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Prognostic role of serum high
mobility group box 1 concentration
In cardiac surgery

Namo Kim'2, Sak Lee?, Jeong-Rim Leel2, Young-Lan Kwak?, Ji-Hae Jun? & Jae-Kwang Shim%?*

Outcomes of cardiac surgery are influenced by systemic inflammation. High mobility group box

1 (HMGB1), a pivotal inflammatory mediator, plays a potential role as a prognostic biomarker in
cardiovascular disease. The aim of this prospective, observational study was to investigate the
relationship between serum HMGB1 concentrations and composite of morbidity endpoints in cardiac
surgery. Arterial blood samples for HMGB1 measurement were collected from 250 patients after
anaesthetic induction (baseline) and 1 h after weaning from cardiopulmonary bypass (post-CPB). The
incidence of composite of morbidity endpoints (death, myocardial infarction, stroke, renal failure
and prolonged ventilator care) was compared in relation to the tertile distribution of serum HMGB1
concentrations. The incidence of composite of morbidity endpoints was significantly different with
respect to the tertile distribution of post-CPB HMGB1 concentrations (p =0.005) only, and not to the
baseline. Multivariable analysis revealed post-CPB HMGB1 concentration (OR, 1.072; p = 0.044), pre-
operative creatinine and duration of CPB as independent risk factors of adverse outcome. Accounting
for its prominent role in mediating sterile inflammation and its relation to detrimental outcome,
HMGB1 measured 1 h after weaning from CPB would serve as a useful biomarker for accurate risk
stratification in cardiac surgical patients and may guide tailored anti-inflammatory therapy.

Despite advances in perioperative care, cardiac surgery continues to be associated with an increased risk of unfa-
vourable outcomes'. In conjunction with patient-related factors, systemic inflammation has been recognized as
a key factor for post-operative complications, including multi-organ failure or even death® Nevertheless, studies
addressing the prognostic role of non-specific serum markers of inflammation in cardiac surgery yielded con-
flicting results®~, not to mention that indiscriminate anti-inflammatory therapies represented by using steroids
did not prove to be beneficial®.

High-mobility group box 1 (HMGB1) is an important mediator of sterile inflammatory responses in organ
damage; it is either released from the nucleus of necrotic cells or actively secreted from inflammatory cells’.
Accordingly, studies have elucidated the role of increased serum HMGBI concentration in acute coronary syn-
drome, atherosclerosis, heart failure, and other cardiovascular diseases as a marker for inflammatory response
and detrimental outcome®~!!. However, no studies have examined the prognostic role of serum HMGBI levels in
cardiac surgery, while the importance of a reliable biomarker reflecting extensive systemic inflammation cannot
be overemphasized in terms of accurate risk stratification and as a potential guide for selective application of
therapies in that regard. This prospective, observational study aims to investigate the prognostic role of HMGB1
through identifying the relationship between serum HMGBI1 concentrations and the incidence of the composite
of morbidity endpoints in patients undergoing complex cardiac surgery.

Materials and Methods

Study population. The study protocol was approved by the Institutional Review Board and Hospital
Research Ethics Committee of Severance Hospital at Yonsei University College of Medicine (Protocol No.
4-2014-0764) and was registered at clinicaltrials.gov (NCT02490644; date of registration, January 12, 2015). All
study methods were performed in accordance with the relevant guidelines and regulations and written informed
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consent was obtained from all patients. The trial was conducted at Severance Cardiovascular Hospital, Yonsei
University College of Medicine, Seoul, Korea between January 2015 and August 2017.

A total of 253 patients scheduled for elective valvular heart surgery were consecutively enrolled. Inclusion
criteria were patients who received aortic valve replacement, valve replacement that involved more than single
valve, valve replacement with coronary artery bypass graft or aortic graft replacement surgery. Exclusion criteria
were patients with acute coronary syndrome, infectious diseases including endocarditis, malignancies, emergency
operations and patients who had previous or intra-operative exposure to steroids.

Perioperative management. Perioperative management, including cardiopulmonary bypass (CPB) and
intensive care unit (ICU) care, was performed according to institutional standardized protocols. In brief, anaes-
thetic monitoring included a pulmonary artery catheter and transoesophageal echocardiography. Anaesthesia
was induced with midazolam (0.03-0.05 mg/kg) and sufentanil (1.0-2.0 pg/kg) and was maintained with sevo-
flurane and continuous infusion of sufentanil (0.5-1.0 pg/kg/h) guided by the bispectral index score. CPB was
operated with nonpulsatile perfusion at pump flow rates of 2.2-2.51/min/m? using alpha-stat pH and tepid body
temperature management (cooled to 32-34°C). During surgery, a cell salvage device and tranexamic acid (load-
ing dose: 1g, additional 1 g mixed to CPB prime followed by an infusion of 200 mg/h during surgery) were used
in all patients.

