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ABSTRACT
Introduction: Coronary Artery Bypass Grafting (CABG) surgery is 
a commonly performed cardiac procedure globally. This research 
represents the first step towards creating a machine learning-driven 
hybrid system for evaluating risks in CABG surgery. Therefore, the aim of 
this study is to identify reliable, unbiased, and prevalent risk assessment 
variables for the development of this system through a survey conducted 
among experts in the field of cardiovascular surgery. Methods: This 
research began with an extensive review of the literature, identifying 
37 preoperative variables correlated with short-term mortality after 
CABG.  A survey was sent to cardiovascular surgery experts, conducted 
via a secure Google Forms link, using a 5-point Likert scale to evaluate the 
importance of each factor. Consensus was defined as a factor receiving a 
rating of 4 or 5 from 75% or more of the participants. Results: The survey 
reached consensus on 26 out of the 37 identified risk factors. This analysis 
emphasised the experts’ agreement on significant factors, consistent 
with prior studies on age, past vascular events, and conditions such as 
diabetes and renal dysfunction. The congruence between this study and 
the existing literature emphasised the significance of integrating both 
empirical data and expert opinions in CABG surgery. Conclusion: This 
study identified the key risk factors for short-term mortality in CABG 
surgery, based on expert consensus. The results provide a foundation 
for the development of a more precise risk assessment tool driven by 
machine learning. By emphasizing the integration of empirical research 
and expert opinion, this study offers valuable insights for post-operative 
care and decision-making in CABG surgeries. 
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Graphical Abstract

INTRODUCTION

Importance of Preoperative Risk Factors in CABG 
Surgery

Despite the advanced treatment and preventive measures 
in place today, coronary artery disease (CAD) remains one 
of the most common causes of death. CABG is the most 
prevalent among cardiovascular surgical treatments, 
reflecting the profound impact of cardiovascular diseases 
on global health [1]. To provide the most effective care to 
patients scheduled for CABG, it is essential to thoroughly 
understand the factors influencing the short-term and 
long-term outcomes post-procedure. The optimization of 
preoperative characteristics has been the primary method 
of preventing adverse outcomes. Measures to prevent these 
outcomes traditionally rely on known factors. It is known 
that factors such as increasing age, previous vascular events, 
proteinuria, and diabetes increase mortality rates following 
a CABG operation [2]. Significant advancements have been 
made in cardiac surgery over the past decade. The intense 
research activities in this field underline the collective effort 
to optimize patient outcomes post-CABG. Literature reviews 
reveal numerous factors influencing CABG outcomes. 
However, not all of these factors are systematically evaluated 
in every patient undergoing CABG surgery, making their 
practical implementation incomplete. Therefore, a thorough 
examination of the most influential factors and the 
formulation of strategic action plans focusing on these factors 
are of critical importance [3]. Risk assessment systems are 

crucial in informing patients about cardiac surgery options, 
allowing for informed decisions. These systems, used 
throughout treatment, help predict patient health outcomes. 
Integrating risk assessments into clinical decision support 
systems is increasingly vital, particularly for coronary artery 
disease patients undergoing surgical revascularization. 
Such patient-specific assessments at the individual level 
and clinical prediction models for institutional analysis are 
growing, aiding quality improvement and supporting multi-
institutional research [4].

Current Risk Assessment Systems for Cardiac Surgery 
and the Role of Electronic Health Records

The European System for Cardiac Operative Risk Evaluation 
(EuroSCORE), EuroSCORE II, and the Society of Thoracic 
Surgeons (STS) Risk Score are key tools in Europe and 
the USA for predicting mortality post-cardiac surgery [5]. 
EuroSCORE II, an improvement over its predecessor, and 
the STS score have shortcomings in accurately predicting 
mortality in high-risk patients [6]. These models do not 
provide long-term prognosis after surgery and lack data 
for specific clinical scenarios or extracurricular conditions 
[7]. Models for CABG procedures are continuously updated 
to improve their algorithms, offering more objective 
assessments of perioperative mortality risk than subjective 
clinical interpretations. However, their reliability may vary 
due to data sources and geographical relevance, and their 
complexity can limit practical use. These tools are vital 
for accurate pre-surgery mortality predictions, guiding 



ISSN: 2575-9531

3

Mathews Journal of Surgery

https://doi.org/10.30654/MJS.10034

clinical decisions, optimizing preoperative care, resource 
management, and quality control [8]. They play a key role in 
customizing care, choosing surgical methods, and discussing 
treatment plans, thereby affecting patient health and 
healthcare system efficiency [9]. 

