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Elderly patients scheduled for major elective vascular surgery are
at high risk for a major adverse cardiac events (MACE). The objec-
tives of the study were: (1) To determine the individual discrimina-
tory ability of four risk prediction models and four biomarkers in pre-
dicting MACEs in elderly patients undergoing major elective vascu-
lar surgery; (2) to find a prognostic model with the best character-
istics; (3) to examine the significance of all preoperative parame-
ters; and (4) to determine optimal cut-off values for biomarkers with
best predictor capabilities. We enrolled 144 geriatric patients, aged
69.97 £ 3.73 years, with a 2:1 male to female ratio. Essential inclu-
sion criteria were open major vascular surgery and age >65 years.
The primary outcome was the appearance of MACEs within 6 months.
These were noted in 33 (22.9%) patients. The most frequent cardiac
event was decompensated heart failure, which occurred in 22 pa-
tients (15.3%). New onset atrial fibrillation was registered in 13 pa-
tients (9%), and both myocardial infarction and ventricular arrhyth-
mias occurred in eight patients each (5.5%). Excellent discriminatory
ability (AUC >0.8) was observed for all biomarker combinations that
included the N-terminal fragment of pro-B-type natriuretic peptide
(NT-proBNP). The most predictive two-variable combination was the
Ceriatric-Sensitive Cardiac Risk Index (GSCRI) + NT-proBNP (AUC of
0.830witha95% confidence interval). Female gender, previous coro-
nary artery disease, and NT-proBNP were three independent predic-
tors in a multivariate model of binary logistic regression. The Cox
regression multivariate model identified high-sensitivity C-reactive
protein and NT-proBNP as the only two independent predictors.

Keywords
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1. Introduction

The World Health Organization defines persons as
old/elderly if they >65 years [1], and this age limit is used in
most studies [2]. It is estimated that by 2050, the population
of elderly people in the United States will be 88.5 million, rep-
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resenting more than a doubling compared with 2010 [3]. The
correlation between adverse events and age is related to a de-
crease in functional organic reserve as well as to the existence
of associated chronic diseases [4]. Given that the older pa-
tients have higher incidence of surgical procedures than oth-
ers [5] and that age older than 75 years is independent pre-
dictor of myocardial injury and 30-day mortality [6], there is
tendency to expand the list of high risk surgeries in elderly
[7]. Accelerated aging of the population, higher frequency
of surgical procedures in elderly patients, as well as reliance
on surgical procedures in the treatment of vascular diseases
are demographic factors important in the risk stratification
of elderly vascular patients [8].

Patients older than 40 years of age who have had vascu-
lar surgery belong to the high-risk subset [9] with rates of
myocardial infarction (MI) and cardiac arrest (CA) greater
than 5% [10]. The Revised Cardiac Risk Index (RCRI) or by
the author known as Lee index, and Gupta Myocardial In-
farction or Cardiac Arrest (MICA) score are two non-specific
models for predicting peri/postoperative cardiac risk recom-
mended by the European Society of Cardiology (ESC) and the
European Society of Anaesthesiology (ESA) guidelines with
a class I recommendation and level of evidence B [10]. None
of the above models have an adequate predictive ability in pa-
tients undergoing non-cardiac vascular surgery [11, 12]. De-
veloped in 2017, the Geriatric-Sensitive Cardiac Risk Index
(GSCRI) is a significantly better model in preoperative pre-
diction of MI and CA than the RCRI or Gupta MICA score
in a subset of geriatric patients according to c-statistics. Con-
taining seven significant predictors, the GSCRI was devel-
oped and validated using the 2013 and 2012 geriatric cohorts,
respectively, of the National Surgical Quality Improvement
Program (NSQIP) [13].
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Cardiac biomarkers are hallmarks of various pathophys-
iological mechanisms, such as inflammation, ischemia, neu-
rohormonal activation, plaque instability or rupture, platelet
activation, and myocardial wall stretch and stress [14, 15].
The latter can be established with preoperative assessment
of B-type natriuretic peptide (BNP) or N-terminal fragment
of pro-BNP (NT-proBNP), which is recommended accord-
ing to the Canadian Cardiovascular Society (CCS) in patients
65 years or older [16]. Cardiac troponins and natriuretic
peptides are biomarkers recommended by ESC with a class
IIb recommendation [10]. On the basis of the data of the
beneficial impact of preoperative levels of different cardiac
biomarkers on increasing the predictive power of the RCRI
[17-19], both in non-cardiac as well in vascular surgery, we
hypothesized that there would be a similar effect on the Gupta
MICA score and GSCRI. We focused the research on: (1)
Biomarkers and risk scores recommended by leading pro-
fessional associations, which have been shown to be useful
in assessing the cardiac risk of non-cardiac and/or geriatric
patients in previous studies; (2) biomarkers covering all po-
tential pathophysiological mechanisms involved in the devel-
opment of major adverse cardiac events (MACEs); and (3)
biomarkers and risk scores that are widely used in clinical
practice.

