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Thank you to all the 
nurses who have 
participated in 
these research 
studies to share 
their expertise!



Disclosures

u Named inventor on US non-provisional patent application (U.S. Patent 
Application No. 18/814,823) related to CONCERN Early Warning Technology



Learning Objectives

u 1. Explain a core component of health care process modeling approach used 
in the CONCERN Early Warning System (EWS)

u 2. Interpret how earlier escalation of care influenced outcomes in the trial

u 3. Explain an approach that can be used to integrating clinician expertise into 
an AI-based model





Yet, Documentation Remains Excessively Burdensome

TrendBurden 
2026 Survey 

now live!

(Includes AI 
question)

Are we waiting for AI?



Clinical Nurses Perspectives on AI 
(national sample via SC2K study*)

“You can't replace nursing judgment and nursing experience. So 
yes, AI to me is welcomed in this field…but I think it shouldn't 
be the end all be all. There should be some built-in component 

for clinical judgment because you're at the bedside, you're 
laying eyes on the patient, and I think that's paramount.”

“The idea of it being fully 
automated without some human 
involvement really scares me”

“I feel cautiously optimistic.”

*The Scalable, Shareable, and Computable Clinical Knowledge for AI-Based Processing of Hospital-Based Nursing Data (SC2K) Study. This project is supported by the 
Assistant Secretary for Technology Policy (ASTP) of the U.S. Department of Health and Human Services (HHS) under 90AX0042/01-02, Scalable, Shareable, and Computable 
Clinical Knowledge for AI-Based Processing of Hospital-Based Nursing Data, $998,903. This information or content and conclusions are those of the author and should not be 
construed as the official position or policy of, nor should any endorsements be inferred by ASTP, HHS, or the U.S. Government. PI Contact: Sarah Rossetti, RN, PhD, 



Human-Centered AI

Prioritizes well-
bring, ethics and 
values of humans

Aligned with human 
values and goals

Designed with 
awareness that it is 
part of a larger 
system

Collaborative 
tool

Focuses on 
amplifying, 
augmenting, and 
enhancing 
- not replacing – 
human 
performance



Time of Blurred Lines

Tools that take over the work vs  Tools that work alongside and support people?
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Opportunities for AI to Leapfrog Decision Support 
with Burden Reduction

Fully Automated Clinician in the LoopSemi-automated 

AI to fully complete a task AI to complete part 
of a task

AI to guide clinicians’ 
reasoning and/or 

subsequent actions.



Opportunities for AI to Leapfrog Decision Support 
with Burden Reduction

Fully Automated Clinician in the LoopSemi-automated 

AI to fully complete a task 

Potential Examples: 
burdensome/administrative 
task not a part of 
professional practice



Opportunities for AI to Leapfrog Decision Support 
with Burden Reduction

Fully Automated Clinician in the LoopSemi-automated 

AI to complete part 
of a task

Potential Examples: 
documentation of action 
performed by clinician



Opportunities for AI to Leapfrog Decision Support 
with Burden Reduction

Fully Automated Semi-automated Clinician in the Loop
AI to guide clinicians’ reasoning and/or subsequent actions.

Potential Examples: 
● Interactions that enhance workflows
● Synthesizing structured and unstructured data
● Intelligently filtering patient level information 
● Contextualizing information to current situation
● Identifying pertinent data for optimal decision making
● Prioritizing and filtering recommendations to account 

for clinical complexities



What about the risks?
How could it fail?



Why didn’t you use your clinical judgment? 

vs 

Why didn’t you follow the protocol?
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Glucose 
check insulin Meal

Ulla et al., 
Subcutaneous Insulin 
Dosing Calculators for 
Inpatient Glucose 
Control. Current 
Diabetes Reports 
(2019) 19:120. 
https://doi.org/10.10
07/s11892-019-1254-y

• Missing data may indicate nurse was avoiding harm
• AI models cannot assume missing data = 

missed care

Data Quality for AI Inputs – Essential to Confirm Nursing Perspective

• Most nursing processes are embedded within an institutional process or protocol, so why can’t we just use processes/protocols 
to inform AI models’ use of nursing data?

