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Abstract

Hospitals are nearly synonymous with the idea of a healthcare delivery
system. They provide three main types of services: surgical services,
emergency services, and inpatient services. In addition, some hospitals
have outpatient clinics and facilities in which specialist consults and
surgical services are provided on an outpatient basis. What challenges
do hospital managers face in matching supply and demand for hospital
services while maintaining service quality and keeping costs low? To
what extent and how has the Operations Management (OM) literature
contributed to addressing these challenges? What are emerging trends
in practice? What opportunities and additional challenges do they pose
for the OM researchers?

This monograph is the authors’ attempt to address the questions
posed above. Although service capacity could very well be defined in
terms of the numerical count of physical and human resources, we have
chosen to focus on the three main types of services that hospitals pro-
vide. In doing so, we expose the interconnectedness of these services and
the challenges that arise due to the cascading effects of mismatches in
any one area on all other hospital operations. Our goal is to expose key
issues from practitioner perspectives, use representative data to high-
light problems that are amenable to modeling using operations man-
agement tools, summarize state of the art in modeling such problems,
and identify opportunities for future research.

The monograph underscores several important observations. First,
hospital administrators need to consider forces affecting demand and
supply for services both inside and outside the hospital walls. Specif-
ically, the option to shape and smooth demand for services, which is
often underutilized, may provide significant new opportunities to lower
the cost of matching demand and supply. Second, hospitals need both
careful advance planning, based on patterns observed in historical data,
as well as dynamic response strategies to unfolding reality that forces
inevitable deviations from plans. Effective dynamic response may re-
quire administrators to invest in building alliances with other hospitals
and flexibility (e.g. contingent staff). Third, the role of hospitals is
changing. Innovations in payment mechanisms that bundle payments
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to hospitals and doctors, and offer incentives for lowering costs, are
creating the need to design and implement effective gainsharing plans.
These same forces have also increased the importance for hospital ad-
ministrators of choosing the right number and specialization of salaried
physicians, and building alliances with both upstream (e.g. primary
care clinics) and downstream (e.g. skilled nursing facilities) service
providers. OM researchers have addressed some of these topics, but
significant new opportunities abound.

D. Gupta and S. J. Potthoff. Matching Supply and Demand for Hospital Services.
Foundations and TrendsR© in Technology, Information and Operations
Management, vol. 8, no. 3-4, pp. 131–274, 2014.
DOI: 10.1561/0200000036.
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1
Introduction

Healthcare expenditures constitute an ever increasing percentage of
gross domestic products (GDPs) of the 34 OECD1 countries about
which such data are publicly available (OECD 2015). Ten countries
spent between 10-11.8% of their respective GDPs on healthcare in 2012.
The United States (US) was an outlier at 16.9%, or nearly 2.8 trillion
dollars (The Henry J Kaiser Family Foundation 2014). Furthermore,
inpatient care, the focus of this monograph, comprises nearly 30% of
healthcare expenditures (OECD 2013).

The supply of hospital beds in OECD countries has decreased
steadily over the past two decades. Reasons for this decline vary across
countries (see, e.g. McKee 2004 and Roberge et al. 2010), but a pri-
mary reason has been to control hospital expenditures (Kroneman and
Siegers 2004). For example, the average number of acute-care hospital
beds per 100,000 population has dropped from 410 beds in 2000, to
330 beds in 2012, and the average hospital length of stay has decreased
from 8.4 days to 7.7 days. Over approximately the same time period,
hospital discharges have increased from 15,160 per 100,000 population
in 2000 to 15,800 in 2010 (OECD 2015). The average inpatient bed

1The Organization for Economic Co-operation and Development.

3
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4 Introduction

occupancy rate is approximately 80% (OECD 2013). These patterns,
i.e. higher rates of bed utilization coupled with shorter lengths of stay,
have served to increase the importance of matching demand and supply
for inpatient services.

Figures 1.1 and 1.2 summarize data on acute hospital bed supply,
total hospital discharges2, lengths of stay, and acute care bed utilization
for five selected OECD countries (OECD 2013, 2015). The top panel in
Figure 1.1 shows decreasing bed supply. The bottom panel in the same
figure shows either stable or increasing discharges (demand) except in
Canada. The top panel in Figure 1.2 shows stable or mixed patterns
of acute care bed utilization, and the bottom panel shows declining
average lengths of stay.

The statistics reported in Figures 1.1 and 1.2 are important be-
cause they show that decreased bed supply, shorter lengths of stay,
and increased demand have affected bed occupancy rates differently in
different countries. For example, although the United Kingdom (UK)
and the US have similar number of acute care beds and discharges per
capita, the average lengths of stay are approximately two days longer
in the UK. These differences are consistent with the calculated bed
occupancy rate of 85% in the UK versus 65% in the US. The statistics
may leave one with the impression that there may be an oversupply of
hospital beds in the US. However, these numbers must be interpreted
carefully because the OECD calculation is based on the number of beds
that a US hospital is licensed to staff. On any given day, hospitals ad-
just staffing levels to match demand for beds. Because US hospitals
typically staff fewer beds than licensed, the staffed-bed utilization is
usually much higher. In fact, it may be similar in the US to that of
other OECD countries. These observations underscore the importance
of understanding operational features even for interpreting aggregate
data.

What is the appropriate number of beds per 100,000 population?
This question has been the topic of debate in many countries. Some
have expressed concern that the supply of beds has fallen too much,
resulting in shortages (Cunningham and Sammut 2012). Others argue

2Separate acute-care hospital discharge data were not available to the authors.
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Figure 1.1: Hospital Bed Supply and Discharges for Selected OECD Countries
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1.1. The US Context 7

that the number of beds is adequate and that improved bed manage-
ment is needed (Allder et al. 2010). Regardless of the perspective one
takes, it is important to understand, shape, and respond to the de-
mand for acute care services. A key challenge for hospital managers
comes from the variability in the demand and supply for such services.

This monograph examines challenges and innovations associated
with managing hospital capacity related to emergency departments,
operating rooms, and inpatient units. In the Operations Management
(OM) literature, many such issues are examined using mathemati-
cal models. The monograph also provides a practice-relevant way of
thinking about supply-demand matching, modeling approaches, and
unsolved problems.

In this chapter we first briefly describe the macro US context of
reimbursement strategies being used by payers to reduce demand for
hospital services, and the concomitant provider responses. We then
turn to the hospital level matching of demand and supply. We describe
the typical services provided in acute-care hospitals, followed by the
sources of demand variability, and hospitals’ challenges in shaping and
responding to it. We conclude this chapter with the themes and orga-
nization of this monograph.

1.1 The US Context

The supply of US hospital beds varies significantly across geographical
regions (Dartmouth College 2012). Discharge rates per 1,000 Medicare
enrollees3 also vary more than two-fold. One of the goals of payment in-
novations is to reduce or eliminate unnecessary and duplicate services.
Beginning in the mid-1980’s, Medicare reimbursement for hospitaliza-
tion changed from a cost-plus method to a Diagnosis-Related-Group
(DRG) episode-payment method. This decreased hospital bed supply,
shortened the average length of hospital stay, and increased the use of
post-acute transitional care (Fischer and Eustis 1989; Kosecoff et al.
1990; Qian et al. 2011). More recently, Medicare has implemented pay-

3Medicare is a US government healthcare insurance program for eligible residents
who are at least 65 years old – see https://www.ssa.gov/medicare for details.
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8 Introduction

ment penalties for hospitals whose 30-day re-admission rate for patients
with certain conditions exceeds a threshold (Medicare Payment Advi-
sory Committee 2014).

Medicare and private insurers are also piloting new reimbursement
mechanisms to further decrease both inpatient and outpatient demand.
These reimbursement methods pay for value, not production volume
(Ryan and Press 2014). Pay-for-performance, risk-adjusted global pay-
ments, and bundled payments are examples of reimbursement innova-
tions (Conrad et al. 2013) designed to promote integrated care, and
align clinical and financial incentives across all providers involved in a
patient’s episode of care.

Many of the strategies being developed by healthcare delivery sys-
tems in response to reimbursement changes lie outside of the hospital
walls. These strategies focus on prevention and wellness in the outpa-
tient setting to reduce the incidence rate of ED services and hospi-
talizations. One example is the patient-centered medical home, where
interprofessional physician-led teams provide care to panels of patients
(Nutting et al. 2011; Schoen et al. 2011). Another example is case man-
agement and care coordination, where a mid-level provider proactively
works with patients and gets them to appropriate outpatient care at
the right time (Lion et al. 2014; Mathews 2014; Sutherland and Hayter
2009). New models of physician compensation that focus on patient
outcomes, such as certain biomarkers, and not just the number of pa-
tient encounters, are also being implemented (Bailit et al. 2015; Latham
and Marshall 2015).

A challenge is that until all insurers switch to an outcome-based
payment system, many health systems face conflicting reimbursement
strategies. For many systems, only a small portion of their reimburse-
ment stream is value based; most is still fee-for-service based. There-
fore, when they implement strategies such as case management, they
may penalize their bottom line (lower fees) and at the same time incur
higher production costs.

Full text available at: http://dx.doi.org/10.1561/0200000036



1.2. Hospital Service Types 9

1.2 Hospital Service Types

Most acute-care hospitals provide at least three major service types.
These are emergency care (via emergency departments or EDs), sur-
gical services (via operating rooms or ORs), and inpatient care (via
inpatient beds) – see schematic in Figure 1.3. In this monograph, a
separate chapter is devoted to each service type: Chapter 2 to ORs,
Chapter 3 to EDs, and Chapter 4 to inpatient units.

Outpatient Clinics
Primary Care Clinics
Retail Clinics
Urgent Care Centers
Freestanding EDs
Ambulatory Surgery Centers

COMMUNITY

Long Term Care/Assisted Living
Post-Acute Care/Rehab
Hospice/Palliative Care
Other Community Services
Patient’s Home

Inpatient Units

Critical Care              Step Down               General Ward

Specialized Unit (e.g. Ortho, Neuro, etc.)

HOSPITAL

Emergency Department
Arrive         Triage        Treatment

Operating Rooms
Schedule          Procedure         Post-Anesthesia Care

Figure 1.3: Patient flow
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10 Introduction

Hospital beds are divided into inpatient units, each specializing in
a different type of care. Examples include intensive care units (ICU),
step-down units, general-care units, surgical units, obstetric units, and
neonatal units. Some hospitals further specialize care by medical con-
dition. For example, there may exist intensive care units or step-down
units that focus on cardiac patients or patients with neurological con-
ditions. Similarly different operating rooms may be fitted with different
specialized equipment for different types of surgeries. Finally, EDs dif-
fer from one hospital to another in terms of the type of specialized care
they can provide (e.g. some hospitals are designated regional trauma
centers) and the availability of diagnostic equipment.