The objectives of this 180-day follow-up study were: (1)
to determine the individual discriminatory ability of four
risk-prediction models (RCRI, Gupta MICA, GSCRI, and
American Society of Anesthesiologist (ASA) score) and four
biomarkers (NT-proBNP, high-sensitivity troponin I (hs-
Tnl), high-sensitivity C-reactive protein (hs-CRP), and cre-
atine kinase (CK)-MB for MACEs); (2) to find a prognostic
model with the best characteristics in predicting MACEs on
the basis of different combinations of predictors; (3) to exam-
ine the relationship of all preoperative anamnestic, clinical,
and laboratory parameters with the occurrence of MACEs;
and (4) to determine the optimal cut-off values for biomark-
ers with the best predictive abilities.

2. Methods

2.1 Study design and patient selection

Over a period of two years (from July 2017 to July 2019),
we enrolled 144 geriatric patients, aged 69.97 + 3.73 years,
with a 2:1 male to female ratio. Essential inclusion crite-
ria were open major non-cardiac vascular surgery (repair
of abdominal aortic aneurysm, carotid endarterectomy, and
aortobifemoral and femoropopliteal bypass) and age >65
years. Surgical procedures were performed under conditions
of general balanced anesthesia. All participants were pre-
operatively subjected to a detailed clinical examination that
included: anamnesis, a physical examination, hemathologic
and biochemical analysis, a chest radiograph, and a 12-lead
electrocardiogram. Presentation of unstable coronary disease
and cardiac decompensation were criteria for exclusion.
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2.2 Clinical data and outcome measures

Blood was sampled 48 h preoperatively from the median
cubital vein and stored in vacutainer serum tubes without
additives. NT-proBNP (pg/mL) and hs-Tnl (ng/mL) were
measured in whole blood specimens using chemilumines-
cence enzyme immunoassay (CLEIA) technology and Mag-
tration Technology on a PATHFAST Immunoanalyser (Mit-
subishi Chemical Europe GmbH, Diisseldorf, Germany). The
serum was separated using centrifugation and frozen at -80
°C until analysis. Hs-CRP (mg/L) and CK-MB (U/L) were
detected in serum using a Beckman Coulter AU 680 analyzer
(Beckman Coulter Inc., Brea, CA, USA) in conjunction with
the immunoturbidimetry method.

Online software was utilized for estimation of the RCRI
[20] as well as the Gupta MICA [21] and GSCRI [22] risk
scores. The ASA score [23] and the New York Heart Associ-
ation (NYHA) classification [24] were determined in all pa-
tients preoperatively by the attending anesthesiologist.

The outcome of interest was the appearance of a MACE
within six months from the date of surgery. We defined
MACE: as an extended spectrum of five cardiovascular com-
plications: myocardial infarction, cardiac arrest, decompen-
sated heart failure, new-onset atrial fibrillation, and stroke.

2.3 Statistical analysis

We used the Statistical Package for Social Sciences (SPSS
21.0; IBM Corp., Chicago, IL, USA) for data analysis. Base-
line characteristics are presented as frequencies (qualitative
variables) or, in cases of quantitative variables, as means with
standard deviations or medians with interquartile ranges (for
data deviating heavily from normal distribution on the ba-
sis of a contingent of distributional characteristics (i.e., skew-
ness, presence of extreme values, and Shapiro-Wilk test). A
parametric method, Student’s #-test, and a non-parametric
method, Mann—-Whitney U-test, were used for quantitative
variables. Fisher’s exact test was performed to determine the
association between qualitative variables. Significant predic-
tors of MACE occurrence were identified using univariate
and multivariate binary logistic regression modeling and Cox
regression modeling. In addition, receiver operating char-
acteristic (ROC) curve analyses were performed to evaluate
the discriminatory power of various risk scores and biomark-
ers, as well as to determine the optimal cut-off values. ROC
curves for multiple variables were constructed on the basis
of probabilities obtained by binary logistic regression model-
ing. ROC curves were compared with the DeLong test using
MedCalc software (v. 19.0; MedCalc Software Ltd, Ostend,
Belgium). A p-value less than 0.05 was considered to be a
measure of statistical significance.

