
Using machine learning to 
streamline the the hospital 
discharge process
Executive Summary

Machine learning holds great potential to unlock efficiencies 
in the complex hospital discharge process and address 
the patient flow challenges being experienced by hospitals 
worldwide.

In consultation with hospital leaders and frontline clinicians, 
Signal 1 identified that discharge efficiencies could be realized 
if hospital staff could predict in advance which patients are 
approaching the end of their acute phase of care. Signal 1’s 
Discharge Solution is based on a machine learning model 
that uses common EMR data to identify patients who are 
approaching clinical stability and who should be prioritized 
for discharge assessment. These predictions, along with 
information about patients’ discharge barriers, are seamlessly 
shared with relevant clinicians within their existing workflows.

Signal 1’s Discharge Solution was developed in partnership with 
Grand River Hospital in Waterloo, Canada. Since going live in 
January 2023, Signal 1’s Discharge Priority Reports are used 
daily by multidisciplinary teams to coordinate and prioritize  
discharge activities.
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Signal 1’s Discharge Solution streamlines 
the discharge process to help patients 
get out of hospital sooner.

A Universal Challenge: Managing Patient Flow

With 33.3 and 2.9 million annual hospitalizations in the United States 
and Canada, respectively,1,2 many hospitals are struggling to optimally 
manage patient flow. Patient flow is the movement of patients 
through a healthcare facility. It is the process of getting patients from 
the point of admission to the point of discharge.

Efficient and effective flow means constantly matching every 
patient’s care needs to the human and physical resources necessary 
to address those needs.3 Since hospital resources are generally 
constrained (hospitals cannot quickly create beds or increase nursing 
staff), doctors and nurses are largely specialized (an obstetrician 
cannot perform an emergency appendectomy), and patient volumes 
and care needs are hard to predict, this is quite a challenging task.

Poorly managed patient flow results in adverse health outcomes 
for patients, extra stress for hospital staff, and capacity problems 
including overcrowded emergency departments (EDs) and/or 
cancelled procedures.4 The challenges associated with effectively 
managing flow are magnified in the current post-COVID environment 
where hospitals are experiencing higher patient volumes, struggling 
with significant staffing shortages (in the US, 52% of nurses said 
they considered leaving their position due to insufficient staffing and 
burnout5) and facing political and financial pressure to reduce a large 
surgical backlog that accumulated during the pandemic.

of nurses said they 
considered leaving 
their position due to 
insufficient staffing 
and burnout.5

52%
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Patient Discharge: A ‘Pressure Valve’ for  
Many Hospitals

The Opportunity: Using Machine Learning to Predict 
Readiness for Discharge

While flow problems may be most visible in long ED wait times, 
challenges in the ED are often a symptom of barriers elsewhere in 
the hospital.5 When patients do not efficiently flow out of a hospital, 
beds and staff are not available for new patients who are flowing into 
the hospital, resulting in excessive waits for newly admitted patients. 
When discharges are safely accelerated, not only do patients get out 
of hospital sooner, but beds and staff are more quickly available for 
the next patient, taking pressure off other parts of the hospital.

Discharge coordination and execution is a complex task and hospi-
tals have been trying to improve discharge processes for decades.6  
Yet, while numerous discharge checklists, processes, and tools have 
been developed and piloted, challenges associated with efficient 
discharge persist.2 Average length of stay, a common indicator of 
hospital throughput and efficiency, is increasing across many OECD 
countries,7 including Canada8 and the United States.9

They explained that, ideally, discharge planning occurs while a patient 
is approaching the end of their acute phase so that the patient is 
ready to leave the hospital shortly after reaching clinical stability. 

In practice, however, it is difficult to predict when a patient will reach 
the point of clinical stability. While doctors may be able to antici-
pate clinical stability, their attention is often (appropriately) focused 
on their most acute patients, resulting in delays identifying and/or 
communicating about the more stable patients. The result: discharge 
planning is often delayed, beginning only after a patient has been 
designated clinically stable. 

Over the past year, we at Signal 1 have talked with staff at multiple 
hospitals to understand the challenges they face around discharge. 

All of them zeroed in on a key point in the patient 
journey: the time when a patient becomes 
clinically stable and transitions out of their 
acute phase of care. 
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The power of machine learning 

Machine learning is a type of artificial intelligence that involves train-
ing computer algorithms to learn patterns from past data to make 
predictions about future events - events such as when a patient will 
reach the end of their acute phase of care.  Once the patterns have 
been learned, the model can be used for current patients to predict 
which patients are - and are not - approaching the end of their acute 
phase care in the coming days. 

Signal 1’s Discharge Solution does exactly that. Running automati-
cally in the background, our algorithm predicts which patients are 
approaching clinical stability. We combine those predictions with 
information about patients’ discharge barriers in a daily Discharge 
Priority Report which shared directly with relevant staff through 
existing technical and communication systems.

 1.   Our solution surfaces patients often 
before busy clinical teams have had the 
time or opportunity to assess the patient’s 
progression towards discharge readiness. 

 2. With earlier identification of patients 
approaching clinical stability, discharge 
activities can be better coordinated and, 
importantly, can sooner.  

 3. With visibility into each patient’s 
specific discharge barriers, the barriers 
become more quickly actionable by the 
multidisciplinary team.

