and/or aortic replacement with the
use of CPB at Seoul National University Hospital spanning
from May 2021 to May 2022 were enrolled in the study.
The types of cardiac surgery performed included as follows:
aortic valve replacement only (AVR group, n=46), aortic
valve and ascending aorta replacement (AVR + aorta group,
n=28), and aorta replacement only (aorta group, n=23).
Blood samples were collected at four distinct time points
throughout the perioperative period, before surgery (T0),
immediately after surgery (T1), 1 day after surgery (12),
and 3 days after surgery (T3). These samples were collected
to measure the circulating NET$ markers and the contact
system markers. A review of medical charts was performed
to obtain detailed clinical and demographic information
including age, sex, past medical history such as AF and
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chronic kidney disease, results of laboratory tests, dates
of admission and discharge, date and cause of death, date
and type of surgery, CPB time, body temperature during
CPB, and occurrence of AF. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by the Institutional Review
Board of Seoul National University Hospital (IRB No.
2104-231-1217). Written informed consent was obtained
from all participants.

Patients with documented AF in their medical charts
or electrocardiogram records were classified as individuals
who had experienced post-operative AF. One patient with
pre-existing AF was classified as not having post-operative
AF. Acute kidney injury (AKI) was defined according to the
acute kidney injury network (AKIN) classification system.
Five patients who had chronic kidney disease mentioned in
a discharge summary and/or renal consultation note were
excluded from analysis on AKI.

Measurement of the circulating markers

Samples of peripheral blood were collected in sodium
citrate tubes, which were then transferred to a conventional
laboratory. Upon their arrival, the samples were centrifuged
at a force of 1,550 xg for 15 minutes, following which
they were stored at - 80 °C. Measurement of the histone-
DNA complex levels was performed using a cell death
detection ELISA kit (Roche Diagnostics, Indiana, USA).
For the determination of cell-free dsDNA levels, Quant-
iT PicoGreen dsDNA reagent (Molecular Probes, Eugene,
Oregon, USA) and a Fluoroskan Ascent microplate
fluorometer (Thermo Fisher Scientific Inc., Waltham,
Massachusetts, USA) were performed. The levels of
neutrophil elastase were measured using a human neutrophil
elastase platinum ELISA kit (eBioscience, Vienna, Austria).
Measurement of the levels of prekallikrein and HMWK
antigens was performed using respective ELISA kits (Cloud-
Clone Co., Houston, TX, USA). Lastly, the Measurement
of activated factor XII activity was performed using a Factor
XlIa test kit (CoaChrom Diagnostica, Maria Enzersdorf,
Austria). Reference ranges for all circulating markers were
established through analysis of samples obtained from
healthy volunteers (n=45, Table S1).

Statistical analysis

Comparisons of continuous data were performed using
the Mann-Whitney U test and the Kruskal-Wallis test.
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Comparison of categorical variables was performed using
the chi-square test. The type I error rate of the Mann-
Whitney U test and the chi-square test was controlled using
the Bonferroni procedure for multiple comparisons. Analysis
of correlations was performed using Spearman’s correlation
coefficient. The determination of optimal cutoff values
for the circulating markers for AF at 3 days after surgery
and 1 day after surgery were determined in the analysis
using the receiver operating characteristic (ROC) curve
analysis. For risk assessment of circulating markers for the
occurrence of AF, logistic regression analysis adjusted for
age and sex was performed, where the levels of circulating
markers detected at 3 days after surgery were dichotomized
based on the optimal cutoff values. Assessment of all-cause
mortality was performed using Kaplan-Meier survival
analysis with an optimal cutoff value at 1 day after surgery.
Intragroup comparisons of the serially assessed data were
performed using a paired #-test. Intergroup comparisons of
the serially assessed data were performed using linear mixed
models, which included group, time, and group-by-time as
fixed effects. MedCalc Software version 20.215 (MedCalc
Software, Ostend, Belgium) was used for the determination
of optimal cutoff values from analysis using ROC curves and
other statistical analyses were performed using IBM SPSS
Statistics version 27.0 (IBM Corp., Armonk, NY, USA).
P<0.05 was considered statistically significant. GraphPad
Prism version 9.3.0 (GraphPad Software, San Diego, CA,

USA) was used for visualization of data.