Electronic Health Records (EHR) are increasingly vital 
for personalized medicine and are widely adopted in 
healthcare. They contribute to the complexity of medical 
decision-making, necessitating their integration into Clinical 
Decision Support Systems (CDSS). Traditional CDSSs, based 
on knowledge-based structures, emulate medical experts’ 
thinking through algorithms and rely on established rules 
and guidelines [10]). However, real-world medical decisions 
often surpass the scope of these standardized rules, 
highlighting the limitations of knowledge-based systems in 
addressing specific or rare scenarios. The growing interest 
in using EHR data with advanced data mining and machine 
learning techniques aims to enhance decision-making 
processes [11]. This integration should be approached 
cautiously to avoid biases and statistical errors. An optimal 
approach for decision support is emerging, combining data 
analysis and clinical expertise. This might involve experts 
assigning weights to clinical variables, thereby marrying 
statistical analysis with clinical significance [12].

Importance of Risk Variables for Machine Learning

Recent advancements in artificial intelligence (AI) have 
resulted in precise prediction models using large clinical 
datasets, thanks to enhanced computational power, data 
storage evolutions, and extensive EHR clinical knowledge. 
The impact of AI is evident in areas such as radiology, 
pathology, cardiology, and surgery, revolutionizing the 
healthcare field [13]. These developments enable diverse 
applications, from clinical decision support to patient 
management, shaping medicine’s future. Machine learning, 
a key AI and data science branch, uses algorithms to predict 
outcomes from historical data, with increasing medical 
applications in diagnosis and prognosis, highlighting this 
trend [14,15]. Outcome metrics are significantly impacted 
by various input variables, making it crucial to consider 
all relevant factors to enhance model performance [16]. At 
the same time, excluding variables that naturally influence 
outcomes is essential to avoid causality issues and maintain 
the model’s external validity. Efficiently filtering out 
irrelevant variables improves computation, model efficiency, 
stability, and significance, thereby enhancing learning 
processes and accuracy [13]. Unlike traditional methods, 
like logistic regression, machine learning offers advantages 
in characterizing complex risk factor interactions. This 
is particularly predominant in past post-cardiac surgery 
risk prediction research [17]. Therefore, our study aimed 

to identify critical factors for short-term mortality risk 
assessment following CABG surgery using an expert opinion 
method.

The subsequent sections of the article are structured as 
follows: The second section will provide a theoretical 
foundation within the scope of the expert opinion method 
and present a theoretical background of relevant studies. 
The third section elaborates on the research methodology, 
detailing data sources used and data analysis processes. 
The fourth section delineates the results obtained from 
the expert opinions survey and the derived meanings and 
inferences. The fifth and concluding section discusses the 
research outcomes and potential directions for future work.

RELATED WORKS

Significant research using expert opinion methodology has 
been conducted in areas such as peripheral artery disease 
(PAD), cardiovascular health (CVH), carotid intervention, 
transfusion practices, and sleep medicine. These studies play 
a crucial role in enhancing clinician awareness, optimizing 
disease management, and improving patient outcomes. The 
expert opinion method, applied across specialties including 
vascular surgery, is a key tool in consensus-building among 
clinicians [18-20]. In particular Beamish et al. emphasize 
that expert opinions are a critical tool in consensus processes 
[18].

