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How Our Time Together is Organized…

Three Sections: 
• The Emergency Department – Patient flow 

into and through the ED
• The Hospital – Boarding & Its Potential 

Solutions – Patient flow into and through the 
hospital/healthcare system

• Advanced Patient Flow Concepts – A 
selected overview
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We…Our Patients And Our 
Team Members…Deserve 
Emergency Departments 
And Health Care Systems 

That Work…

© Kirk B. Jensen. All rights reserved
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We Were Already Experiencing 
Changing Demographic Trends …

Emergency Departments are seeing: 
• Higher-acuity patients with complex medical needs
• More adults 
• Increasing EMS patient volume
• Greater use of diagnostic tests 
• Transferring increasing numbers of ED patients 
• Absorbing the early time of patients who need inpatient 

services (i.e., boarding)… 
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It Is Imperative That We Have A Deep 
Understanding Of Clinical Operations 

Management…
© Kirk B. Jensen. All rights reserved

8



Slide 9

Looking at Our World Through The 
Lens/Perspective of Patient Flow & Operations…
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The ED Is An Example Of A Production System. 
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Arrival Triage Registration

Transfer

Examination, 
Treatment or 
Observation

Discharge

Admission

Emergency Department Input/Throughput/Output 
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The Lifecycle of a Patient Visit 
Our Objective: Creating Continuous Flow… 

• Door To Triage
• Door To Doctor
• Door To Bed

Front End

• Data to Decision
• Decision to Dispo

Middle
• Discharge to 

Home
• Discharge to 

Admit

Back End

12
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ARRIVALS

Main ED

Streamlined Care
• Vertical 3s/Split-Flow Track

• Fast Track
• Super Track/Low-Acuity Track

• Results-waiting

CRITICAL 
CARE

Incoming Patient Streams/
Patient Segmentation

ESI 1s, ESI 2s

ESI 3s

ESI 4s, ESI 5s

Physician Intake/
Clinician-in-

Triage

Ambulance 
Arrivals

Transfers

Non-Ambulance 
Arrivals – Walk-

ins, Referrals, 
Etc… 
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Segmentation, 
Streaming & Patient 

Flow in the ED…

Leveraging  the Classic 
Management Operations  

Concepts of Segmentation, 
Streaming, or Cohorting…

14
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Capacity Planning:  
Leveraging  Streaming 

(or Patient Segmentation)

• In manufacturing terms, streams
can be thought of as production 
‘cells’: areas of a factory where 
similar processes are undertaken 
in a dedicated fashion. 

• One should understand overall 
demand for each stream by HOD, 
DOW, and by season….
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Patient Arrivals Can Be Broken Down By Stream, 
Or Segment, In Any Number Of Ways…

Arrivals can be analyzed by:
• Acuity, or 
• Presenting complaint (e.g. 

chest pain)  
• Diagnoses (e.g. Covid, asthma) 
• Resource needs 
• Healthcare resource grouping 

(product family, DRG, etc…)  
• ICU patients
• Admissions
• Or any other split (e.g. 

pediatrics), depending on need.
16
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• We need to decide how to organize our ED
in terms of incoming streams.

• In order to maintain optimal flow these areas 
should ideally run independently of each 
other.

• Streams should work separately, and they 
therefore need to be staffed separately.

Breaking Down Service or 
Patient Care Demand into Patient 

Care Streams:

17
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Service Line Considerations:
▪ Make sure the low acuity service line (ESI 5s,4s, and select 3s) is adequately 

resourced (space, staff, supplies) and busy at all times
▪ Staffing for your ESI 2s, 3s, and 4s  - err on the side of staffing “fat” or “heavy” to 

handle variations in volume and acuity.

Patient Flow Optimization

©Jensen/Crane. All rights reserved.

• If you are responsible for “boarded patients” (those awaiting admission to an 
inpatient unit but who are still located in the ED), then: 

- Your staffing resources will be reallocated in order to monitor and treat these 
patients. 

- Your bed capacity will be reallocated  to monitor and treat these patients.
- Your ability to meet incoming patient demand is effectively reduced.

18
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We Need to Optimize & Preserve 
the Effectiveness, Safety & Well-Being of Our Key Servers:

19
Doctors/APPs *Nurses *Beds
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We Have a Portfolio of Field-Tested Options 
Available To Us…

ED Flow & Operations:
q Enhanced Triage
q Direct Bedding (“Pull ‘til Full”)
q Bedside Registration
q Advanced Triage Orders/Treatment Protocols
q Fast-Tracking Low-Acuity Patients:

q Super-Track (ESI 5’s + simple 4’s)
q Fast-Track (ESI 5’s, 4’s, and simple 3’s)

q “A Fast Track on Steroids”

q ESI Level 3 Fast Tracks
q Clinician in Triage:

q APP Provider in Triage
q MD in Triage
q Team Triage (Multi-disciplinary assessment and treatment team)

q A Results-Waiting Area
q Efficiently Managing Admissions and Discharges 

A Portfolio of Options is available to be deployed as 
patient volume and demand either requires it or can 
justify it. The front-end flow tactics(s) are selectively 

and scientifically implemented at certain hours of the 
day and days of the week based upon your demand-

capacity modeling of incoming patient flow.

20
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Operational Strategies for Front-End Patient Flow
by Volume Band:  An Illustrative Sample 

20,000 ED Visits per Year and Below
• No triage, Immediate bedding, bedside registration for all
• No Segmentation – Clear signals to identify low acuity patients
• Results waiting process and place

40,000
• Quick Look Triage to segment, Quick/Bedside Registration for all
• For ERs with low acuity/low admit: Super Track (9a-11p) with 1-2 MLP 

with committed resources for lab/rad
• For ERs with high acuity/high admit: Intake Team (9a-11p) with 

1 doc, 1 MLP with committed resources for lab/rad
• Results waiting process and place

60,000 and Above
• Quick Look Triage to segment, Quick/Bedside Registration for all
• Super Track (8a-1a), MD/MLP Intake Team (9a-11p)
• Results waiting process and place

21©Jensen/Crane. All rights reserved.
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Front End Split Flow Patient Flow Service Lines -
Definitions and Descriptions

• Fast Track-The role of the Fast Track is to segment and serve those patients that are uncomplicated or 
relatively easy to treat. (ESI 5’s, 4’s, and simple 3’s)

