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Abstract—Risk stratification before surgery is a key component of contemporary perioperative
medicine that allows clinicians to foresee morbidity and mortality in the postoperative period, direct
shared decision-making, and deploy perioperative resources efficiently. Over the last three decades, a
wide variety of risk prediction tools have emerged, ranging from simple clinical scoring systems to
complex machine-learning models. This paper critically reviews the history, clinical application, and
limitations of preoperative risk stratification systems, and examines how they contribute to the
prediction of surgical outcomes and optimisation of perioperative processes. Based on recent
literature and institutional outcome data from 210 surgical patients, the research examines the
effectiveness of structured risk assessment in predicting outcomes, identifying modifiable risk factors,
and personalising perioperative care. Statistical analysis demonstrates a significant correlation
between preoperative risk category and postoperative outcomes. The results highlight that risk
stratification is most effective when implemented as part of multidisciplinary processes combined
with risk-modifying interventions, rather than as a standalone predictive activity.
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I. Introduction

Major surgery is an extreme physiological stressor, and postoperative morbidity and mortality continue to
pose a significant burden on patients and healthcare systems globally. Proper preoperative risk stratification
is critical for identifying high-risk persons, facilitating consent discussions, guiding perioperative
management, and improving surgical outcomes (Moonesinghe et al., 2013; Matthews et al., 2022). In the
past, perioperative risk evaluation relied heavily on clinician experience and simple demographic and
comorbidity factors. Although clinical intuition still plays a role, it is insufficient on its own, especially for
complex, elderly, or multimorbid patients (Wijeysundera, 2016).

The creation of validated risk prediction instruments has transformed perioperative decision-making by
providing standardised and reproducible estimates of risk. These instruments include procedure-specific
scoring systems and widely applicable models that combine patient, surgical, and institutional variables
(Protopapa et al., 2014; Le Manach et al., 2016; Yap et al., 2018). More recently, data analytics and artificial
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intelligence have enabled the modelling of nonlinear risk factor interactions and dynamic adaptation to
heterogeneous populations (Wongtangman et al., 2023; Devi et al., 2025).

I1. Preoperative Risk Stratification Conceptual Framework

The purpose of preoperative risk stratification is to provide an estimate of the likelihood of adverse
events that occur after surgery, which may be death, significant morbidity, or delayed recovery. Its goals are
not only to predict but also to communicate risks, plan perioperative, collaborate on decisions, and prevent
risks specifically (Adeleke et al., 2021; Sherrer et al., 2022).

Risk stratification is based on the combination of three domains that are interrelated:
e Age, comorbidities, nutritional status, renal, functional capacity, and psychosocial determinants

related to patients (Chertow et al., 1997; Heijmans et al., 2003; Leekha et al., 2016).

e Factors related to the procedure, like the size of surgery, urgency, invasiveness, and expected stress

of the procedure (Ragg et al., 2009; Kelly et al., 2011; Thomas and Agrawal, 2012).

e Systemical issues, such as institute resources, perioperative routes, staffing, and access to

postoperative critical care (Wijeysundera, 2016; Copeland et al., 2017).

II1. Conventional Risk Stratification Models
Clinical and Scoring-Based Systems

Initial studies had determined that physiological reserve and comorbidity burden are effective
predictors of postoperative outcome in the surgery fields (Ferraris and Ferraris, 1996; Heijmans et al.,
2003). Gradually, parsimonious tools, including Surgical Outcome Risk Tool (SORT) and the Preoperative
Score to Predict Postoperative Mortality (POSPOM) were created to enable bedside risk estimation with a
reasonable predictive accuracy (Protopapa et al., 2014; Le Manach et al., 2016). The procedure-specific
scores also narrow the scope of predictions in specific settings such as bariatric surgery, colorectal surgery,
and pancreatic resection (Kelly et al., 2011; Thomas and Agrawal, 2012; Ragg et al., 2009). Comparative
research of cardiac and vascular surgery shows that no one model operates best in all populations,
supporting the application to a certain context and population (Nilsson et al., 2006; Nesi et al., 2004).

Stratification of Risk of Organ-Specific Complications

Recent risk assessment approaches increasingly go beyond global mortality to forecast specific
postoperative complications. Acute kidney injury is a severe predictor of postoperative outcomes and
survival; models incorporating baseline renal function, comorbidity, and intraoperative factors provide
better predictive value for postoperative renal complications (Chertow et al., 1997; Lei et al., 2019).
Similarly, surgical site infection in vascular and colorectal surgery can be predicted preoperatively to
facilitate prophylaxis and enhanced postoperative monitoring (Leekha et al., 2016; Ragg et al., 2009). These
focused models promote precision-based perioperative planning.

Machine Learning and Advanced Predictive Analytics

Machine learning has expanded the dimensions of preoperative risk stratification by enabling analysis of
high-dimensional datasets. Al-based models often achieve higher accuracy in detecting nonlinear and
complex interdependencies between risk variables than conventional scoring systems (Wongtangman et al.,
2023). These methods form part of broader precision-medicine approaches where individualised risk
assessment and personalised perioperative planning become feasible (Devi et al., 2025; Shanthi et al., 2025).
Nevertheless, issues of interpretability, data bias, and generalisability remain, and careful clinical validation
is essential before widespread deployment (Wijeysundera, 2016).