In the remainder of the discussion in this chapter, we focus on hos-
pital beds to explain institutional features that make demand-supply
matching challenging. Similar issues also arise for other service types.
As shown in Figure 1.3, a patient may be admitted to an inpatient bed
either after visiting the ED, or after a surgery, or following a physician’s
direct-admit request to the hospital. During their hospital sojourn, pa-
tients are usually moved several times — either to a lower care-intensity
unit if their condition improves, or to a higher care-intensity unit if their
condition deteriorates. The movement of patients from EDs, ORs, or
direct admission through one or more inpatient units is often referred
to as the patient flow and its study has attracted much attention in the
OM literature.

1.3 Demand Variability

Patient flow creates random inter-related demand for ORs, ED care,
and inpatient beds because many patients require combinations of these
services. ED arrivals requiring either surgery, or inpatient care, or both,
are generally unscheduled and stochastic. In addition to emergent cases,
ORs face urgent demand from hospitalized patients, and deferrable de-
mand from patients who schedule arrival at a future date for surgical
services. The vast majority of ORs are staffed Monday through Friday
for either 8, 10 or 12 hours, starting at 7 AM. Post-surgery patients
begin to need inpatient beds sometime after mid-morning hours. Ad-

Full text available at: http://dx.doi.org/10.1561/0200000036



1.3. Demand Variability 11

missions through EDs tend to build at about the same time. In contrast,
discharges typically happen in the afternoon. This causes a systemic
misalignment in the demand and supply for hospital beds.

An example of this phenomenon can be seen in Figure 1.4, which
shows the total annual number of admissions and discharges by hour for
an example acute-care hospital. Admission activity rises in the morning
and is fairly steady throughout the day. But discharge activity peaks
sharply in the afternoon (about 1 pm). This mismatch can cause short-
age of beds at certain times of the day even though the hospital may
have enough staffed beds on average.
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Figure 1.4: Total Annual Patient Admission and Discharge Activity by Hour of
Day

Hospitals track bed occupancy, which is referred to as census. Fig-
ure 1.5 shows both the typical time-of-day and day-of-week census pat-
tern of a 500-certified-bed hospital. The daily peak of census increases
and occurs later in the day as the week unfolds because patients ad-
mitted on previous days are still in the hospital and new patients ar-
rive. The variability around the mean census also increases later in the
week. However, by Friday afternoon, the goal is to discharge eligible
patients to minimize nurse staffing needs over the weekends, result-
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12 Introduction

ing in reduced weekend census. Many surgeons prefer to operate ear-
lier in the week to minimize the need to make hospital rounds during
weekends. Operating Rooms conduct only urgent or emergency surgical
cases on weekends, which leads to lower inflow of patients to inpatient
units.

 

Figure 1.5: Hospital Census by Hour of Day and Day of Week

Some of the variation observed in Figure 1.5 is natural, i.e. it is
caused by the circadian rhythm. The demand for beds from the emer-
gency department or direct admissions also exhibits natural variability.
The natural variability described above has both predictable and un-
predictable components (Allon et al. 2013). The EDs, for example, have
predictable arrival patterns by the time of day, and tend to be busier on
some days of the week. There is also unpredictable variability (random-
ness) in ED-arrival patterns, which can cause excessive wait at certain
times of the day.
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1.4. Supply Challenges 13

The vast majority of surgical cases are neither urgent or emergent,
which means that patients could wait a short amount of time without
harming their health. The bulk of the OR demand variability is driven
by surgical scheduling protocols in effect at a hospital. This type of
variability is often referred to as artificial variability, because it is the
result of hospital policies, procedures and practices. Artificial demand
variability can be predicted and steps can be taken to smooth it over
time (Litvak 2005). From a management perspective, it is useful to un-
derstand different types of variability – natural or artificial; predictable
or unpredictable (Allon et al. 2013; Van den Schrieck et al. 2014).

1.4 Supply Challenges

Hospital census data is used to develop long-term, medium-term, and
short-term budgets and staffing plans. Historically, hospitals used the
midnight census for these purposes, although the midnight census
does not capture the workload variability that may occur during the
day shifts. The use of midnight census was driven mostly by the
ease of data collection in the era before computerized bed manage-
ment and electronic-medical-record systems. This practice is changing
rapidly because hourly census data is readily available in many hospi-
tals.

First of all, hospitals may find themselves unable to cope with ex-
treme variability in ED arrivals, making it necessary to declare ambu-
lance divert. During an ambulance-divert period, ambulances are ad-
vised to take patients to other nearby facilities. Second, the daily chal-
lenges in demand-supply matching of beds become especially difficult
when post-surgical patients and ED patients requiring hospitalization
cause downstream shortage of staffed inpatient beds, called bed block.
When bed blocks occur, post-surgery patients may be boarded in the
Post-Anesthesia Care Unit (PACU), and ED patients may continue to
occupy ED beds until inpatient beds become available. PACU boarding
can delay the surgical schedule, while ED boarding can lead to ambu-
lance diversions. Because boarding delays the start of inpatient care,
it can in turn result in longer length of hospital stay – Singer et al.

Full text available at: http://dx.doi.org/10.1561/0200000036



14 Introduction

(2011) have identified a positive association between patients’ delay in
securing beds and their lengths of stay.

Capacity, defined as the availability of staff, is also random, as
scheduled staff may end up being sick, or additional staff may not
be available to come in on short notice in response to unplanned excess
demand. Hospitals typically staff a float pool of nurses to cover un-
planned absences, and move nurses to various hospital units through-
out the day to handle census fluctuations. Therefore, the inpatient-bed
demand-supply matching problem is often described as a multi-faceted
and difficult problem.

Much attention has been devoted in the OM literature to modeling
and optimizing capacity planning problems for each of the three major
hospital service types of ORs, EDs, and inpatient beds. For example,
many OM papers have focused on using hourly census data, rather
than midnight census, to develop staffing and scheduling models that
better match daily and hourly seasonality. In addition, there are sev-
eral papers that study the problem of efficient patient flow across the
hospital. Flow optimization can be achieved with the help of a combina-
tion of strategies including capacity flexing and demand management.
The former typically means matching peaks and valleys in demand for
services with the appropriate provision of time-varying staffing levels,
whereas the latter typically involves input control, e.g. by exercising
control over either the number of each type of surgical procedures per-
formed, or direct admits to inpatient units, or controlling ED demand
via ambulance diversions. The strategy of smoothing peaks and val-
leys in demand for hospital services has been a relatively less-studied
problem, but the literature on this topic is growing. Similarly, recov-
ering from unanticipated deviations in plans is also an important but
less-studied topic within the OM literature.

The commonly used economic lever of dynamic pricing for demand
management is generally considered to be an unethical strategy for
hospitals. However, US hospitals do negotiate unit prices with insur-
ers and payers, which are typically much less than the hospital’s full-
retail prices (the latter are commonly known as charge masters4). Typ-

4Uninsured patients are often billed according to the charge master.

Full text available at: http://dx.doi.org/10.1561/0200000036



1.5. Themes and Organization 15

ically, this means that the insurer designates a particular hospital as
a preferred or in-network service provider. Patients pay a lower co-pay
and/or deductible when using an in-network service provider and the
service provider offers a discount to the insurer for each unit of service.
Thus, demand management for US hospitals using pricing schemes en-
tails deciding which insurers to align with and what discounts to of-
fer on which services. However, hospitals usually do not offer different
prices to different patients depending on operational factors such as
the level of congestion, which is often how demand is shaped in other
service industries.

Healthcare delivery organizations are adopting innovative strategies
to better understand and meet demand. For example, some hospitals
are using radio-frequency-identification (RFID) location technology to
create data that identifies the location of each patient, staff member,
and piece of equipment. These data are then analyzed to parameterize
and validate detailed computer simulation models of the entire hospi-
tal’s operations. By using such models to analyze proposed changes in
service protocols and capacity, hospitals are able to identify the best op-
tions before investing resources. Such efforts can lead to improved OR
utilization, accurate nurse staffing, and provably-good patient place-
ment rules (Hendrich et al. 2008; Rosen et al. 2014; Wamba 2012 and
Yao et al. 2012).

1.5 Themes and Organization

A hospital’s capacity may be described by its physical and human re-
sources. The former include the numerical counts of operating rooms,
beds, diagnostic and monitoring equipment, and laboratories, whereas
the latter include the counts of nurses, doctors, health technicians, and
administrative and support staff. In this monograph, we take a different
approach. We characterize capacity in terms of the three major types of
services that hospitals provide: (1) Operating Room (OR) Capacity; (2)
Emergency Department Capacity; and (3) Inpatient Staffed-Bed Ca-
pacity. This approach allows us to emphasize the interactions between
the physical and human resources, and their organization, to satisfy
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different types of patients’ needs. This viewpoint also helps to shine
light on the interconnectedness of provisioning capacity for these three
service types. Commensurately, this monograph consists of 4 additional
chapters. Chapter 2 focuses on operating rooms’ demand and capacity
management issues, Chapter 3 on emergency departments, and Chap-
ter 4 on inpatient units. We conclude the monograph in Chapter 5.

In each of Chapters 2 – 4, we motivate the OM-relevant problems
by exploring data. In subsequent sections, we present a practitioner-
oriented description of key issues, discuss the state of the practice, high-
light operations problems that can be gleaned from typical datasets,
and discuss contributions to the literature from these perspectives.
Specifically, each of Chapters 2 – 4 has the following main sections: (1)
Introduction, (2) Institutional Background, (3) Evidence from Data,
(4) Operational Challenges, (5) State of Practice, (6) Current OM
Approaches, and (7) OM Opportunities. Three themes are interwoven
throughout the discussion in these chapters. These are

1. supply-demand matching across Operating Rooms (ORs), Emer-
gency Departments (EDs) and Inpatient Staffed-Beds are inter-
connected,

2. practitioner responses have focused both on improving efficiency
and effectiveness within hospital walls, and on service-chain re-
design to reduce demand for hospital services, and

3. it is fruitful to think of different types of variabilities – natural
or artificial, predictable or unpredictable, and different types of
mitigation strategies, internally focused or service-chain focused
– when addressing operational challenges (see, e.g. Section 1.3).