• Super Track- A “Super” Fast Track located in or near triage for the purpose of promptly treating patients 
who require very low resource utilization (ESI 5’s + simple 4’s)

• Vertical Flow – ESI Level 3 Fast-Tracking - Establishing a process (or set of processes), people, and a 
place (or places) to fast track your “vertical 3” patients

• Clinician in Triage/RME/ or “Team Triage”- Front-loading a  team of providers utilizing an “Intake Team” 
mentality for promptly assessing, treating, and either placing or discharging ESI level 3 patients, and 
perhaps ESI 4s and 5s… 
– Midlevel Provider in Triage
– MD in Triage
– Team Triage (Multi-disciplinary assessment and treatment team)

23



The Science of ED Service Operations:
Operational Strategies and Tactics

•Measure patient demand by hour and design a system to handle it

© Kirk B. Jensen. All rights reserved. 23

•Commit to the right staffing mix—and the right staff

•Use a simple and reliable system to segment patient flow
- Keep your vertical patients vertical and moving…
- Not all patients need beds…

•Match your service delivery options to your incoming patient streams
- Remove all work that does not add value…
- Fast Track is a verb and not a noun…

•Make sure your triage processes enhance flow, not form a bottleneck
- Triage is a process and not a place…

Jensen/Mayer/Crane
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ED Patient Flow – Additional Design Principles….

• The front door and your front end processes drive flow.
• Get the patient and the doctor together as quickly and efficiently as possible.
• Patients should be in a bed only if it is medically necessary and only as long as 

it is medically necessary…
• Patients who need few or no resources should not routinely wait behind those 

patients who need multiple resources - no matter how heavy the ED patient 
volume…

• We want to be fast at fast things and slow at slow things…and wise enough to 
know the difference…

• For horizontal patients, its about real estate…For vertical patients, its about 
speed…

• Making people unhappy and sending them a bill is not a healthy business 
model….

Jensen/Mayer/Crane
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ED Patient Flow & Throughput –
A Step-Wise Approach

to Engineering Patient Flow:

q Demand-Capacity Analysis & Management: 
q Planning for our critical servers – Docs (APPs), Nurses and Beds 

(Treatment Spaces) …
q Getting it right on average…
q Managing peak loads…

q Leveraging our ED’s Points of Entry - Optimizing the value and 
impact of Triage and the Front End of our EDs

q Segmenting and “Fast-Tracking” our incoming patient streams 
q Efficiently and Effectively Fast-Tracking Our Low-Acuity 

Patients: ESI 5s and 4s
q Mid-Acuity Management - ESI Level 3 Fast Tracking
q A Plan and Process for our High-Acuity Patients

q Making the most of Teams and Team-Based Care
25



Admissions & Boarders…
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Our Healthcare 
Systems Need to 
Expedite Patient 
Flow at the Back 
End of Our 
Emergency 
Departments...

© 2017 Kirk B. Jensen, All Rights Reserved
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Emergency Department Boarding 
“A Decades-Long Crisis” 

• 67% of hospital admissions come through 
the ED.

• ED Boarding is a hospital operations 
problem – these are “inpatients in outpatient  
beds”…ER beds… 

• The “problem is upstairs”, the “pain is 
downstairs”… 

• If your boarding burden is not overwhelming, 
much can be accomplished by focusing on 
the front-end and the throughput bottlenecks 
under your control and/or influence…Think 
TOC and Lean…

• If your boarding burden is overwhelming, you 
are….!@!&%#! 17
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We Know We Compete For A “Scarce” Resource…

ED

Direct Admits

Elective

Admissions

OR

Inpatients
Discharges

29
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TJC and Hospital-Wide Patient Flow

2005 -TJC and the Hospital-Wide Patient 
Flow Committee: 
JCR Leadership Standard LD.3.10.10
• The leaders develop and implement plans to 

identify and mitigate impediments to efficient 
patient flow throughout the hospital. 

• Effective for all accredited hospitals on 
January 1, 2005

2013 - The Joint Commission says “Boarding in 
the ED requires a hospital-wide solution.”*

*As reported in ACEP NEWS– January 14, 2013

• Performance standards put into effect Jan 1, 
2013 require hospital leaders – namely the 
chief executive officer, medical staff and other 
senior hospital managers – to set specific 
goals to:
– Improve patient flow
– Ensure availability of patient beds
– Maintain proper throughput in labs, ORs, 

inpatient units, telemetry, radiology and post-
anesthesia care units

“We want to make sure that organizations are looking at patient flow hospital-wide, even if the 
manifestation of a flow problem seems to be in the emergency room.” 

~ Lynne Bergero, The Joint Commission

31



What Drives 
Ambulance 
Diversion –

Inpatient Volume 
or ED Crowding?
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“The single most important factor contributing to ED diversion is the daily 
variability in the operating room (OR) elective surgical caseload.”*

*According to Eugene Litvak, PhD, from Boston University School of Management and 
Harvard School of Public Health

• A 2002 Root Cause Analysis of Massachusetts EDs showed that there was a minimal relationship between 
diversion and patient arrivals (diversion did little diverting), and between diversion and ED volume. 

• The authors found ED census did not affect diversion, and diversion had little impact on ED turn around 
times (TATs). 

• They did find that ED boarders strongly correlated with diversion, as did scheduled admissions. 
• Interestingly, they also found that the ED admissions were more predictable than the scheduled 

admissions. 

