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describes our institution’s experience designing, piloting, and
embedding this algorithmic approach within ICU workflows.
This initiative demonstrates how value-based frameworks can
be meaningfully applied to PC, fostering patient-centred care
even in the highest acuity ICU settings.

VALUE-BASED CRITICAL CARE

Category Type of Data
Utilisation

Administrative
Outcomes
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Description / Rationale

Prior hospitalisations and PC encounters are proxies for
baseline illness burden and care needs.

O Dlgnosile | oo oo @fifies Bite

Diagnostic groupings based on Hierarchical Condition
Categories (HCC) provide a standardised measure of

CRiEeEs comorbidity burden.
Captures functional and physiological assessments
Flowsheet . : . .
Structured Clinical Input documented during routine care (e.g., pain scores, Glasgow
Assessments .
Coma Scale, recent weight change).
Laboratory . Objective biomarkers (e.g., calcium, creatinine, albumin)
Numeric . . .
Values reflect organ function and clinical severity.
Continuous physiologic measures such as mean arterial
Vital Signs Numeric / Time-series pressure and respiratory rate indicate real-time clinical

status.

Demographics Categorical / Numeric

Fundamental patient characteristics (e.g., age, sex)
commonly associated with clinical risk.

Medications

(WHO ATC) Categorical

Medication use, categorised by the WHO ATC system, is a
proxy for disease management and treatment intensity.

Slnleal ot Derived from Text Notes

Quantitative features derived from documentation patterns
(e.g., frequency of specialty services) provide insight into

Metadata )
care complexity.
Temporal . . Features such as time from admission account for temporal
Time-based / Categorical Sr e
Measures patterns in clinical workflows and outcomes.

Table 1. Model Predictors

Background

Integrating artificial intelligence (AI) into ICUs holds promise
for improving the timely delivery of PC to critically ill patients.
Recent work on the development, implementation, and evaluation
of an Al-based clinical decision support tool for predicting PC
consultations demonstrated significant increases in consultation
rates and reductions in readmissions across inpatient units, includ-
ing cardiology, critical care, and oncology services (Murphree
et al. 2021; Wilson et al. 2023). The evaluation demonstrated a
44% increase in consultations and reductions in 60- and 90-day
readmissions among patients identified by the AI model.

However, adapting Al-supported trigger tools to the ICU
requires addressing unique clinical and sociotechnical chal-
lenges. ICU environments are characterised by high acuity, rapid
decision-making, and limited access to specialty PC services,
making screening for unmet PC needs difficult. Kistler et al’s
(2020) review of PC trigger tools revealed considerable hetero-
geneity in design and moderate to high risk of bias, with 33%
of positively triggered patients receiving PC consultations. This
finding highlights that identification alone is insufficient; screening
efforts occur within a complex backdrop of system-level barriers
constraining action even when the need is recognised. Recent
work documents multiple barriers: limited resources, relentless

ICU Management & Practice 3 - 2025
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Systematic Approaches: The clinical care team adopted
systematic approaches to identify areas for improvement
within the palliative care algorithm. This involved detailed
analysis and structured methodologies to pinpoint specific
areas needing enhancement.

Palliative Care
Al algorithm

Setting Measurable Goals: Clear and measurable goals
were established to ensure that the improvements could
be tracked and evaluated effectively. This step was crucial
in maintaining focus and direction throughout the
implementation process

implementation
using Ql tools

Implementing Changes: Changes were implemented
based on the identified areas for improvement. This
involved modifying existing practices and introducing new
strategies to enhance the palliative care algorithm.

Figure 1. Summary of Ql Approaches

pace of high-acuity care, strained communication channels,
absence of local champions, perceived incompatibility with ICU
workflows, variability in clinicians’ knowledge and beliefs about
PC, as well as structural and cultural challenges, such as negative
perceptions of PC (Effendy et al. 2022; Meddick-Dyson et al.
2024). Together, these factors suggest that using Al to improve
PC screening in the ICU must be paired with implementation
strategies that address downstream delivery processes to ensure
successful implementation.
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Figure 2. Comprehensive PC Framework
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Several facilitators can counterbalance these obstacles and
streamline PC integration. Implementation resistance can be
reduced through effective collaboration between ICU and PC
teams, targeted education, support by engaged nursing staft that
facilitates timely and coordinated delivery, and having clinicians
with prior PC exposure, who tend to be more receptive. Strategies
include PC clinicians joining daily ICU rounds, local champion
advocacy, and visible leadership support to help normalise
consultations and foster cultural change. Cultivating trust and a
supportive institutional culture ensures that AI-generated prompts
are recognised as actionable, clinically valuable information
rather than additional noise. These facilitators are prerequisites
for successfully implementing AI-driven interventions in critical
settings; without them, even the most accurate model is unlikely
to translate into timely, patient-centred PC action (Courtright
et al. 2020; Effendy et al. 2022; McDarby and Carpenter 2019;
Meddick-Dyson et al. 2024).

