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Background: The postoperative adverse cardiovascular events (PACE) after surgery can result in prolonged length of stay
and poorer prognosis. The purpose of this Asian single-center study was to investigate the potential predica-
tive role of leptin for PACE in elderly patients undergoing major non-cardiac surgery.

Material/Methods: The patients in the study were prospectively recruited from a series of elderly patients (=60 years) undergo-
ing elective major non-cardiac surgery (>2 hours) in our hospital from June 2013 to June, 2016. The demo-
graphic and clinical data and the preoperative serum biomarkers of each participant were recorded in details.
Suspected PACE were assessed by the same experienced expert based on clinical, blood, and other accessory
tests. The univariate and multiple logistic regression analyses were plotted to evaluate the potential indepen-
dent predictive factors for PACE.

Results: A total of 270 elderly patients (145 males and 125 females), undergoing major elective non-cardiac surgery,
were finally enrolled in this study. Older age, higher revised cardiac risk index score, higher levels of systol-
ic blood pressure, B-type natriuretic peptide and leptin, the preoperative medication of beta blocker and lip-
id-lowering agents were positive predictors of PACE by univariate analyses (p<0.05). Our results indicated that
preoperative leptin level (OR 1.84, 95% Cl 1.08-3.42; p=0.015) and advanced age (OR 0.24, 95% Cl 0.09-0.94;
p=0.041) were significantly associated with the occurrence of PACE by multiple logistic regression analyses.

Conclusions: Preoperative serum leptin level and advanced age were two independent risk factors for PACE among elderly
patients undergoing elective major non-cardiac surgery.
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Background

Cardiovascular complications have been considered significantly
associated with increased morbidity and mortality in patients
after non-cardiac surgery, especially in elderly patients [1].
The postoperative adverse cardiovascular events (PACE), in-
cluding arrhythmias and myocardial infarction, can result in
prolonged length of stay and poorer prognosis. The mortality
rate can reach as high as 15-25% in those patients who suf-
fer a postoperative myocardial infarction [2,3]. Preoperative
risk assessment tools and useful biomarkers are important
strategies for risk stratification of postoperative major cardio-
vascular complications. Previous studies have indicated some
clinical risk factors for the estimation of cardiovascular events
risk [4]. B-type natriuretic peptide (BNP) and N-terminal frag-
ment BNP (NT-proBNP) are reported as appropriate predica-
tive factors for atrial fibrillation and postoperative cardiopul-
monary complications in elderly patients undergoing thoracic
surgery [5,6]. Inflammatory activity-related biomarkers, e.g., in-
terleukin 6 (IL-6) and C-reactive protein (CRP), have also been
reported associated with cardiovascular disease [7]. Leptin, a
peptide hormone mainly produced by adipose tissue, has been
reported by recent studies to be linked with some cardiovas-
cular risk factors and short-term major adverse cardiac events
in patients with coronary artery disease [8]. The purpose of
this study was to investigate potential predicative factors for
PACE in elderly patients undergoing major non-cardiac surgery.

Material and Methods

Patients and methods

This single-center study protocol was approved by the Medical
Institutional Ethics Committee of Jiangsu province and Taizhou
People’s Hospital. The patients in the study were prospective-
ly recruited from a series of elderly patients (>60 years) un-
dergoing elective major non-cardiac surgery (>2 hours) in our
hospital from June 2013 to June, 2016. Informed consent was
obtained from the participants. Upon entering the study, en-
rolled patients underwent preoperative evaluations and the de-
tailed information was collected including past medical history;
physical and accessory examination was recorded. Extensive
assessment for cardiovascular diseases was also conducted
through clinical examination, body measurements, accesso-
ry examination, and serum biomarker analyses. Chest x-rays
and electrocardiogram (ECG) were carried out as the routine
inspection before the surgery for all enrolled patients. The de-
mographic and clinical data of each participant was recorded
in details. The revised cardiac risk index (RCRI) was also as-
sessed according to the accrued risk value between 0 and 6
as reported by previous studies [9].
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Blood sampling and laboratory examinations