32
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“I find that a 10% alleviation of 
emergency department patient 
volume significantly lowers the 

average patient’s chance of 
mortality. Improvements 

appear to be realized both 
inside the hospital and after 

the patient has left.”
Wordsworth

33



Addressing 
Boarding & 
Inpatient Flow 
Is A Heavy 
Lift…
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*From BURSTING AT THE SEAMS - Improving Patient Flow to Help America’s Emergency Departments –
Lessons Learned by the Urgent Matters Learning Network 

One Example of  Hospital-Wide Team & 
Governance Structure* 

Tackling Hospital-Wide 
& ED Patient Flow 
Projects –

Consider the Need for 
the Following: Allies, 
Power, Authority, Data, 
Stories, Resources & 
Commitment… 
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Confronting The Challenge And Opportunity Of Boarding & 
Hospital-wide Patient Flow… A Potential Checklist Of What 

Needs To Be/Should Be True To Tackle The Problem…

q Is the problem(s) correctly stated and 
identified

q A healthy review of the subject matter & 
what is already known about the problem

q Is there a compelling reason to do the 
work (other than it is a good idea)

q Generous administrative support & 
engagement

q Nursing is effectively involved
q There is a true passionate local champion

or two or two or three…
q Sufficient employee interest and support
q Process Flow Mapping & Root Cause 

Analysis undertaken
q Measures/metrics in place 

q Are they the right measures
q Are they timely

q Is there a day-to-day leader/project manager 
q Sufficient time
q Skills
q Effectiveness

q Local, functioning PI team(s) 
q In place
q Effective
q Adequate training & skills

q Ample allotted time for PI team(s)
q Are incentives aligned
q Are consequences in place for failing to act 

q Are they the right consequences 

36
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Key Interventions 
q Optimize The Day Of Admission & The Day Of Discharge Processes

q Facilitate Admissions 
q Organize/Optimize The Inpatient Discharge Process

q Carve-outs 
q Observation Units
q Full Capacity Protocols

q High-Yield Targeted Interventions 
q ICU  
q Telemetry  
q The Operating Room  

qOR Smoothing
q Air Traffic Control 

q Beds, Staffing & Resource Management
q Command Center Medicine

38
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Optimize 
the Front

End…
Get in early Accelerated 

testing

Timely 
notification of 
the admitting 

team

Early to bed -
and to the right 

bed…

39



Being Proactive – Expediting The Decision To Admit
§ In most cases, an experienced emergency physician or nurse will know if a 

patient needs hospital admission within minutes of entering the patient’s 
room and performing a brief assessment 

§ Delaying admission until every lab and diagnostic study is back is an 
unrealistic expectation on the part of the admitting team 

§ Early consultation for admission is often resisted, despite the obvious 
improvement in patient flow

41



An Example 
Of A 
Standardized 
Bed Request 
Tool

41
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No Delay Nurse 
Reports



The “In-Patient Fast Track”: 
Express Admitting Units (EAUs), Observation Units

and ED Holding Areas
• Busy EDs need to decompress before the number of boarders starts to grow. 

• After evaluation, admitting service can select the most appropriate in-hospital bed. 
44



Fast-Tracking 
ICU Admissions

44



Consider ICU “Fast-
Tracking” – One Example:

POLICY - A Critical Care Alert can be called for patients meeting 
the following inclusion criteria:

• Sepsis/Sepsis syndrome
• Acute respiratory failure requiring mechanical 

ventilation
• Resuscitation post-arrest
• Unstable hemodynamics requiring vasopressor 

intervention
• Intracranial hemorrhage with evolving neurological 

deficits or airway compromise

• Patients meeting inclusion criteria will have a Critical Care 
Alert called at the time they are recognized to meet inclusion 
criteria.

• A 30-minute response time (from notification to arrival in 
ED)  is required from patient’s physician or the intensivist.

• Critical Care Unit will respond within 30 minutes of 
notification  with both a bed assignment and a team for 
transporting the patient to Critical Care.

• All immediate diagnostic radiology needs should be 
completed prior to transport.

• The patient’s ED nurse will accompany the team to the 
Critical Care Unit to give bedside report.

46
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“Fast Track is a Verb and Not a Noun”…

• Code Blue
• Code STEMI
• Code Stroke
• Code Sepsis
• Code Vascular
• Code…

46
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Critical Care Delivery Solutions in the Emergency 
Department  

An overview of existing  models for the  delivery 
of critical care:

Geography-Based Models

• Expediting Admission to ICU 
• Hybrid ED-ICU
• ED-ICU or Resuscitation Care Unit (RCU)

Personnel-Focused Models 

• ICU-Based Critical Care Consultation Model 
• ED-Based Critical Care Consultation

47



Inpatient Hallway 
Boarding 

• Inpatient hallway boarding describes moving admitted patients from the ED to inpatient 
hallways until inpatient beds become available, in an effort to improve ED capacity. 
Patients who are boarded on inpatient hallways are typically a limited class of patients 
(up to and including telemetry patients but usually excluding stepdown/intermediate 
care or critical patients) who do not have one of a few exclusion criteria, such as 
incontinence. The decision to board in hallways may include time, where ED LOS exceeds 
a set threshold, or volume, where there are an excessive number of ED boarders. 

• The process is safe and preferred by 85% of surveyed patients. Mortality and ICU transfer 
rates were less among patients placed in inpatient hallway beds compared to those 
awaiting standard bed placement. 50% of patients sent to inpatient hallways to board 
end up spending an hour or less in the hallway. 

49
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Contributions to Patient Flow By Specialty

Emergency Medicine
• Effective triage
• Professional, organized 

communication
• Lean thinking and patient-

centered processes
• A continuous focus on 

improving flow and the patient 
experience

Significant flow and service efficiencies plus improved clinical 
outcomes can be achieved through the combined efforts of 

both services.

Hospital Medicine
• Patient rounding throughout the day
• Foresight and planning
• Observing and understanding a 

patient’s needs
• Arranging appropriate services and 

assistance
• Managing the patient experience and 

creating a positive care 
environment

50



So Happy Together…

Ideal ED Doctor
• Now/later?
• Sick/not sick?
• Has a diagnosis
• Accurate drug list
• Proper bed/location ??
• No batching
• Oriented to our culture
• Oriented to resources
• Plays well with others
• Mutual professional respect

• Standard work
• SBAR
• Case discussions

• Shared governance

Ideal Hospitalist
• Call back on time
• Just say yes!
• 1-800-ADMIT
• Healthy/Professional dialogue
• Good communication 
• The decision to admit ***

– Bed ahead
• Allows bridge orders
• Can multi-task/serial 

admits/parallel process
• Aware of ED metrics

52



Active Inpatient 
Bed Management… 
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Admissions and Discharges

Patient
Flow

Peak Admission Period

Problem: Mid-day bed 
crunch due to misalignment 
of admissions, discharges

Admissions

Discharges

6a  7a  8a  9a  10a  11a  12p  1p  2p  3p  4p  5p  6p 7p 12a

Peak Discharge Period

//

Contributing Factor:
Late rounding by 
PCPs, non-hospitalists

Courtesy of The Advisory Board Company
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…discharge orders 
improved from 29.5% 
to 56%, but the mean 

length of stay was 
unchanged…

…although the timing of the 
discharge orders decreased by 
78 minutes during the period, 

patients actually left the hospital 
only 12 minutes earlier-still 

around 4 p.m…

“Everybody Out By 11…”

