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Prospective Reassessment of the Association 
Between Pro-Inflammatory Factors and 
Prognosis After on-Pump Cardiac Surgery

Aim Elevated levels of pro-inflammatory factors in plasma have been linked to worse prognosis after 
on-pump cardiac surgery, yet interventions that reduce the levels in patients have failed to improve 
prognosis. Therefore, we explored whether levels of pro-inflammatory factors are associated with 
prognosis of patients after valve surgery with cardiopulmonary bypass.

Material and methods 244 patients were prospectively enrolled into observational study. Levels of tumor necrosis factor 
(TNF) – α, interleukin-8 and neutrophil elastase were measured once before and several times after 
cardiopulmonary bypass. The levels were compared between patients who experienced in-hospital 
adverse events or not, and between patients who experienced major adverse cardiac or cerebrovascular 
events (MACCEs) during three-year follow-up or not.

Results Of the 244 patients enrolled, in-hospital adverse events occurred in 38 (15.6 %); of the 237 patients who 
completed follow-up, MACCEs occurred in 30 (12.7 %). Surgery led to significant increases in levels of 
all three pro-inflammatory factors, with levels returning to pre-bypass baseline on arrival in the intensive 
care unit (TNF-α), 4 h after arrival (interleukin-8) or 20 h after arrival (neutrophil elastase). However, pre- 
and post-bypass levels of all three factors did not differ significantly between patients who experienced 
adverse events in-hospital or not, or between patients who experienced MACCEs during follow-up or not.

Conclusions Levels of TNF-α, interleukin-8 and neutrophil elastase may not be associated with poor prognosis after 
cardiopulmonary bypass. This may help explain why “cytokine clearance” strategies fail to improve 
clinical outcomes after on-pump cardiac surgery.
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Introduction
A substantial proportion of patients who undergo cardi-

ac surgery with cardiopulmonary bypass (CPB) experience 
systemic inflammatory response syndrome [1, 2]. This re-
sponse ranges widely from 28 % to as high as 96 % of cases, 
and it increases the risk of postoperative morbidity [1, 2]. 
In fact, this systemic inflammatory response syndrome has 
been linked to mortality rates as high as 10 % [2]. How car-
diopulmonary bypass induces systemic inflammation is not 
fully understood. The inflammatory response may begin 
when the blood contacts the foreign surfaces of the bypass 
apparatus, and then it may worsen as a result of the patient’s 
ischemia-reperfusion injury, endotoxemia, coagulation ac-
tivation, and the administration of heparin or protamine [3, 
4]. Several studies have linked this syndrome to a massive re-
lease of pro-inflammatory cytokines, such as tumor necrosis 
factor (TNF) – α, interleukin-8, and neutrophil elastase [5–

9]. The result being a drastic self-reinforcement of various 
feedback mechanisms, which can ultimately lead to systemic 
damage, multi-organ failure, and death [10].

Several investigators (Becker S, Liu MH, Magoon R, et al) 
have explored whether reducing concentrations of pro-inflam-
matory cytokines in the blood can improve the prognosis of pa-
tients after on-pump cardiac surgery. Unfortunately, such “cy-
tokine clearance” strategies have failed to substantially improve 
clinical outcomes in several clinical studies [11–15]. These 
findings raise the possibility that elevated concentrations of 
pro-inflammatory factors in plasma may not contribute much 
to the poor prognosis after on-pump cardiac surgery, and are 
therefore they are unreliable prognostic predictors.

To explore this possibility, we compared concentrations 
of pro-inflammatory factors in plasma between patients who 
experienced adverse events and those who did not after on-
pump cardiac surgery. Our results suggest that focusing on 
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reducing pro-inflammatory factors is not sufficient to im-
prove prognosis of patients after on-pump cardiac surgery.

Material and methods
Patients

This is a re-analysis of a prospective cohort study. The 
patients in this study have been described previously [16, 
17]. Based on the following inclusion and exclusion criteria, 
244 of 457 patients were included in the study. Inclusion cri-
teria: Patients aged 18 to 65 yrs with rheumatic valve disease 
and who underwent valve surgery with cardiopulmonary by-
pass between November 2011 and September 2012 at West 
China Hospital, Sichuan University. 

