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Retrospective Evaluation of Adult
Inpatient Deterioration Models

For health system leaders struggling with high rates of inpatient mortality
and ICU transfers, evaluating AI/ML models that predict deterioration on
local patient data can build clinician confidence and reveal operational
tradeoffs for clinical workflows.
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Sepsis and acute respiratory failure are among the most common drivers of acute
inpatient deterioration, carrying an in-hospital mortality of 20-30% and contributing to 34-52%
of all in-hospital deaths."

Chart-based scoring systems like the National Early Warning Score (NEWS) 2 can give
clinicians a way to evaluate patient stability and identify at-risk patients. Health systems, such
as Duke Health,? Kaiser Permanente,® and the University of Michigan,* have also developed
and deployed sophisticated Al/ML algorithms to predict deterioration risk and support clinician
decision-making. EHR vendors also make predictive deterioration models widely available® to

clinical leaders.

With so many options available, clinical leaders need a way to evaluate the optimal Al/ML model
and deployment approach for their care teams and patient populations. Retrospective model
evaluations provide a powerful tool to establish local performance before any model is deployed
in a live clinical workflow. Local retrospective evaluations generate the evidence that health
system leaders need to select and configure Al for clinical use.

Evaluation Design

A multistate health system compared the performance of four different models across 118,063
historical patient encounters leveraging the Vega Health Platform. Applying a consistent
methodology allowed leaders to compare each model’s positive predictive value® and sensitivity,
including model performance across patient subgroups.’” The evaluation first compared each
model’s statistical performance, including the Area Under the Receiver Operating Characteristic
Curve (AUROC), Area Under the Precision-Recall Curve (AUPRC), sensitivity, and positive
predictive value. These results were then interpreted as clinical and operational measures, such
as event detection rate and alert burden, to reflect how the model is likely to impact workflows
and responsiveness when integrated into the clinical environment.
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Results from the retrospective cohort indicated that the Duke Deterioration Index model
outperformed both a widely used vendor deterioration index model and the NEWS 2 Scoring
System as a predictive instrument. Importantly, both accuracy in deterioration predictions and
the number of deterioration events captured could be improved by combining a predictive model
(e.g., Duke Deterioration Index) with a rules-based score (e.g., NEWS 2).

Research Methodology

This model evaluation included baseline and comparative performance data for a widely used
deterioration index, NEWS 2 Scoring System, and the Duke Health Deterioration Index Model
(independently and in conjunction with the Duke Health Deterioration Phenotypes or NEWS 2).
Notably, this is the first evaluation of the Duke Deterioration Index model on retrospective
patient encounters outside of the Duke Health System.

The historical patient encounter cohort for this evaluation included 118,063 individual
encounters occurring between 05/01/2024 and 04/30/2026 across five hospitals. Vega Health
generated hour-by-hour risk scores for each individual patient across encounters for the Duke
Health Deterioration Index Model and NEWS 2 Scoring System, then compared corresponding
alerts from the existing deterioration index as recorded contemporaneously in the EHR.

Deterioration events were defined as either unplanned escalation to an Intensive Care level of
care within 12 hours or death within 24 hours following the deterioration alert or prediction.
Encounters were classified as either deterioration events or non-events.

This retrospective evaluation first compared model performance across key statistical
measures, then analyzed the accuracy, actionability, comprehensiveness, and end-user burden
associated with the use of each model in clinical workflows.

Statistical Measures of Model Performance: Models and scores were evaluated across
threshold-independent metrics, including Area Under the ROC (AUROC) and area under the
precision-recall curve (AUPRC). The evaluation also included each model's sensitivity, positive
predictive value, and the number needed to evaluate at equivalent alert rates and sensitivities.
Finally, the evaluation compared subgroup-specific performance, identifying potential bias or
performance limitations.

Workflow Implications: This analysis also includes insights on how model statistical
performance may affect implementation when deployed into clinical workflows, including alert
burden, false positive rates, and configurations that could optimize model performance above
the baseline.
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Statistical Model Performance Comparisons

This evaluation first compared each model’s ability to distinguish between patients who may or
may not experience deterioration across certain thresholds. The Duke Deterioration Index
model outperformed both the widely-used vendor deterioration index model and the NEWS 2
Scoring System as the best overall discriminator.

The Receiver Operating Characteristic (ROC)® and Precision-Recall (P-R)° curves indicated that
the Duke Deterioration Index model correctly identified a higher share of deterioration events
with a higher share of accurate alerts than the other two predictors across all possible
thresholds.

The greater predictive performance of the Duke Deterioration Index model on this cohort was
highly statistically significant when compared to NEWS 2 and the vendor deterioration index
model, with p-values under 0.001 when comparing the Area Under the Curve (AUC).

Exhibits 2 & 3: Threshold-Independent Model Performance
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The Operational Reality — Event Detection Rate & Alert Burden

The predictive ability of an Al model is only part of the picture. When health systems deploy a
model, they must also understand how it will affect clinical workflows. The retrospective
evaluation also compared the number of alerts each model would have generated and the
percentage of total deterioration events that the model would have predicted.