3. Results

During the first six months after the surgical intervention,
MACE was noted in 33 (22.9%) patients. Almost two thirds
(21 patients) of these patients had a MACE in the first month.
About half of them (16 patients) had only one event, while 10
patients (6.9%) had two events. One patient experienced five,
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the maximum number of events recorded. Three patients
(2.1%) died during follow-up. The most frequent MACE was
decompensated heart failure, which occurred in 22 patients
(15.3%). New onset atrial fibrillation was registered in 13
patients (9%), and myocardial infarction and ventricular ar-
rhythmia occurred in eight patients each (5.5%). Two pa-
tients (1.39%) had a stroke during follow-up.

MACE: in the first six months after the intervention were
associated with female gender (p < 0.01), a higher NYHA
classification (p < 0.001), previous coronary artery disease
(p < 0.01), a positive family history (p < 0.05), usage of cal-
cium channel antagonists (p < 0.01) and antiplatelet drugs
(p < 0.001), intervention type (p < 0.01) (more likely af-
ter aneurysm resection with graft interposition), a higher
ASA score (p < 0.01), a lower ejection fraction (p < 0.001),
and a longer intensive care unit stay (p < 0.001). Addition-
ally, MACE occurrence was associated with a higher RCRI
or RCRI% (p < 0.001), higher Gupta MICA (p < 0.001) and
GSCRI risk scores (p < 0.001), as well as higher levels of NT-
proBNP (p < 0.001) and hs-CRP (p < 0.05) (Table 1). ROC
curve analysis showed the statistically significant power of
the RCRI, of the Gupta MICA, GSCRI, and ASA risk scores,
and of the biomarkers such as NT-proBNP and hs-CRP in
discriminating patients with and without a MACE. RCRI,
GSCRI risk scores, and NT-proBNP levels had good discrim-
inatory ability with an area under the curve (AUC) >0.7
(Fig. 1, Table 2, Supplementary Table 1, Supplementary
Fig. 1).

Further, we have tested various combinations of risk
scores and markers to determine the best combination. Out
of the total of eight risk scores and biomarkers tested, three
(ASA risk score, hs-Tnl, and hs-CRP) did not add to the dis-
criminatory ability of the combinations. Excellent discrimi-
natory ability (AUC >0.8) was observed for all combinations
that included NT-proBNP, without any statistically signifi-
cant difference among them. The most valuable two-variable
combination was GSCRI + NT-proBNP, which had a signif-
icantly higher discriminatory ability than the combination of
RCRI (p < 0.05), Gupta MICA (p < 0.05), and CK-MB (p <
0.001). The only 3-variable combination with a significantly
different AUC from the AUCs of the individual variables
was Gupta MICA + GSCRI + NT-proBNP. Adding Gupta
MICA to the combination increased the specificity but did
not significantly increase the discriminatory power. Simi-
larly, four- and five-variable combinations that included NT-
proBNP were not statistically different from any other com-
binations with NT-proBNP (Fig. 2).

Using the binary logistic regression method, univariable
analysis identified a number of possible predictors of MACE
occurrence within six months after the surgical intervention.
Previously determined cut-offs for Gupta MICA, GSCRI,
NT-proBNP, and hs-CRP had greater predictive values than
any risk scores/biomarkers by themselves. Nevertheless, we
found only three independent predictors in the multivari-
able model explaining 44.5%-67.5% of the MACE occurrence
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variance (y? = 84.842, p < 0.001). Female patients were at
seven times higher risk of a MACE (p < 0.05). In patients
with previous coronary artery disease, the risk increased 10
times (p < 0.05). Finally, patients with increased NT-pro
BNP levels above 208.0 were at 26 times greater risk (p <
0.001) (Table 3).

Similar predictors were identified for 6-month survival
without a MACE. In the multivariable Cox regression model
(x? = 94.143, p < 0.001), there were only two independent
predictors of MACE occurrence in the first 6 months after the
surgical intervention. The risk of MACE increased 1.5 times
with the increase in NT-proBNP by 100 units (p < 0.01). In
patients with hs-CRP higher than 0.92, the risk was 2.7 times
greater (p < 0.05) (Table 4).

4. Discussion

The goal of preoperative risk assessment is to reduce not
only perioperative but also long-term postoperative mortal-
ity and morbidity through the development of a strategy for
optimization of a patient’s clinical condition. Adverse car-
diac events are responsible for nearly half of perioperative
deaths [25]. The lack of a generally accepted definition of
MACE [14], differences in high-sensitivity biomarker assays
[26], and consequent changes in the definitions of individ-
ual cardiac events [27] are several problems in analyzing and
comparing study results. The term MACE was established
to assess the safety and effectiveness of various cardiac ther-
apeutic methods [28] and has long referred to the manifesta-
tions of the atherosclerotic process in the coronary and cere-
bral vasculature [29]. In our study, MACEs represent a com-
posite of a wide range of postoperative complications, and
our aim was to undertake a more comprehensive evaluation
of cardiovascular risk prediction. In this regard, decompen-
sated heart failure and new-onset atrial fibrillation were the
two most common adverse events, although they may not be
directly related to atherosclerosis.