54
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Bed Utilization 
Efficiency 

(In-Patient)

-Percentage of beds utilized 
relative to the potential 

inpatient capacity

-90% and higher utilization 
rates are indicative of 

bottlenecks, staff burnout, 
and capacity/demand 

mismatches…



Real-Time Demand Capacity Management 
(RTDC):
This Is Not Your Typical Hospital-Wide Bed 
Meeting

• Hospitals benefit from an administrative system for flow that:

• Predicts at a unit level the capacity to accept admissions within 
a designated time period

• Predicts at a unit level the demand within a designated time 
period

• Documents a plan at a unit level if demand is predicted to be 
greater than capacity

• Evaluates the success or failure of predictions 
and plans

• Uses failures and successes of predictions 
and plans to develop the key improvement 
projects to improve flow…
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ORCHESTRATING THE DISCHARGE

57
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Flow, Surgery 
And Anesthesia



Smoothing Surgical Flow
• The operating room has a significant impact on the flow of patients through the 

hospital

• Smoothing surgical patient flow patterns leads to smaller ranges between high 
and low volume and opens capacity in both the OR and the inpatient areas of the 
hospital

• Adjust the block schedule based not only on utilization but also on where the patient 
should go post-operatively

• Fewer patients are placed off-service, which leads to a reduction in length of stay

• An additional benefit is that placing patients in the appropriate bed and unit improves 
not only patient satisfaction but also physician & nursing satisfaction

P60
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Surgery - Fundamental Change Concepts:

q Dedicate a room for unscheduled 
surgeries

q Develop and enforce scheduling 
procedures

q Place cases with unpredictable length in 
a separate room or at the end of the day

q Stagger surgery case start times
q Standardize room set-up and prepare 

commonly used drugs, equipment, 
supplies, etc. ahead of time

q Use historical data to establish surgical 
schedules (i.e. case length) 

q Complete all pre-op work before start 
time

q Synchronize case start time to an 
agreed upon point in time (e.g. incision 
time)

q Designate “on-call” staff to help 
alleviate unexpected high demand 
situations

q Use an RN perioperative facilitator to 
streamline and manage the room 
transition process

q Use admission/discharge criteria to 
ensure appropriate post-op patient 
placement

q Use an OR room cleaning and 
turnaround strategy

61



Maximizing OR Resource Utilization 
& ROI

• Operating rooms generate about 42 percent of a 
hospital’s revenues. 

• Data suggest this figure could be higher. 

• Increasing throughput offers substantial 
opportunity. 

• A recent industry study shows that the average 
OR runs at only 68 percent capacity. 

• And because many OR resources can be 
considered “fixed” expenses, improving 
throughput by just one additional procedure per 
day per OR suite can generate anywhere from $4 
million to $7 million in additional annual revenue 
for the average-sized organization.
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Moving From 
This…



To This…



Only by 
Working 
Together…

…Can We Hope To 
Optimize Flow Into, 
Through, And Out Of The 
Hospital & Our Healthcare 
Systems… 
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A Brief Pause… 66



© Kirk B. Jensen. All rights reserved.

Advanced Flow Concepts –
A Selected Overview

© Kirk B. Jensen. All rights reserved.© Kirk B. Jensen. All rights reserved. 68
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The Science of ED Operations Management 
as a Route to Operational Excellence…

• Get clear about the key drivers 
of system performance:
– Demand - Capacity management
– Queuing 
– Variation

• Define  the high-leverage 
interventions:
– Theory of Constraints

• Deploy a method for 
improvement: Lean, Six Sigma, 
TQM…

• Where waiting exists - applying 
The Psychology of Waiting 
Lines

68
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Demand & Capacity – Planning

• Demand: the number of 
requests for a service, 
task, skill or machine. 

• Capacity is the maximum 
level of value-added 
activity that a process can 
achieve under normal 
operating conditions over 
time. 

© Kirk B. Jensen. All rights reserved. 70
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The Capacity Of The ED Is Largely A Function Of Its 4Ss 
Staff – Space – Supplies – Systems

© Kirk B. Jensen. All rights reserved. 72
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Understanding Overall Demand
• Demand – In emergency medicine, we tend to use patient arrivals as a measure of demand.

• In a service industry (with time-based targets) we must usually meet demand almost as it occurs. 
- We have limited ability to redirect patients at the front door.
- We cannot store them on an order sheet and process them later.
- We cannot make them queue for too long in the waiting room.

© Kirk B. Jensen. All rights reserved. 72
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Arrival Volume, Acuity and Variation 
as Key Drivers of Staffing…

© Kirk B. Jensen. All rights reserved
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Demand/Capacity Management

Time

#
of
Pa
tie
nt
s

Time

#
of
Pa
tie
nt
s

Eugene Litvak, PhD, Institute for Healthcare Optimization

What staffing level is needed to consistently
provide safe and quality care?

Staffing for >95% census/occupancy Staffing for average census/occupancy

Eugene Litvak, PhD, Institute for Healthcare Optimization
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Demand-Capacity Modeling & Management:
Patient Arrivals (Demand) vs. Staffing (Capacity)

75© Kirk B. Jensen. All rights reserved.

Patient Arrivals

Staffing
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Patient Flow 
Is Predictable…
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Who's Coming, When Are They Coming, 
And What Are They Going To Need… 

One needs to understand demand (volume and complexity) by hour of the day 
(HOD), day of the week (DOW), and by season (if applicable)…

© Kirk B. Jensen. All rights reserved
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Demand-Capacity Management: 
Modeling and Matching Staffing (Capacity) 

to Predicted Patient Arrivals  (Demand)  
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Patient Flow is Predictable-
Classic ED Patient Flow Demand Curves
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Scientific Management - Planning for Admissions
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Admissions
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Key Questions:
• How many patients are 

coming?
• When are they coming?
• What are they going to need?
• Is our service capacity going 

to match patient demand?