To carry out the laboratory examinations, preoperative fast-
ing venous blood samples were obtained. Serum aliquots were
separated from blood samples via centrifugation and then
stored at =70°C until processed. Serum biomarkers including
adiponectin, leptin, CRP, IL-6, MB isoenzyme of creatinine ki-
nase (CK-MB), BNP, cardiac troponin T (cTnT), high-density li-
poprotein cholesterol (HDL-C), and low-density lipoprotein cho-
lesterol (LDL-C) were measured from the obtained samples.
HDL-C and LDL-C expressions were measured via ultracentri-
fugation. Serum concentrations of CRP, IL-6, CK-MB, cTnT, ad-
iponectin, and leptin (R&D Systems, Minneapolis, MN) were
all measured by the method of enzyme linked immunosorbent
assay (ELISA). Serum BNP concentration measurements were
carried out with chemiluminescent enzyme immunoassay kit
(Biosite Incorporated, San Diego, CA, USA).

Follow-up

The follow-up was obtained by chart review at hospitalization
or outpatient clinics. Suspected PACE were assessed by the
same experienced expert based on clinical, blood, and other
accessory tests. The primary end-point was set as the occur-
rence of PACE, mortality or 30-day follow-up after the oper-
ation. Adverse cardiovascular events included myocardial in-
farction, acute coronary syndrome, ischemic heart disease,
ventricular fibrillation, cardiac arrest, pulmonary edema, shock,
heart failure, acute pulmonary embolism. The detailed defini-
tions of these adverse events were made as per the descrip-
tions used by previous studies with Asian standard [10,11].

Statistical analysis

Routine statistical analysis was performed on SPSS 19.0 soft-
ware (SPSS Inc., Chicago, IL, USA) and data were plotted by
Graph Pad prism 5.0 (GraphPad Software, Inc., San Diego, CA,
USA). Results are expressed as mean =+ standard error (SE) and
number with percentage (n,%) for continuous and categori-
cal variables respectively. Mann-Whitney U-test, Student’s t-
test, chi-square test or Fisher exact test were utilized for data
analysis appropriately. The univariate and multiple logistic re-
gression analyses were plotted to evaluate the potential inde-
pendent predictive factors for PACE. All statistical tests were
bilateral probability and p<0.05 was considered significant.

Results

Patients’ characteristics

A total of 270 elderly patients (145 males and 125 females)
undergoing major elective non-cardiac surgery were finally
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enrolled from June 2013 to June, 2016. The mean age of all the
patients was 66.9 years with a mean body mass index (BMI) of
23.4 kg/m?. The detailed characteristics of the study patients,
with or without PACE, are shown in Table 1. The occurrence of
PACE was observed in a close correlation with an older age, a
higher BMI, RCRI score, and systolic blood pressure (SBP). In
contrast, the gender, American Society of Anesthesiologists
(ASA) physical status, heart rate, diastolic BP, types of sur-
gery, estimated blood loss, duration of surgery, and anesthe-
sia were all inversely associated with PACE. Those patients in
the presence of comorbidities (coronary artery disease, isch-
emic heart disease, and heart failure) were more likely to suf-
fer PACE after major surgery. Moreover, the preoperative us-
age of medication (beta blocker and lipid-lowering medication)
might seemingly reduce the incidence of PACE.

Preoperative biomarkers and PACE

Table 2 shows the relationship between the concentrations of
preoperative biomarkers and occurrence of PACE. The results
revealed that higher levels of BNP, cTnT, and CRP were signifi-
cantly associated with the occurrence of PACE. Analysis of CK-
MB levels separately in patients showed higher levels in PACE
patients than non-PACE patients. It is important to note that
leptin expression in patients with PACE was far higher than
those without PACE in our study population. However, no sig-
nificant differences were observed between PACE and the con-
centrations of IL-6, HDL-C, LDL-C, or adiponectin.