Because of systemic atherosclerosis, over 90% of patients
scheduled for major vascular surgery have pathological sub-
strate on coronary arteries [30]. Various intraoperative con-
ditions that are not easy to incorporate into predictive mod-
els, such as tachycardia, hypotension, bleeding, and duration
of surgery are independently associated with MACEs. Men-
tioned factors and others, like bradycardia and hypertension,
are part of the overall cardiac risk of vascular surgery [31]. If
the frequency of pathoanatomical changes, loss of functional
organic reserve, and homeostatic imbalances associated with
aging are added to this, a subgroup of elderly vascular surgi-
cal patients with an exceptional risk of postoperative cardiac
complications is obtained [32, 33]. A group from the Uni-
versity of Pittsburgh performed a retrospective cohort study
involving over four million patients over the age of 65, rec-
ognized age as a risk factor for postoperative mortality, and
proposed expanding the list of surgical procedures to be des-
ignated as high risk [7].

Although widely used, RCRI did not achieve an adequate
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Fig. 1. Individual discriminative ability of risk scores and biomarkers. The receiver operating characteristic (ROC) curve illustrates the discriminative

ability of four biomarkers and four risk scores. Abbreviations: ROC, receiver operating characteristic; RCRI, Revised Cardiac Risk Index; MICA, myocardial

infarction and cardiac arrest; GSCRI, Geriatric-Sensitive Cardiac Risk Index; ASA, American Society of Anesthesiologist; CK, creatine kinase - MB isoenzyme;

NT-proBNP, N-terminal fragment of pro-B-type natriuretic peptide; Hs-Tnl, High-sensitivity troponin I; Hs-CRP, high-sensitivity C-reactive protein.

level of prediction of MACEs in patients expecting abdomi-
nal aneurysm repair, relying on data from the original study
[34], which was also shown in subsequent research [35]. The
results of the study from which it was derived showed a bet-
ter predictive ability of GSCRI compared with RCRI and
Gupta MICA for myocardial injury and cardiac arrest after
30 days, both in geriatric (0.76) and in the overall population
(0.83) [13]. The same study found that the Gupta MICA was
the risk score with the highest degree of underestimation of
cardiovascular complications in the geriatric subgroup. Our
results indicated that the highest AUC occurred using the
GSCRI risk score (0.731). A good level of discrimination,
with an AUC above 0.7, was shown by adopting NT-proBNP
(0.713) and RCRI (0.707). We interpret the better character-
istics of RCRI in relation to the Gupta MICA score in the
following ways: (1) The most common complication was de-
compensated heart failure, and it was found in two thirds of
patients who have had a MACE. Unlike the Gupta MICA
score, both RCRI and GSCRI include evidence of a history
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of heart failure in their design. We found a significant asso-
ciation (p < 0.001) between higher NYHA classification and
lower ejection fraction and occurrence of MACE during 6
months of follow-up; (2) The Gupta MICA score arose from
a need to detect only two cardiovascular events: myocardial
infarction and cardiac arrest [36]. In our investigation, these
two adverse events were the third and forth most common,
followed by decompensated heart failure and new onset atrial
fibrillation.

Both in the above-mentioned and in our study, the value
of AUC obtained by applying GSCRI in geriatric patients was
not higher than 0.8, which is a generally accepted value for the
excellent discriminatory ability of a biomarker and/or score
[37]. This indicates difficulty in stratifying cardiovascular
risk in subgroups of patients with highly variable health con-
ditions, such as geriatric and vascular disease.

A multivariable model of binary logistic and Cox regres-
sion analysis confirmed earlier evidence of a connection be-
tween NT-proBNP and MACEs after vascular surgery [19].

Volume 22, Number 3, 2021



Table 1. Demographic and clinical characteristics and occurrence of MACEs during the 6-months of follow-up.