Next, we briefly describe the contents of each chapter.
In Chapter 2, we first present lists of questions that fall under the

purview of different stakeholders concerned with operating rooms’ ca-
pacity management. This underscores the fact that different stakehold-
ers have different objectives, which may not align, resulting in poor
overall performance. Next, we use data from three hospitals to high-
light the inherent variability in the mix of surgical procedure types and
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their durations. We also demonstrate the typical consequences of block
assignments, which is a common approach used in the US hospitals to
allocate OR capacity to surgeons. Based on these ideas, we identify a
series of OM-relevant decision problems, formulate models, and discuss
possible solution methods and related literature. One of the key issues
we identify is that although surgical cases are often booked one at a
time (in an online fashion), the vast majority of papers in the OM lit-
erature consider the situation in which all cases that need to be booked
for a particular day are known in advance (i.e. an offline version of the
problem).

Long wait times in Emergency Departments (EDs) have attracted
a great deal of attention from policy makers and the public. In Chapter
3, we begin by explaining the origins of EDs and an institutional per-
spective on factors responsible for severe ED capacity shortages. Next,
we explain how patients typically flow through an ED and operational
performance metrics. We use evidence from hospital data to identify
three key operational issues. What mechanisms can best shape the de-
mand for ED services? How can the ED process itself be improved?
How can an adequate supply of downstream beds be assured for ED
patients who require hospitalization? Chapter 3 is focused on state of
practice, OM models, and open challenges as they relate to these three
problems.

In Chapter 4, we turn to the problem of providing adequate staffed
bed capacity to meet demand in a cost effective manner. Whereas the
number of physical beds (referred to as the number of licensed or cer-
tified beds) changes infrequently and may be subject to government-
agency approval, the number of staffed beds varies by day and by shift
in an effort to avoid shortages and overages. Shortages may result in
poor patient care as well as increased cost. The latter occurs because
contingent workforce wage rates are higher than those of regular em-
ployees with the same level of expertise. Excess capacity leads to higher
staffing costs. In this chapter, we identify four key decisions that have
a direct bearing on staffing performance. These are (1) unit size and
scope decisions, (2) the choice of performance metrics, and (3) policies
concerning planned time off and shift schedules, and (4) policies con-
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cerning patient placement and movement. For each scenario, we present
the state of the practice and the state of the OM research, and identify
open research problems.

In concluding the monograph in Chapter 5, we summarize our find-
ings and highlight the central theme from the three preceding chapters,
which is that by simultaneously considering OR scheduling policies, ED
demand prediction, and medium and short-term staffing plans, OM re-
searchers have an opportunity to make a significant impact on the fu-
ture delivery of healthcare services. We hope that this monograph will
make it easier for new researchers to get acquainted with key issues,
and with the state of practice, research, and open problems.

Full text available at: http://dx.doi.org/10.1561/0200000036



References

Aiken, L. H., Clarke, S. P., Sloane, D. M., Sochalski, J., and Siber, J. H.
Hospital Nurse Staffing And Patient Mortality, Nurse Burnout And Job
Dissatisfaction. The Journal of the American Medical Association, 288(16):
1987–1993, 2002.

Aksin, Z., Armony, M., and Mehrotra, V. The Modern Call-Center: A Multi-
Disciplinary Perspective On Operations Management Research. Production
and Operations Management, 16(6):665–688, 2007.

Allder, S., Silvester, K., and Walley, P. Managing Capacity and Demand
Across the Patient Journey. Clinical Medicine, 10(1):13–15, 2010.

Allon, G., Deo, S., and Lin, W. The Impact of Size and Occupancy of Hospital
on the Extent of Ambulance Diversion: Theory and Evidence. Operations
Research, 61(3):544–562, 2013.

American College of Emergency Physicians. Writing Admission and Transi-
tion Orders, 2014. Available at http://www.acep.org/Clinical---Practice-
Management/Writing-Admission-and-Transition-Orders/; Accessed: 08-
31-2014.

American Hospital Association. The State of America’s Hospitals - Tak-
ing the Pulse. Results of AHA Survey of Hospital Leaders, March/April
2010. Technical report, American Hospital Association, 2010. Available at
http://www.aha.org/research/rc/stat-studies/Studies.shtml; Accessed: 11-
15-2015.

American Nurses Association. Nurse Staffing. http://www.nursingworld.
org/MainMenuCategories/Policy-Advocacy/State/Legislative-Agenda-
Reports/State-StaffingPlansRatios, 2015. Accessed: 2015-12-20.

124

Full text available at: http://dx.doi.org/10.1561/0200000036

http://www.acep.org/Clinical---Practice-Management/Writing-Admission-and-Transition-Orders/
http://www.acep.org/Clinical---Practice-Management/Writing-Admission-and-Transition-Orders/
http://www.aha.org/research/rc/stat-studies/Studies.shtml
http://www.nursingworld.org/MainMenuCategories/Policy-Advocacy/State/Legislative-Agenda-Reports/State-StaffingPlansRatios
http://www.nursingworld.org/MainMenuCategories/Policy-Advocacy/State/Legislative-Agenda-Reports/State-StaffingPlansRatios
http://www.nursingworld.org/MainMenuCategories/Policy-Advocacy/State/Legislative-Agenda-Reports/State-StaffingPlansRatios


References 125

Anderson, D., Price, C., Golden, B., Jank, W., and Wasil, E. Examining the
Discharge Practices of Surgeons at a Large Medical Center. Health Care
Management Science, 14(4):338–347, 2011.

Andradóttir, S., Ayhan, H., and Down, D. G. Dynamic Server Allocation
For Queueing Networks With Flexible Servers. Operations Research, 51(6):
952–968, 2003.

Ang, E., Bayati, M., Kwasnick, S., Plambeck, E., and Aratow, M. Forecasting
Emergency Department Wait Times. Working Paper, Stanford University,
2015.

Armony, M., Israelit, S., Mandelbaum, A., Marmor, Y. N., Tseytlin, Y., and
Yom-tov, G. B. Patient Flow in Hospitals: A Data-Based Queueing-Science
Perspective. Available at http://www.stern.nyu.edu/om/faculty/armony/
Patient%20flow%20main.pdf; Accessed: 12-22-2015, 2011.

Ata, B. and Van Mieghem, J. A. The Value Of Partial Resource Pooling:
Should A Service Network Be Integrated Or Product-Focused. Management
Science, 55(1):115–131, 2009.

Ault, A. Report: Standardize Hospital Ambulance Diversion Criteria,
2008. Available at http://www.acep.org/Clinical---Practice-Management/
Report--Standardize-Hospital-Ambulance-Diversion-Criteria/; Accessed:
08-25-2014.

Bailit, M., Burns, M., and Dyer, M. Implementing Value-Based Physician
Compensation: Advice From Early Adopters. Healthcare Financial Man-
agement, 69(7):40–47, 2015.

Bandi, C. and Bertsimas, D. Tractable stochastic analysis in high dimensions
via robust optimization. Mathematical Programming, 134(1):23–70, 2012.

Bard, J. F. and Purnomo, H. W. Preference Scheduling For Nurses Using
Column Generation. European Journal of Operational Research, 164(2):
510–534, 2005a.

Bard, J. F. and Purnomo, H. W. Hospital-Wide Reactive Scheduling Of
Nurses With Preference Considerations. IIE Transactions, 37(7):589–608,
2005b.

Bassamboo, A., Randhawa, R. S., and Van Mieghem, J. A. Optimal Flexibil-
ity Configurations In Newsvendor Networks: Going Beyond Chaining And
Pairing. Management Science, 56(8):1285–1303, 2010.

Full text available at: http://dx.doi.org/10.1561/0200000036

http://www.stern.nyu.edu/om/faculty/armony/Patient%20flow%20main.pdf
http://www.stern.nyu.edu/om/faculty/armony/Patient%20flow%20main.pdf
http://www.acep.org/Clinical---Practice-Management/Report--Standardize-Hospital-Ambulance-Diversion-Criteria/
http://www.acep.org/Clinical---Practice-Management/Report--Standardize-Hospital-Ambulance-Diversion-Criteria/


126 References

Batt, R. J. and Terwiesch, C. Doctors Under Load: An Empiri-
cal Study of State-Dependent Service Times in Emergency Care.
Available at http://bus.wisc.edu/~/media/bus/knowledge-expertise/
academicdepartments/asrmi/events/2014-2015/batt-talk-paper.ashx;
Accessed: 12-25-2015, 2012.

Batt, R. J. and Terwiesch, C. Waiting Patiently: An Empir-
ical Study Of Queue Abandonment In An Emergency Depart-
ment. Available at http://d1c25a6gwz7q5e.cloudfront.net/papers/
download/06182013_Terwiesch-paper.pdf; Accessed: 12-25-2015, 2013.

Begen, M. and Queyranne, M. Appointment Scheduling With Discrete Ran-
dom Durations. Mathematics of Operations Research, 41(2):845–854, 2009.

Begen, M., Levi, R., and Queyranne, M. Technical Note: A Sampling-Based
Approach To Appointment Scheduling. Operations Research, 60(3):675–
681, 2012.

Berger, S. Fundamentals Of Health Care Financial Management: A Practical
Guide To Fiscal Issues And Activities. Jossey-Bass, 3 edition, 2008.

Berry, E. Guidance On ED Use Cuts Down On Nonemergency Care,
2012. Available at http://www.amednews.com/article/20120717/business/
307179997/8/; Accessed: 08-14-2014.

Besson, K. Care Initiation Area Yields Dramatic Results. ED Management,
21(3):28–29, 2009.

Besson, K. Boost Capacity, Slash LWBS Rate with POD Triage System. ED
Management, 23(4):40–41, 2011.

Best, T. J., Sandikci, B., Eisenstein, D. D., and O., M. D. Managing Hospital
Inpatient Bed Capacity through Partitioning Care into Focused Wings.
Working paper, Booth School of Business, University of Chicago, Available
at http://dx.doi.org/10.2139/ssrn.2191134; Accessed: 12-25-2015, 2014.

Blake, J. and Carter, M. Surgical Process Scheduling: A Structured Review.
J Soc Health Syst, 5(3):17–30, 1997.

Boaden, R., Proudlove, N., and Wilson, M. An Exploratory Study of Bed
Management. Journal of Management in Medicine, 13(4):234–250, 1999.

Bretthauer, K., Heese, H., Pun, H., and Coe, E. Blocking in Healthcare Op-
erations: A New Heuristic and an Application. Production and Operations
Management, 20(3):375–391, 2011.

Brown, K. and Gallant, D. Impacting Patient Outcomes Through Design:
Acuity Adaptable Care/Universal Room Design. Critical Care Nursing
Quarterly, 29(4):326–341, 2006.