Target mean arterial pressure throughout the perioperative period was 60-80 mmHg. First-line vasopressor
was norepinephrine (up to 0.5 pg/kg/min) with the addition of vasopressin (up to 4 IU/h) in a stepwise manner.
First-line inotropic agent was milrinone with addition of dobutamine and/or epinephrine in a stepwise manner,
as necessary. First-line vasodilator was nicardipine or isosorbide dinitrate depending on the patient’s condition
with the aid of nitroprusside for acute control, as necessary. Transfusion trigger for packed erythrocytes (pRBC)
was 8g/dL.

Outcome measurement. Arterial blood samples were collected twice at the following time points; after
anaesthetic induction (baseline) and 1h after weaning from CPB (post-CPB). Blood samples were immediately
centrifuged and stored at —80 °C for subsequent HMGB1 measurement, which was done by enzyme-linked
immunosorbent assay (HMGB1 ELISA kit, REE. ST51011, Standard range = 0 ~ 20 ng/mL, IBL, Hamburg,
Germany).

The primary outcome was to evaluate and compare the incidence of composite of morbidity endpoints in
relation to the tertile distribution of HMGBI1 concentrations. The composite of morbidity endpoints was mod-
ified from the Society of Thoracic Surgeons cardiac surgery risk models'? and defined as follows: @ In-hospital
death from any cause; @ permanent disability caused by stroke: a central neurologic deficit persisting longer
than 72 hours; @ post-operative myocardial infarction (MI): increase in troponin-T 0.5 ng/ml (5 times the upper
normal limit) and/or development of new pathological Q-waves on the electrocardiogram; @ renal failure: a new
requirement for dialysis or an increase of the serum creatinine to greater than 2.0 mg/dL and double the most
recent pre-operative creatinine level; and ® prolonged ventilator care >24h. The secondary endpoint was to eval-
uate risk factors for the incidence of composite of morbidity endpoints including serum HMGBI1 concentrations.

Assessed pre-operative variables included demographic data, hypertension, diabetes mellitus, cerebrovascular
accident, coronary artery disease including previous MI, congestive heart failure (New York Heart Association
functional classification III or IV), left ventricular ejection fraction, pre-operative creatinine, medication use, and
EuroSCORE II. Intra-operative variables included the type of cardiac procedures, type of valves, and duration of
CPB. Postoperative variables included serum creatinine, blood loss, transfusion and the number of days of ICU
care and post-operative hospitalization.

Statistical analysis. The sample size was calculated based on institutional data of patients undergoing val-
vular heart surgery in which the overall incidence of composite of morbidity endpoints was approximately 30%.
We determined that 81 patients would be required for each tertile to detect a 2-fold increase in the incidence of
composite of morbidity endpoints in the third tertile compared to 20% incidence of the first tertile in relation to
HMGBI concentrations at an alpha level of 0.05 with 80% power.

The measured baseline and post-CPB concentration were compared with Wilcoxon signed-rank test.
Continuous variables among the tertiles were compared by one-way ANOVA with Bonferroni post-hoc test for
normally distributed values; otherwise, the Kruskal-Wallis test was used. Proportions were compared by Fisher’s
exact test or chi-squared test as appropriate. The ability of HMGBI concentrations and other variables to pre-
dict the composite of morbidity endpoints were evaluated by receiver operator characteristic curve analysis. The
optimal cut-off value for HMGBI1 concentrations was defined as the point on the receiver operator characteristic
curve providing the greatest sum of sensitivity and specificity.

The odds ratios and 95% confidence intervals (ClIs) investigating the independent predictive role of HMGB1
to the composite of morbidity endpoints were assessed by logistic regression. After the univariable analysis,
parameters with p < 0.05 were enlisted to the final model of multivariable logistic regression analysis.

Categorical variables are expressed as number (%) and continuous variables are expressed as mean =+ stand-
ard deviation or median [interquartile range] as appropriate, with p < 0.05 considered statistically significant.
Statistical analyses were performed using SPSS version 23.0 (SPSS Inc., Chicago, IL, USA).

Results

Among the 253 patients who were screened for the study, 3 were excluded (Fig. 1). The median baseline and
post-CPB HMGBI concentration were 0.620 [0.268-1.551] ng/ml and 3.933 [2.018-6.866] ng/ml, respectively.
Post-CPB HMGBI concentration was increased in 211 patients compared to baseline HMGB1 concentration.
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Figure 1. Flowchart of patient enrolment.