And what are we/you going to 
do about it if it doesn’t?...
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Demand-Capacity (DCM) Analysis – Key Questions in More Detail…

• With the appropriate use of Demand-Capacity Management (DCM) analytics and tools, the ED
operations team is best equipped to answer the following questions*:

- How many physicians, APPs, and scribes do I need to meet the demand of incoming patients?
- How many nurses do I need to meet the demand of incoming patients?

- How many beds do I need in my department to meet the demand of incoming and boarded
patients?

- Do I have the right staffing levels, staffing mixes, and staffing hours?

- How do scribes & techs optimize physician, APP, and nursing productivity?
- Is there an opportunity to operationalize a Fast Track/Low-Acuity Track or some other Front-

End Patient Flow model?

*The suggestions should be based off arrivals, acuity, and productivity by hour of the day (HOD) and
day of the week (DOW), and even by season of the year…as well as service times and targeted
performance measures.
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Remember, We Can’t 
Store Service Capacity…

© Kirk B. Jensen. All rights reserved
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Queuing and Queuing Systems

Queuing Theory - A Definition: The Science of Waiting -The art and science of 
matching fixed resources to unscheduled demand

A “queuing system” is one where customers arrive at undetermined, but normally 
distributed, times. Classic examples include call centers, grocery lines, and 

emergency departments.
85© Kirk B. Jensen. All rights reserved.
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A queueing system combines the components of arrival time, service time, and the number of servers
allowing one to model (predictive modeling or forecasting…) demand and capacity, as well as characterizing

the impact of natural variation.

Queuing Parameters:
Number of Servers (n)
Average Arrival Rate (l) 
Average Service Rate (µ)

Population

Arrive Depart
Queue

Servers

Enter 
Service

Queuing System

The key servers in the emergency department are beds, clinicians, and nurses

Patient Velocity – the rate at which patients are treated

In healthcare this population box
represents all potential patients

Balk
Renege 85
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Queuing:
• A queue is due to the combination of the queue (demand sitting in 

the waiting room), patients undergoing assessment or treatment 
(patients in process), and patients waiting for beds (exit block). 

• Patients in any of these groups constitute work in progress. 

• By the time queues have built up they are hard to clear. 

• Stopping queues building up, making processes more efficient and 
reducing exit block will all increase effective capacity. 
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As utilization approaches 100% waiting times for the 
server increase in a highly non-linear fashion.

88

• Systems serving unscheduled 
(uncontrolled) arrivals 
behave in a characteristic 
fashion.

• When (patient) inflow and 
service times are random, 
their response to increasing 
utilization is non-linear.

• As utilization rises above 80-
85%, waits and rejections 
increase exponentially.

At high levels of utilization 
small changes can lead to 
big improvements…

Small changes in server 
utilization or capacity 

can lead to big changes 
in service and throughput

Queuing Systems 
Have Distinct 
Characteristics
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Queuing Systems Have 
Distinct Characteristics

• In a queuing system, the waiting time 
for the key server(s) skyrockets as the 
number of arrivals per hour 
approaches system/server capacity.

• At high levels of utilization small 
changes can lead to big improvements 
in service…

• A queue will persist until ongoing 
capacity is sufficient to deal with both 
ongoing demand and the backlog.

• When staffing for a queuing system, 
and accommodating for variation, it is 
critical to target, on average, a 
utilization of approximately 80% - 85%, 

104
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You must plan for and 
manage variability…(Unless 

you have unlimited 
capacity…)

§ Demand 
§ Capacity 

§ Clinical variability
§ Flow & Process variability
§ Professional variability

§ Staff – hours, mix, 
capabilities, speed..

92

Variation Sources of Variation 
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Variability in a Queuing System  
An Example:

The Performance of a Telephone Answering System

• A call lasts an average of two minutes.
• Calls are answered by one full time person…

Question: Can the system handle 
30 calls an hour without putting 
people on hold?

93
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Effect of Variation on Queues
Performance of a Telephone Answering System
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Walk-in (Unscheduled ) Urgent Care: Arrival Rate of 10/hour, 
Service Rate of 12/hour, and Server Utilization of 83.33%

Maximal server variation

No server variation

95Chuck Noon, PhD UTK PEMBA
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Max = 12

Average = 6

The role that variation
plays in congestion and
delay in the emergency

department is well known,
but is typically ignored in

day-to-day planning and
scheduling.

The common practice of
“staffing to averages” in
the emergency department

often leads to an
overworked staff and

inordinate waiting times for
our patients.

Hour of Day
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tie
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Variation In Our Arrivals…
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As managers it is important to distinguish between the two different types of variation. Much variation is due to
non-valued added activities and inefficient processes that can be controlled. However, there are other types of
variation outside of our control that are often overlooked and not well understood. All variation should considered in
decision making.

Ø Artificial Controllable Variation – non-random, non-predictable variation which, in many cases, is
preventable. Unlike natural variation, it should not be managed. Rather, it should be identified and
eliminated/reduced.

• The human factor: Artificial variation is often affected by human actions, individual preference,
and artificial “rules” created by humans

Ø Natural Statistical Variation – statistical variation inherent in any process.
It cannot be eliminated or even reduced. Instead, it must be properly managed.

• Three Types of Natural Variability
1.Patient Flow (arrival time variation)
2.Clinical Presentations (service time variation) 
3.Professional Variability (service time variation)

Although natural variation is outside our control, we can manage it using methods that evaluate the
impact of natural variation on key performance metrics such as patient velocity, length of stay, and
waiting time. One such powerful tool is queueing theory.

Litvak, Eugene. “Optimizing Patient Flow by Managing It Variability.” From Front Office to Front Line: Essential Issues for
Health Care Leaders. Ed. Steven Berman IHI, 2005. 91-111.

Patient Driven

97



© Kirk B. Jensen. All rights reserved. 98
© Kirk B. Jensen. All rights reserved.



© Kirk B. Jensen. All rights reserved. 99

The rate determining step is the slowest step of a chemical 
reaction that determines the speed (rate) at which the overall 

reaction proceeds. The rate determining step can be 
compared to the neck of a funnel.

Rate Determining Step – Chemwiki chemwiki.ucdavis.edu  

University of California, Davis  Oct 10, 2015

99© Kirk B. Jensen. All rights reserved.
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The Rate 
Determining Step or 

the Rate-Limiting 
Step

=
The Narrowest 

Funnel in the Series

Khan Academy
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The Theory of Constraints

• By Eliyahu Goldratt
• A business novel
• Theory of Constraints:

– Constraints limit performance
– To improve performance, focus 

on improving constraints… 

Ø Goldratt: A system’s constraints limit its performance or progression toward its goal 
(throughput/flow).

