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Abstract  
The integration of artificial intelligence (AI) into critical care medicine represents 

one of the most transformative developments of the modern era, particularly in the 

domain of nutritional support. Nutrition in critically ill patients is a complex, 

dynamic, and individualized component of care, intimately linked with outcomes 

such as morbidity, mortality, length of stay, and recovery trajectories. Historically, 

the approach to nutritional management in intensive care units (ICUs) has been 

guided by static protocols, clinician experience, and limited data-driven 

personalization. However, the advent of AI has heralded a new paradigm—one 

where algorithms are capable of synthesizing massive volumes of patient-specific 

and population-level data to optimize nutritional strategies in real-time. This 

abstract explores the evolving role of AI in the nutritional management of critically 

ill patients, elucidating its current capabilities, transformative potential, and the 

nuanced challenges inherent in its implementation.  

Critical care nutrition is a field characterized by its high variability and 

dependence on timely, precise decisions. The metabolic demands of critically ill 

patients can shift rapidly, influenced by inflammatory responses, organ 

dysfunction, sepsis, pharmacologic interventions, and mechanical ventilation. 

Traditional methods of assessing nutritional needs—such as weight-based 

calculations, indirect calorimetry, and clinical scoring systems—are limited by 

their infrequency, lack of real-time adaptability, and inter-observer variability. In 

contrast, AI systems are uniquely positioned to overcome these limitations by 

integrating continuous streams of data from electronic medical records, laboratory 

values, ventilator parameters, hemodynamic monitoring, and imaging studies. 

Through machine learning (ML) and deep learning (DL) techniques, AI models 

can identify complex patterns, predict nutritional deficits, recommend caloric and 

macronutrient targets, and even suggest timing and route of administration with 

unprecedented precision.  

One of the most promising applications of AI in critical care nutrition is 

predictive analytics. ML algorithms can analyze historical data from thousands of 

ICU admissions to identify predictive markers of malnutrition, feeding intolerance, 

and metabolic derangements. These models can alert clinicians to patients at high 

risk for underfeeding or overfeeding before traditional signs manifest, enabling 

preemptive nutritional adjustments. Furthermore, AI systems can incorporate 

patient-specific factors such as age, comorbidities, inflammatory biomarkers, and 

genetic polymorphisms to individualize nutritional interventions. This represents 

a departure from “one-size-fits-all” protocols toward precision nutrition–a concept 

long theorized but now achievable through computational intelligence. 
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Another critical application is the real-time 

optimization of energy expenditure estimation. 

Although indirect calorimetry remains the gold 

standard for assessing resting energy expenditure, it is 

not universally available and is often underutilized due 

to cost, complexity, and staffing limitations. AI models 

trained on large datasets of calorimetry readings can 

now estimate energy expenditure with high accuracy 

using routinely collected clinical parameters, offering a 

feasible and scalable alternative. These AI-driven 

estimations can be recalibrated continuously as patient 

physiology evolves, thus ensuring that caloric goals 

remain aligned with metabolic demands throughout the 

ICU stay. 
AI also facilitates dynamic decision support for 

enteral and parenteral nutrition. Feeding protocols 

traditionally rely on fixed progression plans and 

clinician judgment, often resulting in variability and 

delays. AI-enhanced decision support systems can 

suggest initiation times, adjust rates, anticipate 

complications such as refeeding syndrome, and even 

recommend specific formulas based on gastrointestinal 

function, fluid balance, and micronutrient levels. 

Importantly, these recommendations can be delivered 

in real time, embedded within the clinical workflow, 

and accompanied by probabilistic confidence intervals, 

thus augmenting clinical judgment without replacing it. 

Furthermore, the integration of natural language 

processing (NLP) within AI systems allows for the 

extraction of valuable nutritional information from 

unstructured clinical notes, dietary logs, and progress 

reports. This capability is particularly relevant in 

capturing qualitative aspects of nutrition management 

that may not be documented in structured formats, such 

as feeding tolerance, patient preferences, and 

interdisciplinary consultations. By transforming these 

qualitative narratives into quantifiable data points, NLP 

expands the informational base upon which nutritional 

decisions are made, promoting a more holistic and 

patient-centered approach. 
The implementation of AI in critical care nutrition 

is not without challenges. One major concern is data 

quality and interoperability. The accuracy of AI 

predictions is contingent upon the completeness, 

consistency, and timeliness of input data, which can 

vary widely across institutions and electronic health 

record systems. Moreover, algorithmic transparency 

and interpretability remain areas of ongoing research. 

Clinicians are understandably cautious about adopting 

black-box models whose internal logic is opaque, 

especially when clinical stakes are high. Efforts to 

develop explainable AI (XAI) frameworks are 

therefore essential to bridge the trust gap and ensure 

that recommendations are both intelligible and 

actionable. 

Ethical considerations also come to the fore. AI 

systems must be trained on diverse datasets to prevent 

biases that could disproportionately affect vulnerable 

patient populations. Additionally, issues of 

accountability, data privacy, and informed consent 
require robust governance frameworks. While AI can 

support decision-making, ultimate responsibility for 

clinical care remains with human providers, 

necessitating a careful balance between automation and 

human oversight.  

Despite these challenges, early studies and pilot 

implementations have demonstrated the feasibility and 

efficacy of AI-driven nutrition platforms in critical care 

settings. These systems have been shown to improve 

nutritional adequacy, reduce incidence of feeding-

related complications, and streamline care 

coordination. Importantly, AI does not displace the role 

of the clinician but rather empowers the healthcare 

team with tools that enhance situational awareness, 

reduce cognitive burden, and support evidence-based 

decisions in a data-rich, time-sensitive environment. 

In conclusion, artificial intelligence is poised to 

revolutionize the practice of nutrition in critical care 

medicine. By enabling personalized, adaptive, and 

predictive approaches to nutritional management, AI 

addresses longstanding limitations in traditional care 

models. Its integration into the ICU promises to 

enhance patient outcomes, reduce complications, and 

contribute to a more efficient and responsive healthcare 

system. As we move toward broader adoption, 

interdisciplinary collaboration between intensivists, 

nutritionists, data scientists, and ethicists will be 
critical to ensure that AI is implemented in a manner 

that is safe, equitable, and clinically meaningful. The 

journey from innovation to integration is well 

underway, and nutrition stands at the forefront of this 

transformative movement in critical care medicine. 
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