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Enhancing predictive accuracy of
the cardiac risk score in open
abdominal aortic surgery: the role
of left ventricular wall motion
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Background: Open abdominal aortic surgery carries many potential complications,
with cardiac adverse events being the most significant concern. The Vascular Study
Group Cardiac Risk Index (VSG-CRI) is a commonly used tool for predicting severe
cardiac complications and guiding clinical decision-making. However, despite the
potential prognostic significance of left ventricular wall motion abnormalities
(LVWMAs) and reduced LV ejection fraction (LVEF) for adverse outcomes, the
VSG-CRI model has not accounted for them. Hence, the main objective of this
study was to analyze the added value of LV wall motion on the discriminatory
power of the modified VSG-CRI in predicting major postoperative cardiac
complications.
Methods: A prospective study was conducted involving 271 patients who
underwent elective abdominal aortic surgery between 2019 and 2021. VSG-CRI
scores were calculated, and preoperative transthoracic echocardiography was
conducted for all patients. Subsequently, a modified version of the VSG-CRI,
accounting for reduced LVEF and LVWMAs, was developed and incorporated
into the dataset. The postoperative incidence of the composite endpoint of
major adverse cardiac events (MACEs), including myocardial infarction, clinically
relevant arrhythmias treated with medicaments or by cardioversion, or
congestive heart failure, was assessed at discharge from the index
hospitalization, with adjudicators blinded to events. The predictive accuracy of
both the original and modified VSG-CRI was assessed using C-Statistics.
Results: In total, 61 patients (22.5%) experienced MACEs. Among these patients, a
significantly higher proportion had preoperative LVWMAs compared to those
without (62.3% vs. 32.9%, p < 0.001). Multivariable regression analysis revealed
the VSG-CRI [odds ratio (OR) 1.46, 95% confidence interval (CI) 1.21–1.77;
p < 0.001] and LVWMA (OR 2.76; 95% CI 1.46–5.23; p= 0.002) as independent
predictors of MACEs. Additionally, the modified VSG-CRI model demonstrated
Abbreviations

AUC, area under the receiver operating characteristic curve; CABG, coronary artery bypass grafting; CAD,
coronary artery disease; CHF, congestive heart failure; CI, confidence interval; COPD, chronic obstructive
pulmonary disease; ESC, European Society of Cardiology; LVEF, left ventricular ejection fraction;
LVWMAs, left ventricular wall motion abnormalities; M VSG-CRI, Modified Vascular Study Group Cardiac
Risk Index; MACEs, major adverse cardiac events; MI, myocardial infarction; OAAA, open infrarenal
abdominal aortic aneurysm repair; OR, odds ratio; PCI, percutaneous coronary intervention; TTE,
transthoracic echocardiography; VSG-CRI, Vascular Study Group Cardiac Risk Index.
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superior predictability compared to the baseline VSG-CRI model, suggesting an
improved predictive performance for anticipating MACEs following abdominal
aortic surgery [area under the curve (AUC) 0.74; 95% CI 0.68–0.81 vs. AUC
0.70; 95% CI 0.63–0.77; respectively].
Conclusion: The findings of this study suggest that incorporating preoperative
echocardiography can enhance the predictive accuracy of the VSG-CRI for
predicting MACEs after open abdominal aortic surgery. Before its
implementation in clinical settings, external validation is necessary to confirm
the generalizability of this newly developed predictive model across different
populations.

KEYWORDS

cardiac risk, open abdominal aortic surgery, left ventricular function, wall motion

abnormalities, cardiac risk scores, VSG-CRI, Vascular Study Group Cardiac Risk Index
1. Introduction

Patients with vascular conditions often have co-existing forms of

acquired cardiac disease. Consequently, they are exposed to a

substantial risk of perioperative morbidity and mortality during

elective vascular procedures (1). Therefore, predicting the cardiac

risks of patients undergoing vascular surgery can guide the choice

of treatment modalities, potentially lower perioperative morbidity

and mortality, shorten hospital stays, and reduce healthcare costs

(2). Numerous studies have extensively explored the associations of

patient characteristics and comorbidities with the incidence of

cardiac adverse events in noncardiac surgery (1, 3). As a result,

multiple predictive risk models have been developed and

introduced in daily practice over the years (4–7). Among these, the

Vascular Study Group of New England Cardiac Risk Index (VSG-

CRI) has emerged as the standard tool for predicting major

adverse cardiac events (MACEs) in vascular surgery (8). The

accuracy of VSG-CRI is attributed to its derivation from a large

group of patients undergoing vascular surgery and its external

validation (9). Aortic surgery is classified as high-risk and

associated with a substantial likelihood of a significant cardiac

event or death, with an estimated risk exceeding 5% (10, 11).

Major vascular surgery may lead to adverse cardiac events

through various mechanisms. Among the most significant is

clamping and unclamping the abdominal aorta during

reconstructive surgery, which markedly impacts left ventricular

(LV) pressure and volume loading. These alterations affect

coronary perfusion and potentially contribute to cardiac

complications, especially in those with co-existing cardiac

conditions. Several studies have suggested that patients with

cardiac wall motion abnormalities are at an increased risk

of adverse events (12, 13). Additionally, many authors have

underscored the value of preoperative transthoracic

echocardiography (TTE) in predicting these events and guiding

clinical decisions, especially by focusing on LV wall motion and

LV ejection fraction (LVEF) to enhance patient outcomes (14, 15).