Study Aims

Algorithm Development and Adaptation: To describe the devel-
opment of the PC algorithm in MC Rochester and its adaptation
for use in MC Florida, including adjustments for local conditions.

Pilot Testing and Implementation: To outline the pilot testing
process and the steps taken to transition the algorithm from pilot
to practice change in the ICU.

Evaluating Impact: To assess the impact of the algorithm on
patient care, including metrics such as ICU days, alignment with
patient wishes, and patient and family experience.

Methods
Overview of the Original Model

We previously developed and deployed a machine learning (ML)
model to identify hospitalised patients who may benefit from
PC consultation based on structured EHR data. Full details of
the model architecture, feature engineering, and deployment
strategy can be found in Murphree et al. (2021). In the original
deployment, the algorithm was trained on a retrospective cohort
of 68,349 inpatient encounters at the MC Rochester campus.

Model Updating

The study population consisted of all Rochester, Florida, Arizona,
and MC Health System (MCHS) patients admitted into the
hospital between January 1, 2020, and September 1, 2023. Feature
selection and model architecture were kept consistent with the
original approach described in Murphree et al. (2021), with
updates to feature classes based on recommendations from the
PC team and insights from deployment and evaluation.

The final predictive model incorporated 269 variables drawn
from clinical, demographic, and administrative data sources.
These predictors reflected various domains relevant to patient
status and care complexity, including prior healthcare utilisa-
tion, comorbidities, clinical assessments, laboratory values, and
temporal features. Table 1 summarises the major categories of
predictors used in the model, along with representative examples
and a brief rationale for their inclusion.

Performance of New Version Across ICU Sites

The second phase involved applying the updated model to a
subpopulation at a different hospital site within the same health
system. Specifically, we evaluated model performance at each
new site, particularly for patients who spent any portion of
their hospitalisation in the ICU. For the analyses, patients were
classified as ICU’ if they were admitted to the ICU at any point
during their hospital stay, and model performance was assessed
only during the ICU period, with follow-up censored at ICU
transfer or discharge.

We evaluated model performance using ROC curves and AUC
statistics. Since risk scores varied over time during a patient’s
encounter, the maximum score a patient received before an
event or discharge was used as their representative risk score.
This approach reflected how the model would be used in prac-
tice, where an alert is triggered once a patient’s score crossed a
threshold at any point.

ICU Management & Practice 3 - 2025
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Figure 3. PC Consult Process Flow Diagram
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Prospective Pilot Implementation

In the final phase, we prospectively tested the updated model as
part of a pilot implementation within a clinical delivery model.
Model predictions were surfaced to the PC team using an adapted
display interface, and recommendations were communicated to
inpatient teams. We recorded uptake metrics, timeliness of PC
consults, and team feedback to assess feasibility, acceptance, and
workflow integration. Process outcomes such as consult initia-
tion rate were recorded.

Al Tool Implementation

Implementing the AI-driven ICU PC screening process followed
a structured daily workflow. The clinical care team utilised
various quality improvement (QI) tools and methodologies
to streamline processes, improve efficiency, and achieve better
outcomes. These QI methodologies, summarised in Figure 1
and Table 4, were crucial in ensuring that the PC algorithm was
effectively implemented, ultimately enhancing patient outcomes
and aligning care with patient preferences.

Each morning, the PC provider accessed the Al platform to
review ICU patients and identify those with a high palliative
score (greater than 70), indicating potentially unmet PC needs.
For patients exceeding this threshold, the provider conducted
a brief chart review to confirm the appropriateness of pallia-
tive involvement. If the provider agreed with the AI-generated
recommendation, they notified the ICU clinician of the patient’s
high score and potential need for consultation. The ICU clini-
cian subsequently reviewed the patient’s chart and, if in agree-
ment, placed an order for formal palliative consultation. If the
ICU clinician disagreed with the recommendation, the process
concluded without further action. For patients with an approved
consultation, the PC provider conducted a bedside evaluation
within 24 hours and communicated recommendations directly
to the ICU team to support goal-concordant care planning.

