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Abstract

Background: Soluble vascular cell adhesion molecule-1 has been associated with

long-term cardiovascular mortality in patients with stable coronary artery disease and

to the development of new atrial fibrillation in subjects with cardiovascular risk fac-

tors but no evidence of cardiac disease.

Hypothesis: Preoperative soluble vascular cell adhesion molecule-1 predicts the risk

of future all-cause death and cardiovascular death among patients submitted to elec-

tive coronary artery bypass surgery.

Methods: From a cohort of 312 patients who underwent elective coronary artery bypass

surgery prospectively followed for a median of 6.7 years, we evaluated the prognostic

role of preoperative soluble vascular cell adhesion molecule-1, inflammatory markers,

CHA2DS2-VASc score and development of postoperative atrial fibrillation (POAF).

Univariable and multivariable Cox regression analyses were performed to establish an

association of these parameters with long term all-cause death and cardiovascular death.

Results: During 2112 person-years of follow-up, we observed 41 deaths, 10 were cardio-

vascular deaths. Independently increased levels of preoperative soluble vascular cell adhe-

sion molecule-1, POAF, and CHA2DS2-VASc score were associated with all-cause

mortality. After multivariate adjustment, elevated preoperative soluble vascular cell adhe-

sion molecule-1 and POAF were the only independent predictors of all-cause death. Also,

preoperative soluble vascular cell adhesion molecule-1, POAF, and CHA2DS2-VASc score

resulted in being independent predictors of cardiovascular mortality.

Conclusions: Increased circulating levels of preoperative soluble vascular cell adhe-

sion molecule-1, together with POAF and CHA2DS2-VASc score, were significantly

associated with future all-cause death and cardiovascular death among patients sub-

mitted to coronary artery bypass surgery.
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1 | INTRODUCTION

VCAM-1 is a membrane protein belonging to the superfamily of

immunoglobulins and is mainly expressed in the endothelium. The pri-

mary role of VCAM-1 is related to adhesion and transmigration of

inflammatory cells (macrophages and dendritic cells) through the

endothelium. Thus, VCAM-1 is considered a biomarker for inflamma-

tion and endothelial activation.1

Soluble VCAM-1 (sVCAM-1) is generated by cleavage of the

VCAM-1 molecule by tumor necrosis factor-alpha-converting enzyme

(TACE or ADAM 17) in response to cytokines. sVCAM-1 has also

been associated with all-cause and cardiovascular mortality in patients

with diabetes and advanced chronic kidney disease.2,3

sVCAM-1, a biomarker of endothelial dysfunction, has also been

associated with the extension of atherosclerosis,4 long-term cardio-

vascular mortality in patients with stable coronary artery disease and

the development of new atrial fibrillation in subjects with cardiovascu-

lar risk factors but no evidence of baseline cardiac disease.5-7

Increased levels of sVCAM-1 have been reported as predictors of

postoperative atrial fibrillation (POAF) in patients undergoing on-

pump elective cardiac surgery.8,9 This arrhythmia is linked to a higher

risk of late adverse cardiac events in patients submitted to cardiac sur-

gery.10-12 The prognostic role of CHA2DS2−VASc score that incorpo-

rates age and most cardiovascular risk factors is associated with a

higher risk of POAF and stroke after cardiac surgery.13-15 However,

the prognostic role of sVCAM-1 in long term survival of patients sub-

mitted to cardiac surgery remains not understood.

The present study aimed to evaluate in a prospective cohort the

relationship of sVCAM-1, an inflammatory and endothelial dysfunc-

tion biomarker, together with other well known clinical predictors of

adverse events such as POAF and CHA2DS2-VASc score, to the risks

of long term all-cause mortality and cardiovascular death among

patients submitted to elective on-pump coronary artery bypass

surgery.

2 | METHODS

2.1 | Patients

From April 2007 to January 2014, a prospective cohort of 300 and

12 patients, older than 18 years old and in normal sinus rhythm sub-

mitted to elective on-pump cardiac surgery, was included in the study.