Neilson et al. sought to identify meaningful outcome 
measures for stakeholders regarding CHD drugs. Experts 
were surveyed on 16 CHD-related indicators, rating their 
importance on a five-point Likert scale and choosing 
the top three most meaningful outcomes. “Prevention of 
heart attack” was chosen as the most meaningful outcome 
(80%), followed by “prevention of death” (76%) [21]. The 
study’s findings confirm the benefit of clinical CHD outcome 
measures used for value-based drug contracts. Singh et 
al. conducted a study using a modified Delphi process to 
identify and prioritize strategies for enhancing CVH care in 
resource-limited settings, aiming to guide research on multi-
component strategies’ effectiveness in low and middle-
income countries [22]. Barrios et al. performed a literature 
review on PAD quality outcome indicators and utilized the 
Delphi technique to reach consensus on core indicators, 
resulting in twelve proposed quality indicators, including 
two composite parameters for major cardiovascular and 
extremity events [23]. Meershoek et al. highlights the 
absence of specific studies and defined European Society of 
Vascular Surgery guidelines for acute stroke management 
post-carotid interventions [24]. An international panel 
was convened to create a consensus-driven strategy and 
treatment decision tree for stroke during or after carotid 
endarterectomy in hospitals, focusing on understanding 
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how perceptions of transfusion risks and safety impact 
transfusion decisions. In a study by Bourque et al., surveys 
were distributed to transfusion decision-makers in 33 
Michigan cardiac surgery programs [25]. The study aimed 
to assess provider-reported transfusion trends in ten 
clinical scenarios using a six-point Likert Scale. It focused 
on how individual beliefs about transfusion risk and safety 
might influence transfusion tendencies, despite established 
scientific evidence and guidelines. Berezin  et al. emphasize 
that sleep disorders, affecting up to 25% of the general 
population, increase the risk of adverse perioperative events 
[26]. The study aimed to identify the most critical sleep 
medicine topics in anesthetic practice. Expert opinions on 
sleep medicine topics that should be included in anesthesia 
specialization training were sought. Mei et al. emphasizes 
the lack of consensus on anal fistula recurrence (AFR) risk 
factors despite extensive research [27]. The authors aimed 
to provide an evidence-based overview of AFR risk factors 
from a global perspective, covering patient, surgery, and 
fistula aspects. These findings could aid in creating tools 
for early AFR detection in high-risk patients. Ultimately, 
consensus was achieved on 14 statements across three 
domains concerning AFR risk factors. Ferrer et al. conducted 
a systematic review and expert consensus study to identify 
risk factors (RFs) associated with infection progression 
in patients colonized with carbapenem-resistant Gram-
negative bacteria (CRGNB) [28]. They identified 19 RFs 
associated with pneumonia development after respiratory 
colonization and 44 RFs related to infection progression 
after rectal colonization. Based on the consensus of experts, 
there are 13 RFs associated with the development of 
pneumonia after respiratory colonization with CRGNB, and 

33 RFs associated with the progression of infection after 
rectal CRGNB colonization.

METHODOLOGY

Study Design

A comprehensive literature review was conducted to identify 
articles that elucidate factors influencing CABG outcomes. 
Tu et al. identified a set of six core variables (age, gender, 
sharpness, reoperation, left main coronary obstruction, 
and ejection fraction) that they believe provide the most 
important information for predicting outcomes of coronary 
artery bypass grafting (CABG), with little additional benefit 
from including additional variables [29].  Likewise, Jones 
et al. discerned seven principal determinants from the 
Cooperative CABG Database Project, which include age, 
gender, the acuity of left ventricular function, presence of left 
main disease, reoperation status, and the count of affected 
vessels [30]. In a study evaluating the predictive performance 
of a machine learning algorithm for operative mortality risk 
in cardiac surgery, Kilic et al. developed an XGBoost model 
that identified the most predictive individual risk factors 
to be latest serum creatinine, weight, age, height, ejection 
fraction, preoperative intra-aortic balloon pump, peripheral 
arterial disease, and diabetes mellitus [31]. Based on the STS 
National Cardiac Database, Shahian et al. found that the eight 
most significant predictors of mortality in cardiac surgery 
(age, surgical acuity, reoperation status, creatinine level, 
dialysis requirement, shock, chronic obstructive pulmonary 
disease, and ejection fraction) accounted for 78% of the 
variation in mortality explained by the full 28-variable 
model [32].