Despite the correlation between lower LVEF, LV wall motion

abnormalities (LVWMAs), and cardiac complications, the role of

TTE parameters in predicting postoperative adverse events

remains unclear (16). Although the VSG-CRI has demonstrated
02
accuracy in predicting MACEs in vascular surgery, it may

underestimate cardiac risk in patients with co-existing cardiac

conditions, as cardiac imaging findings are not considered (17).

Therefore, our study primarily aimed to investigate the added

value of incorporating preoperative LVEF and LVWMAs findings

to enhance the discriminatory power of the VSG-CRI score for

predicting MACEs in patients undergoing abdominal aortic surgery.
2. Methods

2.1. Study population

This prospective observational study was conducted at Dedinje

Cardiovascular Institute, a tertiary referral center, in collaboration

with the Clinics for Anesthesia and Vascular Surgery. The study

involved 271 consecutive patients scheduled for elective

abdominal aortic surgery between October 2019 and September

2021. Of these, 200 patients underwent open infrarenal

abdominal aortic aneurysm repair (OAAA), while 71 patients

underwent open reconstructive aortic surgery for chronic

aortoiliac occlusive disease. Inclusion criteria encompassed

patients scheduled for elective OAAA as well as those requiring

aortofemoral or aortoiliac bypass reconstruction due to aortoiliac

occlusive disease. However, patients with surgical emergencies,

ruptured abdominal aortic aneurysms, and those undergoing

endovascular aortic aneurysm repair were excluded.

Compliance with the Declaration of Helsinki was ensured

during the entire course of the research, and approval was

granted by the Institutional Review Board of the Dedinje

Cardiovascular Institute (approval code 3336) and the Ethics

Committee of the Faculty of Medicine, University of Belgrade

(approval code 1550/IX-9). Informed consent was obtained from

all patients who participated in the study.
2.2. Perioperative assessment and
development of risk score models

A comprehensive database was established during the preoperative

period, with particular attention to data necessary for calculating the
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VSG-CRI score (8). This score considers patient characteristics such as

age, coronary artery disease (CAD), congestive heart failure (CHF),

chronic obstructive pulmonary disease, insulin-dependent diabetes

mellitus, creatinine levels, smoking habits, long-term β-blockade

therapy, previous coronary artery bypass grafting (CABG), or

percutaneous coronary intervention (PCI). Information was obtained

from anamnesis, medical records, and hospital examinations if

needed. The VSG-CRI score was determined for all studied patients,

ensuring no missing data, and validated within the same patient

group.

Prior to the operation, each patient underwent a standard two-

dimensional TTE examination to evaluate LVEF and the kinetics of

the LV regional walls. These evaluations were conducted by a

specialist imaging cardiologist from our Department of

Echocardiography using a standardized assessment approach,

ensuring precision in capturing the heart’s structural movements

and decreasing interobserver variability. Hypokinesia, dyskinesia,

or akinesia of the LV walls were defined as LVWMAs. Reduced

LVEF was defined as systolic EF < 40%, according to the

recommendations from the European Society of Cardiology

(ESC) Guidelines for diagnosis and treatment of heart failure

(18). The newly acquired variables, LVWMA and reduced LVEF,

were classified as binary, either “yes” or “no.” Subsequently, the

VSG-CRI score was adopted to include any LVWMA and LVEF

<40% as categorical variables, resulting in the development of the

Modified VSG-CRI (M VSG-CRI) model.
2.3. Study endpoints

The primary endpoint of the present study was the incidence of

the composite endpoint of MACEs, the outcome used in developing

and validating the original VSG-CRI model (8). These individual

MACE components included myocardial infarction (MI), clinically

relevant arrhythmias treated with medicaments or by

cardioversion, or CHF during the hospital stay. MI was defined by

the presence of new changes in ST and T wave, elevated high-

sensitivity troponin I levels, or documented evidence of a new wall

motion abnormality from an echocardiogram. Significant

arrhythmias were defined as those requiring therapeutic

intervention, including medical or cardioversion. CHF was

clinically diagnosed as pulmonary edema, confirmed through

radiography and echocardiography findings and requiring

prolonged treatment or readmission to the intensive care unit.
2.4. Statistical analysis

Data are presented using descriptive statistics, including central

tendency and variability measures. Pearson’s chi-square and

Mann–Whitney tests were used to determine statistically

significant differences between patients with and without MACEs

for categorical and numerical variables, respectively. Univariable

logistic regression analysis was conducted to verify the validity of

potential candidate variables for building the subsequent

multivariable model. Variance inflation factor (VIF) values were
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computed to assess multicollinearity among variables, with a VIF

exceeding 5 indicating a significant correlation. Pearson’s

correlation coefficients were also determined, with a value less

than 0.7 between two independent variables indicating no

multicollinearity. Every correlation coefficient between variable

pairs was less than 0.7, and the VIF values were between 1 and

2, suggesting but not entirely excluding collinearity among the

independent variables. Multivariable logistic regression analysis

was carried out using the stepwise backward conditional selection

method with a 0.05 probability for both entry and removal. The

odds ratio (OR), along with the 95% confidence interval (CI),

were calculated for both the univariable and final multivariable

regression analysis model. Subsequently, a modified score was

calculated for the entire dataset, and the discriminatory capacity

of both the baseline and modified VSG-CRI was examined using

receiver operating characteristic curve analysis. The area under

the curve (AUC), along with the 95% CI, was computed. A

p-value of less than 0.05 was considered statistically significant.