• Nurses do follow processes and protocols but actual care and data recorded is conditional on many dependent processes that 
prevent execution in a linear way  

• Protocols are linear and do not reflect realities of care 
processes 



Assessment

Diagnosis

PlanningImplementa
tion

Evaluation

Blood 
Glucose

Timing

Value

Meal 
delivery 
timingResource and scheduling constraints

Other 
patients’ 

needs

Likelihood 
of food 
intake

Risks 
levels

Insulin
dose administered

Insulin 
Order

Insulin 
Protocol

Dose for 
insulin

Nursing 
assistant 

checks
(if available)

Patient

Actual 
food 

intake

appetite

Cognitive status

Diet order

Cultural influences

Food preferences

amount

timing

Eating pattern

amount

timing

Unstable 
glucose levels

Deficient patient  
knowledge

Hypoglycemia

Prepare 
insulin 
dose

Timing for 
insulin

Clinical 
prioritizationInsulin

double 
checking 

procedure

Trend

Rechecks of 
Blood glucose

Registered 
Nurse

Role

Nursing 
process

EHR data

Not in EHR

Provide juice 
or snack (if at 

risk)



Example 1

u On schedule & per protocol



Assessment

Diagnosis

PlanningImplementa
tion

Evaluation

Blood 
Glucose

Timing

Value

Meal 
delivery 
timing

Insulin
dose administered

Insulin 
Order

Insulin 
Protocol

Dose for 
insulin

Nursing 
assistant 

checks
(if available)

Patient

Prepare 
insulin 
dose

Timing for 
insulin

Insulin
double 

checking 
procedure

Trend

Registered 
Nurse

Role

Nursing 
process

EHR data

Not in EHR

Hour 1. Normal

Hour 1. Meal 
delivered

Hour 1. Insulin 
given by RN



Example 2

u Nurse intervenes



Assessment

Diagnosis

PlanningImplementa
tion

Evaluation

Blood 
Glucose

Timing

Value

Meal 
delivery 
timingResource and scheduling constraints

Risks 
levels

Insulin
dose administered

Insulin 
Order

Insulin 
Protocol

Dose for 
insulin

Nursing 
assistant 

checks
(if available)

Patient

Hypoglycemia

Prepare 
insulin 
dose

Timing for 
insulin

Insulin
double 

checking 
procedure

Trend

Rechecks of 
Blood glucose

Registered 
Nurse

Role

Nursing 
process

EHR data

Not in EHR

Provide juice 
or snack (if at 

risk)

Hour 1. Normal

Hour 1. meal not 
arrived

Hour 1. insulin 
not given by RN



Assessment

Diagnosis

PlanningImplementa
tion

Evaluation

Blood 
Glucose

Timing

Value

Meal 
delivery 
timingResource and scheduling constraints

Risks 
levels

Insulin
dose administered

Insulin 
Order

Insulin 
Protocol

Dose for 
insulin

Nursing 
assistant 

checks
(if available)

Patient

Hypoglycemia

Prepare 
insulin 
dose

Timing for 
insulin

Insulin
double 

checking 
procedure

Trend

Rechecks of 
Blood glucose

Registered 
Nurse

Role

Nursing 
process

EHR data

Not in EHR

Provide juice 
or snack (if at 

risk)

Hour 2. meal not 
arrived

Hour 2. insulin 
not given by RN

Hour 2. 
Crackers given



Assessment

Diagnosis

PlanningImplementa
tion

Evaluation

Blood 
Glucose

Timing

Value

Meal 
delivery 
timingResource and scheduling constraints

Risks 
levels

Insulin
dose administered

Insulin 
Order

Insulin 
Protocol

Dose for 
insulin

Nursing 
assistant 

checks
(if available)

Patient

Hypoglycemia

Prepare 
insulin 
dose

Timing for 
insulin

Insulin
double 

checking 
procedure

Trend

Rechecks of 
Blood glucose

Registered 
Nurse

Role

Nursing 
process

EHR data

Not in EHR

Provide juice 
or snack (if at 

risk)

Hour 3. meal 
arrives

Hour 3. Re-checked 
Trending out of range

Hour 3. Insulin 
given by RN



Example 3

u Potential Risk with Agentic AI



Assessment

Diagnosis

PlanningImplementa
tion

Evaluation

Blood 
Glucose

Timing

Value

Meal 
delivery 
timingResource and scheduling constraints

Risks 
levels

Insulin
dose administered

Insulin 
Order

Insulin 
Protocol

Dose for 
insulin

Nursing 
assistant 

checks
(if available)

Patient

Hypoglycemia

Prepare 
insulin 
dose

Timing for 
insulin

Insulin
double 

checking 
procedure

Trend

Rechecks of 
Blood glucose

Registered 
Nurse

Role

Nursing 
process

EHR data

Not in EHR

Provide juice 
or snack (if at 

risk)