Figure 1. Flowchart Illustrating the Sequence of Events in the Expert Opinion Process.
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The study followed a six-step design as shown in Figure 1. It 
involved selecting preoperative variables based on literature 
evidence and practicality. After consulting with Istanbul 
Medipol Mega University Hospital’s information teams for 
data availability, the final variable selection was refined 
using clinician surveys and expert feedback. This approach 
ensures the development of a reliable, unbiased database for 
our risk assessment system.

Expert Opinion

Experienced professionals specializing in CABG outcomes 
participated in this consensus process. The experts were 
selected based on a rigorous set of criteria to ensure their 
relevance and expertise.  The selection process included 
an initial invitation via email, which detailed the study’s 
objectives and emphasized its voluntary and anonymous 
nature. The survey process was conducted between 
October and November 2023, allowing ample time for 
experts to provide their evaluations and feedback. Further 
details about the selection criteria for experts can be 
found in Section 3.4: Study Participants, which defines 
“cardiothoracic surgery specialists” as individuals meeting 
one or more of the following criteria. Experts were asked to 
evaluate preoperative risk factors using a five-point Likert 
scale, categorizing their importance as “Not at all important” 
to “Extremely important.” Follow-up reminders were sent 
to increase participation. This study adhered to the ethical 

principles outlined in the 2008 Declaration of Helsinki. By 
ensuring a diverse and experienced group of participants, the 
research aimed to generate reliable and clinically significant 
insights into CABG risk factors.

Survey Administration

The survey was designed to collect expert opinions on risk 
factors that may impact short-term mortality following 
CABG surgery. Questions were formulated in categorical and 
ordinal measurements, as these types of measurements are 
easily comprehensible, can be collected online, and facilitate 
the integration of diverse expert perspectives. Categorical 
and ordinal measurements are less abstract compared to 
direct quantitative and probabilistic measurements. This 
allows us to leverage the concrete experiences of experts 
more effectively and minimize bias [33]. By focusing on 
the assessment of short-term mortality risk after CABG, 
a systematic literature review was conducted to identify 
factors influencing risk. Based on this literature review, we 
narrowed down the list of preoperative variables used in the 
study to the most crucial 37 parameters. Subsequently, we 
consulted clinicians regarding the scope and content of the 
list. Experts provided ratings and feedback (expert opinion) 
on the relative importance of the critical factors listed for the 
assessment of short-term mortality risk following cardiac 
surgery. Figure 2 illustrates the research process followed in 
this study.

Figure 2. Research Process Followed in This Study.

Experts in cardiothoracic and vascular surgery were initially 
contacted via email, providing details about the project and 
its voluntary, anonymous survey. Participants received a 
Google Forms link for a survey conducted in May 2023, where 
they rated the importance of risk factors affecting short-
term mortality after CABG surgery on a five-point Likert 
scale, ranging from 1 (not important at all) to 5 (extremely 
important). This assessment utilized their knowledge, 
clinical experience, and available evidence. Clinicians 
assigned numerical weights to these factors based on their 
professional judgment for clinical decision-making. Two 
weeks after the initial email, follow-up reminders were sent, 

and 11 out of the 14 experts who had agreed to participate 
responded to the survey.

Study Participants 

For the purpose of this study, we defined “cardiothoracic 
surgery specialists” as individuals meeting one or more of 
the following criteria: [20]

• Years of Professional Experience: Participants were
required to have at least 5 years of active experience in
cardiothoracic or vascular surgery, ensuring familiarity
with CABG procedures and outcomes.
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• Procedural Volume: Only those who performed or
supervised at least 50 CABG surgeries annually were
included. This threshold ensured substantial hands-on
expertise and understanding of clinical complexities.

• Research Contributions: Experts with publications in
peer-reviewed journals related to cardiac surgery or
associated risk factors were prioritized to incorporate
evidence-based insights into the consensus.

The participation of surgeons meeting the specified expertise 
criteria ensures that the insights gained in assessing short-
term mortality risk after cardiac surgeries are more reliable 
and valuable.