Exclusion criteria: 1) Known organ dysfunction, including 
adult respiratory distress syndrome, kidney failure, or New 
York Heart Association (NYHA) class IV heart failure. 2) Pre-
operative pulmonary diseases, such as chronic obstructive pul-
monary disease, pneumonia, and pulmonary hypertension. 
3) Confirmed systemic inflammatory respon se syndrome. 4) 
History of any previous heart surgery. 5) Required a second 
operation due to hemorrhage or other adverse events. 6) Pa-
tients who have been or are currently participating in other 
clinical studies. 

The study protocol was approved by the Ethics Com-
mittee of Sichuan University (approval number: 2011–133) 
and registered in the Chinese Clinical Trial Registry (ChiC-
TR-OCH-12001922). All patients gave written informed 
consent before enrollment.

Patients underwent surgery and were managed according 
to routine practice at our hospital. After the initiation of CPB, 
the ascending aorta was occluded. Cardioplegia solution was 
then infused through the root of the aorta, with a tempera-
ture of approximately 6–10°C (average 8°C). The  infusion 
pressure was maintained at 120–160 mmHg, and the infu-
sion duration of the cardioplegia solution was 5 min.

After discharge, patients were followed up every 6 mo for 
3  yrs by telephone or during outpatient visits. The last fol-
low-up was conducted in August 2015. During the follow-up 
period, the patients or their family members were asked to 
report whether and when the patients had been hospitalized 
in any hospitals. Patients without any hospitalization were 
considered to not have experienced major adverse cardiac or 
cerebrovascular events (MACCEs). For patients who were 
hospitalized in our hospital, MACCEs were assessed during 
the hospitalization by our researchers. For patients were hos-
pitalized in other hospitals, MACCEs were assessed based 
on medical records provided by the hospitals. Researchers 
conducting follow-up were blinded to the patients’ laborato-
ry testing results.

Blood sampling and analyses
Blood samples were collected at five time points: 

1) After anesthesia induction but before the start of cardio-
pulmonary bypass;
2) Immediately before weaning off bypass;
3) Arrival in the intensive care unit (ICU); 
4) 4 h after arrival in the ICU; 
5) 20 h after arrival in the ICU. Within 4 h after collection, 
the blood samples were centrifuged at 4 °C for 15 min at 
1000 g, and the plasma was removed and stored at –80  °C 
until assayed for tumor necrosis factor (TNF)-α, interleu-
kin-8, and neutrophil elastase. 

These assays were performed using commercial enzyme-
linked immunosorbent kits (R&D Systems, Minneapolis, 
MN, USA).

Data collection and outcomes
Data were collected on preoperative variables inclu ding 

patient clinic demographics, smoking history, preope rative 
comorbidities, cardiac disease, NYHA class, and medica-

Every 
6 mos for 

3 yrs
244 

patients

Patient Recruitment

TNF-α, 
IL-8, NE

Follow-up

Five time 
points 

Blood Sample Collection Laboratory Testing by ELISA

① Patients with in-hospital adverse events  vs  those without. 
② Patients with MACCEs during three-year follow-up vs
those without statistical analysis.

No signi�cant di�erences 

Concentrations of TNF-α, interleukin-8, 
and neutrophil elastase may not be associated with poor 
prognosis a�er cardiopulmonary bypass.

Central illustration. Prospective Reassessment of the Association  
Between Pro-Inflammatory Factors and Prognosis After on-Pump Cardiac Surgery



89ISSN 0022-9040. Кардиология. 2024;64(9). DOI: 10.18087/cardio.2024.9.n2682

ОРИГИНАЛЬНЫЕ СТАТЬИ§
tion history. In addition, data were collected on intraopera-
tive variables including type of valve replace ment, duration 
of cardiopulmonary bypass, and duration of cross-clamping.