Variable With MACE Without MACE p-value
Age (years) 69.76 + 4.88 69.65 £ 3.34 0.109*
aGender (male) 5(15.2%) 45 (40.5%) 0.007"
Dyspnea (NYHA class) 2.58 £ 0.61 2.04 +0.62 <0.001*
Atrial fibrillation 3(9.1%) 4(3.6%) 0.197"
Previous CVI 5(15.2%) 37 (32.5%) 0.051"
Previous CAD 14 (42.4%) 17 (15.3%) 0.002°
Previous cardiomyopathy 6 (18.2%) 12 (10.8%) 0.367"
Prior PCI 2(6.1%) 3(2.7%) 0.323"
Previous MI 9(27.3%) 16 (14.4%) 0.115"
Prior CABG 1(3.0%) 1(0.9%) 0.407"
Previous hypertension 30 (90.9%) 92 (82.9%) 0.408"
Previous DM 14 (42.4%) 39 (35.1%) 0.538"
Insulin-dependent DM 11 (33.3%) 22 (19.8%) 0.155"
Insulin-independent DM 3(9.1%) 17 (15.3%) 0.567"
Previous hyperlipidaemia 10 (30.3%) 23 (20.7%) 0.361"
Smoking 16 (48.5%) 41 (36.9%) 0.311"
Family history 18 (54.5%) 38 (34.2%) 0.043"
Beta-blocker 27 (81.8%) 77 (69.4%) 0.189"
ACE inhibitor 28 (84.8%) 78 (70.3%) 0.117°
Calcium channel antagonist 16 (48.5%) 23 (20.7%) 0.003"
Antiplatelet therapy 27 (81.8%) 55 (49.5%) 0.001"
Statins 17 (51.5%) 51 (45.9%) 0.692"
Diuretics 3(9.1%) 21 (18.9%) 0.286"
Nitrates 3(9.1%) 7 (6.3%) 0.696"
Intervention type 0.006"
AAAR 13 (39.4%) 18 (16.2%)

CE 14 (42.4%) 66 (59.5%)

AFBP 2(6.1%) 1(0.9%)

FPBP 4(12.1%) 26 (23.4%)

ASA score 3.0(2.5-3.0) 2.0 (2.0-3.0) 0.002*
Haemoglobin (g/dL) 13.4 (12.0-14.3) 13.6 (12.5-14.4) 0.479*
Creatinine (pmol/L) 92.0 (80.2-125.6) 88.4 (79.0-106.6) 0.166*
WBC count (109/L) 7.3 (6.4-8.6) 7.0 (5.8-8.1) 0.161*
Platelet count (109/L) 213.0 (148.0-251.0) 228.0 (191.0-274.0) 0.073*
Urea (mmol/L) 6.0 (5.2-8.6) 5.6 (5.0-6.9) 0.176*
CRP (mg/L) 2.8 (2.0-4.9) 3.4 (2.1-6.5) 0.403*
LDL (mmol/L) 2.84 +0.83 2.79 £ 0.99 0.783*
HDL (mmol/L) 1.2 (0.9-1.3) 1.2 (1.0-1.4) 0.263*
CK-MB (U/L) 104.0 (47.5-132.0) 74.0 (56.0-108.0) 0.130*
EF (%) 50.06 & 6.69 55.76 + 7.17 <0.001*
BMI (kg/m?) 25.76 4 1.84 25.65 4 2.76 0.844*
ICU (days) 3.0 (2.0-4.0) 1.0 (1.0-1.0) <0.001*
RCRI 2.06 +1.22 1.18 = 1.15 <0.001*
RCRI (%) 10.18 4 4.01 7.27 £3.73 <0.001*
Gupta MICA 0.7 (0.2-1.5) 0.4 (0.2-0.7) 0.001#
GSCRI 4.5(1.9-11.1) 1.7 (0.3-7.2) <0.001*
NT-proBNP (pg/mL) 234.0 (89.2-429.5) 95.0 (74.0-114.0) <0.001*
Hs-Tnl (ng/mL) 0.003 (0.001-0.008) 0.004 (0.002-0.010) 0.559*
Hs-CRP (mg/L) 0.9 (0.4-3.2) 0.4 (0.3-0.9) 0.040*
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Legend: *, t-test; T Chi-squared test; #, Z-test.

NYHA, New York Heart Association; CVI, cerebrovascular insult; CAD, coronary artery disease;
PCI, percutaneous coronary intervention; MI, myocardial infarction; CABG, coronary artery bypass
graft; DM, diabetes mellitus; ACE, angiotensin converting enzyme; AAAR, repair of abdominal aortic
aneurysm; CE, carotid endarterectomy; AFBP, aortobifemoral bypass; FPBP, femoropopliteal bypass;
ASA, American Society of Anesthesiologist; WBC, white blood cells; CRP, C-reactive protein; LDL,
low-density lipoprotein; HDL, high-density lipoprotein; CK-MB, MB isoenzyme of creatine kinase; EF,
ejection fraction; BMI, body mass index; ICU, intensive care unit; RCRI, Revised Cardiac Risk Index;
MICA, myocardial infarction and cardiac arrest; GSCRI, Geriatric-Sensitive Cardiac Risk Index; NT-
proBNP, N-terminal fragment of pro-B-type natriuretic peptide; Hs-Tnl, High-sensitivity troponin I;

Hs-CRP, high-sensitivity C-reactive protein.
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Table 2. Individual discriminative ability of risk scores and biomarkers.

