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Abstract: Artificial intelligence (Al) and Enhanced Recovery After Surgery (ERAS) are increasingly discussed as strategies for improving
perioperative quality, efficiency, and recovery, but their implementation in resource limited settings requires a clear patient safety frame-
work. In this commentary, resource limited settings refer to perioperative systems constrained by shortages of trained workforce, essential
equipment, monitoring capacity, reliable data infrastructure, financing, or governance support. This commentary argues that Al and ERAS
should be viewed as complementary rather than competing approaches. ERAS provides a structured pathway for standardizing perioperative
care, while Al may support risk stratification, clinical decision support, monitoring, adherence tracking, and operational efficiency.
Perioperative care is a suitable field for Al integration because it is time-sensitive, multidisciplinary, data-rich, and highly dependent on
coordinated decisions across the preoperative, intraoperative, and postoperative continuum. However, digital tools cannot compensate for
absent safety infrastructure, weak governance, or poor-quality data. A pragmatic strategy for low-resource settings is therefore to first
establish essential perioperative safety standards, implement context-adapted ERAS elements, and then selectively deploy ethically
governed Al applications with human oversight and local validation. Framed in this way, Al-supported ERAS pathways may strengthen
patient safety, recovery, and risk management while supporting broader health system resilience.
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Introduction

Healthcare systems in resource limited settings face simultaneous access and quality gaps in surgical and anaesthesia
care. In this commentary, resource-limited settings refer to health systems or hospitals where perioperative care is
constrained by shortages of trained personnel, essential equipment, monitoring capacity, oxygen and medicines, reliable
digital infrastructure, financing, or governance support. Universal access to safe, affordable surgical and anaesthesia care
remains central to health system performance, yet perioperative services in many low- and middle-income countries
continue to be constrained by workforce shortages, infrastructure gaps, inconsistent monitoring, and weak data
systems.'” Enhanced Recovery After Surgery (ERAS) offers structured, multidisciplinary, evidence-based pathways
intended to reduce unwarranted variation in perioperative practice, shorten hospital stay, and reduce postoperative
complications, and LMIC specific ERAS guidance is now available for primary and secondary hospitals.**

Recent literature has increasingly examined the future of ERAS through artificial intelligence (Al), personalized care,
digital health technologies, implementation barriers, and resource-related challenges.” At the same time, Al is entering
perioperative medicine through risk prediction, decision support, physiologic monitoring, workflow optimization, and
recovery forecasting, which refers to prediction of postoperative recovery trajectory, complication risk, functional
readiness, and discharge preparedness.®’ Perioperative care is a suitable area for Al integration because it is time-
sensitive, multidisciplinary, data-rich, and dependent on repeated decisions across the preoperative, intraoperative,
postoperative, and discharge phases.
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This commentary examines how Al and ERAS can be understood not as competing innovations but as complemen-
tary strategies for strengthening perioperative care in resource-limited settings. It reflects a narrative literature-informed
and policy oriented interpretation of published guidelines, systematic reviews, related Risk Management and Healthcare
Policy literature, and contextual implementation considerations rather than primary experimental or observational
research. The manuscript’s added value is its explicit focus on patient safety, risk management, staged implementation,
local validation, and governance in low-resource perioperative systems, rather than on technology adoption alone.

This focus is aligned with recent Risk Management and Healthcare Policy literature emphasizing Al governance, just
culture, systems thinking, clinical decision support, medical device risk management, clinical pathway monitoring, and
surgical safety improvement in resource-limited settings.® ' The purpose is therefore not technological enthusiasm for
its own sake, but a pragmatic framework for safer, more equitable, and more efficient perioperative care.

Why Al and ERAS Matter Together

ERAS is fundamentally a care redesign strategy. It links preoperative optimization, standardized anaesthetic and
analgesic practices, early nutrition, early mobilization, nausea prevention, structured fluid management, and coordinated
postoperative recovery into a single pathway. In randomized evidence syntheses, ERAS implementation has been
associated with shorter length of stay and fewer general postoperative complications, although measured outcomes
vary across surgical specialties and study designs.? In low resource settings, its value is particularly compelling because
many ERAS elements are organizational rather than technology-intensive: teamwork, protocolization, communication,
and consistent perioperative processes.’

Al, by contrast, is not a pathway but a set of tools. Contemporary perioperative Al applications include automated
risk stratification, physiologic trend recognition, early warning support, imaging assistance, operating room logistics, and
postoperative outcome prediction.®” These functions may help clinicians identify which patients need optimization,
which intraoperative events warrant earlier intervention, and which postoperative patients require closer observation or
discharge planning support. In principle, AI may support ERAS implementation by making pathway delivery more
personalized, timely, and auditable. In this context, auditable means that pathway steps, alerts, decisions, adherence,
outcomes, overrides, and feedback can be documented and reviewed for quality improvement and accountability.