Full text available at: http://dx.doi.org/10.1561/0200000036

http://bus.wisc.edu/~/media/bus/knowledge-expertise/academic departments/asrmi/events/2014-2015/batt-talk-paper.ashx
http://bus.wisc.edu/~/media/bus/knowledge-expertise/academic departments/asrmi/events/2014-2015/batt-talk-paper.ashx
http://d1c25a6gwz7q5e.cloudfront.net/papers/download/06182013_Terwiesch-paper.pdf
http://d1c25a6gwz7q5e.cloudfront.net/papers/download/06182013_Terwiesch-paper.pdf
http://www.amednews.com/article/20120717/business/307179997/8/
http://www.amednews.com/article/20120717/business/307179997/8/
http://dx.doi.org/10.2139/ssrn.2191134


References 127

Broyles, G., Washington, G., Lowry, L., and Eorgan, P. Innovative Solutions:
Registered Nurses’ Perceptions Of The Work Environment Before And Af-
ter Adult Intensive Care Unit Renovations. Dimensions of Critical Care
Nursing, 27(4):180–188, 2008.

Bureau of Labor Statistics. Labor Productivity and Costs, 2009. Available at
http://www.bls.gov/lpc/; Accessed: 12-25-2015.

Burke, E. K., De Causmaecker, P., Berghe, G. V., and Van Landeghem, H.
The State of the Art of Nurse Rostering. Journal of Scheduling, 7(6):441–
499, 2004.

Burke, L. G., Joyce, N., Baker, W. E., Biddinger, P. D., Dyer, K. S., Fried-
man, F. D., Imperato, J., King, A., Maciejko, T. M., Pearlmutter, M. D.,
Sayah, A., Zane, R. D., and Epstein, S. K. The Effect Of An Ambulance
Diversion Ban On Emergency Department Length Of Stay And Ambulance
Turnaround Time. Annals of Emergency Medicine, 61(3):303–311, 2013.

Buzacott, J. A. and Mandelbaum, M. Flexibility In Manufacturing And Ser-
vices: Achievements, Insights And Challenges. Flexible Services and Man-
ufacturing Journal, 1-2:13–58, 2008.

Cardoen, B., Demeulemeester, E., and Beliën, J. Operating Room Planning
And Scheduling: A Literature Review. European Journal of Operational
Research, 201(3):921–932, 2010.

Carrus, B., Corbett, S., and Khandelwal, D. A Hospital-Wide Strategy For
Fixing Emergency-Department Overcrowding. Technical report, McKinsey
& Company, 2010. Available at http://www.mckinsey.com/insights/
health_systems_and_services/a_hospital-wide_strategy_for_fixing_
emergency-department_overcrowding; Accessed: 12-25-2015.

Castillo, E., Vilke, G., Williams, M., Turner, P., Boyle, J., and Chan, T.
Collaborative to Decrease Ambulance Diversion: The California Emergency
Department Diversion Project. Journal of Emergency Medicine, 40(3):300–
307, 2011.

Centers for Disease Control and Prevention. Chronic Diseases: The
Power To Prevent, The Call To Control, At-A-Glance 2009. Tech-
nical report, U.S. Department of Health and Human Services,
http://www.cdc.gov/nccdphp/publications/AAG/pdf/chronic.pdf, 2009.

Centers for Medicare and Medicaid Services. Ambulatory Care Sen-
sitive Condition (ACSC) And Care Coordination Outcome Mea-
sures Included In The 2013 Quality And Resource Use Reports,
2014. Available at https://www1d.cms.gov/Medicare/Medicare-Fee-
for-Service-Payment/PhysicianFeedbackProgram/Downloads/QRUR-
ACSC-Outcome-Measures.pdf; Accessed: 11-11-2015.

Full text available at: http://dx.doi.org/10.1561/0200000036

http://www.bls.gov/lpc/
http://www.mckinsey.com/insights/health_systems_and_services/a_hospital-wide_strategy_for_fixing_emergency-department_overcrowding
http://www.mckinsey.com/insights/health_systems_and_services/a_hospital-wide_strategy_for_fixing_emergency-department_overcrowding
http://www.mckinsey.com/insights/health_systems_and_services/a_hospital-wide_strategy_for_fixing_emergency-department_overcrowding
https://www1d.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/PhysicianFeedbackProgram/Downloads/QRUR-ACSC-Outcome-Measures.pdf
https://www1d.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/PhysicianFeedbackProgram/Downloads/QRUR-ACSC-Outcome-Measures.pdf
https://www1d.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/PhysicianFeedbackProgram/Downloads/QRUR-ACSC-Outcome-Measures.pdf


128 References

Chan, C. W., Farias, V. F., Bambos, N., and Escobar, G. J. Optimizing Inten-
sive Care Unit Discharge Decisions With Patient Readmissions. Operations
Research, 60(6):1323–1341, 2012.

Chase, V. J., Cohn, A. E. M., Peterson, T. A., and Lavieri, M. S. Predicting
Emergency Department Volume Using Forecasting Methods To Create A
“Surge Response” For Noncrisis Events. Academic Emergency Medicine,
19(5):569–76, 2012.

Cheang, B., Li, H., Lim, A., and Rodrigues, B. Nurse Rostering Problems
– A Bibliographic Survey. European Journal of Operational Research, 151
(3):447–460, 2003.

Chen, X., Zhang, J., and Zhou, Y. Optimal Sparse Designs
For Process Flexibility Via Probabilistic Expanders, 2014. SSRN:
http://ssrn.com/abstract=2400768. Accessed: 08-18-2014.

Cho, S.-H., Ketefian, S., Barkauskas, V. H., and Smith, D. G. The Effects of
Nurse Staffing on Adverse Events, Morbidity, Mortality, and Medical Costs.
Nursing Research, 52(2):71 – 79, 2003.

Chou, M. C., Teo, C.-P., and Zheng, H. Process Flexibility: Design, Evalua-
tion, And Applications. Flexible Services and Manufacturing Journal, 1-2:
59–94, 2008.

CMS. Bundled Payments for Care Improvement (BPCI) Initiative: General
Information. Centers for Medicare & Medicaid Services, 2013. Available at
http://innovation.cms.gov/initiatives/bundled-payments/index.html; Ac-
cessed: 03-01-2014.

Coffman, E. J., Garey, M., and Johnson, D. Approximation Algorithms for
Bin Packing: A Survey. Chapter 2 in Approximation Algorithms for NP-
Hard Problems, Editor: Hochbaum, D., PWS Publishing, 20 Park Plaza,
Boston, MA, 02116, 1999.

Conrad, D., Grembowski, D., Gibbons, C., Marcus-Smith, M., Hernandez,
S. E., Chang, J., Renz, A., Lau, B., and dela Cruz, E. A Report On Eight
Early-Stage State And Regional Projects Testing Value-Based Payment.
Health Affairs, 32(5):998–1006, 2013.

Cunningham, P. and Sammut, J. Inadequate Acute Hospital Beds And The
Limits Of Primary Care And Prevention. Emergency Medicine Australasia,
24(5):566–572, 2012.

Dartmouth College. The Dartmouth Atlas Of Health Care: Acute Care
Hospital Beds Per 1,000 Residents, 2012. Available at http://www.
dartmouthatlas.org/data/topic/topic.aspx?cat=24; Accessed: 10-21-2015.

Full text available at: http://dx.doi.org/10.1561/0200000036

http://innovation.cms.gov/initiatives/bundled-payments/index.html
http://www.dartmouthatlas.org/data/topic/topic.aspx?cat=24
http://www.dartmouthatlas.org/data/topic/topic.aspx?cat=24


References 129

Delgado, M., Meng, L., Mercer, M., Pines, J., Owens, D., and Zaric, G. Re-
ducing Ambulance Diversion at Hospital and Regional Levels: Systematic
Review of Insights from Simulation Models. Western Journal of Emergency
Medicine, 14(5):489–498, 2013.

DeLia, D. and Cantor, J. Emergency Department Utilization And Capacity;
Research Synthesis Report No. 17. Technical Report 17, Robert Wood
Johnson Foundation, 2009. Available at http://www.rwjf.org/content/
dam/farm/reports/reports/2009/rwjf43565; Accessed: 12-25-2015.

Denton, B. and Gupta, D. A Sequential Bounding Approach For Optimal
Appointment Scheduling. IIE Transactions, 35(11):1003–1016, 2003.

Deo, S., Iravani, S., Jiang, T., Smilowitz, K., and Samuelson, S. Improving
Health Outcomes Through Better Capacity Allocation in a Community-
Based Chronic Care Model. Operations Research, 61(6):1277–1294, 2013.

Deo, S. and Gurvich, I. Centralized vs. Decentralized Ambulance Diversion:
A Network Perspective. Management Science, 57(7):1300–1319, 2011.

Dexter, F. Bibliography Of Operating Room Management Articles. Avail-
able at http://www.franklindexter.net/bibliography_TOC.htm, 2015. Ac-
cessed: 2015-12-13.

Do, H. and Shunko, M. Pareto Improving Coordination Policies in
Queueing Systems : Application to Flow Control in Emergency Med-
ical Services. Available at http://som.yale.edu/sites/default/files/files/
MashaShunkoParetoImprovingCoordination.pdf, 2014.

Dobson, G., Tezcan, T., and Tilson, V. Optimal Workflow Decision for In-
vestigators in Systems with Interruptions. Management Science, 59(5):
1125–1141, 2013.

Dobson, G., Lee, H.-H., and Pinker, E. A Model Of ICU Bumping. Operations
Research, 58(6):1564–1576, 2010.

Durbin, C. G. J. and Kopel, R. F. A Case-Control Study Of Patients Readmit-
ted To The Intensive Care Unit. Critical Care Medicine, 21(10):1547–1553,
1993.

Eitel, D. R., Rudkin, S. E., Malvehy, M. A., Killeen, J. P., and Pines,
J. M. Improving Service Quality By Understanding Emergency Depart-
ment Flow: A White Paper And Position Statement Prepared For The
American Academy Of Emergency Medicine. The Journal of Emergency
Medicine, 38(1):70–9, 2010.

Fackrell, M. Modelling Healthcare Systems with Phase-Type Distributions.
Health Care Management Science, 12(1):11–26, 2009.

Full text available at: http://dx.doi.org/10.1561/0200000036

http://www.rwjf.org/content/dam/farm/reports/reports/2009/rwjf43565
http://www.rwjf.org/content/dam/farm/reports/reports/2009/rwjf43565
http://www.franklindexter.net/bibliography_TOC.htm
http://som.yale.edu/sites/default/files/files/Masha Shunko Pareto Improving Coordination.pdf
http://som.yale.edu/sites/default/files/files/Masha Shunko Pareto Improving Coordination.pdf


130 References

Finkler, S. A. Essentials Of Cost Accounting For Health Care Organizations.
Aspen Publishers, Inc., 1994.