Hour 1. Normal

Hour 1. meal not 
arrived

Hour 1. insulin 
not given by RN



Assessment

Diagnosis

PlanningImplementa
tion

Evaluation

Blood 
Glucose

Timing

Value

Meal 
delivery 
timingResource and scheduling constraints

Risks 
levels

Insulin
dose administered

Insulin 
Order

Insulin 
Protocol

Dose for 
insulin

Nursing 
assistant 

checks
(if available)

Patient

Hypoglycemia

Prepare 
insulin 
dose

Timing for 
insulin

Insulin
double 

checking 
procedure

Trend

Rechecks of 
Blood glucose

Registered 
Nurse

Role

Nursing 
process

EHR data

Not in EHR

Provide juice 
or snack (if at 

risk)

Hour 2. Meal not 
arrived

Hour 2. insulin 
not given by RN

Hour 2. 
Crackers given

Hour 2. Agentic AI tasked 
with decreasing length of 

stay escalates  
recommendation to resident 
to give insulin in compliance 

with protocol

Hour 2. Resident 
administers 

insulin

Hour 2. Critically low 
glucose



Golden Rule for AI Model Inputs of 
Nurse-Generated Data: Do Not Assume
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Table 1. Heuristics when using nurse-generated data for safe and trustworthy AI
1. Do Not Assume that missing data equals missed care.

2. Do Not Assume protocols should be followed exactly as the logic states. 

3. Do Not Assume that all data capture is equal.

4. Do Not Assume an understanding of the process of data capture nor the temporal sequence 
of how data capture relates to actual care processes.  

5. Do Not Assume the clinical procedures and protocols that apply to your population.

6. Do Not Assume that the same EHR has the same configurations and settings. 

7. Do Not Assume that all values are reliable.

8. Do Not Assume that all structured values make sense clinically or do not vary in time.

9. Do Not Assume a SQL query retrieved all the values needed for your modeling task.  

10. Do Not Assume the value of narrative data based on its length nor assume that low 
frequency fields are of low value.

11. Do Not Assume that information will be reliably captured in the same fields over time.

12. Do Not Assume that nursing data are statistically consistent over time, across different 
units, or across different institutions, nor assume that these data were extracted 
completely, correctly, or consistently.



CONCERN Early Warning System:
AI-driven Real-Time Early Warning System for Patient Deterioration

www.concernearlywarningscore.org

http://www.concernearlywarningscore.org/


Noise

Signal

Lacks Variability
• Excessive doc requirements
• Recording of standard of care
• Lacks a statistical signal

Good variability
• Nursing surveillance 

patterns
• Personalized care
• Based on clinical state
• Statistical signal

assess

diagnose

planimplement

evaluate



Nurses’ Increased Surveillance Patterns are an 
Early Predictor of Adverse Events 

Temporal patterns in EHR data
• Entries with increased Frequency
• Entries done at Uncommon times

Nurse’s 
Surveillance

Nurse’s 
concern

§ Patient 
deterioration

§ Adverse events 
in next 2 days

Measured by Predictor of Reflects



What is CONCERN Early Warning System (EWS)?

Changes in Nursing 
Documentation 

Patterns
Increase in nursing 

surveillance

Tacit Knowledge and Expert Behaviors Real-time CDS in EHR

Alerts up to 2 days earlier than other EWSs12

Setting Accuracy Precision Recall Logloss AUC

ICU 0.970938 0.431373 0.594595 0.073695 0.934683

ACU 0.973341 0.813559 0.643935 0.089369 0.955982

Multinomial Gradient Boosted Machine (GBM) model
• Prediction accuracy >97% in both acute care units and ICUs

AI- based 
prediction 

model



CONCERN Model Purpose – Increase 
Shared Team Situational Awareness

Patients already
in a risky state

Patients may be entering
a risky state

CONCERN Levels
= High: “Showing signs of deterioration”

= Medium: “Increased risk for deterioration”

= Low: “Low risk for deterioration”



Clinical Impact | Clinical Trial

74 units 
o 52 Acute 

care units 
(ACUs)

o 21 Intensive 
care units 
(ICUs)