All data processing was conducted using SPSS statistical software

ver. 25.0 (IBM, Armonk, NY, USA).
3. Results

3.1. Baseline and operative characteristics of
patients

A total of 271 patients, predominantly male (86.7%), with a

mean age of 65.9 ± 6.8 years, who underwent elective abdominal

aortic surgery were included in this study. Among the patients,

80.8% were smokers and 47.2% had CAD (Table 1). Most

surgeries (73.8%) were performed for OAAA, while the

remaining procedures were performed for aortoiliac or

aortofemoral reconstruction (26.2%).
3.2. Incidence of MACE and its correlation
with preoperative echocardiographic
findings

Upon hospital discharge, 61 patients (22.5%) experienced

MACEs. Of these, arrhythmias occurred in 53 patients (19.6%),

including supraventricular, ventricular, and both entities in 8.5%,

9.2%, and 1.8%, respectively, and asystole in 0.7%, while five

patients (1.8%) experienced MI. Nine patients (3.3%) developed

postoperative CHF. Patients with a history of CAD were more

likely to develop MACE (73.8% vs. 39.5%, p < 0.001). Those who

experienced MACEs also had a higher mean VSG-CRI score of

5.5 ± 1.7 compared to 4.2 ± 1.8 for those who did not experience

MACEs (p < 0.001) (Table 1).

According to the preoperative TTE assessment, 107 patients

(39.5%) had LVWMAs, and 13 patients (5%) had LVEF < 40%.

Among those who developed MACEs, there was a significantly

higher proportion of patients with preoperative LVWMAs than

those without MACEs (62.3% vs. 32.9%; p < 0.001). Furthermore,

patients with segmental abnormalities in the lateral, posterior,
frontiersin.org
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TABLE 1 Baseline characteristics of the entire cohort, patients who experienced postoperative adverse cardiac events, and those who did not.

Entire cohort
(N = 271)

No MACE
(n = 210)

MACE
(n = 61)

p-value

Male 235 (86.7%) 180 (85.7%) 55 (90.2%) 0.37

Age, years 65.9 ± 6.8 65.4 ± 7.1 67.5 ± 5.5 0.073

Age <60 years 46 (17.0%) 43 (20.5%) 3 (4.9%)

0.034
60–69 years 143 (52.8%) 104 (49.5%) 39 (63.9%)

70–79 years 77 (28.4%) 59 (28.1%) 18 (29.5%)

≥80 years 5 (1.8%) 4 (1.9%) 1 (1.6%)

Smoking history 219 (80.8%) 166 (79.0%) 53 (86.9%) 0.17

Coronary artery disease 128 (47.2%) 83 (39.5%) 45 (73.8%) <0.001

CHF 11 (4.1%) 6 (2.9%) 5 (8.2%) 0.063

COPD 34 (12.5%) 19 (9.0%) 15 (24.6%) 0.001

Creatinine ≥1.8 mg/dl 15 (5.5%) 12 (5.7%) 3 (4.9%) 0.81

Insulin-dependent DM 16 (5.9%) 11 (5.2%) 5 (8.2%) 0.39

Prior PCI 58 (21.4%) 37 (17.6%) 21 (34.4%) 0.005

Prior CABG 39 (14.4%) 24 (11.4%) 15 (24.6%) 0.010

VSG-CRI score 4.5 ± 1.8 4.2 ± 1.8 5.5 ± 1.7 <0.001

ACEI/ARBs 181 (66.8%) 137 (65.2%) 44 (72.1%) 0.407

Chronic β-blockers 167 (61.6%) 127 (60.5%) 40 (65.6%) 0.471

Calcium channel blockers 104 (38.4%) 76 (36.2%) 28 (46%) 0.170

Diuretic, any 71 (26.2%) 49 (23.3%) 22 (36.1%) 0.124

Statins 170 (62.7%) 130 (62%) 40 (65.6%) 0.322

Antiplatelet medication, any 197 (72.7%) 150 (71.4%) 47 (77%) 0.386

Values are presented as either n (%) or mean± SD, as appropriate. Statistical comparisons were made between the MACE and non-MACE subgroups.

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CABG, coronary artery bypass grafting; CHF, congestive heart failure; COPD, chronic

obstructive pulmonary disease; DM, diabetes mellitus; MACE, major adverse cardiac event, a composite endpoint of myocardial infarction, significant arrhythmias treated

either by medical therapies or cardioversion, or CHF during the hospital stay; PCI, percutaneous coronary intervention; SD, standard deviation; VSG-CRI, Vascular Study

Group Cardiac Risk Index.
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septal, and inferior LV walls were notably more prevalent in the

group that experienced postoperative MACEs, as detailed in

Table 2. Additionally, patients who developed MACEs

postoperatively significantly more often presented with an LVEF

< 40% (11.5% vs. 2.9%, p = 0.006) (Table 2).
3.3. Univariable and multivariable logistic
regression analysis

Univariable analysis revealed the VSG-CRI, LVEF < 40%, and

LVWMA as MACE predictors. However, the multivariable

analysis only recognized the VSG-CRI (OR 1.46, 95% CI 1.21–
TABLE 2 Preoperative echocardiographic parameters of patients stratified
by the presence or absence of postoperative major cardiac events.