Total First Tertile (n=83) | Second Tertile (n=283) | Third tertile (n=84)
(n=250) (0.337-2.684ng/ml) | (2.689-5.770 ng/ml) (5.799-28.552ng/ml) | P value
HMGBI, ng/ml 3.933 [2.018-6.866] | 1.734 [1.088-2.019] 3.922 [3.209-4.500]* 8.443 [6.829-12.029]*" | <0.001
Composite morbidity, n (%) | 58 (23) 10 (12) 20 (24)* 28 (33)* 0.005
Death, n (%) 10 (4) 0(0) 4(5) 6(7) 0.039
Stroke, n (%) 4(2) 2(2) 2(2) 0(0) 0.401
Myocardial infarction, n (%) | 0 (0) —
Renal failure, n (%) 29 (12) 2(2) 9(11) 18 (21)* <0.001
Prolonged ventilation> 24h
Number, n (%) 33(13) 7(8) 11(13) 15(18) 0.205
Duration (hrs) 17 [14-21] 18 [13-21] 17 [13-20] 17 [15-22] 0.786

Table 1. Composite of morbidity endpoints in relation to tertile distribution of the post-CPB HMGB1
concentration. Values are expressed as the numbers of patients (%), median [interquartile range]. *P < 0.05 vs.
first tertile; P < 0.05 vs. second tertile. CPB = cardiopulmonary bypass; HMGB1 = high mobility group box 1.

There was a significant difference in the incidence of composite of morbidity endpoints in relation to the
tertile distribution of HMGB1 concentrations measured post-CPB (p = 0.005, Table 1), but not in relation to
baseline HMGB1 concentrations measured after anaesthetic induction (p=0.537, Table 2). Scatter plot of the
post-CPB HMGBI concentrations between patients who exhibited composite of morbidity endpoints or not also
demonstrated a significant difference (Fig. 2). Accordingly, further analyses were performed according to the
tertile distribution of post-CPB HMGBI concentrations.

The characteristics of the patients at baseline were comparable among the tertiles except for sex, congestive
heart failure, and EuroSCORE II (Table 3). There were significant differences in the duration of CPB, length of
ICU stay, and length of hospital stay in relation to the tertile distribution of the post-CPB HMGBI concentrations
(Table 4).

The incidence of composite of morbidity endpoints was significantly different among the tertiles (1* tertile:
12%, 2" tertile: 24%, 3™ tertile: 33%, p=0.005). Among the specific morbidity endpoints, death and the inci-
dence of renal failure were significantly different in relation to the tertile distribution of post-CPB HMGBI1 con-
centrations (Table 1).

In univariable analysis for identifying predictors of composite of morbidity endpoints, post-CPB HMGBI1
concentrations, coronary artery disease, congestive heart failure, EuroSCORE II, pre-operative creatinine, and
duration of CPB exhibited p < 0.05. In multivariable analysis of these variables, post-CPB HMGB1 concentra-
tions, pre-operative creatinine, and duration of CPB remained as independent predictors (Table 5). The Pearson 3
correlation coefficient of post-CPB HMGBI concentrations and CPB duration was 0.373 (p < 0.001).

In the receiver operator characteristic curve analysis, the optimal cut-off concentration of post-CPB HMGB1
for predicting the composite of morbidity endpoints was 4.474 ng/ml (area under the receiver operator charac-
teristic curve [AUROC], 0.664; 95% confidence interval, 0.584-0.743; p < 0.001), which yielded an odds ratio
0f 2.476 (95% confidence interval; 1.156-5.303, p =0.020) in the multivariable analysis adjusting for other con-
founders. The optimal cut-off concentrations for death and renal failure were 4.905 ng/ml (AUROC, 0.726; 95%
confidence interval, 0.619-0.833; p=0.016) and 4.905 ng/ml (AUROC, 0.717; 95% confidence interval, 0.627-
0.807; p < 0.001), respectively. The optimal cut-off of CPB duration for adverse outcome was 125min (AUROC,
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Total First Tertile (n=83) Second Tertile (n=283) | Third tertile (n=84)
(n=250) (0.001-0.348 ng/ml) (0.351-0.967 ng/ml) (0.982-47.799ng/ml) | P value
HMGBI, ng/ml 0.620 [0.268-1.551] | 0.187 [0.095-0.269] 0.620 [0.483-0.816]* 3.144 [1.520-7.584]*" <0.001
Composite morbidity, n (%) | 58 (23) 16 (19) 22(27) 20 (24) 0.537
Death, n (%) 10 (4) 4(5) 4(5) 2(2) 0.669
Stroke, n (%) 4(2) 3(4) 1(1) 0 0.131
Myocardial infarction, n (%) | 0 (0) —
Renal failure, n (%) 29(12) 9(11) 13 (16) 7(8) 0.338
Prolonged ventilation> 24 h
Number, n (%) 33(13) 6(7) 11 (13) 16 (19) 0.082
Duration (hrs) 17 [14-21] 17 [12-20] 18 [15-22] 18 [15-22] 0.251