Randomization

Usual care (n=37 units)

n=27,869 patients

n=33,024 patients

Included:
• 18 years and older
• Hospitalized for greater than 24 

hours
• Admitted to a study unit for more 

than 12 hours
• Free from any in-hospital event 

(including discharge) until at least 6 
hours after study unit admission

Excluded:
• Hospital and palliative care patients
• Patients with DNR/DNI and comfort 

care orders

Setting: 4 hospitals in 2 healthcare systems

Total N= 60,893 Patients

CONCERN Intervention (n=37 units)

Multi-site pragmatic cluster-randomized controlled clinical trial (October 2020- October 2022)
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CONCERN 
Early Warning 
System:

Pragmatic 
Clinical Trial

ü Decreased risk of Mortality by 35.6%
ü Decreased Length of Stay over ½ day
ü Decreased risk of Sepsis by 7.5%
ü Enabled timely ICU transfer



Outcome: In-hospital death vs Discharge alive

Early vs Late ICU Transfer via CONCERN EWS Score 
Changes

CONCERN Intervention
(n=33,024)

One or more CONCERN score 
escalation 48 hours prior to ICU 

transfer (n=54)

Patients who had ‘unanticipated ICU 
transfer’ before confirmed sepsis 

(n=100)

§ Data from multi-site clinical trial (2020-2022)



All patients who died were transferred 
≥ 36 hrs. after score change

Figure 2. Kernel density estimates of score-change-to-ICU-transfer time interval by in-hospital mortality.

Distribution significantly different (U=371, p=0.0007**)

Each 1-hour delay 
of ICU transfer 

increased odds of 
death by 28% 

(OR=1.28, p=0.019)



AI Fairness

Mean – Black or 
African 

American

Mean – White 
or Caucasian

P-value

3.976190 4.053905 0.210805

Mean – Black or 
African 

American

Mean – White 
or Caucasian

P-value

5.161055 5.752857 0.009656

Mean – Black or 
African 

American

Mean – White 
or Caucasian

P-value

3.355838 3.673857 0.046306

CONCERN National Early Warning Score (NEWS) Modified Early Warning Score (MEWS)

Primary Language Non-English
English Non-English

Flowsheet Items M (SD) M (SD) OR [95% CI] p-value
Heart rate 47.29 (32.42) 51.68 (35.54) 1.01 [1.00-1.02] 1.00
Respiratory rate 44.77 (29.76) 47.70 (31.21) 0.99 [0.97-1.01] 0.43
Temperature 25.23 (26.52) 27.52 (28.00) 1.00 [0.99-1.01] 0.51
Blood pressure 34.82 (21.29) 36.89 (23.44) 0.99 [0.98-1.01] 0.26
SpO2 42.20 (28.46) 45.15 (28.98) 1.00 [0.98-1.03] 0.72
Comments* 0.76 (1.46) 0.74 (1.41) 0.81[0.71-0.93] <0.01**
Nursing notes 2.34 (2.81) 1.87 (2.56) 0.93 [0.87-1.00] 0.06

**p < 0.01



u* The sample includes Green, Yellow, and Red cases, covering two cases 
from the 10+ score changes category and three cases related to clinical 
outcomes (two ICU transfers and one sepsis). The clinical record review 
involved clinicians % agreement with the CONCERN EWS.

Categories Total 
patients 

Sample cases selected for chart 
review

Clinical record review 
results
Agreem
ent 
case

Disagree
ment 
case

Agreeme
nts rate

Green Only 128 5 (random selection) 4 1 80%

Yellow Only 4 4 4 0 100%

Red Only 0 NA NA NA NA

Green & Yellow 123 5 (random selection) 5 0 100%

Green & Red 1 1 1 0 100%

Yellow & Red 0 NA NA NA NA

Green, Yellow, & 
Red

9 9* 9 0 100%

10+ score changes 4* (2 included above) 4 0 100%

Transfer to ICU 2* 2 0 100%

Sepsis 1* 1 0 100%

Transfer to the 
outside hospitals 

6 6 0 100%

Total 265 37 36 1 97%

Nurses Agreement with CONCERN



Extensive User-Centered Design & Simulation Studies 
with RNs and Prescribing Providers 

Low Fidelity Prototypes
High 

Fidelity 
Prototypes

Final Design



Scaling & Spreading CONCERN



Scaling & Spreading CONCERN 
(adult inpatients)



CONCERN Models: Reproducible & Generalizable 
across Adult ICUs from > 200 Hospital

eICU Collaborative Database



Funding: The Eunice Kennedy Shriver National Institute of Child Health and Human 
Development (NICHD) (UH3HD111247, R01HD104943). 