No MACE
(n = 210)

MACE
(n = 61)

p-value

LVWMA, any 69 (32.9%) 38 (62.3%) <0.001

LVWMAs of the anterior wall 6 (2.9%) 2 (3.3%) 0.86

LVWMAs of the lateral wall 12 (5.7%) 13 (21.3%) <0.001

LVWMAs of the posterior wall 44 (21%) 26 (42.6%) 0.001

LVWMAs of the septal wall 32 (15.2%) 17 (27.9%) 0.024

LVWMAs of the inferior wall 63 (30.0%) 36 (59.0%) <0.001

LVEF < 40% 6 (2.9%) 7 (11.5%) 0.006

Values are presented as n (%).

LVWMAs, left ventricular wall motion abnormalities; LVEF, left ventricular ejection

fraction; MACE, major adverse cardiac event, a composite endpoint of

myocardial infarction, significant arrhythmias treated either by medical therapies

or cardioversion, or congestive heart failure during the hospital stay.
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1.77; p < 0.001) and LVWMA (OR 2.76, 95% CI 1.46–5.23;

p = 0.002) as independent predictors, omitting LVEF < 40% (OR

1.51, 95% CI 0.44–5.20; p = 0.51) (Table 3). Patients with

preoperative LVWMA were 2.76 times more likely to experience

MACEs compared to those without LVWMA. Given the

weighting coefficient for exponent B of 2.76, a value of three was

assigned to the VSG-CRI score when LVWMAs were present,

thus creating an M VSG-CRI. A higher mean M VSG-CRI score

was observed in patients who developed MACEs than those

without MACEs (7.4 ± 2.2 vs. 5.2 ± 2.4, p < 0.001; respectively).
3.4. The discriminatory ability of VSG-CRI
and M VSG-CRI in predicting MACEs

The VSG-CRI showed good discriminatory performance,

with an AUC of 0.70 (95% CI 0.63–0.77; p < 0.001). In
TABLE 3 Determinants of MACEs following abdominal aortic surgery.

Univariable
OR (95% CI), p-value

Multivariable
OR (95% CI), p-value

VSG-CRI score 1.51 (1.27–1.81) <0.001 1.46 (1.21–1.77) <0.001

LVWMA, any 3.38 (1.87–6.11) <0.001 2.76 (1.46–5.23) 0.002

LVEF < 40% 4.41 (1.42–13.66) 0.010 1.51 (0.44–5.20) 0.51

CI, confidence interval; LVEF, left ventricular ejection fraction; LVWMA, left

ventricular wall motion abnormality; MACE, major adverse cardiac event, a

composite endpoint of myocardial infarction, significant arrhythmias treated either

by medical therapies or cardioversion, or congestive heart failure during the

hospital stay; OR, odds ratio; VSG-CRI, Vascular Study Group Cardiac Risk Index.
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FIGURE 1

Comparison of the discriminatory capabilities of VSG-CRI and M VSG-
CRI in predicting MACEs after abdominal aortic surgery. MACE, major
adverse cardiac event, a composite endpoint of myocardial infarction,
significant arrhythmias treated either by medical therapies or
cardioversion, or congestive heart failure (CHF) during the hospital
stay; ROC curve, receiver operating characteristic curve; VSG-CRI,
Vascular Study Group Cardiac Risk Index. The Modified VSG-CRI (M
VSG-CRI) additionally accounts for left ventricular wall motion
abnormalities.

Djokic et al. 10.3389/fcvm.2023.1239153
contrast, the M VSG-CRI showed enhanced discriminatory

ability, with an AUC of 0.74 (95% CI 0.68–0.81; p < 0.001), as

displayed in Figure 1.
FIGURE 2

Distribution of patients experiencing MACEs according to the original and mod
from low to intermediate and to high intervals, within both the VSG-CRI and m
adverse cardiac event, a composite endpoint of myocardial infarction, signifi
congestive heart failure (CHF) during the hospital stay; VSG-CRI, Vascular
additionally accounts for left ventricular wall motion abnormalities.
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3.5. VSG-CRI and M VSG-CRI as categorical
variables

Patients were classified into three risk groups based on the

VSG-CRI score for potential significant cardiac complications,

including 134 (49.4%), 99 (36.5%), and 38 (14.0%) patients in

the low (score 0–4), intermediate (score 5–6), and high (score >

6) risk groups, respectively. When divided based on the M VSG-

CRI score, 196 (72.3%), 58 (21.4%), and 17 (6.3%) patients were

at low (score 0–7), intermediate (score 8–9), and high (score > 9)

risks, respectively (Figure 2).

The likelihood of developing MACEs increased correspondingly

with higher VSG-CRI and M VSG-CRI scores. Compared to the

VSG-CRI, the modified version demonstrated better MACE

prediction for low-risk (15.3% vs. 11.9%), intermediate-risk (36.2%

vs. 28.3%), and high-risk (58.8% vs. 44.7%) patients. The M VSG-

CRI score detected more cardiac events at all risk levels than the

VSG-CRI score (Figure 2).
4. Discussion

This study examined the role of LVWMAs in predicting

MACEs among a diverse, real-world population requiring open

abdominal aortic surgery. Nearly half of the patients displayed

LWVMAs and reduced LVEF, reflecting the existing chronic

cardiac and pulmonary conditions in this population. These

findings underscore the difficulty in protecting these patients

during major surgical interventions, given the increased

likelihood of MACEs with higher cardiac risk scores. We

identified LVWMAs as an additional independent predictor of

MACEs. As a result, a modified risk score was developed that

demonstrated better discriminatory capacity within our study
ified VSG-CRI. There was a notable stepwise increase in the risk of MACEs,
odified VSG-CRI risk classifications (p < 0.001, respectively). MACE, major
cant arrhythmias treated either by medical therapies or cardioversion, or
Study Group Cardiac Risk Index. The Modified VSG-CRI (M VSG-CRI)
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population. With a C-statistic of 0.74 (95% CI 0.68–0.81), the

modified risk score outperformed the conventional one, which

had a C-statistic of 0.70 (95% CI 0.63–0.77). This reinforces the

importance of assessing and properly addressing all known risk

factors before performing major vascular surgical procedures.