Fischer, L. and Eustis, N. Quicker and Sicker: How Changes in Medicare
Affect the Elderly and Their Families. Journal of Geriatric Psychiatry, 22
(2):163–191, 1989.

Flores-Mateo, G., Violan-Fors, C., Carrillo-Santisteve, P., Peiró, S., and Argi-
mon, J.-M. Effectiveness of Organizational Interventions to Reduce Emer-
gency Department Utilization: a Systematic Review. PloS one, 7(5):e35903,
2012.

Galarraga, J., Mutter, R., and Pines, J. Costs Associated with Ambulatory
Care Sensitive Conditions Across Hospital-based Settings. Academic Emer-
gency Medicine, 22(2):172–181, 2015.

Galewitz, P. Stand-Alone Emergency Rooms Popping Up. Available at
http://www.usatoday.com/story/money/business/2013/07/11/stand-
alone-emergency-rooms-popping-up/2510779/; Accessed: 12-25-2015,
2013.

GBD 2013 Mortality and Causes of Death Collaborators. Global, Regional,
And National Age-Sex-Specific All-Cause And Cause-Specific Mortality For
240 Causes Of Death, 1990-2013: A Systematic Analysis For The Global
Burden Of Disease Study 2013. Lancet, 385(9963):117–171, 2015.

Gerchak, Y., Gupta, D., and Henig, M. Reservation Planning for Elective
Surgery Under Uncertain Demand for Emergency Surgery. Management
Science, 42(3):321–334, 1996.

Gilboy, N., Paula, T., Travers, D., and Rosenau, A. M. Emergency Severity
Index (ESI): A Triage Tool For Emergency Department Care, Version 4.
Agency for Healthcare Research and Quality, Rockville, MD, 2011. AHRQ
Publication No. 12-0014. Available at http://www.ahrq.gov/professionals/
systems/hospital/esi/index.html; Accessed: 11-11-2015.

Goldman, J. and Knappenberger, H. How To Determine The Optimum Num-
ber Of Operating Rooms. Modern Hospital, 111(3):114–116, 1968.

Gorman, A. and Colliver, V. The Latest In Medical Convenience: ER Ap-
pointments, Kaiser health news, 2014. Available at http://khn.org/news/
the-latest-in-medical-convenience-er-appointments/; Accessed:08-28-2014.

Green, L. V., Savin, S., and Lu, Y. Primary Care Physician Shortages Could
Be Eliminated Through Use Of Teams, Nonphysicians, And Electronic
Communication. Health Affairs, 32(1):11–9, 2013.

Full text available at: http://dx.doi.org/10.1561/0200000036

http://www.usatoday.com/story/money/business/2013/07/11/stand-alone-emergency-rooms-popping-up/2510779/
http://www.usatoday.com/story/money/business/2013/07/11/stand-alone-emergency-rooms-popping-up/2510779/
http://www.ahrq.gov/professionals/systems/hospital/esi/index.html
http://www.ahrq.gov/professionals/systems/hospital/esi/index.html
http://khn.org/news/the-latest-in-medical-convenience-er-appointments/
http://khn.org/news/the-latest-in-medical-convenience-er-appointments/


References 131

Guerriero, F. and Guido, R. Operational Research In The Management Of
The Operating Theatre: A Survey. Health Care Management Science, 14
(1):89–114, 2011.

Gundlach, J. The Problem Of Ambulance Diversion, And Some Potential
Solutions. Journal of Legislation and Public Policy, 13(1):175–218, 2010.

Gupta, D. Surgical Suites’ Operations Management. Production and Opera-
tions Management, 16(6):689–700, 2007.

Gupta, D. and Denton, B. Appointment Scheduling In Health Care: Chal-
lenges And Opportunities. IIE Transactions, 40(9):800–819, 2008.

Hagen, S., Jopling, J., Buchman, T., and Lee, E. Priority Queueing Models
for Hospital Intensive Care Units and Impact to Severe Case Patients. In
AMIA 2013 Annual Symposium Proceedings, Washington, DC, pages 841–
850, 2013.

Hagtvedt, R., Tg, A. B., Ferguson, M., Griffin, P., and Jones, G. T. Cooper-
ative Strategies To Reduce Ambulance Diversion. In Rossetti, M. D., Hill,
R. R., Johansson, B., Dunkin, A., and Ingalls, R. G., editors, Proceedings
of the 2009 Winter Simulation Conference, pages 1861–1874, 2009.

Han, J. H., Zhou, C., France, D. J., Zhong, S., Jones, I., Storrow, A. B.,
and Aronsky, D. The Effect Of Emergency Department Expansion On
Emergency Department Overcrowding. Academic Emergency Medicine, 14
(4):338–43, 2007.

Handel, D., Epstein, S., Khare, R., Abernethy, D., Klauer, K., Pilgrim, R.,
Soremekun, O., and Sayan, O. Interventions To Improve The Timeliness Of
Emergency Care. Academic Emergency Medicine, 18(12):1295–302, 2011.

Hans, E., Wullink, G., van Houdenhoven, M., and Kazemier, G. Robust
Surgery Loading. European Journal of Operational Research, 185(3):1038–
1050, 2008.

Hassan, H., McMillan, P., Walsh, C., and Higginson, I. The Drive
For Quality: How To Achieve Safe, Sustainable Care In Our Emer-
gency Departments? System Benchmarks And Recommendations. Tech-
nical report, The College of Emergency Medicine, 2013. Available
at http://www.collemergencymed.ac.uk/Shop-Floor/ProfessionalAffairs/
QualityintheEmergencyDepartment.

Henderson, D., Depsey, C., Larson, K., and Appleby, D. The Impact Of
IMPACT On St. John’s Regional Health Center. Missouri Medicine, 100
(6):590–592, 2003.

Full text available at: http://dx.doi.org/10.1561/0200000036

http://www.collemergencymed.ac.uk/Shop-Floor/Professional Affairs/Quality in the Emergency Department
http://www.collemergencymed.ac.uk/Shop-Floor/Professional Affairs/Quality in the Emergency Department


132 References

Hendrich, A., Chow, M., Skierczynski, B., and Lu, Z. A 30-Hospital Time and
Motion Study: How Do Medical-Surgical Nurses Spend Their Time? The
Permanente Journal, 12(3):25–34, 2008.

Hendrich, A., Fay, J., and Sorrells, A. Effect Of Acuity-Adaptable Rooms
On Flow Of Patients And Delivery Of Care. American Journal of Critical
Care, 13(1):35–45, 2004.

Hershey, J., Weiss, E., and Cohen, M. A Stochastic Service Network Model
with Application to Hospital Facilities. Operations Research, 29(1):1–22,
1981.

Heyworth, J. Emergency Medicine-Quality Indicators: The United Kingdom
Perspective. Academic Emergency Medicine, 18(12):1239–41, 2011.

Hignett, S. and Lu, J. Evaluation Of Critical Care Space Requirements For
Three Frequent And High-Risk Tasks. Critical Care Nursing Clinics of
North America, 19(2):167–175, 2007.

Hoot, N. R. and Aronsky, D. Systematic Review Of Emergency Department
Crowding: Causes, Effects, And Solutions. Annals of Emergency Medicine,
52(2):126–36, 2008.

Hoot, N. R., Leblanc, L. J., Jones, I., Levin, S. R., Zhou, C., Gadd, C. S., and
Aronsky, D. Forecasting Emergency Department Crowding: A Prospective,
Real-Time Evaluation. Journal of American Medical Informatics Associa-
tion: JAMIA, 16(3):338–45, 2009.

Hsia, R., Kellermann, A., and Yu-Chu, S. Factors Associated With Closures of
Emergency Departments in the United States. JAMA, 305(19):1978–1985,
2011.

Hussey, P., de Vries, H., Romley, J., Wang, M., Chen, S., Shekelle, P., and
McGlynn, E. A Systematic Review Of Health Care Efficiency Measures.
Health Services Research, 44(3):784–805, 2009.

Hwang, U. and Concato, J. Care In The Emergency Department: How
Crowded Is Overcrowded? Academic Emergency Medicine, 11(10):1097–
101, 2004.

Institute for Healthcare Improvement. Collaboratives: Past Collabora-
tives And Communities, 2009. Available at http://www.ihi.org/Engage/
collaboratives/Pages/default.aspx; Accessed: 11-21-2015.

Iravani, S. M., Van Oyen, M., and Sims, K. T. Structural Flexibility: A
New Perspective on the Design of Manufacturing and Service Operations.
Management Science, 51(2):151–166, 2005.

Jackson, R. L. The business of surgery. Health management Technology, pages
20–22, 2002.

Full text available at: http://dx.doi.org/10.1561/0200000036

http://www.ihi.org/Engage/collaboratives/Pages/default.aspx
http://www.ihi.org/Engage/collaboratives/Pages/default.aspx


References 133

Jayaprakash, N., O’Sullivan, R., Bey, T., Ahmed, S. S., and Lotfipour, S.
Crowding And Delivery Of Healthcare In Emergency Departments: The
European Perspective. Western Journal of Emergency Medicine, 10:233–
239, 2009.

Jencks, S. F., WIlliams, M. V., and Coleman, E. A. Rehospitalizations among
Patients in the Medicare Fee-for-Service Program. New England Journal
of Medicine, 360(14):1418–1428, 2009.

Jennings, B. M. Patient Acuity. In Hughes, R. G., editor, Patient Safety
and Quality: An Evidence-Based Handbook for Nurses, chapter Chapter 23.
Agency for Healthcare Research and Quality (US), Rockville (MD), 2008.
Available from: http://www.ncbi.nlm.nih.gov/books/NBK2680/, Accessed:
1/14/2016.

Johns Hopkins University, Armstrong Institute for Patient Safety and Quality.
Improving The Emergency Department Discharge Process: Environmental
Scan Report. Technical report, Johns Hopkins University, Baltimore, MD,
2014. Available at http://www.ahrq.gov/professionals/systems/hospital/
edenvironmentalscan/edenvironmentalscan.pdf; Accessed: 12-25-2015.

Jones, S. S., Evans, R. S., Allen, T. L., Thomas, A., Haug, P. J., Welch, S. J.,
and Snow, G. L. A Multivariate Time Series Approach To Modeling And
Forecasting Demand In The Emergency Department. Journal of Biomedical
Informatics, 42(1):123–39, 2009.

Jordan, W. C. and Graves, S. C. Principles On The Benefits Of Manufacturing
Process Flexibility. Management Science, 41(4):577–594, 1995.