Results
Patient characteristics

The median age of the patients was 70 years [interquartile
range (IQR), 63-77 years] (Table 1). The median age in
the AVR + aorta group was younger than that in the Aorta
group, and the difference was statistically significant.
Among the patients, there were 51 male and 46 female
patients. The median CPB time was shorter in the AVR
group compared with the AVR + aorta groups and the Aorta
groups, and the CPB temperature was higher in the AVR
group compared with the AVR + aorta groups and the Aorta
group. Furthermore, when comparing the CPB temperature
between the AVR + aorta group and the Aorta group, the
CPB temperature was higher in the AVR + aorta group.
Out of 97 patients, 29 (29.9%) patients developed post-
operative AF. The median time of onset of post-operative
AF was 3 days (IQR, 24 days). Out of 92 patients without
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Table 1 Clinical and demographic characteristics of patients

Jung et al. NETs as markers for post-operative AF

Cardiac surgery

Characteristics Total (n=97)
AVR (n=46) AVR + aorta (n=28) Aorta (n=23)
Age (years) 70 [63-77] 71 [65-78] 66 [59-72] 73" [69-77]
Gender (M/F) 51/46 22/24 16/12 13/10
Cardiopulmonary bypass
Time (min) 136 [105-168] 103 [86-125] 150* [137-179] 162* [134-193]

Temperature (°C)

29.5 [27.4-31.5]

31.4 [30.7-32.1]

28.1* [27.0-29.0]

27.07[25.4-28.1]

Complication
Atrial fibrillation 29 (29.9)
Acute kidney injury? 42 (45.7)
Death 3(3.1)
Comorbidity
Hypertension 65 (67.0)
Diabetes 20 (20.6)
Chronic kidney disease 5(5.2)

13 (28.3) 8 (28.6) 8 (34.8)
17 (40.5) 13 (46.4) 12 (54.5)
1@2.2) 0(0.0) 2 (8.7)
30 (65.2) 14 (50.0) 211 (91.3)
11 (23.9) 4(14.3) 5 (21.7)
4(8.7) 0(0.0) 1(4.3)

Data are shown as median [interquartile range] or n (%). ?, values are based on 92 patients without chronic kidney diseases (42 patients in
the aortic valve replacement group, 28 patients in the aortic valve replacement and ascending aorta surgery groups, and 22 patients in the

*

aorta surgery group); *, P<0.05 vs. AVR group; ', P<0.05 vs. AVR + aorta group. M, male; F, female; AVR, aortic valve replacement; AVR +
aorta, aortic valve replacement and ascending aorta surgery; Aorta, aorta replacement surgery.

chronic kidney diseases, 42 (45.7%) patients developed
post-operative AKI. One patient in the AVR group died
28 days after surgery and two patients in the Aorta group
died on days 9 and 10 after surgery, as a consequence of
septic shock. The proportion of hypertension exhibited a
lower prevalence within the AVR + aorta group as opposed to
the Aorta group. No discernible distinction in the proportion
of diabetes and chronic kidney disease was observed among
groups.

Changes of circulating markers in regard to surgery type

Perioperative changes of circulating markers based on
three types of surgery are shown in Figure 1. Statistically
significant increases in the levels of histone-DNA complex
were detected T3 compared with TO in all three types of
surgery (Figure 1A). Significant increases in the levels of
cell-free dsDNA and neutrophil elastase were observed
T1 and these elevations persisted in an augmented state
until T3 compared with the baseline at T0 in all three
types, as illustrated in Figure 1B,1C. Regarding contact
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system markers, a decrease in the level of prekallikrein
was observed at T'1 for all three types of surgery, although
statistical significance was not reached in the Aorta group.
Significantly elevated levels of prekallikrein were detected
in the Aorta group at 13 compared with T0 (Figure 1E). No
significant changes in HMWK and FXIIa were observed
across time (Figure 1D, 1F).

At baseline time of T0, the percentage of total patients
who showed increased circulating levels of the NETs and
contact system compared with reference range were shown
(Table S1). The histone-DNA complex, cell free dsDNA,
neutrophil elastase, HMWK, prekallikrein and FXIIa at T0
were increased in 5.15%, 19.59%, 0%, 46.39%, 32.99%
and 30.93%, respectively.