The relationship is especially important because ERAS can provide the clinical structure within which Al outputs
become useful. Predictive models have limited value if care pathways are fragmented or if no agreed response follows an
alert or risk estimate. Conversely, ERAS programs generate standardized perioperative processes and measurable
outcomes that are more suitable for feedback loops, adherence dashboards, and continuous quality improvement.
When paired thoughtfully, ERAS offers the operational backbone and Al offers targeted augmentation.

Implementation in Resource-Limited Settings

The strongest perioperative gains in resource limited environments are likely to come from adapting proven practices
rather than importing high complexity systems unchanged from digitally mature hospitals. Digitally mature hospitals are
institutions with reliable electricity and connectivity, interoperable electronic records, routine data capture, technical
support, cybersecurity processes, and formal digital governance. Many resource-limited hospitals do not yet have these
conditions, and this makes staged implementation essential.

This principle is crucial for both ERAS and AI. Local hospitals may not initially be able to support comprehensive
digital perioperative platforms, but they may be able to implement selected ERAS elements, simplified data capture,
structured postoperative monitoring, and limited decision support tools. Workforce digital literacy is a key determinant
because clinicians, nurses, anaesthesia providers, data officers, and managers must understand what digital tools can and
cannot do, how alerts should be interpreted, how data quality affects outputs, and when human escalation is required.

Recent experience from Rwanda illustrates stepwise ERAS adoption through knowledge assessment, protocol develop-
ment, multidisciplinary engagement, and preliminary implementation rather than one-time policy declaration alone.'® Recent
surgical safety work from Somalia similarly shows that context-sensitive, low-cost interventions, including focused education,
leadership support, and visual prompts, can improve adherence to safety processes in a fragile health system.'> These
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examples are relevant beyond their individual settings because they show that perioperative innovation becomes more credible
when it is locally owned, adapted, supported by training, and connected to routine quality improvement.

The same logic should guide Al adoption. Early Al use cases in these settings should be bounded and supportive
rather than autonomous. Examples include preoperative risk screening, early warning systems based on routinely
collected observations, operating theatre scheduling support, stock and bed use forecasting, and simple dashboards
that track ERAS pathway adherence. These tools may strengthen efficiency and situational awareness, but they should
not be mistaken for substitutes for clinical judgment or for the foundational requirements of safe perioperative care.

Risk, Governance, and Patient Safety

Al in health care raises well described concerns regarding bias, transparency, accountability, privacy, cybersecurity, and
clinician overreliance.>'* !¢ In this commentary, clinician overreliance refers to automation bias, alert fatigue, and
possible reduction in independent clinical judgment when digital recommendations are accepted without sufficient
assessment. These concerns are especially important in perioperative medicine because decisions are time sensitive,
multidisciplinary, and often made under conditions of uncertainty. In resource limited settings, governance risks may be
amplified by sparse digital infrastructure, weak procurement oversight, limited incident reporting, and datasets that are
incomplete or poorly representative of the patients who will actually be managed.

The World Health Organization has emphasized that Al for health must be governed in ways that protect autonomy,
promote transparency, assign accountability, and ensure that technology serves public benefit rather than worsening
existing inequities.'*'® A systematic review of AI guidance also shows that formal standards and consensus statements
are expanding, underscoring that responsible implementation depends on more than technical accuracy alone.'” This
expectation is consistent with a recent SWOT analysis of artificial intelligence in clinical medicine, which highlights that
responsible Al integration requires attention to data quality, algorithmic bias, interpretability, privacy, and consistent
evaluation frameworks. "’

For perioperative services, this means that Al tools should be introduced with clearly defined clinical scope, human
oversight, documentation of performance, processes for override and escalation, attention to data stewardship, and
mechanisms for post-implementation review. Local validation before deployment is essential because models developed
in better resourced or different populations may perform poorly when case mix, documentation practices, monitoring
frequency, laboratory access, or postoperative follow-up differ. In hospitals with limited data infrastructure, local
validation may begin pragmatically through small-scale silent testing, clinician review of outputs, comparison with
observed outcomes, documentation of false alerts and missed events, and staged use before full clinical integration.

Equally important, digital innovation should not distract from the minimum conditions required for safe surgery and
anaesthesia. Global surgery and anaesthesia frameworks, together with WHO WFSA international standards, make clear
that safe perioperative care depends on trained personnel, oxygen, monitoring, equipment, medicines, recovery capacity,
and systems of quality assurance.' No Al tool can compensate for absent pulse oximetry, unreliable electricity, lack of
postoperative observation, or severe workforce shortages. In such environments, introducing sophisticated algorithms
without fixing the safety floor risks widening rather than narrowing quality gaps.

Practical Priorities for Implementation

As summarized in Table 1, a realistic implementation strategy should begin with a safety floor and proceed through
staged, context sensitive implementation. Context sensitive implementation means adapting the intervention to local
workforce, infrastructure, supply chains, digital maturity, financing, patient needs, and governance capacity while
preserving essential safety principles. Hospitals need reliable monitoring, oxygen, standard operating processes, recovery
observation, essential analgesics and fluids, and consistent use of the surgical safety checklist before more advanced
digital tools are expected to deliver value>'® (Table 1).