Table 2. Composite of morbidity in relation to tertile distribution of the baseline HMGB1 concentration.
Values are expressed as the numbers of patients (%), median [interquartile range]. *P < 0.05 vs. first tertile;
TP < 0.05 vs. second tertile. HMGB1 = High mobility group box 1.
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Figure 2. Scatter plot of post-CPB HMGBI concentrations between patients who exhibited composite of
morbidity endpoints or not. The horizontal lines shown in the graph represent median [interquartile range] of
each group, which were 3.370 [1.935-6.385] and 5.703 [3.627-10.282], respectively (p < 0.001). HMGB1 =High
mobility group box 1.

0.659; 95% confidence interval, 0.581-0.738; p < 0.001) yielding an odds ratio of 3.209 (95% confidence interval;
1.530-6.730, p=0.002) when introduced to the multivariable analysis.

Discussion

This prospective, observational study demonstrates that patients with high serum HMGBI concentrations 1h
after weaning from CPB were associated with a significantly increased risk of developing composite of mor-
bidity endpoints after cardiac surgery, renal failure and death in particular. In addition, HMGBI concentration
was shown to be an independent predictor of adverse outcomes, along with pre-operative creatinine and CPB
duration.

In cardiac surgery;, sterile inflammatory response is caused by CPB, myocardial damage with ischemia/reper-
fusion injury, and surgical stimulation'®. While fundamentally being a protective internal response, it progresses
to a systemic inflammatory response syndrome when extensive, which is associated with major complications
such as multiple organ damage and even mortality after surgery'*~'S. Thus, identifying patients at risk of aggra-
vated systemic inflammation through a reliable serum biomarker would be of clinical importance in terms of
accurate risk stratification and guiding tailored anti-inflammatory therapies.

HMGBI is present in the nucleus of almost all cells, functioning as a DNA chaperone!”. Over the past decade,
the dominant role of HMGBI as an early and late mediator of inflammation has been well-recognized, where
it migrates from the nucleus into the cytoplasm or is secreted outside the cell by various disease processes”!®1°.
Well-known downstream molecular pathways that further aggravate systemic inflammation and tissue injury
involve the activation of toll-like receptors, receptors for advanced glycation products, and NF-kB*. Accordingly,
increases in the concentration of HMGBI in the blood has been implicated as a potential biochemical marker of
inflammation linked to outcomes in clinical practice?'. Indeed, the concentration-dependent activity of HMGB1
has been shown to be associated with the occurrence, development, and prognosis of various cardiovascular
diseases by recent studies that include acute coronary syndrome, M1, and heart failure!*>?*. Despite its potential
prognostic importance in cardiovascular disease, its role as a predictor of outcome in cardiac surgery has not been
tested heretofore.

In the current trial, our results revealed that patients in the third tertile group with higher levels of post-CPB
HMGBI concentrations reflecting extensive systemic inflammation had a significantly greater incidence of com-
posite of morbidity endpoints and a significantly longer duration of post-operative hospitalization. Moreover,
multivariable logistic regression analysis adjusting for possible confounders revealed post-CPB HMGB1 concen-
trations as an independent predictor of adverse outcomes with a cut-off value of 4.474 ng/ml yielding a 2.5-fold
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Total First tertile (n=83) | Second tertile (n=283) | Third tertile (n =84)
(n=250) (0.337-2.684ng/ml) | (2.689-5.770 ng/ml) (5.799-28.552ng/ml) | P value

Age, yrs 66.1+£11.3 66.0£10.2 67.0+11.8 65.1+11.9 0.556
Gender (M/F) 119/131 53/30 41/42 25/59 <0.001
Body mass index, kg/m? 23.5+£5.7 242473 24.0+4.4 22.7+5.0 0.233
Hypertension, n (%) 140 (56) 50 (60) 49 (59) 41(49) 0.263
Diabetes mellitus, n (%) 59 (24) 22(27) 23 (28) 14 (17) 0.187
Cerebrovascular accident, n (%) 21(8) 9(11) 9(11) 3(4) 0.128
Coronary artery disease, n (%) 60 (24) 15 (18) 27 (33) 18 (21) 0.073