Consensus and Statistical Analyses

For each statement, consensus was determined through an 
assessment process based on the median Likert response 
and the interquartile range. Factors with a median value of 
4 or 5 and a 25th percentile ≥4 were included in the final 
variable list. Consensus on the degree of importance of the 
risk factor, based on the literature, was defined as ≥75% 
agreement among experts (Likert scores of 4 and 5) or ≥75% 
of experts selecting it as the most significant indicator [21]. 
The criteria for determining the relevance of risk factors 
were as follows: [28]

• If a risk factor was rated as “5- Extremely important”
or “4- Important” by ≥75% of the experts, these factors
were considered relevant.

• If a risk factor had less than 75% agreement in any of the

five scale items, the options “5- Extremely important” or 
“4- Important” were combined, and if it achieved ≥75% 
agreement, it was considered relevant.

• If additional information or explanations during the
discussion session altered the interpretation of risk
factors, the scoring could be re-evaluated and classified
according to the criteria mentioned above.

• Experts may exclude risk factors that are difficult to
assess or deemed uncertain from the scope of the study.

Descriptive statistics, including mean and standard deviation 
(SD), were employed to summarize the central tendency and 
variability of responses for each risk factor. Percentages were 
calculated for each response category to provide a detailed 
distribution of expert evaluations. To enhance the robustness 
of the consensus evaluation, a weighted average was applied, 
incorporating the SD to mitigate the impact of highly variable 
responses and ensure a balanced representation of expert 
opinions. Furthermore, risk factors with low agreement 
or those deemed ambiguous or difficult to assess were 
systematically excluded during expert discussion sessions, 
ensuring the relevance and clarity of the final list.

Table 1 provides a schematic representation of expert 
opinion. Data analysis was performed using Python 
programming with Pycharm IDE version 2022.3.1 (JetBrains 
individual licenses). The results of the evaluation of risk 
factors were collected in a database and presented as the 
percentage of responses given by experts to each option.

Table 1. Schematic representation of expert opinion
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RESULTS

Establishing an Initial Set of Candidate Risk Factors

Based on a comprehensive review of the existing literature 
on risk factors associated with postoperative CABG, the 
research team identified a total of 37 distinct potential risk 
factors at varying levels of evidence and established this 
initial set.

Expert Opinion Survey Process Outcomes

In the study, a focused and systematic consensus-building 
approach was utilized to identify key risk factors for short-
term mortality following CABG surgery. This approach 
involved the participation of ten experts in the field, who 
provided comprehensive responses. The survey results, as 
summarized in Table 2 of the article, indicated that consensus 
was reached on 26 out of 37 risk factors, representing 
a consensus rate of over 75%. The method of analysis 
employed descriptive statistical techniques, presenting 

the percentages of participants who rated each risk factor 
across a spectrum of importance, ranging from “Not at all 
important/Unimportant [1-2]” to “Important/Extremely 
important [4-5]”. Additionally, an average consensus score 
and a median value (25th percentile) were calculated for 
each risk factor to accurately represent the distribution and 
level of agreement among the experts.

A weighted average, considering the standard deviation (SD), 
was used to enhance the robustness of the expert agreement 
analysis. This detailed consensus process underscores the 
value of combining clinical expertise with evidence-based 
research. The agreement on risk factors, including age, 
past vascular events, and comorbidities like diabetes and 
hypertension, aligns with existing literature on their impact 
on post-CABG mortality rates [15,19]. The methodology 
and outcomes of this survey underscore the value of expert 
opinion in augmenting and refining risk assessment models, 
particularly in complex clinical scenarios like CABG surgery. 

Table 2. Results of the expert opinion survey study. Consensus criteria were achieved, and these 
factors were found to be relevant

TIA: Transient Ischemic Attack; COPD: History of Chronic Obstructive Pulmonary Disease; Cardiogenic Shock, CPR: 
Cardiopulmonary Resuscitation; MI: Myocardial Infarction < (90 days); VSD: Ventricular Septal Defect; LVEF: Left Ventricular 