The widely used vendor deterioration index model and NEWS 2 Scoring System were evaluated
at their default alerting thresholds, estimating alert frequencies and the deterioration frequency
corresponding to medium and high alert levels for each tool. The Duke Deterioration Index
model does not specify default risk score thresholds to trigger an alert, so the model was
evaluated at alert thresholds corresponding to a comparable 50% (medium) and 30% (high)
sensitivity level.
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For the widely used vendor deterioration index model, default risk score thresholds to trigger an
alert captured over 60% of total deterioration events; however, the volume of alerts was high,
and only a small percentage of alerts accurately predicted a true deterioration event.

Exhibit 4: Widely Used Vendor Deterioration Index Threshold-Level Performance

Threshold Percent of Percent Captured Alerts per Deterioration
Category Scores Events Patient-Day Prevalence

Low (Green) 76.2%

Medium (Yellow) 0.45-0.59 18.5% 29.8% 1.0%

High (Red) 0.6+ 5.3% 30.6% 3.4%

Similarly, the NEWS 2 Medium and High thresholds captured over 50% of deterioration events
but significantly over-alerted, resulting in a low percentage of positive alerts out of a high overall
alert volume.

Exhibit 5: NEWS 2 Score Threshold-Level Performance

Threshold
Category

Percent of Percent Captured Alerts per Deterioration
Scores Events Patient-Day Prevalence

Range

Low-Medium 3 in single dimension

Medium 5-6 12.4% 21.9% 1.1%

High 7+ 5.5% 27.7% 3.1%

At thresholds configured to capture a similar share of deterioration events (i.e., fixed sensitivity),
the Duke Deterioration Index model alerted at a lower rate than the widely used vendor
deterioration index model and NEWS 2. Additionally, a higher percent of alerts triggered by the
Duke Deterioration Index model accurately predicted a true deterioration event (i.e., improved
positive predictive value). Enabling a 4-hour alarm “snooze” further reduced alert burden.

Exhibit 6: Duke Deterioration Index Threshold-Level Performance

Percent of Percent Captured Alerts per Deterioration
Scores Events Patient-Day Prevalence

Threshold

Category RETEHE

<0.0065

Medium 0.0065-0.014 7.2% 20.0% 1.7%

High 0.014+ 3.3% 30.0% 5.5%
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Head-to-Head Performance

To capture how the models performed head-to-head, the Duke Deterioration Index model’s
thresholds were adjusted to match the widely used vendor model and NEWS 2’s alert rates®
and sensitivity levels directly, isolating differences in model accuracy from differences in
configuration.

Exhibit 7: Matched Head-to-Head Comparison

Matched Alert Rate (High Matched Sensitivity (High

alerts) alerts)

Widely Used Vendor
Deterioration Index
Model vs Duke

Duke Deterioration Index captures Duke needs 39% fewer alerts; 76%
55% more deterioration events fewer with 4-hour snooze

Duke Deterioration Index model
NEWS 2 vs Duke captures 39% more deterioration
events

Duke needs 50% fewer alerts; 80%
fewer with 4-hour snooze

Optimizing Outcomes with Combined Algorithm Deployment

At Duke Health, the predictive Duke Deterioration Index model was deployed with the rules-
based Duke Deterioration Phenotypes to support clinician workflows (see Duke Health Case
Study for additional insights)'". For systems that want to prioritize explainability for bedside
nurses, this approach also has the ability to improve event detection rate and increase clinician
confidence.

Duke Health Case Study

At Duke Health, the Deterioration Index model alerts are paired with notifications about whether
a patient meets the criteria for one of six physician-developed deterioration phenotype flags.
The predictive deterioration index model identifies early deterioration risk before visible clinical
signs appear, while the phenotype flags surface specific, observable indicators tied to known
deterioration pathways and complications. The combination provides clinicians with both an
early warning and a concrete clinical reason behind it.

Exhibit 8: Duke Deterioration Phenotypes

Phenotype Definition Phenotype Definition
Hypotension Patient has either. Vasoactive New administration or increased dose of
1) Two SBP < 90 mmHg within 6 hours Medications at least one vasopressor or inotrope

2) Two MAP < 65 mmHg within 6 hours

Respiratory Patient experiences any indicator of

End Organ Patient has any of the following criteria: decline respiratory decline:

Dysfunction 1) Acute Renal Insufficiency (1 Creatinine 2 1) Increase in O2 (> 2L) within 6 hours
0.3mg/dl or Creatinine 2 1.5x baseline) — 2) 02 saturation below 91%
exclusions: ESRD or active HD 3) Pa02 < 60mmHg
2) Lactate > 2.0 mmol 4) PaO2 decrease by 10mmHg
3) AST or ALT > 5x ULN
4) Total Bilirubin > 2.0 mg/dL

Respiratory Patient has a new oxygen requirement
intervention (>6L via NC) or escalating level of

Hypoperfusion Patient meets both: respiratory support

1. Hypotension criteria AND
2. Develops End Organ Dysfunction
criteria within 24 hours
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This evaluation recreated Duke Health’s combined deployment approach to validate whether
layering predictive model alerts with rule-based scores could improve the overall predictive
performance. When multiple phenotype flags were present, the overall prevalence of
deterioration events for each Duke Deterioration Index alert threshold increased significantly.