Baseline clinical characteristics and laboratory tests, sVCAM-1, high

sensitivity C reactive protein (usCRP), leukocyte count, CHA2DS2-

VASc score, and two-D echocardiograms were assessed before car-

diac surgery. This study conforms to the Declaration of Helsinki and

has been approved by our Ethics Committee at the school of medi-

cine, Pontificia Unversidad Catolica de Chile. Written informed con-

sent was obtained in all patients. This clinical study was registered in a

public trials registry at FONDECYT 1141137 & 1 100 801 &

1 181 147 from the national agency for research development

(ANID), Santiago, Chile).

The following exclusion criteria were applied: (a) nonelective car-

diac surgery, (b) previous cardiac surgery, (c) combined valvular and

coronary surgery, (d) rheumatic valve disease, (e) acute myocardial

infarction (AMI) during the last 2 months, (f) cardiogenic shock at hos-

pitalization, (g) history of malignancy, rheumatologic disease or any

chronic inflammatory disease, (h) chronic steroidal treatment,

(i) thyroid dysfunction, (j) evidence of active infection, and (k) history

of paroxysmal or permanent AF.

2.2 | Clinical, biochemical, and echocardiographic
characteristics

The following preoperative variables were included: age, gender, asso-

ciated comorbidities including hypertension, diabetes mellitus, and

chronic obstructive pulmonary disease (COPD), previous cerebrovas-

cular accident (CVA), heart failure, valvular heart disease, the severity

of the coronary artery disease (Syntax score I), standard additive

Euroscore, logistic Euroscore, CHA2DS2-VASc score, and two-D echo-

cardiogram cardiac dimensions. Systolic left ventricular function was

considered normal when left ventricular (LV) ejection fraction

(EF) was higher than 50%, moderate to reduced when it was 40% to

50%, and decreased when EF was less than 40%. Clinical variables

were defined using standard operational definitions.

POAF was defined as any new episode of AF lasting more than

15 minutes during the first 72 hours after surgery. Patients were mon-

itored continuously with a telemetry system with automated arrhyth-

mia detection (IntelliVue MP70, Phillips Healthcare, Andover,

Massachusetts). In every patient with a suspected arrhythmic event, a

standard 12-lead Electrocardiogram (EKG) was performed and

reviewed by a trained cardiologist. Management of POAF comprised

oral anticoagulants and antiarrhythmic agents, which was rec-

ommended for 6 weeks; after that, this was left to treating physicians.

Biochemical variables: white blood cell (WBC), neutrophil count,

and usCRP were utilized as inflammatory markers. WBC and neutrophil

count were performed with an automated cell detector, and usCRP

was evaluated using a high sensitivity immunoreagent (Dade Behring,

Deerfield, Illinois). Soluble adhesion molecule VCAM (sVCAM-1) was

determined using a commercial A method to measure circulating bio-

markers (Elisa) kit (R&D Systems Inc, Minneapolis, MM, USA).

Cardiac surgery: The surgical procedure consisted of an on-pump

aortocoronary bypass using a Terumo Sarns 8000 (Terumo Corpora-

tion, Tokyo, Japan) system and a standard cardiotomy suction setup.

No aprotinin was used during or after surgery. Preoperative medica-

tions were collected as well as the following intraoperative variables:

cardiopulmonary bypass time and aortic cross-clamp time.

2.3 | Primary and secondary outcomes

The primary outcome was all-cause death in a time-to-event analysis.

Secondary time-to-event outcome was cardiovascular death. This

comprised: (1) cardiac death and (2) extracardiac cardiovascular death,
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which included stroke, aneurysmal dissections and ruptures, and pul-

monary embolism. The causes of death are incorporated in the Chil-

ean Civil Registry.