Elective surgeries involving the abdominal aorta inherently

carry higher periprocedural risks. The overall risk of patients is

determined by both the inherent surgical risk and their specific

health conditions, especially chronic coronary syndrome.

Although extensive forms of CAD are common among patients

with vascular diseases, it often remains asymptomatic (19). Silent

ischemia, which can either pre-exist or emerge due to the stress

of surgery, can lead to unfavorable clinical outcomes even in

patients with a negative preoperative stress test (20). Some of

these patients may exhibit LVWMAs before surgery, necessitating

a patient-centered approach to their perioperative care. Notably,

silent ischemia usually places these patients at a lower risk,

according to the VSG-CRI classification, despite the higher risk

of adverse events demonstrated in this study. In addition,

surgical techniques, such as clamping and unclamping the aorta,

significantly increase the workload on the LV due to changes in

afterload, preload, as well as mean arterial and coronary

perfusion pressure. These changes can affect the ejection fraction

and induce wall motion abnormalities, possibly leading to

adverse cardiac events (21). Thus, in alignment with recently

released ESC Guidelines on the cardiovascular assessment and

management of patients undergoing non-cardiac surgery (11),

there is an urgent need to reassess and potentially enhance risk

stratification methods by utilizing routine cardiac imaging tools

that are widely available nowadays as a standard part of the risk

stratification plan.

Although this subgroup was analyzed ad-hoc, a higher

proportion of patients with comorbidities, such as CAD, was

observed in the group of patients who experienced MACEs. This

finding aligns with recent research demonstrating an association

between the extent of CAD and the occurrence of MACEs (22).

However, the treatment approach for these patient populations

remains challenging. Despite the fact that numerous studies have

examined the role of preoperative coronary revascularization in

noncardiac surgery to reduce cardiac comorbidity and mortality

(23, 24), the findings are conflicting. Furthermore, two distinct

randomized trials failed to establish any advantage of

preoperative revascularization in reducing postoperative

myocardial infarction rates in major vascular surgery patients

(25, 26). In this study, patients with a history of coronary

revascularization, either with CABG or PCI, were also more

frequently found in the group that experienced MACEs, nearly

double the rate of those without any history of revascularization.

Although prioritized coronary revascularization may lower the

risk of MACEs in patients with specific aortic disease, it is

noteworthy to emphasize the importance of optimal medical

management in this setting. These include carefully titrated

antihypertensive, lipid-lowering, and antithrombotic medical

therapies, along with rigorous control of risk factors. This

approach should be followed until robust evidence emerges to

guide alternative treatment strategies. For patients identified with
Frontiers in Cardiovascular Medicine 06
elevated cardiac risk, such as those with WMAs, the use of

invasive hemodynamic monitoring methods like pulmonary

artery catheterization and/or TEE can be critical, as the benefits

often outweigh the procedure risks (27). These monitoring tools

offer real-time insights into shifts in cardiac function and

hemodynamic status. Such approaches, along with close

collaboration between the vascular surgeon and anesthesiologist,

are vital in effectively managing patients with complex aortic

diseases, enabling personalized, condition-specific treatments.

In the face of challenges a single center may encounter in

accumulating extensive cohort data from patients, the high

prevalence of adverse events within the composite endpoint

enables more reliable modeling, as evidenced by the narrow CIs

(28). The incidence rate of MACE was 22.5%. A derivative study

by Bertges et al. demonstrated a similar rate of composite cardiac

outcomes in patients undergoing vascular surgery, with rates of

19.3% in the cohort derivation group and 22.6% in the validation

group (8). The similarity in the MACE incidence could be

attributed to extensive patient cohorts and the fact that all

procedures were performed at tertiary health centers, which

typically receive referrals for patients with more complex

conditions. Importantly, the M VSG-CRI model, which integrates

the VSG-CRI model and TTE parameters, showed enhanced

performance compared to that of the standard VSG-CRI in

predicting cardiac risk across low-, intermediate-, and high-risk

patient groups. While the highest number of expected adverse

cardiac outcomes is observed among high-risk patients,

accurately identifying patients at cardiac risk who are initially

classified as having a lower risk may have the most significant

clinical relevance. This is particularly vital because these patients

are often inadequately protected in the perioperative settings.
4.1. Strengths and limitations

A key strength of the present study lies in its contribution to

better predictability of cardiac outcomes as a part of routine

cardiac risk assessment without raising costs or delaying surgical

treatment. The M VSG-CRI score is easily applicable and simple

to calculate, which aids in preoperative, intraoperative, and

postoperative management, as well as discharge medication and

follow-up practice. It combines patient characteristics with

preoperative TTE findings, a tool routinely used in preoperative

assessment everywhere.