The PC consultations were conducted by clinicians board-
certified in Hospice and Palliative Medicine or an Advanced
Practice Provider with experience in PC. The consultations
included an assessment of symptoms, a review of the goals of care,
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advance care planning, and caregiver support. The consultation
structure aligned with the eight PC domains described in Figure
2 (National Coalition for Hospice and Palliative Care 2018).

Additional members of the PC interdisciplinary team, such
as the Chaplain, Social Worker, and Nurse, assessed the patient
or provided support as deemed appropriate by the PC clinician
who completed the consultation. The consultation documentation
was available in the EHR on the same day the patient was seen.

Results

Table 2 presents descriptive statistics for the cohort, stratified
by site and ICU status. Table 3 summarises model performance
(AUC) across these strata. Notably, the Florida site subgroup,
although one of the smaller sites, still had acceptable model
performance for moving forward with a pilot (AUC = 0.807,
95% CI: 0.757-0.855).

Between August 2024 and January 2025, the Al tool identified
52 patients in the Medical ICU at MC Florida with a palliative
score greater than 70. After a review of the EHR by a PC special-
ist, 46 (85%) of those patients were deemed to be appropriate

ICU No ICU Total
(N=2463) (N=104613) (N=107076) S
Site <0.001
ARZ 179 (7.3%) 13609 (13.1%) 13788 (13.0%)
FLA 253(10.3%) 11258 (10.9%) 11511 (10.8%)
MCHS | 1009 (41.2%) | 48792 (47.1%) 49801 (46.9%)
RST 1006 (41.1%) | 29988 (28.9%) 30994 (29.2%)
Table 2. Descriptive Statistics on ICU Prevalence
Site AUC 95% CI (ALL) AUC 95% CI (ICU)
Overall 0.932(0.929, 0.935) 0.804 (0.785, 0.823)
ARZ 0.925(0.915, 0.935) 0.815(0.741, 0.879)
FLA 0.899(0.887,0.911) 0.807(0.757, 0.855)
MCHS 0.95 (0.945, 0.954) 0.763(0.724, 0.801)
RST 0.919(0.912, 0.92¢6) 0.83(0.804, 0.856)

Table 3. Overall Performance for Entire Cohort and the ICU Population by Site

ICU Management & Practice 3 - 2025
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Mayo Clinic aims to provide high-value healthcare that delivers the
best possible outcomes for patients while maintaining cost efficieny

// Quality 4 Accessibility

Value

Qutcomes arly Identif « Low Cost Implementation:
Affordable for the institution
and does not add significant

costs for patients.

Sustainable,
patient-centered
approach that respects
patient autonomy and
aligns care with

A

« Scalability Across Sites:
Safety Algorithm adapted for different
ICU settings within the same

health system.
+ Operational Flexibility:
Utilization of existing EHR

personal values and
cultural preferences,
while maintaining the
) highest quality of care
possible.

decision | burden. N workflows.

| car

Service systems and scalable

This approach aligns with Mayo Clinic's primary value: "The needs of the patient come first"

Figure 4. Mayo Clinic Value Equation

for PC based on their critically ill status, medical comorbidities,
laboratory values, and need for a PC intervention to discuss goals
of care, advance care planning, or life-prolonging measures. The
Medical ICU attending physicians agreed to place a consulta-
tion for 17 (37%) patients due to a variety of factors, including
patient/family preference.

Of the patients seen by the PC team, goals of care were defined,
changing the course of their hospitalisation, eight patients changed
their code status to DNR/DNI, six patients were discharged to
inpatient hospice care, and five patients underwent compassion-
ate withdrawal of life-prolonging measures. Of the two patients
discharged home, one was under hospice care.

Among the patients not seen by the PC team, reasons for
declining consultation by the ICU team included downgrad-
ing from the ICU 5 (17%), ICU team already guiding palliative
conversations 3 (10%), no reason given 16 (55%) and other
reasons 5 (17%) such as the need for consultation/second opin-
ion from different services, decisions already made to pursue
hospice care and family preference. Of note, patients already
followed by the palliative medicine team were excluded from
the Al scoring system.