2.4 | Statistical analysis

Descriptive statistics was performed for categorical and continuous

variables. Categorical variables are reported as numbers and percent-

ages. Normally distributed continuous variables are presented as

mean ± SD (SD). Continuous variables with nonnormal distribution

are presented as median (interquartile range [IQR]). Outcomes were

death, cardiovascular death, and noncardiovascular death. Exploratory

analysis between variables and outcomes was performed using Chi-

Square test. Univariate and multivariate Cox proportional hazard

regression models were used to test the association between

CHA2DS2-VASc scores, POAF, sVCAM-1, usCRP and neutrophil

count, and the outcome all-cause death. The proportional hazard

assumption was evaluated using the Schoenfeld test in each model.

Finally, independent Kaplan-Meier curves were constructed using

POAF, stratified CHA2DS2-VASc scores, and stratified sVCAM-1.

CHA2DS2-VASc score was stratified in three groups, 0 to 1 points,

2 to 4 points, and greater or equal to 5 points. sVCAM-1 values were

stratified in tertiles (< 629, 629-962 and > 962 ng/mL. As a sensitivity

analysis, we also stratified sVCAM-1 using percentile 50 (777) and the

empirical optimal cutpoint using Liu criteria (989). Log-rank test was

also employed to test differences in the probability of cardiovascular

death between population strata. No sensitivity analysis for missing

data was performed. All statistical analyses were performed with the

STATA SE 15.1 (StataCorp LP, College Station, Texas). All p values

were based on two-sided test and were considered statistically signifi-

cant at P < .05. Forest plot figures were generated in R, version 3.6.1,

using RStudio version 1.1.456.

3 | RESULTS

3.1 | Study cohort and follow-up

There were 312 patients who fulfilled the inclusion criteria of this

study. The median follow-up was 6.7 (5.5-8.7) years. Follow-up fin-

ished by December 2016 and was completed in all patients.

3.2 | Baseline clinical and surgical data

Baseline demographics and clinical characteristics of the study partici-

pants are shown in Table 1. The mean age was 64 ± 10 years, and

85.3% (266) were male. Coronary surgery was performed using the

left internal mammary artery in 283 patients (90.7%). Cardiopulmo-

nary bypass time was 97 (79-117) minutes and aortic cross-clamp

time 61 (47-77) minutes. Most patients (76%) had a normal left ven-

tricular function.

3.3 | POAF, CHA2DS2-Vasc score, and sVCAM-1

POAF was observed in 53 patients (17%). Median CHA2DS2-VASc

score was three,2-4 and the histogram is presented in Figure 1A. Pre-

operative sVCAM-1 was available in 162 patients (51.9%). Median

sVCAM-1 was 777 (587-1049) ng/mL, and the histogram is presented

in Figure 1B.

TABLE 1 Baseline patient characteristics and preoperative
medications

Patients (n = 312) (%)

Demographics

Age, y 64 ± 10

Female 46 (15)

Medical history

Hypertension 229 (73)

Diabetes mellitus 113 (36)

COPD 7 (2)

CVA 9 (3)

Heart failure 35 (11)

Valvular heart disease 3 (1)

Biochemical and hematological tests

Creatinine (mg/dL) 1.0 ± 0.5

Potassium (mEq/L) 4.2 ± 0.7

White blood cell count (103/mL) 7.554 ± 1.860

usCRP (mg/dL) 0.8 (0.2-3.2)

Neutrophil count (103/mL) 4.928 ± 3.663

Hemoglobin (g/L) 14 (3)

TSH (mUI/L) 2.8 (1.1-3.3)

Cardiac parameters

Normal LV function 236 (76)

Moderate LV dysfunction 67 (21)

Severe LV dysfunction 9 (3)

Left atrial diameter (mm) 33 ± 17

Euroscore

Additive 3 (2-5)

Logistic 0.23 (0.17-0.42)

Coronary disease

Syntax score I 20 (14-25)

Baseline medications

Statins 212 (72)

ACE inhibitors 160 (55)

Spironolactone 12 (4)

Beta-blockers 195 (66)

Antiarryhthmics 0 (0)

Note: Values expressed as mean ± SD or n (%) or percentile (pc25-75).