Data were collected on the following adverse events dur-
ing hospitalization: 1) acute respiratory distress syndro me; 2) 
acute kidney injury; 3) acute liver dysfunction; 4) neurologi-
cal adverse events, including seizures, coma, cereb ral hemor-
rhage, transient ischemic attack or stroke; 5) cardiovascular 
adverse events, including heart failure, myo cardial infarction, 
and life-threatening arrhythmia. Data were also collected on 
the MACCEs that occurred during the three-year follow-up 
after discharge: 1) stroke; 2) heart failure; 3)  myocardial in-
farction; 4) life-threatening arrhythmia; 5) transient ischemic 
attack; 6) MACCE-related death. Multiple rehospitalizations 
of the same patient were counted only once. All of these ad-
verse events have been described in detail elsewhere [16, 17].

Statistical analysis
Data were analyzed using Prism 9.0 (GraphPad, San Di-

ego, CA, USA). Categorical data are reported as number (%), 
while continuous data are reported as the median (interquar-
tile range). Normal distribution was tested using the Ander-
son–Darling test at the 5 % significance level and the data were 
found to follow a normal distribution. Intergroup differenc-
es were assessed for significance by using the chi-squared test 
or Fisher’s exact test in the case of categorical data, or by us-
ing the independent-samples t test or one-way ANOVA in the 

case of continuous data. Intergroup differences of pro-inflam-
matory factors at different time points were assessed using 
two-way, repeated-measures ANOVA. Differences associated 
with two-sided p< 0.05 were considered significant. In some 
analyses, subsets of patients were matched to each other us-
ing propensity scoring based on demographics, cardiac func-
tion, comorbidities, medications before surgery, and surgical 
procedures. Matching was performed within SPSS 26.0 (IBM, 
Chicago, IL, USA).

Results
Of the 244 patients enrolled in the study, 38 (15.6 %) expe-

rienced adverse in hospital events (Table 1). These events com-
prised the following: 1) acute respiratory distress syndrome, 
17  patients; 2) acute kidney injury, 9 patients; 3) neurologi-
cal adverse events, 3 patients; 4) cardiovascular adverse events, 
3 patients; 5) combinations of these events, 6 patients. Of the 
237 patients who completed three-year follow-up, 30 (12.7 %) 
suffered MACCEs, comprising of the following: 1) heart fail-
ure progression, 6 patients; 2) life-threatening arrhythmia, 6 pa-
tients; 3) stroke, 8 patients; 4) transient ischemic attack, 1 pa-
tient; 5) myocardial infarc tion, 1 patient; 6) MACCE-related 
death, 8 patients. Among the patients who completed the fol-
low-up period, the risk of MACCEs during follow-up was sig-
nificantly higher among those who experienced adverse events 
during hospitalization than among those who did not (relative 
risk 1.304, 95 % confidence interval 1.066–1.789).

Table 1. Clinicodemographic characteristics stratified by whether or not the patients 
experienced adverse events during hospitalization or follow-up

Characteristic
All patients Adverse events in hospital MACCEs during follow-up

(n = 244) Yes (n = 38) No (n = 206) p Yes (n = 30) No ( n=207 ) p
Demographics
Age, yrs 47 (42, 55) 48 (43, 57) 47(42, 55) 0.908 48 (44, 57) 46 (41, 55) 0.323
Male 78 (34.8) 16 (42.1) 62 (30.1) 0.185 7 (23.3) 68 (32.9) 0.295

Body mass index, kg/m2 22.04  
(20.2, 23.6)

23.5  
(21.2, 24.6)

21.9  
(20.1, 23.4) 0.569 22.48  

(20.89, 23.92)
21.96  

(20.22, 23.58) 0.848

Ever smoker 52 (21.3) 13 (34.2) 39 (18.9) 0.051 3 (10.0) 47 (22.7) 0.111
Cardiac function
LVEF, % 63 (57,68) 61 (58, 66) 63 (57, 68) 0.146 63 (60, 70) 63 (57, 68) 0.505
NYHA class 1.000 0.603
II 37 (15.2) 6 (15.8) 31 (15.0) 3 (10.0) 31 (15.0)
III 207 (84.8) 32 (84.2) 175 (85.0) 27 (90.0) 175 (85.0)