Discussion

Healthcare systems increasingly turn to models emphasising
value-based care to address challenges and barriers to PC initia-
tion. These models prioritise individualised high-quality treat-
ment that improves outcomes while respecting patient autonomy
and ensuring resource stewardship (Rao et al. 2024; Buang et
al. 2022). In the ICU, this approach often involves developing
and utilising algorithms to identify patients who would benefit
from PC consultations early in their stay (Kavalieratos et al. 2016;
May et al. 2015). By focusing on providing this patient-centred
care, the model reframes care delivery from a volume-based to
a value-centric paradigm - to emphasise understanding patient
desired outcomes and cost-efficiency (Hall 2014). However,
as highlighted by the Institute of Medicine and ethicists alike,
achieving this transformation requires a system-wide culture

shift, embracing the inherent value of PC as a standard compo-
nent of serious illness management (Institute of Medicine 2014;
Carmichael et al. 2021).

This initiative illustrates how interdisciplinary collaboration
and iterative piloting can support the successful deployment of
ML tools in critical clinical environments. Building on a previ-
ously validated algorithm to identify hospitalised patients who
may benefit from PC consultation, we extended the tool to a new
hospital site within the same health system, focusing on ICU
populations. From our experience in the ICU, this meant weaving
structured approaches and integrating the predictive algorithm
into both our internal graphic user interface that displays the
PAL score and defined workflows to offer a scalable solution. A
key initial step was automating EHR consultation triggers, which
helped reduce workload and reliance on subjective decision-

Value Equation Components Description

- Timely Identification: Early identification of patients for PC interventions.

Quality of Care

- Alignment with Patient Wishes: Ensuring care aligns with patient preferences.

- Reduced ICU Length of Stay: Shorter ICU stays due to timely PC consultations.

Patient and Family Satisfaction | Patients, and families.

- Improved Communication: Better communication between healthcare providers,

- Enhanced Experience: Improved overall experience for patients and families.

- Reduced Resource Utilisation: Decreased use of ICU resources.

Cost Savings

- Decreased Hospital Readmissions: Prevention of unnecessary hospital readmissions.

- Efficient Use of Healthcare Resources: Optimised allocation of healthcare resources.

EHR system.

- Development and Integration: Effort to develop and integrate the algorithm into the

Implementation Effort

algorithm.

- Training and Education: Resources needed to train healthcare providers on using the

- Maintenance and Updates: Ongoing costs for maintaining and updating the algorithm.

Operational Costs

algorithm.

- Support and Monitoring: Resources required for supporting and monitoring the

Table 4. Value equation for the automated PC algorithm implementation in the Medical ICU

ICU Management & Practice 3 - 2025




making to ensure more equitable access to supportive care.
Standardised criteria for PC referrals also promote consistency
in care delivery, aligning with the principles of value-based care
(Adelson et al. 2017).

For the pilot study, we utilised one main provider to be the
gatekeeper, reviewing the tool, and the broader PC team were
available to hold PC consultations. Training multiple PC provid-
ers to review the PAL Score and potentially cross-training the
ICU providers so they can assist with the early identification of
patients that would benefit from PC are avenues planned for the
next steps of the broader implementation. It is important to note
that while we don't have dedicated FTE for this role, we do have
appropriate staffing to increase the penetration rate in the ICU
(i.e., patients seen by PC/ patients admitted to the ICU). The
ability to identify and tailor the resources offered toward end-
of-life care creates significant value for patients, their families,
and the institution by reducing unnecessary interventions and
providing essential emotional and decision-making support
during critical moments.

While the study focused on early PC consultations with
patients seen on the day they were identified as fitting criteria
for a PC consult, there are lessons learned that will aid in future
implementations. The PAL score did not screen out patients
who already had primary PC performed by the Medical ICU
team, instances where decisions about patient preferences were
outlined, patients who were already receiving goal-concordant
care, or patients who were already planned for a withdrawal
or de-escalation of life-prolonging measures. Thus, not every
patient identified by the AI tool may have needed a consultation
performed by a specialist, which required additional resources.
Our workflow was designed intentionally for PC providers to act
as the gatekeeper, screening scores and subsequently contacting
the critical care team, utilising the expertise of the PC team as the
initial reviewers of the automated score. As we transition from the
pilot phase into wider utilisation, our goal is to encourage early
utilisation of PC services as the standard of care based on the
PAL Score. Since PC is often misconstrued by patients, families,
and even staff, this integrative approach fosters collaboration
between PC and ICU providers, positioning them as a unified
member of the primary care team.