Exhibit 9: Deterioration Prevalence by Combined Alert Level & Phenotypes
0 1 2 3+

Phenotypes Phenotype Phenotypes Phenotypes
0.5% 1.0% 3.0%
Duke: Low 0.3%
+20 bps vs. 0 Phenotypes +70 bps vs. 0 Phenotypes +270 bps vs. 0 Phenotypes
) 2.1% 3.0% 6.9%
Duke: Medium 1.3%
+80 bps vs. 0 Phenotypes +170 bps vs. 0 Phenotypes +560 bps vs. 0 Phenotypes
. 6.3% 8.8% 17.2%
Duke: High 3.0%
+330 bps vs. 0 Phenotypes +580 bps vs. 0 Phenotypes +1,420 bps vs. 0 Phenotypes

The retrospective evaluation also compared whether layering predictive model alerts on top of
the NEWS 2 Scoring System could improve predictive performance over the baseline.

When both the NEWS 2 Scores and the Duke Deterioration Index model generated an alert, the
positive predictive value was much higher (8.7%) than for either tool alone (5.5% for Duke
Deterioration Index model alone, 3.1% for NEWS 2 alone).

Exhibit 10: Combining NEWS 2 with Duke Deterioration Index Alerts Increases Predictive
Value

Overall
Prevalence Duke: Low Duke: Medium Duke: High
NEWS 2: Low 0.4% 0.3% b e
+90 bps vs. NEWS 2 alone +260 bps vs. NEWS 2 alone
NEWS 2: Medium 1.1% 0.6% 1.9% 5.1%
+80 bps vs. NEWS 2 alone +400 bps vs. NEWS 2 alone
NEWS 2: High 3.1% 1.1% 2.8% 8.5

+560 bps vs. NEWS 2 alone

Furthermore, combining both NEWS 2 and Duke Deterioration Index model captured more
deterioration events (i.e., increases sensitivity). Over the two-year period, 35% of deterioration
events never triggered a medium or high alert in NEWS 2, but the Duke Deterioration Index
model alerts may have captured an additional 19.8% of deterioration events (56% of missed
events).

Vega Health, September 2026



Exhibit 11: Combining NEWS 2 with Duke Deterioration Index Alerts Captures More

Deterioration Events
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n=5,850
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Retrospective evaluations also provide health system leaders with insights into where a model
should not be deployed. When models were evaluated for each population subgroup — age

band, biological sex, preferred language, and race — performance was typically within expected

bounds.

Exhibit 12: Duke Deterioration Index Subgroup Performance
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Model Performance by Race
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However, model performance was below expected bounds in one specific hospital context. In
Labor & Delivery, the evaluation identified major performance discrepancies. This provided
clinical leaders with the information necessary to determine which departments should be in
scope for model implementation.

Exhibit 13: Duke Deterioration Index Performance by Department

Emergency Department Medical-Surgical Progressive Care Unit Intensive Care Unit
n=73,889 n = 69,185 n = 39,290 n=13,002

Labor & Delivery Other/Unknown Overall
n=11,139 n=1,144 n=118,063

Encounter Sensitivity

PPV (Episode)

Make Al Deployment Decisions with Confidence

The Vega Health Platform provided a multistate health system with the capabilities necessary to
quickly conduct a head-to-head model comparison and identify the optimal implementation
approach (e.g., combined deployment) on a local patient cohort. Insights like those in this report
de-risk Al model selection, deployment, and change management, making it easier to pick the
best-performing model and anticipate how it will operate within clinical workflows.

Note to the Reader: The Duke Deterioration Index model and phenotypes were included in the
head-to-head comparison through a distribution partnership between Duke Health and Vega
Health. The widely used vendor deterioration index model and NEWS 2 Scoring System were
included to help inform a health system partner’s Al deployment. For other health systems that
may be interested in a similar model evaluation, there will likely be variability in the results
based on the system’s patient population and workflows, which is why rigorous, site-specific
benchmarking matters.
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8 True Positives as a percent of positive predictions on an hourly prediction basis (i.e., What % of hourly alerts accurately predict an
upcoming deterioration event?)

7 True positives as a percent of positive outcomes (deteriorations) on an hourly prediction basis (What % of hours that should predict
a deterioration do predict a deterioration?)

8 The Receiver Operating Characteristic curve compares the share of alerts that accurately capture deterioration events to the share
of alerts that result in false positives, independent of the frequency of deterioration events.

9 The Receiver Operating Characteristic curve compares the share of alerts that accurately capture deterioration events to the share
of alerts that result in false positives, independent of the frequency of deterioration events.

10 Positive predictions as a percent of total predictions (What % of hourly predictions result in an alert?)
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