Variable Area (95% CI) p-value  Cut-off  Sensitivity (%) Specificity (%)
RCRI 0.707 (0.609-0.805) <0.001 2 66.7 68.5
RCRI (%) 0.706 (0.608-0.804) <0.001 10.1 66.7 68.5
Gupta MICA 0.682 (0.570-0.795) 0.001 0.8 48.5 86.5
GSCRI 0.731(0.644-0.818)  <0.001 1.5 90.9 45.9
ASA score 0.654 (0.551-0.757) 0.008 3 75.8 55
NT-proBNP (pg/mL) 0.713 (0.600-0.826) <0.001 208 60.6 84.7
Hs-Tnl (ng/mL) 0.462 (0.347-0.578) 0.512 0.035 9.1 100
Hs-CRP (mg/L) 0.618 (0.501-0.735) 0.04 0.92 51.5 75.7
CK-MB (U/L) 0.587 (0.465-0.709) 0.13 94 63.6 66.7

Legend: RCRI, Revised Cardiac Risk Index; MICA, myocardial infarction and cardiac arrest; GSCRI, Geriatric-

Sensitive Cardiac Risk Index; ASA, American Society of Anesthesiologist; NT-proBNP, N-terminal fragment

of pro-B-type natriuretic peptide; Hs-Tnl, High-sensitivity troponin I; Hs-CRP, high-sensitivity C-reactive

protein; CK-MB, MB isoenzyme of creatine kinase.
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Fig. 2. Discriminative ability of NT-proBNP and different risk-score combinations. The receiver operating characteristic (ROC) curve illustrates the

discriminative ability seven different NT-proBNP combinations of biomarkers and/or risk scores. Abbreviations: ROC, receiver operating characteristic; NT-

proBNP, N-terminal fragment of pro-B-type natriuretic peptide; GSCRI, Geriatric-Sensitive Cardiac Risk Index; RCRI, Revised Cardiac Risk Index; MICA,

myocardial infarction and cardiac arrest.

This natriuretic peptide has been singled out as a biomarker
with the greatest discriminatory potential. Its advantage over
other biomarkers is that it can be a recognizable sign of a
wider range of heart conditions such as asymptomatic is-
chemia, left ventricular hypertrophy and/or systolic dysfunc-
tion, and left atrial dilatation and/or fibrillation [38]. In a
study that included over 300 patients who underwent major
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vascular surgery, it was reported that using a cut-off value of
319 ng/L for preoperative NT-proBNP was an excellent pre-
dictor of postoperative MACE:s after 6 months [39]. We have
identified that a NT-proBNP cut-off value of 208 ng/L had
a hazard ratio for postoperative MACEs of almost 26 (95%
CL: =4.9-134.6; p < 0.001), which was more than twice as
large as the value in the above-mentioned study. We inter-
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Table 3. Binary logistic regression model of MACE occurrence during the 6-months after the procedure.

Variable Univariable analysis - OR (95% CI) ~ p-value  Multivariable analysis - OR (95% CI) p-value
Gender (female) 3.818 (1.371-10.633) 0.01 7.303 (1.084-49.208) 0.041
Previous CAD 4.074 (1.720-9.650) 0.001 10.380 (1.320-81.599) 0.026
Positive family history 2.305 (1.047-5.077) 0.038 0.436 (0.091-1.950) 0.277
Calcium channel antagonists 3.601 (1.582-8.198) 0.002 1.377 (0.266-7.131) 0.703
Antiplatelet drugs 4.582 (1.755-11.962) 0.002 2.911 (0.455-18.620) 0.259
Dyspnea (NYHA class) 4.443 (2.128-9.274) <0.001 1.444 (0.317-6.582) 0.635
ASA score 3.812(1.582-9.188) 0.003 1.059 (0.089-12.577) 0.964
EF (%) 0.881 (0.823-0.942) <0.001 0.928 (0.834-1.033) 0.174
CK-MB (U/L) 1.006 (1.001-1.011) 0.017 1.010 (1.000-1.020) 0.058
CE vs. AAAR 0.294 (0.117-0.735) 0.009 0.491 (0.050-4.861) 0.543
AFBP vs. AAAR 2.769 (0.226-33.879) 0.425 31.339 (0.570-1722.649) 0.092
FPBP vs. AAAR 0.213 (0.060-0.760) 0.017 2.299 (0.133-37.361) 0.577
RCRI 1.788 (1.285-2.486) 0.001