Comorbidities
Diabetes 5 (2.0) 2 (5.3) 3 (1.5) 0.174 1 (3.3) 4 (1.9) 0.495
Atrial fibrillation 118 (52.7) 19 (50.0) 99 (48.1) 0.861 15 (50.0) 99 (47.8) 0.824
Hypertension 18 (7.4) 6 (15.8) 12 (5.8) 0.043 3 (10.0) 15 (7.2) 0.870
Left atrial thrombus 33 (13.5) 5 (13.2) 28 (13.6) 1.000 4 (13.3) 28 (13.5) 1.000
Cerebral infarction 8 (3.3) 2 (5.3) 6 (2.9) 0.362 2 (6.7) 5 (2.4) 0.218

Medications before surgery
Warfarin 3 (1.2) 1 (2.6) 2 (1.0) 0.400 0 (0.0) 3 (1.4) 1.000
Aspirin 11 (4.5) 2 (5.3) 9 (4.4) 0.683 1 (3.3) 10 (4.8) 1.000
Calcium antagonists 2 (0.8) 0 2 (1.0) 1.000 0 (0.0) 2 (1.0) 1.000
β-blocker 19 (7.8) 4 (10.5) 15 (7.3) 0.509 2 (6.7) 17 (8.2) 1.000
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Table 1. Continued. Clinicodemographic characteristics stratified by whether  
or not the patients experienced adverse events during hospitalization or follow-up

Characteristic (n = 244) Yes (n = 38) No (n = 206) p (n = 244) Yes (n = 38) No (n = 206)
Digoxin 26 (10.7) 2 (5.3) 24 (11.7) 0.389 1 (3.3) 24 (11.6) 0.290
Insulin 1 (0.4) 0 1 (0.5) 1.000 0 (0.0) 1 (0.5) 1.000
ACEI 9 (3.7) 3 (7.9) 6 (2.9) 0.150 0 (0.0) 8 (3.9) 0.579
Diuretics 26 (10.7) 4 (10.5) 22 (10.7) 1.000 3 (10.0) 22 (10.6) 1.000
Diseased valve(s)  
and surgical procedure – – – 0.122 – – 0.780

Aortic valve 39 (16.0) 10 (26.3) 29 (14.1) – 6 (20.0) 33 (16.0) –
AVR 29 (11.9) 7 (18.4) 22 (10.7) – 6 (20.0) 23 (11.1) –
AVR+Maze 3 (1.2) 0 3 (1.5) – 0 3 (1.4) –
AVR+AAP 1 (0.4) 0 1 (0.5) – 0 1 (0.5) –
Bentall 6 (2.5) 3 (7.9) 3 (1.5) – 0 6 (2.9) –
Atrioventricular valves 103 (42.2) 12 (31.6) 91 (44.2) – 13 (43.3) 86 (41.5) –
MVR 36 (14.8) 2 (5.3) 34 (16.5) – 3 (10.0) 31 (15.0) –
MVR+Maze 11 (4.5) 1 (2.6) 10 (4.9) – 2 (6.7) 9 (4.3) –
MVR+Maze+TVP 23 (9.4) 4 (10.5) 19 (9.2) – 2 (6.7) 20 (9.7) –
MVR+TVP 28 (11.5) 4 (10.5) 24 (11.7) – 4 (13.3) 23 (11.1) –
MVR+TVR 1 (0.4) 1 (2.6) 0 – 1 (3.3) 0 –
MVR+TVP+TVR 1 (0.4) 0 1 (0.5) ☐ 0 1 (0.5) ☐
MVR+Maze+TVR 1 (0.4) 0 1 (0.5) – 1 (3.3) 0 –
TVR 2 (0.8) 0 2 (1.0) – 0 2 (1.0) –
Aortic and  
atrioventricular valves 102 (41.8) 16 (42.1) 86 (41.7) – 11 (36.7) 88(42.5) –