Ø Two Types of Resources
Ø Bottleneck- A resource that has the capacity equal to or less than the demand 

placed upon it.
Ø Non-bottleneck- A resource that has a capacity that is greater than the demand 

placed upon it.
101
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Identifying Constraints (Bottlenecks)
• How To Identify Constraints:

– Ask staff
– Where does inventory (i.e. patients) 

pile up?
– Process flow diagram analysis/VSM
– Time analysis
– Load analysis (capacity utilization)

• Most systems or processes have 
one…or a small number of constraints…
– Does the ED?

• Concentrate on the primary work 
processes and ignore marginal or non-
critical processes…

Is That Resource a 
Bottleneck?

• Bottleneck Test:  
– If we increase the 

capacity or efficiency of 
the resource suspected 
to be the bottleneck, 
would throughput of the 
whole system increase?  

– Would we be closer to 
our goal?

– Yes à Bottleneck
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The Theory of Constraints 
(TOC)

The Theory of Constraints (TOC)
• Patient care is network of queues and service transitions
• An hour lost at a bottleneck is an hour lost for the whole system
• Time saved at a non-bottleneck is a mirage
• Efforts spent improving a non-critical bottleneck will not improve 

the overall performance of your process or system

103

In highly variable systems (i.e. the ED), the bottlenecks can 
appear to jump around…
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Optimizing a  Bottleneck - TOC & The 5 Focusing Steps – Continuous Constraint 
Improvement:

• Identify the constraint(s) – weakest link(s)
– Can be rooms, process, staff, or policy (place, people, performance or policy)

• Decide how to exploit the constraint – How to maximize its utilization and availability – How rooms, 
staff and beds are optimally utilized.

• Subordinate and synchronize everything else to above decisions
– Align every other part of the system to support the constraints even if this reduces the efficiency of 

non-constraint resources
• Standard work
• Support
• Process Buffers

• Elevate the performance of the constraint (If output is still inadequate, acquire more of this resource 
so that it is no longer a constraint) - Scribes/ CIMS are an effective tool that illustrate this.

• If the constraint has been broken (fixed or optimized), go back to Step 1 and start the search for 
the next constraint.
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The Science of ED Service 
Operations in a Nutshell:

• Get Clear About The Key Drivers Of 
System Performance:

• Demand - Capacity Management
• Queuing 
• Variation

• Define The High-leverage 
Interventions:

• Theory of Constraints
• Deploy A Method For Improvement: 

Lean, Six Sigma, TQM…
• Where Waiting Exists - apply The 

Psychology of Waiting Lines

© Kirk B. Jensen. All rights reserved 128



© Kirk B. Jensen. All rights reserved.
© Kirk B. Jensen, MD, MBA, FACEP

107



© Kirk B. Jensen. All rights reserved.

Peter Drucker – Select Observations 
on Hospitals and Leadership …

“The hospital is altogether the 
most complex human organization 

ever devised.” 

" Only three things happen 
naturally in organizations: friction, 

confusion, and 
underperformance. Everything 

else requires leadership."
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“Every system is 
perfectly designed 

to generate 
precisely the results 

it produces..” 
Dr. Paul Batalden
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Success

Will
Ideas

Execution
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“Leveraging the Science, the Art and the Business 
of Emergency Medicine to Achieve Your Aims” –

A clinical department and a hospital that works for 
your patients, your healthcare team, and for you…

© Kirk B. Jensen. All rights reserved 112
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You Can Do This…
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THE BENEFITS
TO YOUR BOTTOM LINE

Optimizing Flow &  
Operations…
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Show Me 
the Money!

© Kirk B. Jensen. All rights reserved. 117
117



© Kirk B. Jensen. All rights reserved.

ER Patient Type Baseline Charges/Collections*
Average hospital charge for a treat and release patients 
(not including diagnostic testing) $2,350

Average hospital collection for a treat and release patients  
(not including diagnostic testing) $395 

Average physician charge for a treat and release patients $1,850 
(assuming a 100% Medicare fee schedule) 

Average physician collection for treat and release patients 
$160 

(assuming the use of multi-plan for most 
commercial/managed care payers

Average contribution margin for a hospital patient admitted 
from the ED 

$13,500 in hospital revenue 
(based on AMA data – a blended med-surg/ICU admission 

should generate $13,500 in hospital revenue) 

Demand-Capacity Management - The Business Case

*“Ballpark” collection figures courtesy of Mike Drinkwater, CEO of Gottlieb© Kirk B. Jensen. All rights reserved.
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ER Patient Type Charges Collections

Average hospital charge for a treat and release patients -
(not including diagnostic testing) 

$2,350/pt x 50,000 Tx & Release patients/year =$117,000,000 /year in charges

Average hospital collection for a treat and release 
patients  - (not including diagnostic testing)

$395/pt x 50,000 T&R patients per year =$19,750,000 in collections per year

Average physician charge for a treat and release patient $1,850/pt x 50,000 T&R patients per year =$92,000,000 charges per year

Average physician collection for treat and release patients $160/pt x 50,000 T&R patients year =$8,000,000 in collections per year

Average contribution margin for a hospital patient 
admitted from the ED 

$13,500 in hospital revenue/pt x 10,000 ED 
admissions/year

=$135,000,000 per year for ED admissions

Demand-Capacity Management - The Business Case In a 50,000 Visit Per Year ED

© Kirk B. Jensen. All rights reserved. 119
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Yes, You Can Cut Costs…

Average Physician Hourly Pay - $160-225/hr 1 physician hour reduced/day @$200/hr =
$73,000 annually 

Average Nursing Pay - $30/hr 1 nurse hour reduced/day@$30/hr = $10,950
annually

© Kirk B. Jensen. All rights reserved. 120
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Better Yet, You Can Grow Your Revenue & Capacity -
Revenue Benefits from Patient Flow & Throughput Optimization Efforts

Increased Capacity Leading to Increased Patient Volume
As Staffing Is Held Relatively Constant – A Case Study

ER Patients Results
50,000 ED Visits x .5 Hr Reduction in LOS 25,000 Hours of ­ED Capacity/ Year