Despite these strengths, this research is subject to several

limitations. The primary limitation of this study is the lack of an

external validation group to evaluate the performance of the

proposed modified scoring system. The fact that the data were

collected from a single center and predominantly involved white

European participants may limit the applicability of our findings

to broader populations. Second, while our sample size was

statistically projected 246 based on event proportion of 20% to

secure a reliable 95% CI of 0.25–0.35, ensuring a maximum error

of 0.05, the limited cohort size restrained our ability to examine

essential subgroup differences effectively. Although we enrolled

10% more patients to mitigate potential reductions in sample size
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or protocol deviations, we did not encounter such issues. Still, this

increase in sample size yielded only minimal statistical

improvement, insufficient for any further statistical analysis. We

could not draw definitive conclusions about the effects of

reduced LVEF due to the relatively small number of patients in

the present cohort. As a result, this factor wasn’t incorporated

into the newly derived model. Besides, our limited sample size

also prevented us from distinguishing the influence of specific

regional LVWMAs on the occurrence of MACEs, which could

probably hold clinically meaningful value. Third, despite written

intrahospital protocols for postoperative arrhythmia

management, the potential for interobserver variability in

assessment and clinical treatment cannot be completely ruled

out. This inherent variability underscores the complexity of

achieving a standardized approach in such cases. Lastly, the

inclusion of endovascular cases in this patient cohort was also

constrained by the financial limitations imposed by our public

insurance system. Given budgetary constraints, major

endovascular procedures are predominantly reserved for patients

who are not deemed suitable for surgery. This circumstance

significantly influenced our exclusion criteria, as it impeded our

capacity to effectively adjust for patient characteristics between

the open and endovascular repair procedures. This issue is

further exacerbated by the limitations inherent in our data

management system, which is not equipped to capture the full

spectrum of details necessary to express varying degrees of

patient frailty effectively.
5. Conclusion

Cardiac adverse events continue to be prevalent after open

abdominal aortic surgery, mainly due to the substantial number

of patients with concurrent cardiac conditions. The identification

of LVWMAs through routine preoperative TTE holds significant

predictive value and clinical implications, which importantly, can

enhance the ability of cardiac risk score to predict major adverse

events after abdominal aortic surgery. This insight could be

instrumental in guiding clinicians during preoperative decision-

making, particularly in identifying patients who may require

meticulous perioperative care and cardiac risk reduction

strategies. However, before this predictive model can be

incorporated into daily clinical practice, it is essential to

undertake further external validation to confirm its effectiveness

across a wide range of patient populations.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Frontiers in Cardiovascular Medicine 07
Ethics statement

The studies involving humans were approved by Approval was

granted by the Institutional Review Board of the Dedinje

Cardiovascular Institute (approval code 3336) and the Ethics

Committee of the Faculty of Medicine, University of Belgrade

(approval code 1550/IX-9). The studies were conducted in

accordance with the local legislation and institutional

requirements. The participants provided their written informed

consent to participate in this study.
Author contributions

Conceptualization, ID and MJ; methodology, ID, BM, and MJ;

software, BM; validation, BM and MJ; formal analysis, ID;

investigation, ID and BM; writing – original draft preparation,

ID; writing – review and editing, BM, PM, NI, MJ, and MM;

visualization, BM; supervision, BM, PM, NI, MJ, and MM. All

authors have read and agreed to the published version of the

manuscript. All authors contributed to the article and approved

the submitted version.
Acknowledgments

We extend our heartfelt gratitude to all colleagues from the
Departments of Anesthesiology and Intensive Care Unit,
Vascular Surgery and Echocardiography who played an integral
role in both the care of the patients involved and the execution
of this study. Their unwavering commitment and expertise have
been indispensable. We also express our appreciation to the
hospital leadership, whose exceptional support enabled us to
navigate and overcome numerous challenges encountered during
the course of the study.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fcvm.2023.1239153
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Djokic et al. 10.3389/fcvm.2023.1239153
References
1. Sprung J, Abdelmalak B, Gottlieb A, Mayhew C, Hammel J, Levy PJ, et al. Analysis
of risk factors for myocardial infarction and cardiac mortality after major vascular
surgery. Anesthesiology. (2000) 93:129–40. doi: 10.1097/00000542-200007000-00023

2. Chaikof EL, Dalman RL, Eskandari MK, Jackson BM, Lee WA, Mansour MA, et al.
The society for vascular surgery practice guidelines on the care of patients with an
abdominal aortic aneurysm. J Vasc Surg. (2018) 67:2–77.e2. doi: 10.1016/j.jvs.2017.10.044

3. Berry AJ, Smith RB 3rd, Weintraub WS, Chaikof EL, Dodson TF, Lumsden AB,
et al. Age versus comorbidities as risk factors for complications after elective
abdominal aortic reconstructive surgery. J Vasc Surg. (2001) 33:345–52. doi: 10.
1067/mva.2001.111737

4. Lee TH, Marcantonio ER, Mangione CM, Thomas EJ, Polanczyk CA, Cook EF,
et al. Derivation and prospective validation of a simple index for prediction of
cardiac risk of major noncardiac surgery. Circulation. (1999) 100:1043–9. doi: 10.
1161/01.cir.100.10.1043