AVR+TVR 1 (0.4) 0 1 (0.5) – 0 1 (0.5) –

Characteristic (n = 244) Yes (n = 38) No (n = 206) p (n = 244) Yes (n = 38) No (n = 206)
DVR 34 (13.9) 3 (7.9) 31 (15.0) – 2 (6.7) 31 (15.0) –
DVR+Maze 7 (2.9) 1 (2.6) 6 (2.9) – 0 7 (3.3) –
DVR+Maze+TVP 21 (8.6) 4 (10.5) 17 (8.3) – 3 (10.0) 17 (8.2) –
DVR+Maze+TVP+AAP 1 (0.4) 0 1 (0.5) – 0 1 (0.5) –
DVR+TVP 37 (15.2) 8 (21.1) 29 (14.1) – 5 (16.7) 31 (15.0) –
DVR+AAR 1 (0.4) 0 1 (0.5) – 1 (3.3) 0 –

Transfusion
During cardiopulmonary bypass
Red blood cells 55 (22.5) 7 (18.2) 48 (23.3) 0.673 9 (30.0) 45 (21.7) 0.352
Fresh frozen plasma 11 (4.5) 1 (2.6) 10 (4.9) 1.000 0 11 (5.3) 0.368
Within 20 h after bypass
Red blood cells 26 (10.7) 5 (13.2) 21 (10.2) 0.571 3 (10.0) 23 (11.1) 1.000
Platelets 1 (0.4) 0 1 (0.5) 1.000 0 1 (0.5) 1.000
Fresh frozen plasma 9 (3.7) 1 (2.6) 8 (3.9) 1.000 0 9 (4.3) 0.608
Cryoprecipitate 2 (0.8) 0 2 (1.0) 1.000 0 2 (1.0) 1.000

Cardiopulmonary bypass
Duration of bypass, min 112 (91, 137) 122(102, 137) 111(90, 137) 0.188 112 (96,143) 113 (91, 137) 0.989
Duration  
of cross-clamping, min 74 (55, 97) 88 (69, 98) 72 (54, 93) 0.110 72 (57, 109) 75 (55, 95) 0.382

Characteristic (n = 244) Yes (n = 38) No (n = 206) p (n = 244) Yes (n = 38) No (n = 206)
Other information
Duration of mechanical 
ventilation, h 15 (10, 20) 18 (11, 26) 15 (10, 19) 0.051 16 (12, 22) 15 (10, 20) 0.471

ICU stay, h 46 (41, 69) 69 (45, 142) 46 (41, 67) <0.001 66 (45, 80) 46 (41, 68) <0.001
Hospital stay, d 9 (8, 10) 10 (8, 15) 9 (8, 10) <0.001 10 (8, 16) 9 (8, 10) <0.001
Values are median (interquartile range) or n (%). AAP, ascending aortoplasty; AAR, ascending aorta replacement; ACEI, angiotensin-converting enzyme inhibitors; 
AVR, aortic valve replacement; DVR, double-valve replacement; ICU, intensive care unit; LVEF, left ventricular ejection fraction; MACCE, major adverse cardiac and 
cerebrovascular events; MVR, mitral valve replacement; NYHA, New York Heart Association; TVP, tricuspid valvuloplasty; TVR, tricuspid valve replacement.
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None of the patient or surgical characteristics that were 
examined differed significantly between patients who ex-
perienced adverse events in hospital or not, except that pa-
tients who experienced such events were more likely to have 
had a history of hypertension (Table 1). Similarly, none 
of the characteristics differed significantly between patients 
who experienced MACCEs during follow-up and those that 
did not (Table 1). These results were confirmed in com-
parisons of the corresponding subsets of propensity score-
matched (PSM) patients (Table 2).

Surgery significantly increased the concentrations of all 
three of the pro-inflammatory cytokines that we assayed, and 
their concentrations peaked at the end of cardiopulmonary by-
pass or at arrival in the ICU (Figure 1). These concentrations 
had returned to the pre-bypass baseline, or nearly so, by arrival 
in the ICU in the case of TNF-α, by 4 h after arrival in the case 
of interleukin-8 or by 20 h after arrival in the case of neutrophil 
elastase. These results did not vary with patient sex or age.

In the entire patient sample, we observed no significant 
differences, at any of the five blood samplings, in concen-
trations of any of the three pro-inflammatory factors be-
tween patients who suffered adverse events in hospital and 

those who did not (Figure 2), or between patients who ex-
perienced MACCEs during follow-up and those who did not 
(Figure 3). Similar results were observed for the correspond-
ing subsets of propensity score-matched patients.