25,000 Hours of ­ED Capacity /@ 3Hours / ED Visit =8,333 Potential New Visits / Year

8,333 New ED Visits x $160 Collected / Visit in Physician Revenue  (@ $150-200 / 
Visit)

$1,333,333 in New Collected Revenue / Year for ED 
Group

8,333 New ED Visits @ $395 Collected / Visit for the Hospital $3,291,535 in New Collected Revenue / Year for Hospital

New Hospital Admissions 
$13,500 / Admission*  x 1 Additional Admission / Day (365 days/yr)

1 Additional Admission / Day = $4,927,500 / Year
in patient admission revenue

For Every 1% Reduction in LWOTs 
50,000 Annual Visits x 1% x  $160 Collected / Visit = $80,000 / Year 

Every 1% Reduction in LWOTs =$80,000 / Year in 
revenue

*(AHRQ – Only 6.2% of Admissions through the ED are Uninsured)© Kirk B. Jensen. All rights reserved.
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Service
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THE COST – IT ADDS UP

In 2007, 1.9 million 
people –

representing 2% of 
all ED visits – left 

the ED before being 
seen.  These walk-

outs represent 
significant lost 

revenue for 
hospitals. 

A 2006 study found 
that each hour of 

ambulance 
diversion was 

associated with 
$1,086 in foregone
hospital revenues. 

A recent study 
showed that a 1-

hour reduction in 
ED boarding time 

would result in over 
$9,000 of additional 

revenue by 
reducing ambulance 

diversion and 
patients who left 

without being seen. 

1.9 million $1,086
$9,000

Source:  Ambulance Diversion: Economic and Policy Considerations, 14 July 2006 Robert M. Williams Annals of Emergency Medicine December 2006 
(Vol. 48, Issue 6, Pages 711-712) Retrieved from http://www.annemergmed.com/article/S0196-0644(06)00621-4/abstract April 29, 2014.

123© Kirk B. Jensen. All rights reserved.
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The Patient Complaint: Quick Facts
• Each disappointed patient who complains represents 6 others who are unhappy 

about a similar experience
– Therefore each complaint represents 7 unhappy patients

• Each unhappy patient tells 8-10 other people about their unhappy experience
– Therefore 63 people now know about these unhappy experiences

• ¼ of these 63 people (16) will act on what they hear and will choose not to do 
business with you

– 16 patients x average revenue/patient x #visits/patient/lifetime = lost revenue per type of 
complaint

– 16 patients x $500/patient x 5 lifetime visits= $40,000
• Just to handle the average complaint costs your institution at least $375.00 per 

complaint
– (Or $19,500 per year)

• If 5% of inpatients opt not to return each year, the revenue at risk is $2,500,000 per 
year.

• 95% of customers will be satisfied, surprised and tell others if the problem is 
resolved on the spot

• 95% of dissatisfied customers never complain
• It is 6 times more expensive to attract a new patient than it is to keep an old one

Source-A Dissatisfied Customer? Do the Math by Patricia Weber www.epinc.com
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Strauss and Mayer's 
Emergency Department Management 
Second Edition – October 2021
• Robert W. Strauss MD, Thom A. Mayer, MD, Chief 

editors
• Kirk B Jensen, MD, MBA, FACEP, Senior Associate 

Editor  (as well as Section Editor – S-1-Leadership 
Principles, S-3 -Operations: Flow S-6 – Quality and 
Service, S-11 - Malpractice)

Publisher: ACEP

Relevant chapters on patient flow, patient safety, 
risk management, teamwork, culture change, and 
leadership development…
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The Patient Flow Advantage: 
How Hardwiring Hospital-Wide Flow Drives 
Competitive Performance
Kirk Jensen/Thom Mayer  FireStarter Publishing, 2014

The Patient Flow Advantage: How Hardwiring Hospital-Wide Flow Drives Competitive Performance

Foreword 
Introduction

Section 1 — Framing the Flow Mandate
Chapter 1: Why Flow Matters 
Chapter 2: Defining Flow: Establishing the Foundations 
Chapter 3: Strategies and Tools to Hardwire Hospital-Wide Flow 
Chapter 4: Lessons from Other Industries

Section 2 — Advanced Flow Concepts
Chapter 5: Emergency Department Solutions to Flow: Fundamental Principles
Chapter 6: Advanced Emergency Department Solutions to Flow
Chapter 7: Hospital Systems to Improve Flow
Chapter 8: Hospital Medicine and Flow 
Chapter 9: Real-Time Demand and Capacity Management

Section 3 — Frontiers of Flow
Chapter 10: Hardwiring Flow in Critical Care
Chapter 11: Smoothing Surgical Flow
Chapter 12: Acute Care Surgery and Flow
Chapter 13: Integrating Anesthesia Services into the Flow Equation 
Chapter 14: The Role of Imaging Services in Expediting Flow
Chapter 15: The Future of Flow 
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• Why patient flow helps organizations maximize the 
“Three Es”: Efficiency, Effectiveness and Execution

• How to implement a proven methodology for improving 
patient flow

• Why it’s important to engage physicians in the flow 
process (and how to do so)

• How to apply the principles of better patient flow to 
emergency departments, inpatient experiences and 
surgical processes

Hardwiring Flow:
Systems and Processes For Seamless Patient Care

Thom Mayer, MD, FACEP, FAAP
Kirk Jensen, MD, MBA, FACEP
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The Definitive Guide to Emergency Department 
Operational Improvement
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Improving Patient Flow 
In the Emergency Department

Jensen/Crane
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2014 Michael A. Silverman, MD, FACEP
Chairman of EM at the Virginia Hospital Center
Emergency Medicine Associates  
Columnist - Emergency Physicians Monthly
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Patient Flow: Reducing Delay in Healthcare Delivery , Second Edition :

1. Modeling Patient Flows Through the Healthcare System,
RANDOLPH HALL, DAVID BELSON, PAVAN MURALI AND MAGED  
DESSOUKY

2. Hospital-wide System Patient Flow-ALEXANDER KOLKER
3. Hospitals And Clinical Facilities, Processes And Design For Patient Flow 

MICHAEL WILLIAMS
4. Emergency Department Crowding-KIRK JENSEN
5. Patient Outcomes Due to Emergency Department Delays- MEGHAN MCHUGH
6. Access to Surgery and Medical Consequences of delays BORIS SOBOLEV,  

ADRIAN LEVY AND LISA KURAMOTO 
7. Breakthrough Demand-Capacity Management Strategies to Improve Hospital 

Flow, Safety, and Satisfaction-LINDA KOSNIK
8. Managing Patient Appointments in Primary Care-SERGEI SAVIN
9. Waiting Lists for Surgery-EMILIO CERDÁ, LAURA DE PABLOS, MARIA V.  