Ejection Fraction; Use of Mechanical Circulatory Support Device, Use of Inotropic Agents to Support Heart Contractility.
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Table 2 illustrates the evaluation of preoperative risk factors 
in CABG surgery by experts. Factors were classified based on 
their perceived importance: ratings of 1-2 were considered 
“unimportant”, 3 as “neutral”, and 4-5 as “important” or 
“extremely important”. For instance, factors such as diabetes 
mellitus, hypertension, and peripheral vascular disease were 
unanimously rated 4 or 5 by all experts, with high median 
scores ranging from 4.64 to 4.91. This indicates their crucial 
role in risk assessment for CABG surgery. The table’s median 
and 25th percentile values clarify the experts’ consensus 

and the factors’ acceptability. Factors with a median score 
of 4 or 5 are widely acknowledged, suggesting they are 
pivotal variables in CABG risk analysis. These findings 
provide valuable guidance for refining and optimizing risk 
stratification processes before CABG surgery. According to 
the criteria outlined in Section 3.5, Consensus and Statistical 
Analyses, factors rated as ‘4- Important’ or ‘5- Extremely 
Important’ by less than 75% of the experts were not 
considered relevant (Table 3).

Table 3. Evaluation results of ‘not relevant’ risk factors

DISCUSSION

Our investigation has demonstrated notable congruence with 
the outcomes of preceding studies, such as those denoted 
as references [21-23]. These prior studies, which similarly 
employed expert opinion and the Delphi method across 
diverse medical domains, have established a foundation 
upon which our research builds. The concurrence of our 
study, particularly regarding the significance of diabetes 
mellitus, hypertension, and stroke, mirrors the emphasis 
placed on these conditions in preceding research. This 
alignment reaffirms the criticality of these factors in the 
context of CABG surgery risk assessment. Additionally, our 
results regarding the impact of peripheral vascular disease 
and liver disease as risk markers align with the findings 
of Barrios V. et al., and are supported by the consensus in 
the literature [23]. These studies, having underscored the 
pertinence of peripheral artery disease as a quality indicator, 
resonate with our findings. Additionally, our identification of 

preoperative states and renal dysfunction as principal risk 
factors aligns with the current literature’s focus on patient-
specific evaluations, highlighting the necessity of tailoring 
risk assessment to individual patient profiles. Nonetheless, 
our study is not without its limitations. The potential for 
response bias and the limitations inherent to a single-round 
consensus process must be acknowledged. These constraints 
reflect the challenges outlined in the studies by Meershoek 
et al. and Bourque et al., where the complexity of clinical 
situations and the variability in expert opinions hindered the 
achievement of a unified consensus [24,25].

This study has limitations typical of survey research, 
including potential response bias resulting from incomplete 
sampling and survey design. Factors such as hospital size, 
patient volume, and surgeon expertise are crucial because 
they influence expert perspectives, thereby affecting the 
generalizability of survey results. Conducted in a single 
round, the research’s depth is limited. To improve outcomes, 
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involving a diverse expert panel and multiple survey rounds 
is advised for greater scope and reliability. Our study aligns 
with existing literature on CABG surgeries, advocating 
for integrating empirical data with expert insights. This 
interdisciplinary approach is vital for enhancing patient 
care and decision-making, and it lays the groundwork for 
future development of advanced machine learning-based 
risk assessment tools, marking a significant step in evolving 
patient-specific medical strategies. Addressing the rising 
impact of CVDs requires focused efforts to fill knowledge 
gaps in innovative interventions. Expert opinions were used 
to identify risk factors for short-term mortality post-CABG. 
Understanding the economic implications of health financing 
structures and investments in quality enhancement is also 
crucial for policymakers [22].

CONCLUSIONS

This study identified key risk factors for short-term mortality 
following CABG surgery, emphasizing the importance of 
integrating expert insights with empirical evidence. While 
limitations such as response bias and the single-round survey 
approach may affect the findings, they highlight the need 
for further research involving more diverse expert panels 
and multiple survey rounds to enhance generalizability and 
reliability. The study serves as a foundation for developing a 
machine learning-based hybrid system for risk assessment 
in CABG. By selecting clinically and statistically significant 
variables, this approach bridges clinical expertise with 
advanced technology, paving the way for more precise and 
personalized risk stratification. Future work will focus 
on refining the algorithm and expanding its applicability 
to optimize patient care and decision-making in CABG 
surgeries.
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