Single-vessel 26 (10) 11 (13) 10 (12) 5(6)

Double-vessel 17 (7) 4(5) 7 (8) 6(7)

Triple-vessel 17 (7) 0(0) 10 (12) 7 (8)
Previous myocardial infarction, n (%) 14 (6) 3(4) 8(8) 3(4) 0.175
Congestive heart failure NYHA IILIV), n (%) | 73 (29) 13 (16) 29 (35) 31(37) 0.004
Left ventricular ejection fraction, n (%) 60+13 62+13 58+ 14 60+11 0.175
Preoperative creatinine, mg/dl 0.88 [0.68-1.11] | 0.86 [0.67-0.99] 0.87[0.73-1.27] 0.90 [0.67-1.13] 0.272
Preoperative medication, n (%)

Beta-blockers 85 (34) 26 (31) 32(39) 27 (32) 0.574

Renin-angiotensin system antagonists 110 (44) 29 (35) 39 (47) 42 (50) 0.118

Calcium-channel blockers 74 (30) 23 (28) 27 (33) 24 (29) 0.802
EuroSCORE II 6.2+3.3 51433 6.4+3.3% 6.9+3.1* 0.001

Table 3. Patient characteristics in relation to tertile distribution of post-CPB HMGB1 concentration. Values are
expressed as the numbers of patients (%), mean =+ standard deviation, median [interquartile range]. *P < 0.05
vs. first tertile. CPB = cardiopulmonary bypass; HMGB1 = High mobility group box 1; NYHA = New York

Heart Association.

Total First tertile (n=83) | Second tertile (n=83) | Third tertile (n=384)
(n=250) (0.337-2.684ng/ml) | (2.689-5.770 ng/ml) (5.799-28.552ng/ml) | P value
Cardiac procedure, n (%) 0.076
Valve 213 (85) 76 (91) 63 (76) 74 (88)
Valve and CABG 22(9) 4(5) 12 (14) 6(7)
Valve and aortic procedure 15 (6) 3(4) 8(10) 4(5)
Type of valve, n (%) 0.095
Mechanical 93 (37) 26 (31) 28 (34) 39 (46)
Bioprosthesis 157 (63) 57 (69) 55 (66) 45 (54)
Cardiopulmonary bypass, min 115 [85-151] 98 [70-117] 115 [85-150]* 149 [103-200]** <0.001
Postoperative blood loss, ml 704 [502-763] | 715 [500-760] 600 [500-760] 730 [512-900] 0.123
Postoperative pRBC transfusion, n % 56 (22) 22(27) 18 (22) 16 (19) 0.508
Intensive care unit stay, day 3[2-4] 2(2,3] 3[2,3] 3[2-5] 0.030
Hospital stay, day 15[11-18] 12 [9-15] 15 [11-18]* 18 [13-29]*t <0.001

Table 4. Perioperative data in relation to tertile distribution of post-CPB HMGBI concentration. Values are
expressed as the numbers of patients (%), median [interquartile range]. *P < 0.05 vs. first tertile; P < 0.05 vs.

second tertile. CPB = cardiopulmonary bypass; HMGB1 = High mobility group box 1; CABG = coronary artery
bypass graft; pRBC = packed erythrocytes.

increased risk of composite of morbidity endpoints. In detail, among the assessed composite of morbidity end-
points, HMGBI1 concentrations showed statistical significance for predicting the mortality and renal failure. The
corresponding optimal cut-off value of HMGBI1 concentration was 4.905ng/ml in the current study, which is
similar to those reported in ST-elevation myocardial infarction or heart failure patients'®!!.