Changes of circulating markers in regard to the occurrence
of AF

Perioperative changes of circulating markers between
patients with AF (n=29) and those without (n=68) are
shown in Figure 2. Notably, histone-DNA complex and
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Figure 1 Perioperative changes in markers of neutrophil extracellular traps and the contact system based on cardiac surgery type across

four time points (T0, before surgery; T1, immediately after surgery; T2, 1 day after surgery; T3, 3 days after surgery). (A) Histone-DNA
complex, (B) cell-free dsDNA, (C) neutrophil elastase, (D) HMWXK, (E) prekallikrein, (F) FXITa. *P<0.05 vs. TO, 'P<0.05 vs. T1, *P<0.05

vs. T2 in paired 7-test. Red line and sign, aortic valve replacement (AVR, n=46); green line and sign, aortic valve and ascending aorta

replacement (AVR + aorta, n=28); blue line and sign, aorta replacement (Aorta, n=23). AVR, aortic valve replacement; AVR + aorta, aortic

valve replacement and ascending aorta surgery; Aorta, aorta replacement surgery; dsDNA, double stranded DNA; HMWK, high molecular

weight kininogen; FXTIa, activated factor XII.

cell-free dsDNA showed a sudden increase in patients
with AF at T3, compared with T2, while these markers
showed no significant increase in patients without AF at
T3, compared with T2 (Figure 2A4,2B). Neutrophil elastase
showed an increasing trend at T3 compared with 1 day
after surgery (T2) in both patients with and without AF
(Figure 2C). HMWK showed an increasing trend after
surgery in patients with AE, but without statistical significance
(Figure 2D). The levels of prekallikrein showed a significant
increase at T3 compared with T'1 in patients without AF
(Figure 2E). No specific trend was observed for FXIIa levels
(Figure 2F).

At the T1 time point, the levels of histone-DNA complex
showed a reverse correlation with HMWK (r=-0.633,
P<0.001) (Figure 3). No significant correlation was observed
between the levels of histone-DNA complex and levels of

© Journal of Thoracic Disease. All rights reserved.

prekallikrein and FXIIa (data not shown). No statistically
significant perioperative changes in circulating markers
were observed between patients with AKI (n=42) and those
without (n=50) (data not shown).

Risk assessment for circulating markers for the occurrence

of AF

The high level of histone-DNA complex (>400 ng/mL) at
T3 showed a significantly high odds ratio for risk associated
with the occurrence of post-operative AF, as delineated in
Table 2. Results from the calculation of delta-changes (A)
as values at '3 minus values at T2 indicated that a high
level of A histone-DNA complexy;_1, (>263 ng/mL) was a
significant marker for the occurrence of AF. Moreover, the
presence of high levels of cell-free dsDNA (>138 ng/mL)

7 Thorac Dis 2024;16(7):4319-4328 | https://dx.doi.org/10.21037/jtd-24-295
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Figure 2 Perioperative changes in markers of neutrophil extracellular traps and the contact system based on AF across four-time points

(T0, before surgery; T1, immediately after surgery; T2, 1 day after surgery; T3, 3 days after surgery). (A) Histone-DNA complex, (B) cell-
free dsDNA, (C) neutrophil elastase, (D) HMWK, (E) prekallikrein, (F) FXIIa. *P<0.05 vs. non-AF at linear mixed model; "P<0.05 vs. T,
'P<0.05 vs. T2 in paired #-test. Red line and sign, patients without post-operative AF (n=68); blue line and sign, patients with post-operative
AF (n=29). AF, atrial fibrillation; dsDNA, double stranded DNA; HMWK, high molecular weight kininogen; FXTIa, activated factor XII.
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Figure 3 Correlation of histone-DNA complex with HMWK.

Spearman’s correlation coefficients for pairwise comparisons of

histone-DNA complex and HMWK at T1 (immediately after

surgery). HMWK, high molecular weight kininogen.

and A cell-free dsDNAg; 1, (>8.86 ng/mL) were significant
markers for the occurrence of AF. Neutrophil elastase
and three contact system markers did not show statistical
significance at T3.

© Journal of Thoracic Disease. All rights reserved.