Discussion
The causes and processes responsible for the systemic 

inflammatory response syndrome in patients who undergo 
on-pump cardiac surgery remain obscure, though it is clear 
that they involve upregulation of pro-inflammatory factors 
in the circulation [3–10]. This has led to numerous efforts 
to reduce the inflammatory syndrome by adsorbing pro-in-
flammatory factors from the blood, yet these efforts have not 
reproducibly demonstrated clinical benefits [11–15].

Our analysis of patients undergoing valve surgery with car-
diopulmonary bypass suggests no association between eleva-
tions in three pro-inflammatory factors and risk of adverse events 
either in hospital or during three-year follow-up. These findings 
persisted even after we controlled for several potential confound-
ers through propensity score matching. This may be explained, 
in part, because the expression of pro-inflammatory factors is 
merely an intermediate step in a highly complex biochemical 

(A) Based on analysis of all patients. (B) Based on analysis of patients with sex difference. (C) Based on analysis of all patients with age difference. 
Histograms show the median and interquartile range, while individual measurements are shown as translucent gray dots. Concentrations were 
measured before the start of cardiopulmonary bypass (Byp0), immediately before the end of bypass (Byp1), at arrival in the intensive care unit 
(ICU0), 4 h after arrival (ICU4) and 20 h after arrival (ICU20). ****, p< 0.0001, ***, p < 0.001, *, p < 0.05.
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Figure 1. Concentrations of tumor necrosis factor (TNF)-α, interleukin (IL)-8  
and neutrophil elastase (NE) at various times before and after cardiopulmonary bypass
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Table 2. Clinical and demographic characteristics stratified by whether or not the patients 
experienced adverse events during hospitalization or follow-up after PSM

Characteristic
PSM adverse  

events in hospital
PSM MACCEs  

during follow-up
Yes (n = 33) No (n = 33) p Yes (n=25) No (n=25) p

Demographics
Age, yrs 48 (43, 57) 49 (42, 58) 0.738 48 (44, 58) 50 (44, 57) 0.986
Male 13 (39.4) 10 (30.3) 0.606 6 (24.0) 11 (44.0) 0.260

Body mass index, kg/m2 23.45  
(21.17, 24.62)

22.44  
(21.08, 23.51) 0.333 22.44  

(19.78, 23.98)
22.09  

(20.61, 23.25) 0.777

Ever smoked 10 (30.3) 8 (24.2) 0.783 3 (12.0 ) 5 (20.0) 0.709
Cardiac function
LVEF, % 62 (58, 67) 63 (56, 70) 0.936 64 (58, 71) 62 (52, 70) 0.531
NYHA class – – 1.000 – – 1.000
II 5 (15.2) 5 (15.2) – 3 (12.0) 4 (16.0) –
III 28 (84.8) 28 (84.8) – 22 ( 88.0) 21 (84.0) –

Comorbidities
Diabetes 1 (3.0) 2 (6.1) 1.000 1 (4.0) 1 (4.0) 1.000
Atrial fibrillation 15 (45.5) 18 (54.5) 0.623 12 (48.0) 10 (40.0) 0.794
Hypertension 4 (12.1) 2 (6.1) 0.672 2 (8.0) 3 (12.0) 1.000
Left atrial thrombus 4 (12.1) 7 (21.2) 0.511 4 (16.0) 2 (8.0) 0.672
Cerebral infarction 1 (3.0) 0 1.000 1 (4.0) 0 1.000

Medications before surgery
Warfarin 1 (3.0) 1 (3.0) 1.000 0 0 –
Aspirin 2 (6.1) 1(3.0) 1.000 1 (4.0) 0 1.000
Calcium antagonists 0 0 – 0 0 –
β-blocker 4 (12.1) 2 (6.1) 0.672 1 (4.0) 1(4.0) 1.000

Characteristic Yes (n = 33) No (n = 33) p Yes (n = 33) No (n = 33) p
Digoxin 2 (6.1) 2 (6.1) 1.000 1 (4.0) 0 1.000