5. Rao JY, Yeriswamy MC, Santhosh MJ, Shetty GG, Varghese K, Patil CB, et al. A
look into Lee’s score: peri-operative cardiovascular risk assessment in non-cardiac
surgeries-usefulness of revised cardiac risk index. Indian Heart J. (2012) 64:134–8.
doi: 10.1016/S0019-4832(12)60047-9

6. Payne CJ, Bryce GJ, Gibson SC, Kingsmore DB. The revised cardiac risk index
performs poorly in patients undergoing major vascular surgery: a prospective
observational study. Eur J Anaesthesiol. (2013) 30:713–5. doi: 10.1097/EJA.
0b013e3283628d7c

7. Roshanov PS, Sessler DI, Chow CK, Garg AX, Walsh MW, Lam NN, et al.
Predicting myocardial injury and other cardiac complications after elective
noncardiac surgery with the revised cardiac risk Index: the VISION study. Can
J Cardiol. (2021) 37:1215–24. doi: 10.1016/j.cjca.2021.03.015

8. Bertges DJ, Goodney PP, Zhao Y, Schanzer A, Nolan BW, Likosky DS, et al. The
vascular study group of new England cardiac risk Index (VSG-CRI) predicts cardiac
complications more accurately than the revised cardiac risk Index in vascular surgery
patients. J Vasc Surg. (2010) 52:674–83. 683.e1-683.e3. doi: 10.1016/j.jvs.2010.03.031

9. Brooke BS, Sarfati MR, Zhang Y, Zhang Y, Presson AP, Greene TH, et al. Cardiac
stress testing during workup for abominal aortic aneurysm repair is not associated
with improved patient outcomes. Ann Vasc Surg. (2017) 42:222–30. doi: 10.1016/j.
avsg.2016.10.057

10. Kristensen SD, Knuuti J, Saraste A, Anker S, Bøtker HE, Hert SD, et al. 2014
ESC/ESA guidelines on non-cardiac surgery: cardiovascular assessment and
management: the joint task force on non-cardiac surgery: cardiovascular assessment
and management of the European society of cardiology (ESC) and the European
society of anaesthesiology (ESA). Eur Heart J. (2014) 35:2383–431. doi: 10.1093/
eurheartj/ehu282

11. Halvorsen S, Mehilli J, Cassese S, Hall TS, Abdelhamid M, Barbato E, et al. 2022
ESC guidelines on cardiovascular assessment and management of patients undergoing
non-cardiac surgery. Eur Heart J. (2022) 43:3826–924. doi: 10.1093/eurheartj/ehac270

12. Yan RT, Bluemke D, Gomes A, Burke G, Shea S, Liu K, et al. Regional left
ventricular myocardial dysfunction as a predictor of incident cardiovascular events
MESA (Multi-Ethnic Study of Atherosclerosis). J Am Coll Cardiol. (2011)
57:1735–44. doi: 10.1016/j.jacc.2010.10.060

13. Kamran S, Akhtar N, Singh R, Imam Y, Haroon KH, Amir N, et al. Association
of major adverse cardiovascular events in patients with stroke and cardiac wall motion
abnormalities. J Am Heart Assoc. (2021) 10:e020888. doi: 10.1161/JAHA.121.020888

14. Halm EA, Browner WS, Tubau JF, Tateo IM, Mangano DT. Echocardiography
for assessing cardiac risk in patients having noncardiac surgery. Study of perioperative
ischemia research group. Ann Intern Med. (1996) 125:433–41. doi: 10.7326/0003-
4819-125-6-199609150-00001
Frontiers in Cardiovascular Medicine 08
15. Rohde LE, Polanczyk CA, Goldman L, Cook EF, Lee RT, Lee TH. Usefulness of
transthoracic echocardiography as a tool for risk stratification of patients undergoing
major noncardiac surgery. Am J Cardiol. (2001) 87:505–9. doi: 10.1016/s0002-9149
(00)01421-1

16. Kim EK, Choi HM, Choi EY, Lee HS, Park G, Han DW, et al. PRE-OPerative
ECHOcardiograhy for prevention of cardiovascular events after non-cardiac surgery
in intermediate- and high-risk patients: protocol for a low-interventional, mixed-
cohort prospective study design (PREOP-ECHO). Trials. (2022) 23:776. doi: 10.
1186/s13063-022-06701-2

17. Smeili LA, Lotufo PA. Incidence and predictors of cardiovascular complications
and death after vascular surgery. Arq Bras Cardiol. (2015) 105:510–8. doi: 10.5935/abc.
20150113

18. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, et al.
2016 ESC guidelines for the diagnosis and treatment of acute and chronic heart
failure: the task force for the diagnosis and treatment of acute and chronic heart
failure of the European Society of Cardiology (ESC) developed with the special
contribution of the Heart Failure Association (HFA) of the ESC. Eur Heart J.
(2016) 37:2129–200. doi: 10.1093/eurheartj/ehw128

19. Hur DJ, Kizilgul M, Aung WW, Roussillon KC, Keeley EC. Frequency of
coronary artery disease in patients undergoing peripheral artery disease surgery. Am
J Cardiol. (2012) 110:736–40. doi: 10.1016/j.amjcard.2012.04.059

20. Columbo JA, Barnes JA, Jones DW, Suckow BD, Walsh DB, Powell RJ, et al.
Adverse cardiac events after vascular surgery are prevalent despite negative results
of preoperative stress testing. J Vasc Surg. (2020) 72:1584–92. doi: 10.1016/j.jvs.
2020.01.061