Jweinat, J., Damore, P., Morris, V., D’Aquila, R., Bacon, S., and Balcezak,
T. The Safe Patient Flow Initiative: A Collaborative Quality Improve-
ment Journey at Yale-New Haven Hospital. Joint Commission Journal on
Quality and Patient Safety, 39(10):447–459, 2013.

Kane, N. and Siegrist, R. Understanding Rising Hospital Inpatient Costs:
Key Components Of Cost And The Impact Of Poor Quality. Blue Cross
Blue Shield, 2002.

Kane, R. L., Shamliyan, T. A., Mueller, C., Duval, S., and Wilt, T. J. The
Association Of Registered Nurse Staffing Levels And Patient Outcomes.
Systematic Review And Meta-Analysis. Medical Care, 45(12):1195–1204,
2007.

Kao, E. P. C. and Tung, G. G. Forecasting Demands For Inpatient Services
In A Large Public Health Care Delivery System. Socio-Economic Planning
Science, 14(2):97–106, 1980.

Full text available at: http://dx.doi.org/10.1561/0200000036

http://www.ncbi.nlm.nih.gov/books/NBK2680/
http://www.ahrq.gov/professionals/systems/hospital/edenvironmentalscan/edenvironmentalscan.pdf
http://www.ahrq.gov/professionals/systems/hospital/edenvironmentalscan/edenvironmentalscan.pdf


134 References

Kao, E. P. C. and Tung, G. G. Aggrgate Nursing Requirement Planning in
Public Health Care Delivery System. Socio-Economic Planning Sciences,
15(3):119–127, 1981.

KC, D. and Terwiesch, C. An Econometric Analysis of Patient Flows in the
Cardiac Intensive Care Unit. Manufacturing & Service Operations Man-
agement, 14(1):50–65, 2012.

Kesavan, S., Staats, B. R., and Gilland, W. Volume Flexibility In Services:
The Costs And Benefits Of Flexible Labor Resources. Management Science,
60(8):1884–1906, 2014.

Kong, Q., Lee, C., Teo, C., and Zheng, Z. Scheduling Arrivals To A Stochastic
Service Delivery System Using Copositive Cones. Operations Research, 61
(3):711–726, 2013.

Kosecoff, J., Kahn, K., Rogers, W., Reinisch, E., Sherwood, M., Rubenstein,
L., Draper, D., Roth, C., Chew, C., and Brook, R. Prospective Payment
System And Impairment At Discharge. The ‘Quicker-And-Sicker’ Story Re-
visited. JAMA, 264(15):1980–1983, 1990.

Kroneman, M. and Siegers, J. The Effect of Hospital Bed Reduction on
the Use of Beds: A Comparative Study of 10 European Countries. Social
Science & Medicine, 59(8):1731–1740, 2004.

Kucukyazici, B., Verter, V., and Mayo, N. E. An Analytical Framework for
Designing Community-Based Care for Chronic Diseases. Production and
Operations Management, 20(3):474–488, 2011.

Kuntz, L., Scholtes, S., and Sulz, S. Managing variety in service firms: A
study of service platforms in hospitals. Working paper, 2014.

Lang, T. A., Hodge, M., Olson, V., Romano, P. S., and Kravitz, R. L. Nurse–
Patient Ratios: A Systematic Review on the Effects of Nurse Staffing on
Patient, Nurse Employee, and Hospital Outcomes. The Journal of Nursing
Administration, 34(7-8):326 – 337, 2004.

Larkin, H. Bundled Payments And The Board’s Role. Trustee, 63(9):15–18,
2010.

Latham, L. and Marshall, E. Performance-Based Financial Incentives for
Diabetes Care: An Effective Strategy? Canadian Journal of Diabetes, 39
(1):83–87, 2015.

Lee, D. and Zenios, S. Optimal Capacity Overbooking for the Regular Treat-
ment of Chronic Conditions. Operations Research, 57(4):852–865, 2009.

Full text available at: http://dx.doi.org/10.1561/0200000036



References 135

Levin, S., Harley, E., Fackler, J., Lehmann, C., Custer, J., France, D., and
Zeger, S. Real-time Forecasting of Pediatric Intensive Care Unit Length of
Stay Using Computerized Provider Orders. Critical Care Medicine, 40(11):
3058–3064, 2012.

Li, F., Gupta, D., and Potthoff, S. Improving Operating Room Schedules.
Health Care Management Science, pages 1–18, 2015.

Lim, G. J., Mobasher, A., Kardar, L., and Côté, M. J. Nurse Scheduling. In
Hall, R. W., editor, Handbook Of Healthcare System Scheduling: Delivering
Care When And Where It Is Needed, chapter 3, pages 31–64. Springer, NY,
2011.

Lion, K., Mangione-Smith, R., and M., B. Individualized Plans Of Care To
Improve Outcomes Amoung Children And Adults With Chronic Illness: A
Systematic Review. Care Management Journals, 15(1):11–25, 2014.

Litvak, E. From Front Office To Front Line: Essential Issues For Health Care
Leaders, chapter 4: Optimizing Patient Flow By Managing Its Variability,
pages 91–111. Joint Commission Resources, 2005.

Lovejoy, W. S. and Li, Y. Hospital Operating Room Capacity Expansion.
Management Science, 48(11):1369–1387, 2002.

Luke, C. Free Standing Emergency Rooms. When Do They Make
Sense?, 2008. Available at http://birminghammedicalnews.com/news.php?
viewStory=1292; Accessed: 11-21-2015.

Magerlein, J. M. and Martin, J. B. Surgical Demand Scheduling: A Review.
Health Services Research, 13(4):418–433, 1978.

Mandelbaum, A., Momc̈ilović, P., and Teytlin, Y. On Fair Routing from Emer-
gency Departments to Hospital Wards: QED Queues with Heterogeneous
Servers. Management Science, 58(7):1273–1291, 2012.

Markovich, P. A Global Budget Pilot Project Among Provider Partners And
Blue Shield Of California Led To Savings In First Two Years. Health Affairs,
31(9):1969–1976, 2012.

Mason, S. Keynote Address: United Kingdom Experiences Of Evaluating
Performance And Quality In Emergency Medicine. Academic Emergency
Medicine, 18(12):1234–8, 2011.

Mathews, W. Care Coordination Measure of a Family Medicine Residency as a
Model for Hospital Readmission Reduction. American Journal of Managed
Care, 20(11):e532–e534, 2014.

May, J. H., Spangler, W. E., Strum, D. P., and Vargas, L. G. The Surgical
Scheduling Problem: Current Research And Future Opportunities. Produc-
tion and Operations Management, 20(3):392–405, 2011.

Full text available at: http://dx.doi.org/10.1561/0200000036

http://birminghammedicalnews.com/news.php?viewStory=1292
http://birminghammedicalnews.com/news.php?viewStory=1292


136 References

McCarthy, M. L., Zeger, S. L., Ding, R., Aronsky, D., Hoot, N. R., and Kelen,
G. D. The Challenge Of Predicting Demand For Emergency Department
Services. Academic Emergency Medicine, 15(4):337–46, 2008.

McClelland, M. S., Lazar, D., Sears, V., Wilson, M., Siegel, B., and Pines,
J. M. The Past, Present, And Future Of Urgent Matters: Lessons Learned
From A Decade Of Emergency Department Flow Improvement. Academic
Emergency Medicine, 18(12):1392–9, 2011.

McHugh, M., Dyke, K. V., McClelland, M., and Moss, D. Improving Pa-
tient Flow and Reducing Emergency Department Crowding: A Guide for
Hospitals. Technical report, Agency for Healthcare Research and Quality
Publication No. 11(12)-0094, 2011.

McKee, M. Reducing Hospital Beds Policy Brief No . 6 Reducing Hospital
Beds : What Are The Lessons To Be Learned? Technical Report 6, Euro-
pean Observatory on Health Systems and Policies, 2004. http://www.euro.
who.int/__data/assets/pdf_file/0011/108848/E85032.pdf?ua=1.

McManus, M., Long, M., Cooper, A., Mandell, J., Berwick, D., Pagano, M.,
and Litvak, E. Variability In Surgical Caseload And Access To Intensive
Care Services. Anesthesiology, 98(6):1491–1496, 2003.

Medicare Payment Advisory Committee. Report To The Congress: Medicare
Payment Policy. Technical report, MEDPAC, Washington, DC, 2014.

Miller, H. E., Pierskalla, W. P., and Rath, G. J. Nurse Scheduling Using
Mathematical Programming. Operations Research, 24(5):857–870, 1976.

Moineddin, R., Meaney, C., Agha, M., Zagorski, B., and Glazier, R. H. Mod-
eling Factors Influencing The Demand For Emergency Department Services
In Ontario: A Comparison Of Methods. BMC Emergency Medicine, 11(1):
13, 2011.

Morgan, D. and Astolfi, R. Health Spending Growth at Zero: Which Coun-
tries, Which Sectors Are Most Affected? OECD HealthWorking Papers, No.
60. Technical report, OECD Publishing, 2013.

Morganti, K. G., Bauhoff, S., Blanchard, J. C., and Abir, M. The Evolving
Role of Emergency Departments in the United States. Technical report,
RAND Corporation, Santa Monica, CA, 2013.

Moz, M. and Pato, M. V. Solving the Problem of Rerostering Nurse Sched-
ules with Hard Constraints: New Multicommodity Flow Models. Annals of
Operations Research, 128(1-4):179–197, 2004.

Nacy, H., Ruth, H., and Carol, B. Registered Nurses’ Perceptions Of Com-
pensation Programs. Nursing Economist, 15(1):15–41, 1997.

Full text available at: http://dx.doi.org/10.1561/0200000036

http://www.euro.who.int/__data/assets/pdf_file/0011/108848/E85032.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0011/108848/E85032.pdf?ua=1


References 137

National Center for Health Statistics. Health, United States, 2012: With
Special Feature on Emergency Care. Technical report, National Center for
Health Statistics, Hyattsville, MD, 2013.

Needleman, J., Buerhaus, P., Mattke, S., Stewart, M., and Zelevinsky, K.
Nurse-Staffing Levels and the Quality of Care in Hospitals. The New Eng-
land Journal of Medicine, 346(22):1715 – 1722, 2002.

Niven, D. J., Bastos, J. F., and Stelfox, H. T. Critical Care Transition Pro-
grams And The Risk Of Readmission Or Death After Discharge From An
Icu: A Systematic Review And Meta-Analysis. Critical Care Medicine, 42
(1):179–187, 2014.

Noskin, G. and Peterson, L. Engineering Infection Control Through Facility
Design. Emerging Infectious Diseases, 7(2):354–357, 2001.