Applying CONCERN Modeling to Labor and Delivery



CONCERN Logic Model for Pediatrics 

Identification of 
Patients at Risk

E.g., early, non-urgent 
ICU transfer↑Team communication

Patient
Stable At-Risk Deteriorate

↑	Care Team 
Situational Awareness

Improved 
Outcomes 

Timely Escalation 
of Care

Nurse

Prescribing 
provider

Family 
caregiver

Other care 
team 

members

↓ (Ultra) urgent ICU transfer
↓ Sepsis
↓ Mortality 



Adapting CONCERN to Children

What new or different data 
points are needed to 

accurately predict worsening 
among children?

Are caregivers or 
patients being 

treated differently 
based on 

demographic ?

If nurses’ concerns 
helped make better 
predictions, would 
families’ concerns 
help even more?



Nursing Surveillance & AI



Nurses may make it look easy to put 
patients at ease, but there are costs to 
unprotected time



A Wicked Problem

Source: https://www.ania.org/assets/documents/position/ehrBurdenPosition.pdf



Opportunities for AI to Leapfrog Decision Support 
with Burden Reduction

Fully Automated Semi-automated Clinician in the Loop
AI to guide clinicians’ 

reasoning and/or 
subsequent actions.

Potential Examples: 
● Contextualizing 

information to current 
situation

● Prioritizing and filtering 
recommendations to 
account 
for clinical complexities

AI to complete part 
of a task

Potential Examples: 
documentation of action 
performed by clinician

AI to fully complete a task 

Potential Examples: 
burdensome/administrative 
task not a part of 
professional practice



Ambient AI: Passive inputs (audio, sensors) to automate 
data capture tasks

Potential Game Changer

• Reducing burnout

• Reducing documentation 
burden

• Increasing data 
completeness

• Enhancing care 
relationships

Need a Culture of AI Safety

• Conditions that enable 
clinician & patient agency to 
influence AI
• Training simulations

• Clinical environment that 
makes vigilance & feedback 
easy
• New generation of AI-

based feedback tools
• Fast, intuitive, and 

effortless at the point 
of care

• Actually used
• Multi-modal

Adler-Milstein et al., The Limits of Clinician Vigilance as an AI Safety Bulwark JAMA, 2024;331;(14):1173-1174

Potential Pitfalls

• Unintended practice changes

• Not monitoring for new 
inefficiencies, errors, and burdens

• Overreliance on clinician and 
patient vigilance
• Ignoring cognitive science 

principles

• Defaulting to labels of “system 
training issues” and user blame



AI likely will force new documentation & practice 
patterns

Data 
capture 

workflows 
(eg. 

ambient)

Nursing 
practice 
patterns

EHR data 
available

AI model 
inputs

AI model 
ouputs

EHR 
Ecosystem



assess

diagnose

planimplement

evaluate

CONCERN EWS models nurses’ behavior



Maintained 
consistent 
levels of 
"essential" 
clinical data 
capture

Documented 
less regulatory 
information that 
is already 
standard of 
care for all 
patientse.
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e.g., patient re-positioning, safety 
equipm

ent at bedside, arm
 band on

When free to decide and under high workloads nurses streamlined charting 
to focus on information that drives care decisions and team communication 

and coordination

EndBurden Study 

Natural experiment of 
nurses’ behavior when 

documentation 
requirements 
were relaxed 

during the 
COVID-19 
pandemic

The hope for the future of nursing practice data



Summary

• Nursing perspectives on AI

• Knowing and respecting the arena brings clarity to Human-
Centered AI

• Opportunities and risks of AI in nursing
• burden reduction
• data quality
• linear protocols vs complexities of care

• Nursing Surveillance saves lives
- Protect that time
- Great optimism for the future of nursing practice data



“In terms of the safety aspect, there's some reservations, but mostly I 

feel as if we’re [taking] the right steps. We need to get the right 

people involved to make it safe and show the data that it is safe…it's 

going to take time for that to happen because within healthcare…we're 

affecting patients, it can be slow. But I find it very optimistic.” 

(RN, 2025)



Thank you to all the 
nurses who have 
participated in 
these research 
studies to share 
their expertise!



Sarah Rossetti, RN, PhD, FACMI, 
FAMIA, FAAN

sac2125@cumc.columbia.edu

Thank you!

mailto:sac2125@cumc.columbia.edu
mailto:sac2125@cumc.columbia.edu