RCRI (%) 1.194 (1.082-1.317) <0.001 0.935 (0.686-1.275) 0.673
RCRI (>2 or >10.1%) 4.343 (1.899-9.931) 0.001

Gupta MICA 2.720 (1.465-5.049) 0.002

Gupta MICA (>0.8) 6.024 (2.516-14.421) <0.001 2.486 (0.403-15.339) 0.327
GSCRI 1.135 (1.051-1.227) 0.001

GSCRI (>1.5) 8.500 (2.450-29.495) 0.001 6.775 (0.830-55.268) 0.074
NT-proBNP (pg/mL) 1.006 (1.003-1.009) <0.001

NT-proBNP (>208.0 pg/mL) 8.507 (3.569-20.276) <0.001 25.599 (4.869-134.574) 0
Hs-CRP (>0.92 mg/L) 3.306 (1.472-7.421) 0.004 3.751 (0.761-18.487) 0.104

Legend: OR, odds ratio; CI, confidence interval; CAD, coronary artery disease; NYHA, New York Heart Association; ASA, American So-

ciety of Anesthesiologist; EF, ejection fraction; CK-MB, MB isoenzyme of creatine kinase; AAAR, repair of abdominal aortic aneurysm;

CE, carotid endarterectomy; AFBP, aortobifemoral bypass; FPBP, femoropopliteal bypass; RCRI, Revised Cardiac Risk Index; MICA, my-

ocardial infarction and cardiac arrest; GSCRI, Geriatric-Sensitive Cardiac Risk Index; NT-proBNP, N-terminal fragment of pro-B-type

natriuretic peptide; Hs-CRP, high-sensitivity C-reactive protein.

pret this outcome to be consistent with the tendency to de-
crease cut-off values in more at-risk subgroups of patients
for postoperative MACEs [40]. NT-proBNP reference lim-
its are higher in the elderly, partly because of fibrosis of car-
diac muscle [41] and partly because of a higher prevalence of
comorbidities that affect natriuretic peptide concentrations
[42]. However, NT-proBNP retains its prognostic ability for
cardiovascular and all-cause mortality in older patients both
after 1 year and 5 years of follow-up. We calculated that if
levels of NT-proBNP would go up by 100 units, the risk for
a MACE would increase 1.5 times.

Female gender and preexisting coronary artery disease are
two possible predictors of MACE that were obtained by ap-
plication of the multivariable model of binary logistic re-
gression. Systemic stress response associated with vascular
surgery is a trigger for the development of acute coronary
syndrome in patients with preexisting coronary artery dis-
ease [43]. Because of a sharp drop in estrogen, 50-year-old
women are thought to be at higher risk for developing car-
diovascular disease than 70-year-old men [44]. Older females
have the highest incidence of heart failure with preserved
ejection fraction, and this form of heart failure accounts for
about 90% of all new episodes [45]. This may also explain the
association of antiplatelet agents and calcium channel block-
ers with the occurrence of MACEs. Antiplatelet drugs are
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routinely used preoperatively in patients with previous coro-
nary artery disease and calcium antagonists, as safe drugs for
this form of heart failure [46] are often the first choice in con-
trolling systolic and diastolic hypertension, ischemia, and im-
proving diastolic relaxation [47].

Our results confirmed the poor predictive ability of pre-
operative troponin measurement for MACEs after vascular
surgery [17]. In contrast, we established that preoperative
hs-CRP was a useful biomarker for predicting 6-month post-
operative cardiovascular events. We do not consider this re-
sult surprising as earlier studies examining cardiac events at
longer time intervals after vascular surgery have confirmed
the usefulness of hs-CRP [48, 49]. The reason for the good
predictive ability of hs-CRP for a wide group of cardiovascu-
lar events may be its correlation with the increase in proin-
flammatory cytokines, which is characteristic not only for the
process of atherosclerosis but also occurs in congestive heart
failure [45]. The Cox regression multivariable model singled
out hs-CRP and NT-proBNP as the only two independent
predictors among the biomarkers, risk scores, and preoper-
ative anamnestic data. Hs-CRP levels >0.92 were associated
with a 2.7 times higher risk of a MACE (p < 0.05). Such val-
ues are associated with chronic inflammation, which carries
the highest cardiac risk in long-term studies [50].
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Table 4. Cox regression model of MACE occurrence during the 6-months after the procedure.

