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BASICS

PATIENT FLOW

Processes and steps by which patients receive healthcare services

AIM

To efficiently provide services when and where needed by patient

HIERARCHY OF DELAY

Availability of services, by time and place, does not match patient needs

• Perpetual: inadequate capacity, creating perpetual delays
• Varying:  capacity is predictably not aligned with variability in needs
• Random:  mismatch between capacity/need is un-predictable
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OPTIMALLY

• Care is timely and appropriate, meeting 
patient needs

• Wait once arriving for care is short, safe 
and pleasant

• Capacity is fully utilized  (not idled 
often for lack of patients) 
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WHEN SHORTAGE IS PERPETUAL

Care is significantly delayed

Some patients will give up, or never 
receive service

Patients will suffer
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BASIC STRATEGIES

Supply
• Workforce availability/scheduling
• Facilities
• Supplies and equipment

Demand
• Prevention
• Appointment scheduling (and follow-up)
• Pricing

Synchronization
• Triage
• Coordination of related services
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WHAT ABOUT COVID-19?

Capacity
• New resource requirements for in person
• Change in service provision (telemedicine)
• Supply shortages
• Staff shortages

Demand
• Deferred care (possibly generating future needs)
• Difficult to predict
• Public behavior affects transmission and can create surges
• Controlling infections in facilities

Synchronization
• Co-morbidities
• Discharging infectious patients



Daniel J. Epstein
Department of Industrial & Systems Engineering



Daniel J. Epstein
Department of Industrial & Systems Engineering

COVID CASE Non-COVID AT HOME QUARANTINE HOSPITALIZED POST-HOSPITAL
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COVID CASE Non-COVID AT HOME QUARANTINE HOSPITALIZED POST-HOSPITAL
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DISEASE TRANSMISSION: ASSESSING NEEDS

Prevalence of Disease (current infections)

Susceptible Population (lacking immunity)

Level of Contact Between Susceptible and Infectious
• Proximity 
• Duration
• Environment
• Hygiene

PROCESS IS NON-LINEAR
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GEOMETRIC GROWTH

Suppose new cases grow 5% per day:

1 case becomes:  4 new cases per day in one month
80 per day in three months
7200 per day in six months
600,000 per day in nine months

Suppose new cases grow 8% per day:

1 case becomes:   10 new cases per day in one month
1000 per day in three months
1.2 million per day in six months

MODEST BEHAVIORAL CHANGES CAN 
RADICALLY CHANGE THE TRAJECTORY
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STOPPING THE CYCLE OF GROWTH

Reducing the susceptible population
• Acquired immunity
• Vaccination

Changing Collective Behavior to Reduce Contact

RESTARTING THE CYCLE OF GROWTH

• Changing Collective Behavior to Increase Contact
• Variants that Reduce Immunity
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Inter-regional 
Effects
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Once disease is 
prevalent in region, 
importation may have 
insignificant effect
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INTEGRATED 
MODELING
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CALIFORNIA
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NEW YORK
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Distribution of Average Case Day by State and Data Source
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COVID-19 Projections

 

 

CDC
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DECLINING EFFECTIVE REPRODUCTION 
NUMBER IN 2020
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TAKE AWAYS

• Patient flow options
Supply COVID transmission
Demand Non-COVID
Synchronization At home

Quarantined
Hospitalized
Post-hospitalized

• Demand highly sensitive to collective human behavior and 
conditions

• Surges experienced at different times at different places
• Behavior has changed (and will change) course of 

pandemic: acceleration vs. deceleration (declining rate of 
growth)
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PATIENT FLOW SYSTEM
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