Insulin 0 0 ☐ 0 0 ☐

ACEI 3 (9.1) 1 (3.0) 0.613 0 0
Diuretics 1 (3.0) 3 (9.1) 0.613 2 (8.0) 1 (4.0) 1.000
Diseased valve (s) 0.848 0.524
Aortic 9 (27.3) 7 (21.2) – 5 (20.0) 8 (32.0) –
AVR 6 (18.2) 5 (15.2) – 5 (20.0) 6 (24.0) –
AVR+Maze 0 1 (3.0) – 0 1 (4.0) –
AVR+AAP 0 1 (3.0) – 0 0 –
Bentall 3 (9.1) 0 – 0 1 (4.0) –
Atrioventricular 11 (33.3) 12 (36.4) – 9 (36.0 ) 6 (24.0 ) –
MVR 2 (6.1) 3 (9.1) – 2 (8.0) 2 (8.0) –
MVR+Maze 1 (3.0) 2 (6.1) – 1 (4.0) 0 –
MVR+Maze+TVP 3 (9.1) 2 (6.1) – 2 (8.0) 4 (16.0) –
MVR+TVP 4 (12.1) 4 (12.1) – 4 (16.0) 0 –
MVR+TVR 1 (3.0) 0 – 0 0 –
MVR+TVP+TVR 0 0 – 0 0 –
MVR+Maze+TVR 0 1 (3.0) – 0 0 –
TVR 0 0 – 0 0 –
Aortic and atrioventricular 13 (39.4) 14 (42.4) – 11 (44.0 ) 11 (44.0) –
AVR+TVR 0 0 – 0 0 –
DVR 3 (9.1) 5 (15.2) – 2 (8.0) 2 (8.0) –
DVR+Maze 1 (3.0) 0 – 0 0 –
DVR+Maze+TVP 4 (12.1) 2 (6.1) – 3 (12.0) 3 (12.0) –
DVR+Maze+TVP+AAP 0 0 – 0 0 –
DVR+TVP 5 (15.2) 7 (21.2) – 5 (20.0) 6 (24.0) –
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Table 2. Continued. Clinical and demographic characteristics stratified by whether  
or not the patients experienced adverse events during hospitalization or follow-up after PSM

Characteristic Yes (n = 33) No (n = 33) p Yes (n=25) No  (n=25) p
DVR+AAR 0 0 ☐ 1 (4.0) 0 ☐

Transfusion 
During bypass
Red blood cells 7 (21.2) 8 (24.2) 1.000 9 (36.0) 4 (16.0) 0.196
Fresh frozen plasma 1 (3.0) 1 (3.0) 1.000 0 1 (4.0) 1.000
Within 20 h after bypass
Red blood cells 4 (12.1) 5 (15.2) 1.000 2 (8.0) 2 (8.0) 1.000
Platelets 0 0 0 1 (4.0) 1.000
Fresh frozen plasma 1 (3.0) 2 (6.1) 1.000 0 1 (4.0) 1.000
Cryoprecipitate 0 0 – 0 0 –

Cardiopulmonary bypass 
Duration of bypass, min 122 (106, 148) 112 (97, 119) 0.097 112 (96, 146) 117 (98, 149) 0.097
Duration of cross-clamping, min 89 (72, 98) 75 (66, 83) 0.072 72 (55,111) 78 (62, 106) 0.938
Other information
Duration of mechanical ventilation, h 17 (11, 27) 13 (10,16) 0.026 16 (12, 20) 18(11,25) 0.605
ICU stay, h 69 (45, 154) 45 (40,59) 0.002 66 (45,76) 45 (41,68) 0.135
Hospital stay, d 10 (8, 16) 8 (7, 10) 0.007 10 (8, 13) 8 (9, 10) 0.252
Values are median (interquartile range) or number (%). AAP, ascending aortoplasty; AAR, ascending aorta replacement;  
ACEI, angiotensin-converting enzyme inhibitors; AVR, aortic valve replacement; DVR, double-valve replacement; ICU, intensive care unit; 
LVEF, left ventricular ejection fraction; MACCE, major adverse cardiac and cerebrovascular events; MVR, mitral valve replacement;  
NYHA, New York Heart Association; TVP, tricuspid valvuloplasty; TVR, tricuspid valve replacement;Bentall, aortic valve  
and root replacement surgery; Maze, surgical treatment for atrial fibrillation.