Variable Univariable analysis - HR (95% CI)  p-value =~ Multivariable analysis - HR (95% CI) p-value
Gender (female) 3.177 (1.226-8.231) 0.017 1.713 (0.543-5.407) 0.358
Previous CAD 2.998 (1.502-5.983) 0.002 1.818 (0.566-5.840) 0.315
Positive family history 2.003 (1.009-3.977) 0.047 1.491 (0.533-4.169) 0.447
Calcium channel antagonists 2.767 (1.396-5.482) 0.004 0.715 (0.212-2.415) 0.589
Antiplatelet drugs 3.811 (1.572-9.235) 0.003 2.566 (0.762-8.639) 0.128
Dyspnea (NYHA class) 3.600 (1.925-6.735) <0.001 1.752 (0.584-5.256) 0.317
ASA score 3.170 (1.429.7.033) 0.005 2.163 (0.388-12.056) 0.379
EF (%) 0.905 (0.860-0.953) <0.001 1.001 (0.934-1.073) 0.974
CK-MB (U/L) 1.004 (1.002-1.006) 0.001 1.002 (0.999-1.005) 0.115
CE vs. AAAR 0.386 (0.181-0.823) 0.014 0.261 (0.056-1.213) 0.087
AFBP vs. AAAR 2.069 (0.466-9.197) 0.339 6.537 (0.794-53.662) 0.08
FPBP vs. AAAR 0.290 (0.095-0.891) 0.031 0.789 (0.145-4.303) 0.784
RCRI 1.504 (1.185-1.908) 0.001

RCRI (%) 1.145 (1.059-1.239) 0.001 0.849 (0.690-1.094) 0.231
RCRI (>2 or >10.1%) 3.495 (1.696-7.215) 0.001

Gupta MICA 1.907 (1.304-2.790) 0.001

Gupta MICA (>0.8) 4.182 (2.105-8.312) <0.001 1.407 (0.451-4.391) 0.556
GSCRI 1.097 (1.038-1.160) 0.001 1.071 (0.987-1.161) 0.098
GSCRI (>1.5) 7.050 (2.150-23.121) 0.001

NT-proBNP (pg/mL) 1.004 (1.003-1.006) <0.001 1.004 (1.001-1.006) 0.002
NT-proBNP (>208.0 pg/mL) 5.928 (2.939-11.955) <0.001

Hs-Tnl (ng/mL) 1889.529 (2.136-1671404.819) 0.029 1460.863 (0.216-9895313.278) 0.105
Hs-CRP (>0.92 mg/L) 2.822 (1.424-5.590) 0.003 2.716 (1.107-6.665) 0.029

Legend: HR, hazard ratio; CI, confidence interval; CAD, coronary artery disease; NYHA, New York Heart Association; ASA, American

Society of Anesthesiologist; EF, ejection fraction; CK-MB, MB isoenzyme of creatine kinase; AAAR, repair of abdominal aortic aneurysm;

CE, carotid endarterectomy; AFBP, aortobifemoral bypass; FPBP, femoropopliteal bypass; RCRI, Revised Cardiac Risk Index; MICA, my-

ocardial infarction and cardiac arrest; GSCRI, Geriatric-Sensitive Cardiac Risk Index; NT-proBNP, N-terminal fragment of pro-B-type

natriuretic peptide; Hs-Tnl, High-sensitivity troponin I; Hs-CRP, high-sensitivity C-reactive protein.

5. Conclusions

Elderly patients scheduled for major elective vascular
surgery are at high risk for a MACE during the 6-month post-
operative period, the most common of which is decompen-
sated heart failure. Researching new approaches in MACE
prediction is a complex and challenging process both because
of the inability of an individual score or biomarker to give
a satisfactory level of prediction and because of the constant
aspiration of clinicians to make these procedures simple and
applicable. NT-proBNP as a biomarker and GSCRI as a risk
score showed the greatest predictive potential in our study.
GSCRI + NT-proBNP is a two-variable model with excel-
lent predictive ability. More complicated models with three
or more variables did not provide a significant increase in
discriminatory power. We believe that the combination of
GSCRI + NT-proBNP enables the identification of patients
at particular risk for a cardiovascular event who could ben-
efit from aggressive preoperative reduction of risk factors,
more careful perioperative monitoring, and stricter control
of hemodynamic parameters. This can serve as a guide in fu-
ture studies for creating a categorical classification system on
the basis of value intervals of NT-proBNP and calculated risk
for the same.
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