Benefits

Our algorithm surfaces over 75% of all patients 
for discharge priority, with over half surfaced in 
the 3 days prior to their actual discharge.
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AI that works for doctors and nurses

Signal 1 works closely with 
hospital staff to optimize 
workflow integration points and 
ensure high user engagement

During our five-phase implementation approach, our interdisciplin-
ary team of machine learning scientists, cloud platform engineers 
and health informaticians engage with clinicians, technical staff 
and hospital management to ensure our solution is designed and 
optimized for clinical workflows and routines.

Explore

Clinical work 
stream

Technical  work 
stream

Focus of the 
integrated 
evaluation

Design and Validate Deliver Optimise Monitor

Understand 
current state 
workflows and 
flow pain points

Identify the ML 
model data 
sources and 
cloud delivery 
requirements

Current state 
patient flow and 
capacity

Co-design the 
future state and 
change manage-
ment plan

Build, test, and 
validate the ML 
model on both 
historical and 
production data

Model 
performance

Deliver 
education and 
training

Deploy the ML 
model to target 
clinical units

Use and user 
satisfaction

Surface and 
implement  
workflow 
enhancements

Implement 
technical 
optimizations

Impact on 
behaviour 

Ongoing 
workflow 
enhancement 
led by clinical 
team

Ongoing service 
monitoring and 
maintenance 

Impact on 
patient flow 
and capacity

ML: Machine Learning
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Grand River Hospital

CASE STUDY

In summer 2022, Signal 1 began working with 
Grand River Hospital (GRH), located in Waterloo, 
Ontario, to co-design the implementation of the 
company’s Discharge Solution in the hospital’s 
medicine units. Like many hospitals, GRH was 
experiencing a high demand for beds in their 
medicine units and felt there was an opportunity 
to improve their discharge processes.

From September 2022 to January 2023, the 
Signal 1 team worked with GRH’s management, 
clinicians, and technical stakeholders to design 
and implement the solution which went live at 
the end of January 2023.

For the first time we 
could recall, someone 
was asking frontline 
users what we needed...
With the Priority 
Report, we can now 
envision a future where 
we can be proactive 
in discharge planning 
rather than reactive.”

—Jenna Merritt, 

Clinical Manager,  
Grand River Hospital
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Explore

Initial meetings confirmed the opportunity to 
improve patient flow and defined the initial 
units for deployment. With the target units 
identified, a Signal 1 Deployment Manager 
conducted on-site observations and spoke 
to clinicians to produce a detailed map of 
current state workflows. 

In parallel, Signal 1 worked with GRH to 
identify data sources required for the 
machine learning model (i.e., patient encoun-
ters, ADT, labs, vitals, and orders) and defined 
technical requirements for deploying the 
model using Signal 1’s secure SOC2 certified 
cloud platform.

Design and Validate

With a shared understanding of the current 
state, the Signal 1 Deployment Manager 
facilitated 5 workshops with users with the 
objective of co-designing opportunities to 
integrate the discharge predictions into GRH’s 
workflows. The teams opted for the predic-
tions to be delivered every morning via a 
printable report which would be used in daily 
discharge rounds. The report would include 
a list of patients who are predicted to have a 
high likelihood of being medicaly stable and 
ready for discharge in the next 72 hours. The 
report would also include information about 
outstanding discharge activities (e.g., blood-
work, consults, and diagnostics imaging). 
Training materials were developed and adapt-
ed to support GRH’s change management 
efforts on the project. 

While the future workflows were being 
developed, Signal 1’s machine learning team 
trained the algorithm using GRH’s historical 

data and consulted with GRH staff to guide 
the categorization thresholds for the daily 
report. On December 16th, 2023, the solution 
went live in silent testing, a unique phase 
of testing designed to validate the model’s 
performance on live production data (current 
patients). During this period, the Signal 1 team 
collected regular feedback from end users on 
the accuracy, relevance, and usefulness of the 
predictions contained in the Daily Discharge 
Report.

Deliver 

Following successful silent testing, Signal 1’s 
Discharge Solution went live in 6 medicine 
units at the hospital. Everyday, the reports are 
sent to charge nurses and units managers who 
bring the reports to multidisciplinary rounds 
where the insights are used to coordinate and 
prioritize discharge activities amongst nurses, 
allied health, and physicians.

Optimize and Monitor

Early evaluation results show that the model 
performs equally well with live data as it did 
with the historical data set. In both cases, 
about 75% of all patients monitored are 
surfaced by the model during their hospital 
stay. Of these, 55% of patients are discharged 
within 3 days following their alert while 45% 
are discharged more than 3 days after their 
alert, suggesting a significant window for earlier 
initiation of discharge planning.

Clinicians are using the reports with read 
rates as high as 93% in some units. Now 
in the optimization phase, the team is 
focused on further workflow and process 
optimization and measuring the impact on 
acute length of stay.



About Signal 1

Signal 1 is a digital health start-up working to empower care 
providers with accurate, timely and easy-to-use AI-powered 
patient insights. The company offers hospitals an enterprise-wide 
AI platform that monitors patients from the time of admission 
right through discharge. The platform hosts multiple machine 
learning applications that predict changes in patients’ care needs 
including early identification of deterioration and readiness for 
discharge. Designed to be used by front-line care providers, the 
platform requires no extra work on the part of busy clinicians 
and integrates predictions directly into existing workflows and 
information/communications systems. The company’s solutions 
are currently in use by doctors, nurses and clinical managers at 
multiple Canadian hospitals, with measurable impact on patient 
outcomes, staff experience and health system economics.

To learn more about Signal 1’s Discharge Solution, 

please contact us at:

www.signal1.ai

hello@signal1.ai
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