The peak values across all five time points are also shown. (A) Analysis of all patients who experienced an adverse event (n = 206) or did not (n = 38). 
(B) Analysis of propensity-score matched (PSM) patients who experienced an adverse event (n = 33) or did not (n = 33). Histograms show the 
median and interquartile range, while individual measurements are shown as translucent gray dots. Time points are defined in the legend to Figure 1.
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Figure 2. Comparison of concentrations of tumor necrosis factor (TNF)-α, interleukin (IL)-8,  
and neutrophil elastase (NE) between patients who did or did not experience an adverse in hospital event
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pathway of the systemic inflammatory response syndrome in-
duced by cardiopulmonary bypass. Therefore, the concentra-
tions of pro-inflammatory factors in blood cannot fully represent 
this syndrome. Our study highlights the need to clarify which 
molecules and processes upregulate pro-inflammatory factors in 
the first place. These may be more effective targets for clinical in-
terventions than adsorbing the cytokines from the blood.

In our patient sample, the concentrations of the three pro-
inflammatory factors in plasma peaked and fell at different 
times consistent with their roles in the inflammatory respons-
es. TNF-α and interleukin-8 peaked at the end of cardiopulmo-
nary bypass, while neutrophil elastase peaked later at admission 
to the ICU. TNF-α and interleukin-8, which are produced pri-
marily by mononuclear phagocytes [18, 19], activate neutro-
phils to secrete neutrophil elastase. Concentrations of TNF-α 
had fallen to pre-bypass concentrations by 4 h after admission 
to the ICU, suggesting that mononuclear phagocytes did not 
remain activated for long after bypass. Concentrations of inter-
leukin-8, in contrast, did not fall to the pre-bypass baseline un-
til 20 h after admission to the ICU, probably because IL-8 has 
more complicated sources, including mononuclear phagocytes, 
vascular endothelial, and smooth muscle cells [20].

Concentrations of neutrophil elastase, for their part, re-
mained significantly above the pre-bypass baseline even by 
20 h after admission to the ICU. These results imply that ef-
forts to control inflammation during bypass should focus on 
inhibiting both mononuclear phagocytes and neutrophils, 
while efforts after bypass should focus more on neutrophils.

Conclusions
This study found no association between the elevated pro-

inflammatory factors (TNF-α, interleukin-8, and neutrophil 
elastase) and the risk of adverse events during hospitalization 
or over a three-year follow-up period. Our results call into ques-
tion to what extent concent rations of pro-inflammatory fac-
tors in plasma can be used as biomarkers of inflammatory re-
sponse induced by cardiopulmonary bypass, thereby justify-
ing the continuing use of more generalized indices such as white 
blood cell count, heart rate, temperature and breathing rate [1, 
2]. Our results argue against using cytokine concentrations to 
predict prognosis. Future research should explore other factors 
that can reliably predict prognosis after on-pump cardiac sur-
gery. Such factors likely should take into account a broad range 
of biological processes, given that the inflammatory syndrome 

The peak values across all five time points are also shown. (A) Analysis of all patients who experienced an MACCE (n = 207) or did not (n = 30). 
(B) Analysis of propensity-score matched (PSM) patients who experienced an MACCE (n = 25) or did not (n = 25). Histograms show the median 
and interquartile range, while individual measurements are shown as translucent gray dots. Time points are defined in the legend to Figure 1.
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Figure 3. Comparison of concentrations of tumor necrosis factor (TNF)-α, interleukin (IL)-8, and neutrophil elastase (NE) 
between patients who did or did not experience a major adverse cardiac or cerebrovascular event (MACCE) during follow-up
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induced by cardiopulmonary bypass involves immune respons-
es, coagulation, fibrinolysis, complement, and other processes 
[3, 4]. The  involvement of these diverse mechanisms may ex-
plain why neither sex nor age influenced concentrations of pro-
inflammatory factors in our study, though both variables strong-
ly influence immune responses in other contexts [21, 22].
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