Prognostic value of cell-free dsDNA

Significantly higher levels of cell-free dsSDNA were detected
at T2 in non-survivors (n=3) compared to survivors (n=94),
as illustrated in Figure 44. Conversely, no significant
differences in other markers at T2 and all markers at
other time points were observed between non-survivors
and survivors (data not shown). In Kaplan-Meier analysis,
patients were divided into two distinct groups according
to the cutoff value of cell-free dsSDNA at T2 determined
from ROC analysis. A significantly lower survival rate was
observed for patients with high levels of cell-free dsDNA
(>141.7 ng/mL) (Figure 4B).

Discussion

The findings elucidated by this study demonstrated that
the levels of circulating markers of NETs were elevated
across post-CPB time, suggesting that an inflammatory
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Table 2 Predictive circulating markers at the T3 time point (3 days after surgery) for post-operative occurrence of atrial fibrillation

Markers Odds ratio 95% CI P value
NETs markers
Histone-DNA complex (>400 vs. <400 ng/mL) 14.532 1.560-135.413 0.02
A Histone-DNA complex;s.r, (>263 vs. <263 ng/mL) 4.761 1.213-18.691 0.03
Cell-free dsDNA (>138 vs. <138 ng/mL) 2.896 1.076-7.797 0.04
A Cell-free dsDNA; 1, (>8.86 vs. <8.86 ng/mL) 5.117 1.910-13.709 0.001
Neutrophil elastase (>426 vs. <426 ng/mL) 0.494 0.094-2.592 0.40
Contact system markers
Prekallikrein (>7.57 vs. <7.57 ng/mL) 0.607 0.171-2.157 0.44
HMWK (>12.6 vs. <12.6 ng/mL) 3.124 0.912-10.697 0.07
FXlla (>63.9 vs. <63.9 U/l) 2.714 0.789-9.338 0.11

Age- and sex-adjusted multivariate logistic regression was performed for the assessment of atrial fibrillation risk. A Histone-DNA complexrs.1,
was calculated according to changes in histone-DNA complex levels between T2 (1 day after surgery) and T3 (3 days after surgery). A Cell-
free dsDNA; 1, was calculated according to changes in cell-free dsDNA levels between T2 and T3. NETs, neutrophil extracellular traps;
dsDNA, double stranded DNA; HMWK, high molecular weight kininogen; FXlla, activated factor XllI; Cl, confidence interval.
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Figure 4 Prognostic value of cell-free dsDNA at T2 (1 day after surgery). (A) Differences in cell-free dsDNA levels at T2 between non-
survivors (n=3) and survivors (n=94). (B) Kaplan-Meier survival analysis stratified for cell-free dsDNA at T2. dsDNA, double stranded DNA.

response that varied in intensity was triggered by CPB (17).
In particular, significantly elevated levels of histone-DNA
complex and cell-free dsDNA were detected 3 days after
surgery in patients with post-operative AF compared
to those without. NETs could induce injury to the
mitochondria of cardiomyocytes (18). Large numbers
of free radicals capable of oxidizing many intracellular
targets, including sodium channels, are released as a result
of dysfunctional mitochondria (19). These changes can
directly alter the excitability of cardiomyocytes. In addition,
myeloperoxidase (MPO) is released to endothelial cells by
activated neutrophils via a direct CD11b/CD18-integrin (20).

© Journal of Thoracic Disease. All rights reserved.

MPO promotes fibrosis, thereby increasing susceptibility
to AF (21). Accordingly, elevated formation of NETs is
considered to influence the occurrence of AF.

Unlike the two NETs markers, the level of neutrophil
elastase was not significantly elevated in patients with
AF. Release of neutrophil elastase can occur in a non-
specific inflammatory response (22). Its levels are likely
to be increased even in patients without AF due to the
inflammatory potential associated with surgery. In addition,
the release of neutrophil elastase occurs during the initial
process of NETs formation, and the release of NETs finally

occurs via a downstream signaling cascade for chromatin
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de-condensation (23-25). Therefore, it is believed that AF is
associated more with the final formation of NETs than with
the early stage of inflammation.