The next step is to implement context adapted ERAS bundles. In hospitals with severe staffing or supply limitations,
this should not mean abandoning ERAS, but prioritizing feasible, high value elements such as patient education, reduced
fasting where appropriate, multimodal analgesia using available medicines, nausea prevention, early mobilization, early
feeding when clinically feasible, clear discharge criteria, and routine audit of protocol adherence.**'* Standardization at
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Table | Conceptual Staged Priorities for Integrating Artificial Intelligence and ERAS in Resource-Limited Perioperative Care

Domain

Near-Term Opportunity

Minimum Enabling Conditions

Key Safeguard

Preoperative

assessment

Al-supported risk stratification and

triage for ERAS planning

Basic records, essential observations,

clinician review, and local validation

Human oversight, bias checks,
and clear documentation of risk

decisions

Intraoperative care

Early warning support for physiological

instability and protocol prompts

Reliable monitoring, defined escalation

pathways, and staff training

Al should support, not replace,

clinician judgment

Postoperative

recovery

Al-supported surveillance for early
complication recognition and

discharge readiness

Ward observation protocols, response

teams, and follow-up systems

Clear thresholds for action,
privacy protection, and

escalation review

ERAS adherence and

quality improvement

Automated tracking of pathway
compliance, missed care elements, and

baseline data

Standardized ERAS pathway, routine data
capture, and multidisciplinary ownership

Non-punitive audit culture and

feedback loops

Patient

communication

Digital education and discharge

support in locally understandable

Language adaptation, literacy-sensitive

design, and staff verification

Avoid unsupervised or

inaccurate patient-facing advice

formats

Governance and Phased implementation linked to Institutional leadership, digital governance, | Transparency, accountability,

evaluation safety, outcomes, workflow, cost, and | workforce digital literacy, and local validation, and periodic re-

equity metrics implementation review evaluation

Abbreviations: Al, artificial intelligence; ERAS, Enhanced Recovery After Surgery.

this stage is important because it creates the pathway logic and baseline data needed for later digital augmentation.
Baseline data are intended primarily for quality improvement monitoring, while future Al model development should
only be considered when data quality, governance, representativeness, and validation capacity are adequate.

Only then should Al be added selectively to support clearly defined problems. Priority applications should be those that
reduce cognitive burden, improve early recognition of deterioration, assist pathway adherence, or improve use of limited
perioperative resources. Tools should be locally validated, clinically supervised, and judged not only by algorithmic
performance but also by their effect on postoperative complications, recovery, cost, workflow, staff trust, and equity.
Feedback loops should operate through regular multidisciplinary review of ERAS adherence, patient outcomes, alert
performance, staff concerns, and unintended consequences, followed by protocol refinement and renewed measurement.

Implementation should be governed as a quality improvement and implementation research agenda rather than
a technology purchase. Implementation research helps identify barriers and facilitators, choose strategies, understand
context, and evaluate outcomes such as adoption, fidelity, acceptability, feasibility, sustainability, and equity.'® In
resource limited settings, the success of Al and ERAS will depend less on novelty than on disciplined implementation,
local adaptability, workforce training, governance capacity, and sustained clinical ownership.

Policy and Risk-Management Implications

For policy makers and health system leaders, the central implication is that Al enabled perioperative innovation should
be regulated and evaluated as a sociotechnical risk management process. Procurement decisions should require evidence
of clinical scope, data requirements, human oversight, cybersecurity safeguards, bias assessment, local validation plans,
and post deployment monitoring. Hospitals should avoid purchasing isolated digital tools that are not connected to ERAS
pathways, escalation protocols, staff training, patient safety metrics, and accountability structures.

For perioperative leaders, the priority is to build reliable care processes before expecting Al to improve outcomes. This
includes checklist adherence, recovery room observation, pain and nausea protocols, discharge criteria, basic outcome
measurement, and multidisciplinary review. For researchers, the evidence gap is not only whether Al can predict risk, but
whether Al-supported ERAS pathways improve patient safety, workflow, equity, and cost effectiveness in real world resource
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limited settings. For journals and policy audiences focused on risk management, this shifts the conversation from whether Al
is innovative to whether it is safe, governed, locally valid, and embedded in systems that can act on its outputs.

Conclusion

Artificial intelligence and ERAS have important but different roles in perioperative strengthening. ERAS offers an
evidence based framework for standardizing recovery oriented care, while Al offers tools that may improve prediction,
coordination, monitoring, adherence tracking, and operational efficiency. In resource limited settings, their combined
value lies in careful sequencing: establish essential perioperative safety, implement feasible ERAS pathways, and then
adopt narrowly scoped Al applications under clear governance and human oversight. Successful implementation depends
on infrastructure readiness, governance capacity, workforce training, local validation, and contextual adaptation. Framed
in this way, innovation and recovery are not separate agendas. Together, they may support safer perioperative care, better
use of scarce resources, and more resilient health systems.

Abbreviations
Al, artificial intelligence; ERAS, Enhanced Recovery After Surgery; LMICs, low- and middle-income countries; WHO,
World Health Organization; WFSA, World Federation of Societies of Anaesthesiologists.
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