Notably, post-induction HMGB1 concentrations were not linked to adverse outcomes, indicating that
the baseline inflammatory status of the patients does not necessarily lead to extensive systemic inflammatory
response after surgery. This contrasts with the prognostic value of pre-operative (baseline) high sensitivity
C-reactive protein (hsCRP) in patients undergoing coronary artery bypass surgery, which has been shown to be
related to an increased risk of major cardiovascular and cerebral events**. However, taking into account its char-
acteristics as a nonspecific acute phase reactant, hsCRP seems to be more closely related to the vascular risks such
as plaque rupture and vascular thrombosis, showing its predictive role to be limited to the cardiovascular events
in patients with coronary and/or metabolic disease’.
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Univariable Analysis Multivariable Analysis
Predictors Odds ratio | 95% CI Pvalue | Odds ratio | 95% CI P value
HMGBI1 1.098 1.036-1.164 0.002 1.072 1.002-1.148 0.044
Coronary artery disease 2.753 1.456-5.204 0.002 1.807 0.838-3.899 | 0.131
Congestive heart failure 2.060 1.114-3.811 0.021 1.390 0.648-2.979 | 0.398
EuroSCORE II 1.155 1.057-1.262 0.001 1.023 0.912-1.148 0.694
Pre-operative creatinine 2.349 1.494-3.691 <0.001 2.107 1.302-3.409 0.002
Cardiopulmonary bypass time | 1.011 1.005-1.017 <0.001 1.010 1.002-1.017 | 0.009

Table 5. Predictive power of selected variables for the composite of morbidity endpoints. CI = confidence
interval, HMGB1 = high mobility group box 1.

Congruent to our results, CPB duration® and pre-operative creatinine®® are well-recognized risk factors of
post-operative morbidity and mortality in cardiac surgery. A prolonged duration of CPB may affect the level of
post-CPB HMGBI. However, the correlation between post-CPB HMGBI1 concentrations and CPB duration was
weak (3 coefficient = 0.373), while the independence of these variables on predicting outcome could be verified
in multivariable logistic regression analysis. Therefore, our results implicate that extensive and harmful inflam-
matory response cannot be anticipated simply by the patient’s baseline inflammatory status or the duration of
CPB adding value to the prognostic importance of post-CPB HMGBI concentrations in that regard. Of note,
inflammatory response is meant to be protective, which is possibly the main reason why studies validating the
efficacies of indiscriminate anti-inflammatory measures on outcomes after cardiac surgery yielded conflicting
results®. Whether tailored anti-inflammatory therapy guided by post-CPB HMGBI1 concentrations would actually
improve outcome remains to be proven by future studies.

The current study is subject to the following limitation. First, although we assessed HMGBI1 concentrations
1 h after weaning from CPB according to a previous study that demonstrated a peak increase in HMGBI at that
time point with significant correlation to the increase of inflammatory cytokines?, it remains obscure whether
HMGBI concentrations measured at other time points would yield different prognostic values. Second, since
our study involved complex valvular heart surgeries, caution should be exercised not to extrapolate our results to
other cardiac surgeries. Third, although we have excluded conditions that may confound HMGB1 secretion such
as malignancy and infection, HMGB1 may be secreted by various disease conditions such as autoimmune diseases
that may not have been fully controlled in our study. Finally, concomitant assessments of other well-validated
serum inflammatory indicators would have provided more insights on the role of HMGB1.

In conclusion, the current study provides primary evidence that HMGB1 concentration measured 1h after
weaning from CPB is independently associated with adverse outcomes after cardiac surgery. Systemic inflam-
matory response cannot be held solely responsible for poor prognosis after cardiac surgery. Yet, considering its
important role in conveying major organ injury, post-CPB serum HMGB1 concentration may serve as a useful
biomarker for accurate risk stratification in cardiac surgical patients.

Received: 12 July 2019; Accepted: 24 March 2020;
Published online: 14 April 2020

References

1. Nkomo, V. T. et al. Burden of valvular heart diseases: a population-based study. Lancet 368, 1005-1011, https://doi.org/10.1016/
S0140-6736(06)69208-8 (2006).

2. Laffey, J. G., Boylan, J. E & Cheng, D. C. The systemic inflammatory response to cardiac surgery: implications for the anesthesiologist.
Anesthesiology 97, 215-252 (2002).

3. Zacho, J. et al. Genetically elevated C-reactive protein and ischemic vascular disease. N Engl ] Med 359, 1897-1908, https://doi.
org/10.1056/NEJMo0a0707402 (2008).

4. Lane, T. et al. Infusion of pharmaceutical-grade natural human C-reactive protein is not proinflammatory in healthy adult human
volunteers. Circulation research 114, 672-676, https://doi.org/10.1161/circresaha.114.302770 (2014).

5. Ridker, P. M. A Test in Context: High-Sensitivity C-Reactive Protein. ] Am Coll Cardiol 67, 712-723, https://doi.org/10.1016/j.
jacc.2015.11.037 (2016).

6. Whitlock, R. P. et al. Methylprednisolone in patients undergoing cardiopulmonary bypass (SIRS): a randomised, double-blind,
placebo-controlled trial. Lancet 386, 1243-1253, https://doi.org/10.1016/S0140-6736(15)00273-1 (2015).