RODRÍGUEZ-URÍA 
10. Triage and Prioritization for Non-Emergency Services-KATHERINE HARDING 
11. Personnel Staffing and Scheduling-MICHAEL WARNER
12. Discrete-Event Simulation Of Health Care Systems

SHELDON H. JACOBSON, SHANE N. HALL AND JAMES R. SWISHER
13. Using Simulation to Improve Healthcare: Case Study-BORIS SOBOLEV
14. Information Technology Design to Support Patient Flow

KIM UNERTL, STUART WEINBERG
15. Forecasting Demand for Regional Healthcare-PETER CONGDON
16. Queueing Analysis in Healthcare -LINDA GREEN
17. Rapid Distribution of Medical Supplies - MAGED DESSOUKY, FERNANDO      

ORDÓÑEZ, HONGZHONG JIA, AND ZHIHONG SHEN
18. Using a Diagnostic to Focus Hospital Flow Improvement Strategies

ROGER RESAR
19. Improving Patient Satisfaction Through Improved Flow- KIRK JENSEN
20. Continuum of Care Program- MARK LINDSAY
21. A Logistics Approach for Hospital Process Improvement-JAN VISSERS
22. Managing a Patient Flow Improvement Project-DAVID BELSON

Patient Flow: Reducing Delay 
in Healthcare Delivery, 
Second Edition 
Randolph Hall, PhD Editor
Springer, January 2014 
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The heart of the book focuses on the practical information and leadership 
techniques you can use to foster change and remove the barriers to smooth patient 
flow. 

You will learn how to:
• Break down departmental silos and build a multidisciplinary patient flow team
• Use metrics and benchmarking data to evaluate your organization and set goals
• Create and implement a reward system to initiate and sustain good patient flow behaviors 
• Improve patient flow through the emergency department – the main point of entry into your 

organization

Leadership For Smooth Patient Flow: 
Improved Outcomes, Improved Service, Improved Bottom Line

Kirk B. Jensen, MD, MBA, FACEP
Thom A. Mayer, MD, FACEP, FAAP
Shari J. Welch, MD, FACEP
Carol Haraden, PhD, FACEP

“This book marks a milestone in the ability to explain and explore
flow as a central, improvable property of healthcare systems. The
authors are masters of both theory and application, and they speak
from real experiences bravely met.”
~ Donald M. Berwick, MD, President and CEO, Institute for Healthcare
Improvement
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Managing Patient Flow In Hospitals: 
Strategies and Solutions, Second Edition
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The Improvement Guide and 
Rapid-Cycle Testing 

Langley GL, Nolan KM, Nolan TW, Norman 
CL, Provost LP. 

The Improvement Guide: 
A Practical Approach to Enhancing 
Organizational 
Performance (2nd edition). 

San Francisco: Jossey-Bass Publishers; 2009.
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Emergency Department Leadership and Management
Best Principles and Practice

Editors:
§ Stephanie Kayden, Brigham and Women’s Hospital, Harvard Medical 

School, Boston
§ Philip D. Anderson, Brigham and Women’s Hospital, Harvard Medical 

School, Boston
§ Robert Freitas, Brigham and Women’s Hospital, Harvard Medical 

School, Boston
§ Elke Platz, Brigham and Women’s Hospital, Harvard Medical School, 

Boston

Foreword Gautam G. Bodiwala
Part I. Leadership Principles:

1. Leadership in emergency medicine Robert L. Freitas
2. Identifying and resolving conflict in the workplace Robert E. Suter and Jennifer R. Johnson
3. Leading change: an overview of three dominant strategies of change Andrew Schenkel
4. Building the leadership team Peter Cameron
5. Establishing the emergency department's role within the hospital Thomas Fleischmann
6. Strategies for clinical team building: the importance of teams in medicine Matthew M. Rice
Part II. Management Principles:

7. Quality assurance in the emergency department Philip D. Anderson and J. Lawrence Mottley
8. Emergency department policies and procedures Kirsten Boyd
9. A framework for optimal emergency department risk management and patient safety Carrie Tibbles and Jock Hoffman
10. Emergency department staff development Thomas Fleischmann
11. Costs in emergency departments Matthias Brachmann
12. Human resource management Mary Leupold
13. Project management Lee A. Wallis, Leana S. Wen and Sebastian N. Walker
14. How higher patient, employee and physician satisfaction lead to better outcomes of care Christina Dempsey, Deirdre Mylod and 

Richard B. Siegrist, Jr
15. The leader's toolbox: things they didn't teach in nursing or medical school Robert L. Freitas
Part III. Operational Principles:

16. Assessing your needs Manuel Hernandez
17. Emergency department design Michael P. Pietrzak and James Lennon
18. Informatics in the emergency department Steven Horng, John D. Halamka and Larry A. Nathanson
19. Triage systems Shelley Calder and Elke Platz
20. Staffing models Kirk Jensen, Dan Kirkpatrick and Thom Mayer
21. Emergency department practice guidelines and clinical pathways Jonathan A. Edlow
22. Observation units Christopher W. Baugh and J. Stephen Bohan
23. Optimizing patient flow through the emergency department Kirk Jensen and Jody Crane
24. Emergency department overcrowding Venkataraman Anantharaman and Puneet Seth
25. Practice management models in emergency medicine Robert E. Suter and Chet Schrader
26. Emergency nursing Shelley Calder and Kirsten Boyd
Part IV. Special Topics:

27. Disaster operations management David Callaway
28. Working with the media Peter Brown
29. Special teams in the emergency department David Smith and Nadeem Qureshi
30. Interacting with prehospital systems Scott B. Murray
31. Emergency medicine in basic medical education Julie Welch and Cherri Hobgood
32. Emergency department outreach Meaghan Cussen
33. Planning for diversity Tasnim Khan
Index.
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