Abbreviations: CVA: cerebrovascular accident, COPD: Chronic obstructive

pulmonary disease, LV: left ventricular, TSH: Thyroid stimulating hormone,

usCRP: highly sensitivity C reactive protein.
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3.4 | All-cause death and cardiovascular death

The primary outcome all-cause death occurred in 42 patients (13.5%)

in 2112 person-years of follow-up. The secondary outcome, cardio-

vascular death was present in 22 patients (52.4% of all death and 7%

of the cohort). Among them, five patients (1.6%) had a lethal myocar-

dial infarction, and two patients (0.6%) died due to ischemic stroke

(Table S1). Noncardiovascular death occurred in 20 patients (47.6%).

3.5 | All-cause death

Hazard ratios (HR) and confidence interval (CI) corresponding to

univariable Cox proportional hazard regressions are reported in

Table S2. POAF (HR: 3.95; CI: 2.12-7.36; P < .001), CHA2DS2-VASc

scores (HR: 1.66 for each incremental point; CI: 1.33-2.06; P < .001)

and sVCAM-1 (HR: 1.002 for each incremental ng/mL; CI:

1.001-1.002; P < .001) were statistically significant variables associ-

ated to all-cause death. Besides, age, diabetes mellitus, valvular heart

disease, congestive heart failure, and additive Euroscore were statisti-

cally significant variables associated with all-cause death.

After multivariable adjustment elevated sVCAM-1 (HR: 1.0012

for each ng/mL; CI: 1.0005-1.0019; P = .001) and POAF (HR: 4.14; CI:

1.4-11.8, P = .008) were the only independent predictors of all-cause

death in this population (Table S3). The Forest plot of HR and 95% CI,

corresponding to the multivariate Cox proportional hazard model is

shown in Figure 2.

Kaplan-Meier curves of all-cause death for POAF, stratified

CHA2DS2-VASc scores, and stratified sVCAM-1 are shown in

Figure 3A-D. Kaplan-Meier curves for alternative stratifications of

sVCAM-1 are also shown in Figures S1-4.

Also, diabetes mellitus, cerebrovascular accident, valvular heart

disease, and congestive heart failure were statistically significant vari-

ables associated with all-cause death.

3.6 | Cardiovascular death

HR and CI corresponding to univariable Cox proportional hazard

regressions are reported in Table S3. POAF (HR: 3.41; CI: 1.41-8.23;

P = .006), CHA2DS2-VASc scores (HR: 1.76 for each incremental

point; CI: 1.30-2.39; P < .001) and sVCAM-1 (HR: 1.002 for each

incremental ng/mL; CI: 1.001-1.002; P < .001) were statistically signif-

icant variables associated to cardiovascular death.

Kaplan-Meier curves of all-cause death for POAF, stratified

CHA2DS2-VASc scores, and stratified sVCAM-1 are shown in

Figure 4A-D. Interestingly, sVCAM-1 levels did not correlate with the

Syntax score.

4 | DISCUSSION

4.1 | Main findings

The present work shows that endothelial dysfunction, assessed by

preoperative sVCAM-1 levels, is associated with late all-cause mortal-

ity and cardiovascular death in patients with coronary artery disease

submitted to elective on-pump coronary artery bypass surgery. These

findings are independent of inflammatory markers and other cardio-

vascular risk factors.

F IGURE 1 A, Histogram of CHA2DS2-VASc scores. B, Histogram
of preoperative sVCAM-1

F IGURE 2 Forest plot of hazard ratio and 95% confidence
interval (sVCAM-1 stratified using percentile 50)
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4.2 | Comparison with published data