VALUE-BASED CRITICAL CARE

The updated model incorporated enterprise-level data sources
and refinements based on frontline feedback, allowing for
improved compliance with clinical priorities. Importantly,
although predictive performance was acceptable, prospective
pilot results suggested meaningful room for improvement in
actual consult uptake and workflow integration. These findings
reinforce a central tenet of clinical Al deployment: generalisability
is not achieved solely through technical model robustness but
through continuous, site-specific iteration. Differences in patient
demographics, documentation patterns, and care culture between
institutions necessitate recalibration and thoughtful adaptation,
even within a shared health system.

Our work showcased that algorithm performance in isolation is
insufficient. Effective ML tools must be delivered through mecha-
nisms that integrate with existing workflows and meet the needs
of local care teams as well as the patients. These implementation
lessons parallel prior findings that clinician trust, alert timing,
and workflow fit are critical facilitators of ML impact (Effendy
et al. 2022; Meddick-Dyson et al. 2024). An important point
to remember is that even the most accurate models can falter
if not embedded within a responsive and well-supported clini-
cal pathway. Identifying patients is only the first step; ensuring
timely, effective response requires alignment across teams, clear
communication protocols, and cultural readiness.

Effective implementation and continuous improvement of the
PC algorithm in the ICU required a structured evaluation and
feedback process. These processes should include tracking key
metrics like ICU length of stay and timeliness of PC consultations,
gathering stakeholder feedback through surveys and interviews,
and conducting regular reviews to assess performance and address
challenges. Ongoing staff training sessions will ensure familiarity
with the algorithm and identify areas for updates, while precise
reporting mechanisms will help highlight successes and suggest
enhancements. Collaboration between ICU staff, PC specialists,
and other departments is crucial to adapting the algorithm to
evolving patient care needs and fostering a culture of continuous
improvement within the ICU.

Mayo Clinic's value equation Value = Quality (Outcomes, Safety,
Service / Cost (Figure 4) is a fundamental concept that guides
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our approach to delivering high-quality healthcare. This equation
aligns with Mayo Clinic’s primary value, which emphasises that
value increases when the quality of care is improved and when
the cost of delivering that care decreases.

The timing of these consultations may vary depending on
the availability of PC teams and the specific needs of patients.
Future research should explore the impact of varying consul-
tation timings and address potential barriers to timely PC
interventions. While the study demonstrated positive outcomes
regarding hospital mortality and discharges to hospice, it did not
extensively explore the perspectives of patients and their families
regarding PC interventions. Understanding their experiences and
satisfaction with the care provided is essential for improving the
overall quality of PC in the ICU. Qualitative assessment could
capture patient and family perspectives. Another opportunity
to conduct additional research would be to conduct a detailed
economic evaluation of the cost savings associated with early
PC consultations, which may help encourage wider adoption
of standardising criteria around PC offers in the ICU. Future
research might also explore the feasibility and impact of making
PC a standard of care in the medical ICU, with the team integrated
into the clinical care setting.

Normalising PC involvement may increase acceptance by ICU
providers, patients, and families. This approach can ensure that
all patients receive timely PC interventions, improving overall
patient outcomes and satisfaction. This project represents prog-
ress toward scalable, ML-driven PC identification while raising
critical questions about long-term sustainability. The technical
and social infrastructure required to maintain and evolve these
tools is considerable. Current funding streams often emphasise
innovation over maintenance, leaving institutions with few
mechanisms to support ongoing monitoring, recalibration, and
clinician engagement. Sustained impact will depend on shifting
funding and institutional mindsets to treat AI tools not as static
products but as evolving components of clinical quality improve-
ment. Supporting iterative add-on initiatives and embedding
Al model monitoring into routine operations will ensure these
systems continue delivering value over time.

ICU Management & Practice 3 - 2025
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Conclusion

Delivering high-quality care in the ICU increasingly demands
alignment with the principles of value-based medicine, prioritising
interventions that not only prolong life but enhance the quality
of life, support patient autonomy, and reduce non-beneficial care.
Critically ill patients benefit most from proactive PC consulta-
tions, with standardised criteria that are seamlessly integrated
into routine workflows to ensure early identification without the
need for individual provider opt-in. This approach is itself a true
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