7. Lotze, M. T. & Tracey, K. J. High-mobility group box 1 protein (HMGB1): nuclear weapon in the immune arsenal. Nat Rev Immunol
5, 331-342, https://doi.org/10.1038/nri1594 (2005).

8. Yamada, S., Yakabe, K., Ishii, J., Imaizumi, H. & Maruyama, I. New high mobility group box 1 assay system. Clin Chim Acta 372,
173-178, https://doi.org/10.1016/j.cca.2006.04.016 (2006).

9. de Souza, A. W, Westra, ]., Limburg, P. C,, Bijl, M. & Kallenberg, C. G. HMGBI in vascular diseases: Its role in vascular inflammation
and atherosclerosis. Autoimmun Rev 11, 909-917, https://doi.org/10.1016/j.autrev.2012.03.007 (2012).

10. Volz, H. C. et al. HMGBI is an independent predictor of death and heart transplantation in heart failure. Clin Res Cardiol 101,
427-435, https://doi.org/10.1007/s00392-011-0409-x (2012).

11. Sorensen, M. V., Pedersen, S., Mogelvang, R., Skov-Jensen, J. & Flyvbjerg, A. Plasma high-mobility group box 1 levels predict
mortality after ST-segment elevation myocardial infarction. JACC Cardiovasc Interv 4, 281-286, https://doi.org/10.1016/j.
j€in.2010.10.015 (2011).

12. O’Brien, S. M. et al. The Society of Thoracic Surgeons 2008 cardiac surgery risk models: part 2-isolated valve surgery. Ann Thorac
Surg 88, $23-42, https://doi.org/10.1016/j.athoracsur.2009.05.056 (2009).

13. Rubens, E. D. & Mesana, T. The inflammatory response to cardiopulmonary bypass: a therapeutic overview. Perfusion 19(Suppl 1),
$5-12, https://doi.org/10.1191/0267659104pf7170a (2004).

14. Mei, Y. Q. et al. Study on the relationship of APACHE III and levels of cytokines in patients with systemic inflammatory response
syndrome after coronary artery bypass grafting. Biol Pharm Bull 30, 410-414 (2007).

SCIENTIFIC REPORTS |

(2020) 10:6293 | https://doi.org/10.1038/s41598-020-63051-2


https://doi.org/10.1038/s41598-020-63051-2
https://doi.org/10.1016/S0140-6736(06)69208-8
https://doi.org/10.1016/S0140-6736(06)69208-8
https://doi.org/10.1056/NEJMoa0707402
https://doi.org/10.1056/NEJMoa0707402
https://doi.org/10.1161/circresaha.114.302770
https://doi.org/10.1016/j.jacc.2015.11.037
https://doi.org/10.1016/j.jacc.2015.11.037
https://doi.org/10.1016/S0140-6736(15)00273-1
https://doi.org/10.1038/nri1594
https://doi.org/10.1016/j.cca.2006.04.016
https://doi.org/10.1016/j.autrev.2012.03.007
https://doi.org/10.1007/s00392-011-0409-x
https://doi.org/10.1016/j.jcin.2010.10.015
https://doi.org/10.1016/j.jcin.2010.10.015
https://doi.org/10.1016/j.athoracsur.2009.05.056
https://doi.org/10.1191/0267659104pf717oa

www.nature.com/scientificreports/

15. Kerbaul, E. et al. Role of endogenous adenosine as a predictive marker of vasoplegia during cardiopulmonary bypass and
postoperative severe systemic inflammatory response. Crit Care Med 34, 640-645, https://doi.org/10.1097/01.
CCM.0000201005.34203.50 (2006).

16. Park, J. T. Postoperative acute kidney injury. Korean journal of anesthesiology 70, 258-266, https://doi.org/10.4097/kjae.2017.70.3.258
(2017).

17. Tang, D., Kang, R., Zeh, H. J. ITI & Lotze, M. T. High-mobility group box 1, oxidative stress, and disease. Antioxid Redox Signal 14,
1315-1335, https://doi.org/10.1089/ars.2010.3356 (2011).

18. Takata, K. et al. Role of high mobility group protein-1 (HMG1) in amyloid-beta homeostasis. Biochem Biophys Res Commun 301,
699-703 (2003).

19. Qin, S. et al. Role of HMGBI in apoptosis-mediated sepsis lethality. The Journal of experimental medicine 203, 1637-1642, https://
doi.org/10.1084/jem.20052203 (2006).