Nutting, P. A., Crabtree, B. F., Miller, W. L., Stange, K. C., Stewart, E., and
Jaén, C. Transforming Physician Practices To Patient-Centered Medical
Homes: Lessons From The National Demonstration Project. Health Affairs,
30(3):439–45, 2011.

OECD. Health At A Glance 2013: OECD Indicators. Technical report, OECD
Publishing, 2013.

OECD. Health Statistics 2015 - Frequently Requested Data, 2015. Available
at http://www.oecd.org/health/health-data.htm; Accessed 10-21-2015.

Olafson, K., Ramsey, C., Yogendran, M., Fransoo, R., Chrusch, C., Forget,
E., and Garland, A. Surge Capacity: Analysis of Census Fluctuations to
Estimate the Number of Intensive Care Unit Beds Needed. Health Services
Research, 50(1):237–252, 2015.

Olivares, M., Terwiesch, C., and Cassorla, L. Structural Estimation Of The
Newsvendor Model: An Application To Reserving Operating Room Time.
Management Science, 54(1):41–55, 2008.

O’Malley, A. S. After-Hours Access To Primary Care Practices Linked With
Lower Emergency Department Use And Less Unmet Medical Need. Health
Affairs, 32(1):175–83, 2013.

O’Neill, L., Rauner, M., Heidenberger, K., and Kraus, M. A Cross-National
Comparison And Taxonomy Of DEA-Based Hospital Efficiency Studies.
Socio-Economic Planning Sciences, 42(3):158–189, 2008.

Oredsson, S., Jonsson, H., Rognes, J., Lind, L., Göransson, K. E., Ehrenberg,
A., Asplund, K., Castrén, M., and Farrohknia, N. A Systematic Review Of
Triage-Related Interventions To Improve Patient Flow In Emergency De-
partments. Scandinavian Journal of Trauma, Resuscitation and Emergency
Medicine, 19(1):43, 2011.

Full text available at: http://dx.doi.org/10.1561/0200000036

http://www.oecd.org/health/health-data.htm


138 References

Ovens, H. Ed Overcrowding: The Ontario Approach. Academic Emergency
Medicine, 18(12):1242–5, 2011.

Patel, P., Derlet, R., Vinson, D., Williams, M., andWills, J. Ambulance Diver-
sion Reduction: The Sacramento Solution. American Journal of Emergency
Medicine, 24(3):206–213, 2006.

Patrick, J. Access to Long-Term Care: The True Cause of Hospital Conges-
tion? Production and Operations Management, 20(3):347–358, 2011.

Peck, J. S., Benneyan, J. C., Nightingale, D. J., and Gaehde, S. A. Predict-
ing Emergency Department Inpatient Admissions To Improve Same-Day
Patient Flow. Academic Emergency Medicine, 19(9):E1045–54, 2012.

Peck, J. S., Gaehde, S. a., Nightingale, D. J., Gelman, D. Y., Huckins, D. S.,
Lemons, M. F., Dickson, E. W., and Benneyan, J. C. Generalizability Of A
Simple Approach For Predicting Hospital Admission From An Emergency
Department. Academic Emergency Medicine, 20(11):1156–63, 2013.

Pham, J. C., Patel, R., Millin, M. G., Kirsch, T. D., and Chanmugam, A.
The Effects of Ambulance Diversion : A Comprehensive Review. Academic
Emergency Medicine, 13(11):1220–1227, 2006.

Pines, J. M. and McCarthy, M. L. Executive Summary: Interventions To Im-
prove Quality In The Crowded Emergency Department. Academic Emer-
gency Medicine, 18(12):1229–33, 2011.

Pines, J. M., Hilton, J. a., Weber, E. J., Alkemade, A. J., Al Shabanah, H.,
Anderson, P. D., Bernhard, M., Bertini, A., Gries, A., Ferrandiz, S., Kumar,
V. A., Harjola, V.-P., Hogan, B., Madsen, B., Mason, S., Ohlén, G., Rainer,
T., Rathlev, N., Revue, E., Richardson, D., Sattarian, M., and Schull, M. J.
International Perspectives On Emergency Department Crowding. Academic
Emergency Medicine, 18(12):1358–70, 2011.

Pitts, S. R., Carrier, E. R., Rich, E. C., and Kellermann, A. L. Where Ameri-
cans Get Acute Care: Increasingly, It’s Not At Their Doctor’s Office. Health
Affairs, 29(9):1620–1629, 2010.

Prabucki, L. Need To Go To The Emergency Room? Make An Appointment
Online, 2011. Available at http://www.foxnews.com/health/2011/03/01/
new-online-appointments-make-waiting-time-ers/; Accessed:08-28-2014.

President’s Council of Advisors on Science and Technology (U.S.). Report To
The President, Better Health Care And Lower Costs: Accelerating Improve-
ment Through Systems Engineering. Technical report, Executive Office of
the President, President’s Council of Advisors on Science and Technology,
Washington, District of Columbia, 2014.

Full text available at: http://dx.doi.org/10.1561/0200000036

http://www.foxnews.com/health/2011/03/01/new-online-appointments-make-waiting-time-ers/
http://www.foxnews.com/health/2011/03/01/new-online-appointments-make-waiting-time-ers/


References 139

Pricewaterhouse Coopers. The Price of Excess: Identifying Waste in
Healthcare Spending. Technical report, Pricewaterhouse Coop-
ers, http://www.pwc.com/us/en/healthcare/publications/the-price-of-
excess.html, 2011.

Proudlove, N., Boaden, R., and Jorgensen, J. Developing Bed Managers: The
Why And The How. Journal of Nursing Management, 15(1):34–42, 2007.

Qian, X., Russell, L., Valiyeva, E., and Miller, J. ‘Quicker And Sicker’ Under
Medicare’s Prospective Payment System For Hospitals: New Evidence On
An Old Issue From A National Longitudinal Survey. Bulletin of Economic
Research, 63(1):1–7, 2011.

Ramirez, A., Fowler, J., and Wu, T. Analysis Of Ambulance Diversion Policies
For A Large-Size Hospital. In Rossetti, M. D., Hill, R. R., Johansson, B.,
Dunkin, A., and Ingalls, R. G., editors, Proceedings of the 2009 Winter
Simulation Conference, Austin, TX, pages 1875–1886, 2009.

Ramirez, A., Fowler, J., and Wu, T. Design Of Centralized Ambulance Di-
version Policies Using Simulation-Optimization. In Rossetti, M. D., Hill,
R. R., Johansson, B., Dunkin, A., and Ingalls, R. G., editors, Proceedings
of the 2011 Winter Simulation Conference, Piscataway, New Jersey, pages
1251ï£¡–1262, 2011.

Ramirez-Nafarrate, A., Hafizoglu, A., Gel, E., and Fowler, J. Optimal Con-
trol Policies for Ambulance Diversion. European Journal of Operational
Research, 236(1):298–312, 2014. .

Rashid, M. A Decade Of Adult Intensive Care Unit Design: A Study Of The
Physical Design Features Of The Best-Practice Examples. Critical Care
Nursing Quarterly, 29(4):282–311, 2006.

Rawlings, S. Beyond The Universal Patient Room. Healthcare Design Maga-
zine, May, 2005.

Resar, R., Nolan, K., Kaczynski, D., and Jensen, K. Using Real-Time De-
mand Capacity Management to Improve Hospitalwide Patient Flow. Joint
Commission Journal on Quality and Patient Safety, 37(5):217–227, 2011.

Roberge, D., Pineault, R., Larouche, D., and Poirier, L. R. The Continu-
ing Saga of Emergency Room Overcrowding: Are We Aiming at the Right
Target? Healthcare Policy, 5(3):27–39, 2010.

Robertson-Steel, I. Evolution of triage systems. Emergency Medicine Journal:
EMJ, 23(2):154–5, 2006.

Rosen, M., Dietz, A., Yang, T., Priebe, C., and Pronovost, P. An Integrative
Framework For Sensor-Based Measurement Of Teamwork In Healthcare.
Journal of the American Medical Informatics Association, 0:1–6, 2014.

Full text available at: http://dx.doi.org/10.1561/0200000036



140 References

Ryan, A. and Press, M. Value-Based Payment For Physicians In Medicare:
Small Step Or Giant Leap? Annals of Internal Medicine, 160(8):565–566,
2014.

Ryckman, F. C., Yelton, P. A., Anneken, A. M., Kiessling, P. E., Schoettker,
P. J., and Kotagal, U. R. Redesigning Intensive Care Unit Flow Using Vari-
ability Management To Improve Access And Safety. The Joint Commission
Journal on Quality and Patient Safety, 35(11):535–543, 2009.

Saghafian, S., Hopp, W. J., Oyen, M. P. V., Desmond, J. S., Steven, L.,
and Kronick, S. L. Patient Streaming As A Mechanism For Improving
Responsiveness In Emergency Departments. Operations Research, 60(5):
1080–1097, 2012.

Saghafian, S., Austin, G., and Traub, S. Operations Research/Management
Contributions To Emergency Department Patient Flow Optimization: Re-
view And Research Prospects. Available at http://dx.doi.org/10.2139/ssrn.
2420163; Accessed: 12-25-2015, 2014a.

Saghafian, S., Hopp, W. J., Oyen, M. P. V., Desmond, J. S., Steven,
L., Complexity-augmented, S. L. K., and Kronick, S. L. Complexity-
Augmented Triage : A Tool For Improving Patient Safety And Operational
Efficiency. Manufacturing & Service Operations Management, 16(3):329–
345, 2014b.

San Mateo Medical Center. What’s The Wait Time? Emergency De-
partment Wait Time Calculator, 2015. Available at http://www.
sanmateomedicalcenter.org/; Accessed: 12-2-2015.

Schiff, G. System Dynamics And Dysfunctionalities: Levers For Overcoming
Emergency Department Overcrowding. Academic Emergency Medicine, 18
(12):1255–1261, 2011.

Schmidt, R., Geisler, S., and Spreckelsen, C. Decision Support For Hospital
Bed Management Using Adaptable Individual Length Of Stay Estimations
And Shared Resources. BMC Medical Informatics and Decision Making,
13(3):1–19, 2013.

Schoen, C., Osborn, R., Squires, D., Doty, M., Pierson, R., Schoen, B. C., and
Applebaum, S. New 2011 Survey of patients with complex care needs in
eleven countries finds that care is often poorly coordinated. Health Affairs,
30(12):2437–2448, 2011.