21. Poldermans D, Fioretti PM, Forster T, Boersma E, Arnese M, du Bois NA, et al.
Dobutamine-atropine stress echocardiography for assessment of perioperative and late
cardiac risk in patients undergoing major vascular surgery. Eur J Vasc Surg. (1994)
8:286–93. doi: 10.1016/s0950-821x(05)80143-4

22. Kong M, Liu F, Zhu Z. Analysis between high risk of myocardial infarction with
non-obstructive coronary artery disease in single center and occurrence of major
adverse cardiovascular events. Ann Noninvasive Electrocardiol. (2022) 27:e13007.
doi: 10.1111/anec.13007

23. Hertzer NR, Beven EG, Young JR, O’Hara PJ, Ruschhaupt WF 3rd, Graor RA,
et al. Coronary artery disease in peripheral vascular patients. A classification of 1000
coronary angiograms and results of surgical management. Ann Surg. (1984)
199:223–33. doi: 10.1097/00000658-198402000-00016

24. Wong EY, Lawrence HP, Wong DT. The effects of prophylactic coronary
revascularization or medical management on patient outcomes after noncardiac
surgery–a meta-analysis. Can J Anaesth. (2007) 54:705–17. doi: 10.1007/BF03026867

25. Poldermans D, Schouten O, Vidakovic R, Bax JJ, Thomson IR, Hoeks SE, et al. A
clinical randomized trial to evaluate the safety of a noninvasive approach in high-risk
patients undergoing major vascular surgery: the DECREASE-V pilot study. J Am Coll
Cardiol. (2007) 49:1763–9. doi: 10.1016/j.jacc.2006.11.052

26. McFalls EO, Ward HB, Moritz TE, Goldman S, Krupski WC, Littooy F, et al.
Coronary-artery revascularization before elective major vascular surgery. N Engl J
Med. (2004) 351:2795–804. doi: 10.1056/NEJMoa041905

27. Patel KM, Desai RG, Trivedi K, Neuburger PJ, Krishnan S, Potestio CP.
Complications of transesophageal echocardiography: a review of injuries, risk
factors, and management. J Cardiothorac Vasc Anesth. (2022) 36:3292–302. doi: 10.
1053/j.jcva.2022.02.015

28. Kim E, Zhang Z, Wang Y, Zeng D. Power calculation for comparing diagnostic
accuracies in a multi-reader, multi-test design. Biometrics. (2014) 70:1033–41. doi: 10.
1111/biom.12240
frontiersin.org

https://doi.org/10.1097/00000542-200007000-00023
https://doi.org/10.1016/j.jvs.2017.10.044
https://doi.org/10.1067/mva.2001.111737
https://doi.org/10.1067/mva.2001.111737
https://doi.org/10.1161/01.cir.100.10.1043
https://doi.org/10.1161/01.cir.100.10.1043
https://doi.org/10.1016/S0019-4832(12)60047-9
https://doi.org/10.1097/EJA.0b013e3283628d7c
https://doi.org/10.1097/EJA.0b013e3283628d7c
https://doi.org/10.1016/j.cjca.2021.03.015
https://doi.org/10.1016/j.jvs.2010.03.031
https://doi.org/10.1016/j.avsg.2016.10.057
https://doi.org/10.1016/j.avsg.2016.10.057
https://doi.org/10.1093/eurheartj/ehu282
https://doi.org/10.1093/eurheartj/ehu282
https://doi.org/10.1093/eurheartj/ehac270
https://doi.org/10.1016/j.jacc.2010.10.060
https://doi.org/10.1161/JAHA.121.020888
https://doi.org/10.7326/0003-4819-125-6-199609150-00001
https://doi.org/10.7326/0003-4819-125-6-199609150-00001
https://doi.org/10.1016/s0002-9149(00)01421-1
https://doi.org/10.1016/s0002-9149(00)01421-1
https://doi.org/10.1186/s13063-022-06701-2
https://doi.org/10.1186/s13063-022-06701-2
https://doi.org/10.5935/abc.20150113
https://doi.org/10.5935/abc.20150113
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1016/j.amjcard.2012.04.059
https://doi.org/10.1016/j.jvs.2020.01.061
https://doi.org/10.1016/j.jvs.2020.01.061
https://doi.org/10.1016/s0950-821x(05)80143-4
https://doi.org/10.1111/anec.13007
https://doi.org/10.1097/00000658-198402000-00016
https://doi.org/10.1007/BF03026867
https://doi.org/10.1016/j.jacc.2006.11.052
https://doi.org/10.1056/NEJMoa041905
https://doi.org/10.1053/j.jcva.2022.02.015
https://doi.org/10.1053/j.jcva.2022.02.015
https://doi.org/10.1111/biom.12240
https://doi.org/10.1111/biom.12240
https://doi.org/10.3389/fcvm.2023.1239153
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Enhancing predictive accuracy of the cardiac risk score in open abdominal aortic surgery: the role of left ventricular wall motion abnormalities
	Introduction
	Methods
	Study population
	Perioperative assessment and development of risk score models
	Study endpoints
	Statistical analysis

	Results
	Baseline and operative characteristics of patients
	Incidence of MACE and its correlation with preoperative echocardiographic findings
	Univariable and multivariable logistic regression analysis
	The discriminatory ability of VSG-CRI and M VSG-CRI in predicting MACEs
	VSG-CRI and M VSG-CRI as categorical variables

	Discussion
	Strengths and limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