Risk factors and PACE

As shown in Table 3, univariate analysis of each component
was first conducted to investigate risk factors associated with
PACE. Older age, higher RCRI score, higher levels of systolic
BP, BNP, and leptin, preoperative beta blocker and lipid-low-
ering medications were positive predictors of PACE. However,
the differences were not statistically significant by the final
multivariate logistic regression analysis except age and leptin
level. Our results indicated preoperative leptin level (OR 1.84,
95% Cl 1.08-3.42; p=0.015; Table 3) and advanced age (OR
0.24, 95% C1 0.09-0.94; p=0.041; Table 3) as two independent
risk factors for PACE.

Discussion

In the present study, we showed that an advanced age and el-
evated serum preoperative leptin level were two independent
predictive risk factors for PACE in elderly patients undergoing
major non-cardiac surgery. Obesity is recognized as a well-es-
tablished predicative factor for cardiovascular events by previ-
ous studies [12], and our results from univariate analysis also
suggested that a higher BMI was significantly associated with
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PACE. However, our final multivariate analysis didn’t suggest it
had a prognostic role for PACE. We considered that the differ-
ences in definitions of obesity between Asian and WHO criteria
might lead to different conclusions. The RCRI score, a widely
used tool for cardiovascular risk assessment, was shown not
to be associated with PACE prediction probably due to its low
predictability in our cohort of elderly patients.

BNP is secreted by the myocardium stimulated by inflamma-
tion, ischemia, or myocardial stretch [13]. Previous studies by
Lucio et al. [14] have indicated a postoperative BNP eleva-
tion as an independent predictor of cardiopulmonary compli-
cations in patients undergoing major pulmonary resections;
which was not quite in accordant with our results. Studies by
Andersson et al. [15] have shown that B-blocker medication
was significantly correlated with reduced risk of 30-day major
cardiovascular adverse events among patients with ischemic
heart disease after non-cardiac surgery. Their conclusion was
in accordance with our results from the univariate analysis;
however, there was no positive result by multivariate analysis.

Preoperative statin therapy can decrease the mortality among
patients undergoing isolated valve surgery [16] or protect pa-
tients with stable coronary artery disease from major adverse
cardiovascular and cerebrovascular events after non-cardiac
surgery [17]. However, our final analysis didn’t suggest a pos-
itive correlation between preoperative lipid-lowering medica-
tion and PACE as expected. Prior coronary artery disease and
advanced age are independent risk factors for major cardio-
vascular and cerebrovascular complications for patients who
underwent head or neck surgery [18]. In our series, advanced
age was also recognized as an important risk factor for PACE.

The definitive role of leptin in cardiovascular events still re-
mains unclarified until now. Previous studies have achieved
controversial conclusions concerning the role of leptin in car-
diovascular system with both beneficial and detrimental ef-
fects [19]. Some studies have shown that leptin can be induced
by proinflammatory cytokines after acute myocardial infarction
and exert cardio-protective effects, thereby improving prog-
nosis [20]. Previous analysis conducted in patients with coro-
nary artery disease showed that elevated plasma leptin level
was significantly correlated with impaired left ventricular fill-
ing pattern [21], increased heart failure morbidity, and cardi-
ac death [8]. A prospective study carried out in patients with
atherosclerosis indicated leptin was an independent predica-
tive factor for adverse cardiovascular events [22]. Leptin has
a prognostic power in the coronary artery disease patients
due to its potential proatherogenic effects and confounding
with other proatherosclerotic factors [23]. As reported by pre-
vious studies conducted in experimental mice models, leptin
also played a critical role in injured tissues restoration after
acute myocardial infarction by improving systolic function, left

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




GuZ.etal:

C LI N I CA L R E S EA RC H Postoperative adverse cardiovascular events associated...

© Med Sci Monit, 2018; 24: 2119-2125

Table 1. Characteristics of patients with or without PACE.

Parameters

Number (n) 56 214 -
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Table 1 continued. Characteristics of patients with or without PACE.