IV. Psychosocial and Social Determinants of Surgical Risk

Although most risk models are dominated by physiological factors, growing evidence highlights the role
of psychosocial and social determinants in surgical outcomes. Conditions such as chronic stress, mental
health disorders, substance use, and social support significantly influence postoperative recovery and
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complication rates (Ashifa, 2020a; Ashifa, 2020b; Ranganathan et al., 2024). Population-based studies also
demonstrate the influence of occupational stress, gendered labour exposure, chronic ill health, and social
vulnerability on baseline health and access to perioperative care (Ashifa, 2019; Ashifa, 2021a; Ashifa,
2021b; Ashifa, 2022; Ashifa & Ramya, 2019; Rasi & Ashifa, 2019; Vettriselvan & Anto, 2018).
Psychosocial resilience and emotional intelligence also shape the perception of stress and adaptive capacity
during the perioperative period (Elkin et al., 2025; Zahoor et al., 2025).

Patients age >45 years or 18-44 years with known significant cardiovascular disease
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Fig. 1. Preoperative risk stratification model showing the integration of patient, procedural, and systemic risk domains with outcome prediction and perioperative
optimisation pathways.

Preoperative risk stratification serves simultaneously as a predictive and interventional clinical
procedure. Risk estimation combines patient vulnerability, the magnitude of procedural stress, and
healthcare system capacity rather than isolated clinical variables. Conventional scoring systems provide
consistent bedside estimation, while data-driven and machine-learning models reveal nonlinear interactions
among risk factors and enhance discrimination in heterogeneous populations. The gradient correlation
between low-, moderate-, and high-risk groups and postoperative morbidity confirms that risk assessment
yields clinical usefulness only when associated with specific optimisation interventions, including
physiological stabilisation, nutritional support, psychosocial preparation, and enhanced postoperative
follow-up. Risk stratification should therefore be perceived not as a prognostic label but as a
decision-making tool to tailor individual perioperative care.

V. Outcome Analysis (n = 210 Patients)
Baseline Risk Profile

All 210 patients underwent structured preoperative risk assessment prior to major non-cardiac surgery.
Table 1. Baseline Patient Risk Profile (n = 210)

Variable Category n (%)

Age <60 years 112 (53.3)
>60 years 98 (46.7)

ASA Physical Status I-11 121 (57.6)
n-1v 89 (42.4)

Comorbidities >2 chronic conditions 94 (44.8)
Preoperative Risk Low 88 (41.9)
Category Moderate 76 (36.2)
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High 46 (21.9)

Predicted Risk Categories and Observed Qutcomes
Table 2. Predicted Risk Categories and Observed Outcomes

Outcome Low Risk Moderate Risk High Risk
Major postoperative 6.8% 15.8% 34.8%
complications
ICU admission 4.5% 11.8% 28.3%
Length of stay >7 days 12.5% 27.6% 52.2%
30-day mortality 0.0% 2.6% 8.7%

One-Way ANOVA Results

A one-way ANOVA was performed to evaluate differences in postoperative
preoperative risk categories.

Table 3. One-Way ANOVA of Postoperative Outcome Scores (n =210)

outcome burden across

Source of Variation Sum of Squares df Mean Square F-value p-value
Between Groups 32.48 2 16.24 9.63 <0.001*
Within Groups 349.21 207 1.69
Total 381.69 209

*Statistically significant at p < 0.05

The ANOVA demonstrates a statistically significant gradient in postoperative outcomes across risk strata
(F =9.63, p <0.001), confirming the discriminative validity of organised risk stratification. The institutional
results show a clear, graduated relationship between preoperative risk categorisation and postoperative
results, consistent with earlier multicentre research (Moonesinghe et al., 2013; Meguid et al., 2016).
High-risk patients showed disproportionate morbidity, ICU admission, and mortality, supporting the
predictive utility of structured assessment. Importantly, risk stratification was most useful when applied to
implement specific optimisation strategies, including medical stabilisation, nutritional intervention,
psychosocial support, and enhanced postoperative monitoring (Sherrer et al., 2022; Matthews et al., 2022).
These results support the view that risk scores should drive clinical action rather than serve as mere
predictors.

V1. Future Directions

The future research efforts should aim at incorporating conventional risk frameworks with real-time
electronic health records, patient-reported outcomes and social determinants to develop adaptive and
learning prediction systems. There will be a need to deploy artificial intelligence ethically, in a transparent
way, and train clinicians to ensure a sustainable implementation (Wijeysundera, 2016; Devi et al., 2025;
Swadhi et al., 2025a; Swadhi et al., 2025b; Vettriselvan, 2025; Vijayalakshmi et al., 2025a; Vijayalakshmi et
al., 2025b; Venice et al.,

VII. Conclusion

Preoperative risk stratification has become multidimensional and advanced to be a core of
perioperative medicine. Combined with both multidisciplinary workflows and active risk modification,
structured risk assessment can better predict the outcomes of surgical operations, aid in shared
decision-making, and increase patient safety. Risk stratification is not a matter, especially prediction, but an
ability to take personalised perioperative optimization and effective healthcare delivery.
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