20. Soh, S. et al. Ethyl pyruvate attenuates myocardial ischemia-reperfusion injury exacerbated by hyperglycemia via retained inhibitory
effect on HMGBL. Int ] Cardiol 252, 156-162, https://doi.org/10.1016/j.ijcard.2017.11.038 (2018).

21. Ulloa, L. & Messmer, D. High-mobility group box 1 (HMGB1) protein: friend and foe. Cytokine Growth Factor Rev 17, 189-201,
https://doi.org/10.1016/j.cytogfr.2006.01.003 (2006).

22. Kohno, T. et al. Role of high-mobility group box 1 protein in post-infarction healing process and left ventricular remodelling.
Cardiovasc Res 81, 565-573, https://doi.org/10.1093/cvr/cvn291 (2009).

23. Cirillo, P. et al. Increased high mobility group box-1 protein levels are associated with impaired cardiopulmonary and
echocardiographic findings after acute myocardial infarction. ] Card Fail 15, 362-367, https://doi.org/10.1016/j.cardfail.2008.11.010
(2009).

24. Balciunas, M., Bagdonaite, L., Samalavicius, R., Griskevicius, L. & Vuylsteke, A. Pre-operative high sensitive C-reactive protein
predicts cardiovascular events after coronary artery bypass grafting surgery: a prospective observational study. Ann Card Anaesth
12, 127-132, https://doi.org/10.4103/0971-9784.53442 (2009).

25. Salis, S. et al. Cardiopulmonary bypass duration is an independent predictor of morbidity and mortality after cardiac surgery. J
Cardiothorac Vasc Anesth 22, 814-822, https://doi.org/10.1053/.jvca.2008.08.004 (2008).

26. Najafi, M. Serum creatinine role in predicting outcome after cardiac surgery beyond acute Kidney injury. World J Cardiol 6,
1006-1021, https://doi.org/10.4330/wjc.v6.i9.1006 (2014).

27. Haque, A. et al. High mobility group box 1 levels in on and off-pump cardiac surgery patients. Int Heart J 52, 170-174 (2011).

Acknowledgements

The authors would like to thank Yun Ho Roh, M.S., In Kyung Min, M.S. (Biostatistics Collaboration Unit, Medical
Research Centre, Yonsei University College of Medicine) for their statistical support. This research was supported
by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the
Ministry of Education (2013R1A1A2011301).

Author contributions

N.K, S.L,, Y.-L.K. and J.-K.S. conceived and design the study; N.K., S.L., Y.-L.K. and J.-K.S. collected experimental
data; N.K., J.-R.L., J.-H.J. and J.-K.S. interpreted and analysed the results of data; N.K. drafted manuscript; all
authors edited and revised the draft; J.-K.S. approved final version of manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.-K.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

T ] icense, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

SCIENTIFIC REPORTS |

(2020) 10:6293 | https://doi.org/10.1038/s41598-020-63051-2


https://doi.org/10.1038/s41598-020-63051-2
https://doi.org/10.1097/01.CCM.0000201005.34203.50
https://doi.org/10.1097/01.CCM.0000201005.34203.50
https://doi.org/10.4097/kjae.2017.70.3.258
https://doi.org/10.1089/ars.2010.3356
https://doi.org/10.1084/jem.20052203
https://doi.org/10.1084/jem.20052203
https://doi.org/10.1016/j.ijcard.2017.11.038
https://doi.org/10.1016/j.cytogfr.2006.01.003
https://doi.org/10.1093/cvr/cvn291
https://doi.org/10.1016/j.cardfail.2008.11.010
https://doi.org/10.4103/0971-9784.53442
https://doi.org/10.1053/j.jvca.2008.08.004
https://doi.org/10.4330/wjc.v6.i9.1006
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Prognostic role of serum high mobility group box 1 concentration in cardiac surgery

	Materials and Methods

	Study population. 
	Perioperative management. 
	Outcome measurement. 
	Statistical analysis. 

	Results

	Discussion

	Acknowledgements

	Figure 1 Flowchart of patient enrolment.
	Figure 2 Scatter plot of post-CPB HMGB1 concentrations between patients who exhibited composite of morbidity endpoints or not.
	Table 1 Composite of morbidity endpoints in relation to tertile distribution of the post-CPB HMGB1 concentration.
	Table 2 Composite of morbidity in relation to tertile distribution of the baseline HMGB1 concentration.
	Table 3 Patient characteristics in relation to tertile distribution of post-CPB HMGB1 concentration.
	Table 4 Perioperative data in relation to tertile distribution of post-CPB HMGB1 concentration.
	Table 5 Predictive power of selected variables for the composite of morbidity endpoints.