Parameters

Types of surgery

Estimated blood loss (ml) 265.3+187.9 287.1+167.5 0.399

PACE — postoperative adverse cardiovascular events; ASA — American Society of Anesthesiologists; RCRI — revised cardiac risk index;
COPD - chronic obstructive pulmonary disease; BMI — body mass index; SBP — systolic blood pressure; DBP — diastolic blood pressure;
ACEI - angiotensin-converting enzyme inhibitor; ARB — angiotensin receptor blocker. The p-values were calculated by chi-square test,
Fisher exact test, Student’s t-test or Mann-Whitney U-test; * p value <0.05. The increased incidence of PACE was observed in a close
correlation with an older age, a higher RCRI score, SBP, higher incidence of comorbidities (coronary artery disease, ischemic heart
disease, and heart failure) and lower medication rates (beta blocker and lipid-lowering medication).

Table 2. Preoperative laboratory parameters of patients with or without PACE.

Laboratory parameters

Number (n) 56 214 -
"""" BNP(g/m) 3931257 2624197  0000°
"""" qnTg) 12166 o963 o0001*
"""" CRPmg)  tomss  7ms2  oo01*
”””” Le(gm) 20374 182211 os3s
”””” «mBOM)  laazs  osms 0000
"""" WOLC(mg/) 1403 1304 080
"""" DLC(mgd)  2x:07 2106 o028
"""" Creatinine (mg/d)  1sa3  1ss10 0063
”””” leptin (og/m)  124m35  ass1 000"
”””” Adiponectin ug/m)  ossa 8368 0222

PACE — postoperative adverse cardiovascular events; BNP — B-type natriuretic peptide; cTnT — cardiac troponin T; CRP — C-reactive
protein; IL-6 — interleukin-6; CK-MB — MB isoenzyme of creatinine kinase; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-
density lipoprotein cholesterol. The p-values were calculated by Student’s t-test or Mann-Whitney U-test; * p value <0.05. Higher
expressions of BNP, cTnT, CRP, CK-MB and leptin were significantly associated with the occurrence of PACE.
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Table 3. Univariate and multiple logistic regression analysis for PACE after major elective non-cardiac surgery.

Univariate

Variables

4.41 (2.47-8.17)

Multivariate

1.84 (1.08-3.42)

PACE - postoperative adverse cardiovascular events; RCRI — revised cardiac risk index; BMI — body mass index; SBP — systolic blood
pressure; BNP — B-type natriuretic peptide; cTnT — cardiac troponin T; CRP — C-reactive protein; CK-MB — MB isoenzyme of creatinine
kinase; Cl — confidence interval; OR — odds ratio; * p value <0.05. Preoperative leptin level and advanced age were two independent

risk factors for PACE.

ventricular remodeling [24] and exhibiting severe cardiac dys-
function [25]. Another study indicated elevated serum leptin
level closely correlated with increased incidence of myocardi-
al infarction [26]. Our results also suggested that serum leptin
level was related to the occurrence of PACE in elderly patients
undergoing major elective non-cardiac surgery with unknown
etiology. These converse conclusions suggest that different
characteristics of study cohorts may result in different rela-
tionships between leptin expressions and clinical outcomes.
The possible profibrotic role in the myocardium may be a pos-
sible pathway by which leptin exerts harmful effects in heart
disease related to myocardial fibrosis [15]. Recent studies have
also revealed the complex role of leptin in PACE and “leptin
resistance” might be one of the important mechanisms [27].
Circulating leptin can play a significant role in the prevention
of toxic lipid accumulation [28]; however, dysregulated leptin
concentrations are involved in metabolic disorders and lead to
the poor prognosis in subjects [29]. Furthermore, the cardio-
protective effects of leptin in patients after cardiac surgeries,
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and the putative association between leptin and PACE still re-
main uncertain with limited evidence [30].

Conclusions

In our opinion, preoperative serum leptin level and advanced
age are two independent risk factors for PACE among elderly
patients undergoing major non-cardiac surgery. As for those
patients with advanced age and elevated serum leptin levels,
more careful evaluation and attention are recommended to
prevent PACE. In addition, more prospective multi-center inves-
tigations are required to clarify the prognostic value of leptin
in the prediction of PACE.
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