Endothelial dysfunction has been associated with adverse cardiovas-

cular events in patients with coronary artery disease. Blankenberg

et al evaluated the prognostic role of multiple biomarkers in a large

prospective study of patients with stable coronary artery disease and

found that sVCAM-1 was a significant predictor of future death in

these patients.6 Peter et al have previously shown that sVCAM-1 cor-

relates with the extent of atherosclerosis in patients with peripheral

artery disease.5 More recently, Mu et al reported that the expression

of sVCAM-1 was increased in aortic tissues of atherosclerotic

patients.16 These findings lead a group of investigators to speculate

about the relationship of soluble adhesion molecule-1 with cardiovas-

cular mortality.17 sVCAM-1 has been reported as a predictor of late

cardiovascular death in patients with diabetes mellitus type 2 and

hemodialysis.2,3 Also, sVCAM-1 has also been reported to be an inde-

pendent predictor of all-cause mortality in sepsis and critical

illness.18,19

The expression of endocardial VCAM-1 increases up to double

in patients with AF as well as after rapid atrial stimulation.20 In a pre-

vious independent study, we evaluated a prospective cohort of

144 patients submitted to elective cardiac surgery with clinical and

echocardiographic variables and biomarkers of inflammation, oxida-

tive stress, and endothelial dysfunction. We found that sVCAM-1

was the only significant predictor of POAF.8 These findings have

been corroborated by Harling et al.9 The Bruneck Study evaluated a

large variety of biomarkers in a cohort of patients with cardiovascu-

lar risk factors, and only sVCAM-1 resulted in an independent pre-

dictor of new AF.7

The present study shows for the first time that sVCAM-1 is a pre-

dictor for late all-cause death and cardiovascular mortality in patients

submitted to elective on-pump coronary artery bypass surgery. Given

that this factor can be measured before cardiac surgery, this marker

allows to identify patients with a higher risk of cardiovascular death

and eventually optimize preventive, therapeutic measures in both

observational and interventional studies.

The adverse prognostic of POAF has already been reported in the

long-term follow up after cardiac surgery,7-10,21-23 and this has also

been confirmed in the present study. Initially, this arrhythmia was

considered benign and associated with prolonged hospitalization and

higher health costs, but large series reported an association with

higher risks of stroke and late cardiovascular mortality.10

In a previous study of a retrospective cohort of 2385 patients

submitted to cardiac surgery, Kashani et al reported an increased risk

F IGURE 3 Kaplan–Meier curves of all-cause death A, Unstratified cohort, B, stratified by POAF, C, stratified by CHA2DS2-VASc scores,
and D, stratified sVCAM-1 (tertiles)
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of developing POAF with an HR: 1.27 (CI: 1.18-1.36) for every point

of the CHA2DS2-VASc score.14 Likewise, Biancari et al evaluated

1226 patients free of previous AF and subjected to cardiac surgery.

They observed that a higher CHA2DS2-VASc score was associated

with an elevated risk of ischemic stroke and late mortality.15 Similar

findings have also been reported by Peguero et al.24 In agreement

with these previous studies, our work confirmed that CHA2DS2-VASc

score is a significant predictor of late mortality after cardiac surgery.

The present findings show that sVCAM-1, a biomarker of endo-

thelial dysfunction, is an independent predictor of late all-cause mor-

tality and cardiovascular death after coronary artery bypass surgery.

Also, POAF, and CHA2DS2-VASc score add to an adverse prognosis in

these patients.

4.3 | Limitations and future investigations

Our study has several limitations. First, its relatively small sample size

and consequently limited power may have obscured other subtle

associations. Second, the incomplete assessment of endothelial func-

tion may have limited the estimation of HR presented here. Third, the

population evaluated was a heterogeneous sample of patients with

stable coronary artery disease, a few of them with heart failure, which

may affect their long term prognosis. Finally, we only performed peri-

operative measurements without assessing the subsequent impact of

the surgical act and medical therapy in the levels of sVCAM-1 during

the follow-up period.

Future studies should investigate the prognostic role of sVCAM-1

in separate cohorts of patients with stable coronary artery disease

submitted to elective cardiac surgery.

5 | CONCLUSIONS

In summary, this is the first study to identify an association between

increased levels of sVCAM-1 and future death and cardiovascular

death among patients submitted to elective on-pump coronary artery

bypass surgery.
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