In the results of logistic regression analysis, levels of
histone-DNA complex and cell-free dsDNA measured
at 3 days after surgery were significant markers of risk
for the occurrence of AF. Although the association of
several inflammatory markers, including post-operative
neutrophil/lymphocyte ratio (26), IL-6 (13), and
mitochondrial damage-associated molecular patterns (16)
with post-operative AF has been reported, to the best of
our knowledge, research on circulating markers of NETs
has not been previously reported. The findings of this
study demonstrated for the first time the significance of
NETs markers as factors in the assessment of the risk for
occurrence of AF after CPB surgery.

Circulating markers were measured at four-time points
in this study, however, high levels of histone-DNA complex
and cell-free dsDNA were significant markers for the risk
of AF only at 3 days after surgery. Measurement of NETs
markers post-operatively, rather than pre-operatively, will
likely provide information regarding the development of
post-operative AF. Given that post-operative AF is typically
reported with a peak incidence between days 2 and 4 after
surgery (27) and that the results of our study also showed
a median onset of 3 days, the observed elevation of NETs
markers at 3 days after surgery could be a consequence
of post-operative AF, in addition to being a causal factor.
In the future, testing at more detailed time points may be
required for clarification of the causal relationship between
NETs and AF.

According to our results, increased levels of prekallikrein
were observed at 3 days after surgery compared with
levels measured before surgery in patients who underwent
aorta replacement surgery (aorta group), but not in other
surgery. This could be explained by the significantly lower
body temperature detected during CPB in the Aorta group
compared with other surgery. The lower the temperature
during CPB, the less prekallikrein is degraded (28), thus it is
possible that increased levels of prekallikrein detected after
surgery in the Aorta group were caused by low temperature.

A negative correlation was observed between levels of
histone-DNA complex and HMWK immediately after
surgery. NETs provide a negatively charged surface,
therefore, increased formation of NETs could induce
activation of the contact system through the negatively
charged surface. During activation of the contact system,
FXII is autocleaved into FXIIa, which causes the conversion
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of prekallikrein into kallikrein, and then kallikrein cleaves
HMWHK into bradykinin (29). Therefore, activation of
the contact system proceeds with the consumption of
prekallikrein and HMWK (30,31). The level of circulating
HMWK is likely to show a decrease in patients with a high
level of NETs formation. Although prekallikrein and FXIIa
did not show a correlation with histone-DNA complex,
their levels showed a substantial decrease at immediately
after surgery compared to the initial assessment, suggesting
its consumption due to activation of the contact system
regardless of the extent of NETs formation.

Duration of CPB (32), high mobility group box 1 (33),
and neutrophil-lymphocyte ratio (34) have been reported
as risk factors for post-operative morbidity and mortality.
Our findings demonstrated that the level of cell-free
dsDNA measured on 1 day after surgery was of significant
prognostic value. Inflammation triggered by CPB leads
to the release of large numbers of NETs. Released
NETs could cause occlusion of capillaries, impairment
of microcirculation, tissue damage, and exacerbate
inflammation. In addition, NETs or their components
can cause damage to the endothelium, leading to the
development of diffuse thrombosis, which can result in
disseminated intravascular coagulation and acute organ
injury, both of which can increase mortality (35).

However, our study is accompanied by several limitations.
First, data were collected from a single center using a non-
blinded design. Conduct of a multicenter study using a
blinded design will be required for clinical application
of NETs markers in CPB. Second, our study focused on
aortic valve and/or aorta replacement surgery, thus caution
should be used when attempting to extrapolate our results to
other cardiac surgeries. Third, only three patients died after
surgery. This small number of patients might not be adequate
to determine the prognostic values. Conduct of future studies
including large numbers of patients will be required. Finally,
all patients in this study underwent cardiac surgery with CPB.
Patients undergoing off-pump cardiac surgery as the control
group would be required in order to clarify the mechanism of
NETs formation in the context of CPB.

Conclusions

In summary, an increase in the level of NETs was observed
after surgery in patients who underwent CPB. The high
levels of histone-DNA complex and the high levels of
cell-free dsDNA measured at 3 days after surgery were
significant markers showing association with post-operative
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AF. Furthermore, the levels of cell-free dsSDNA measured
at 1 day after surgery showed significant prognostic value
in patients who underwent CPB. Our findings suggest
that markers of NETs may be useful for the assessment of
risk for post-operative AF and mortality. The conduct of
additional studies regarding the role of NETs as clinical
markers and as a therapeutic target in CPB is anticipated.
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