Schweigler, L. M., Desmond, J. S., McCarthy, M. L., Bukowski, K. J., Ionides,
E. L., and Younger, J. G. Forecasting Models Of Emergency Department
Crowding. Academic Emergency Medicine, 16(4):301–8, 2009.

Full text available at: http://dx.doi.org/10.1561/0200000036

http://dx.doi.org/10.2139/ssrn.2420163
http://dx.doi.org/10.2139/ssrn.2420163
http://www.sanmateomedicalcenter.org/
http://www.sanmateomedicalcenter.org/


References 141

Seiden, S. S. On The Online Bin Packing Problem. Journal of the ACM, 49
(5):640–671, 2002.

Singer, A., Thode Jr, H., Viccellio, P., and Pines, J. The Association Between
Length Of Emergency Department Boarding And Mortality. Academic
Emergency Medicine, 18(12):1324–1329, 2011.

Snow, N., Bergin, K. T., and Horrigan, T. P. Readmission Of Patients To
The Surgical Intensive Care Unit: Patient Profiles And Possibilities For
Prevention. Critical Care Medicine, 13(11):961–964, 1985.

Stichler, J. Is Your Hospital Hospitable? How Physical Environment Influ-
ences Patient Safety. Nursing for Women’s Health, 11(5):506–511, 2007.

Stichler, J. Lessons Learned From The Design Experiences. Journal of Nursing
Administration, 39(7/8):305–309, 2009.

Strasen, L. Standard Costing/Productivity Model For Nursing. Nursing Eco-
nomics, 5(4):158–161, 1987.

Sun, Y., Heng, B. H., Seow, Y. T., and Seow, E. Forecasting Daily Attendances
At An Emergency Department To Aid Resource Planning. BMC Emergency
Medicine, 9:1, 2009.

Sutherland, D. and Hayter, M. Structured Review: Evaluating the Effec-
tiveness of Nurse Case Managers in Improving Health Outcomes in Three
Major Chronic Diseases. Journal of Clinical Nursing, 18(21):2978–2992,
2009.

Suzuki, T., Nishida, M., Suzuki, Y., and Kobayashi, K. The Imminent Health-
care and Emergency Care Crisis in Japan. The Western Journal of Emer-
gency Medicine, 9(2):91–96, 2008.

Tekin, E., Hopp, W. J., and Van Oyen, M. P. Pooling Strategies For Call
Center Agent Cross-Training. IIE Transactions, 41(6):546–561, 2009.

The Henry J Kaiser Family Foundation. Distribution Of National
Health Expenditures, By Type Of Service (In Billions), 2014. Avail-
able at http://kff.org/health-costs/slide/distribution-of-national-health-
expenditures-by-type-of-service-in-billions-2012/; Accessed: 10-21-2015.

The Truth About Nursing.org. Why Are Those Nurses Hog-
ging So Much Of The Hospital Budget?!, 2011. March 25,
http://www.truthaboutnursing.org/news/2011/mar/25_hogging.html;
Accessed: 08-23-2014.

Full text available at: http://dx.doi.org/10.1561/0200000036

http://kff.org/health-costs/slide/distribution-of-national-health-expenditures-by-type-of-service-in-billions-2012/
http://kff.org/health-costs/slide/distribution-of-national-health-expenditures-by-type-of-service-in-billions-2012/


142 References

Thompson, S., Day, R., and Garfinkel, R. Improving The Flow Of Patients
Through Healthcare Organizations. In Denton, B., editor, Handbook of
Healthcare Operations Management: Methods and Applications, Interna-
tional Series in Operations Research &Management Science, 184, chapter 7,
pages 183–204. Springer, NY, 2013.

Ulrich, R. Effect Of Interior Design OnWellness: Theory And Recent Scientific
Research. Journal of Health Care Interior Design, 3:97–109, 1991.

Unruh, L. Nurse Staffing And Patient, Nurse, And Financial Outcomes. Amer-
ican Journal of Nursing, 108(1):62–71, 2008.

Urgent Care Association of America. The Case For Urgent Care.
Technical report, Urgent Care Association of America, 2011. Avail-
able at http://c.ymcdn.com/sites/www.ucaoa.org/resource/resmgr/Files/
WhitePaperTheCaseforUrgentCa.pdf; Accessed: 12-25-2015.

Van den Schrieck, J., Aksin, Z., and Chevalier, P. Peakedness Based Staffing
For Call Center Outsourcing. Production and Operations Management, 23
(3):504–524, 2014.

Véricourt, F. d. and Jennings, O. B. Nurse Staffing In Medical Units: A
Queueing Perspective. Operations Research, 59(6):1320–1331, 2011.

Vilke, G., Castillo, E., Metz, M., Ray, L., Murrin, P., Lev, R., and Chan, T.
A Prospective Study Of Minimizing Ambulance Diversion And Its Effects
On Emergency Department Census And Hospital Admissions. Annals of
Emergency Medicine, 44(4):295–303, 2004.

Wamba, S. RFID-Enabled Healthcare Applications, Issues And Benefits: An
Archival Analysis (1997-2011). Journal of Medical Systems, 36(6):3393–
3398, 2012.

Wang, W. Y., Gupta, D., and Potthoff, S. J. On Evaluating the Impact of
Flexibility Enhancing Strategies on the Performance of Nurse Schedules.
Health Policy, 93:188–200, 2009.

Wargon, M., Guidet, B., Hoang, T., and Hejblum, G. A Systematic Review
Of Models For Forecasting The Number Of Emergency Department Visits.
Emergency Medicine Journal: EMJ, 26(6):395–9, 2009.

Weaver, C., Mathews, A., and McGinty, T. Medicare Rules Re-
shape Hospital Admissions; Return-Visit Rate Drops, But Change
In Billing Tactics Skews Numbers. The Wall Street Journal,
2015. Available at http://search.proquest.com.ezp3.lib.umn.edu/docview/
1738104542/74F154E37D6D4459PQ/2?accountid=14586; Accessed: 12-02-
2015.

Full text available at: http://dx.doi.org/10.1561/0200000036

http://c.ymcdn.com/sites/www.ucaoa.org/resource/resmgr/Files/WhitePaperTheCaseforUrgentCa.pdf
http://c.ymcdn.com/sites/www.ucaoa.org/resource/resmgr/Files/WhitePaperTheCaseforUrgentCa.pdf
http://search.proquest.com.ezp3.lib.umn.edu/docview/1738104542/74F154E37D6D4459PQ/2?accountid=14586
http://search.proquest.com.ezp3.lib.umn.edu/docview/1738104542/74F154E37D6D4459PQ/2?accountid=14586


References 143

Weinick, R. M., Burns, R. M., and Mehrotra, A. Many Emergency Depart-
ment Visits Could Be Managed At Urgent Care Centers And Retail Clinics.
Health Affairs, 29(9):1630–6, 2010.

Welch, S. Using Data to Drive Emergency Department Design: A Metasyn-
thesis. Health Environments Research & Design Journal, 5(3):26–45, 2012.

Welch, S. J., Asplin, B. R., Stone-Griffith, S., Davidson, S. J., Augustine,
J., and Schuur, J. Emergency Department Operational Metrics, Measures
And Definitions: Results Of The Second Performance Measures And Bench-
marking Summit. Annals of Emergency Medicine, 58(1):33–40, 2011.

Wharam, J. F., Zhang, F., Landon, B. E., Soumerai, S. B., and Ross-Degnan,
D. Low-Socioeconomic-Status Enrollees In High-Deductible Plans Reduced
High-Severity Emergency Care. Health Affairs, 32(8):1398–406, 2013.

Whitt, W. Partitioning Customers into Service Groups. Management Science,
45(11):1579–1592, 1999.

Wiler, J., Beck, D., Asplin, B., Granovsky, M., Moorhead, J., Pilgrim, R., and
Schuur, J. Episodes Of Care: Is Emergency Medicine Ready? Annals of
Emergency Medicine, 59(5):351–357, 2012.

Wiler, J. L., Griffey, R. T., and Olsen, T. Review Of Modeling Approaches For
Emergency Department Patient Flow And Crowding Research. Academic
Emergency Medicine, 18(12):1371–9, 2011.

Woitas, M., Potthoff, S., Nelson, E., and Matticks, C. Innovative ED Design
For Patient-Centered Care. Journal of Emergency Nursing, 40(5):e105–110,
2014.

Xu, K. and Chan, C. W. Using Future Information to Reduce Waiting Times
in the Emergency Department. Available at https://web.stanford.edu/
~kuangxu/papers/EDAD_Xu_Chan_14.pdf, 2014.

Yankovic, N. and Green, L. V. Identifying Good Nursing Levels: A Queuing
Approach. Operations Research, 59(4):942–955, 2011.

Yao, W., Chu, C., and Li, Z. The Adoption And Implementation Of RFID
Technologies In Healthcare: A Literature Review. Journal of Medical Sys-
tems, 36(6):3507–3525, 2012.

Yaremchuk, K., Schwartz, J., and Nelson, M. Copayment Levels And Their
Influence On Patient Behavior In Emergency Room Utilization In An HMP
Population. Journal of Managed Care Medicine, 13(1):27–31, 2010.

Yee, T., Lechner, A., and Boukus, E. The Surge In Urgent Care Centers:
Emergency Department Alternative Or Costly Convenience. Research Brief
Number 26. Technical report, Center for Studying Health System Change,
2013. Available at http://www.ncbi.nlm.nih.gov/pubmed/25099188.

Full text available at: http://dx.doi.org/10.1561/0200000036

https://web.stanford.edu/~kuangxu/papers/EDAD_Xu_Chan_14.pdf
https://web.stanford.edu/~kuangxu/papers/EDAD_Xu_Chan_14.pdf
http://www.ncbi.nlm.nih.gov/pubmed/25099188


144 References

Zibulewsky, J. The Emergency Medical Treatment And Active Labor Act
(EMTALA): What It Is And What It Means For Physicians. Proceedings,
Baylor University Medical Center, 14(4):339–46, 2001.

Full text available at: http://dx.doi.org/10.1561/0200000036


	Introduction
	The US Context
	Hospital Service Types
	Demand Variability
	Supply Challenges
	Themes and Organization

	Operating Room Capacity Management
	Introduction
	Institutional Background
	Evidence from Data
	Operational Challenges
	State of Practice
	Current OM Approaches
	OM Opportunities

	ED Capacity Management
	Introduction
	Institutional Background
	Evidence from Data
	Operational Challenges
	State of Practice
	Current OM Approaches
	OM Opportunities

	Staffed-Bed Capacity Management
	Introduction
	Institutional Background
	Evidence from Data
	Operational Challenges
	State of Practice
	Current OM Approaches
	OM Opportunities

	Concluding Remarks
	References



