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ABSTRACT

Sherry Lynette Leviner: Going With the Flow: Left without Being Seen in the Emergency
Department
(Under the direction of Debbie Travers)

Background: Emergency Department (ED) crowding negatively impacts patient care.
Delays in receiving care increases the probability that some patients will leave without being
seen (LWBS) by a medical provider. The scope and significance of LWBS has prompted the
Centers for Medicare and Medicaid to monitor LWBS and to reimburse hospitals based on
LWBS rates. However, there is no plan to consider patient case mix or organizational
characteristics in the LWBS reimbursement program. The new reimbursement policy may
unfairly burden organizations providing care to vulnerable populations.
Objectives: The objectives of this study were to: verify the association between patient
characteristics and LWBS found in previous studies; determine if there is an association
between organizational characteristics and LWBS and explore how organizational
characteristics may moderate the relationship between patient characteristics and LWBS.
Methods: A secondary analysis of national ED data from 2007-2010 was performed.
Multilevel models were constructed to explain variance in the outcome variable, LWBS, at
the patient and organizational level. Level-1 slope coefficients were tested as random effects
and coefficients with significant random effects were included in cross-level interactions to
explain the random slope variability.
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Results: This study verified the association between patient characteristics and LWBS found
in previous studies. The following were associated with higher LWBS rates in: younger
patients, lower acuity (acuity 4 and 5), arriving after 11 a.m., and Black Non-Hispanic
Race/ethnicity. This study also found an association between organizational characteristics
and LWBS. There was variation in LWBS across hospitals, with higher LWBS rates in
metropolitan and Southern EDs. Organizational characteristics were found to moderate the
relationship between patient characteristics and LWBS, with significant cross-level
interactions for the following: Metropolitan Statistical Area (MSA) and arrival, ownership
and race/ethnicity, and region and race/ethnicity.
Conclusions: The results of this study have several implications. Regarding policy, to avoid
unfairly penalizing hospitals providing a significant amount of care to vulnerable
populations, top performers within MSA status and region should be established for
reimbursement purposes. To improve patient flow, hospitals need match capacity with
demand by establishing fast tracks dedicated to low acuity patients and implementing vertical
patient flow for acuity 3 patients.
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Not everything that can be counted counts, and not everything that counts can be counted.
Albert Einstein
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CHAPTER 1
INTRODUCTION

Description of Problem
Emergency department (ED) crowding has brought the topic of patient flow into the
national spotlight. ED crowding is a national problem negatively impacting the provision of
safe, effective, patient-centered, timely, efficient, and equitable care (Clark & Normile, 2007;
Institute of Medicine, 2006; Pines et al., 2009; Schull, Vermeulen, Slaughter, Morrison, &
Daly, 2004) because of delays in care. Longer waiting time is the result of increased ED
volume and decreased system capacity. When people wait longer in crowded EDs they are
more likely to leave before they are treated (Baibergenova, 2006; Bindman, Grumbach,
Keane, Ruach, & Luce, 1991; Batt & Terwiesh, 2012; Goldman, Macpherson, Schuh,
Mulligan, & Pirie, 2005; Hobbs, Kunzman, Tandberg, & Sklar, 2000; Liao et al., 2001; Stock
et al., 1994).
Optimal patient flow requires improved patient throughput so that the right level of
care is provided for patients (Longe, 2012) at the right time and place. Optimal patient flow
minimizes queuing or waiting (Hall, 2006). Poor patient flow is associated with delays and
increased risk of leaving the ED without being seen (LWBS). Characteristics such as ED
volume (Handel et al., 2013), county ownership (Hsia, Asch, et al., 2011), teaching hospitals
(Hsia, Asch, et al., 2011; Pham, Ho, Hill, McCarthy, & Pronovost, 2009), trauma centers
(Hsia, Asch, et al., 2011), and location in metropolitan areas (Pham et al., 2009) predispose
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some organizations to congestion, leading to delays that increase the risk of LWBS. Patient
characteristics such as age, gender, triage acuity (a score indicating how quickly a patient
needs to be treated), race, ethnicity, and arrival time have been associated with higher LWBS
rates (Arendt, Sadosty, Weaver, Brent, & Boie, 2003; Baker, Stevens, & Brook, 1991;
Baibergenova, 2006; Bourgeois, Shannon, & Stack, 2008; Ding et al., 2006; Dos Santos,
Stewart, & Rosenberg, 1994; Gilligan et al., 2009; Goldman et al., 2005; Goodacre &
Webster, 2005; Hsia, Asch, et al., 2011; Johnson, Myers, Wineholt, Pollack, & Jusmiesz.,
2009; Kronfol, Childers, & Caviness, 2006; Pham et al., 2009; Sun, Bindstadt, Pelletier, &
Camargo, 2007).
Patients are categorized as LWBS when they leave the ED prior to examination by a
medical provider. From 1998 to 2006, 1.8 million patients left EDs in the United States
(U.S.) which is 1.7 per 100 ED visits (Pham et al., 2009). The scope and significance of
LWBS has prompted regulatory agencies to address it. The Centers for Medicare and
Medicaid Services (CMS) have included LWBS in the Hospital Outpatient Quality Reporting
Program (Medicare & Medicaid Programs, 2011). LWBS rates are reported on the hospital
care website (Centers for Medicare and Medicaid, 2014a) as a measure of ED throughput and
in 2014 CMS began a program to reimburse hospitals based on LWBS rates.
The LWBS measure is calculated as the percentage of patients who leave prior to
being evaluated by a physician, Advanced Practice Nurse or Physician Assistant (the number
of patients who LWBS is the numerator and the denominator is the total number of patients
presenting to ED for care (Centers for Medicare and Medicaid, 2014b). Using the
Achievable Benchmarks of Care (ABC) Methodology, hospital performance is compared
with other hospitals across the nation (Centers for Medicare and Medicaid Services, n.d.).
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The ABC methodology is promoted as an objective benchmarking tool (Kiefe et al., 1998).
This tool is used to identify the top performers on a measure. Through use of this tool all
organizations are compared based on LWBS. It does not stratify comparisons based on
organizational characteristics or patient mix. While CMS has begun to reimburse top
performing organizations based on lower LWBS rates (e.g., hospitals with the lowest LWBS
rates in their EDs), it does not consider characteristics of organizations or their patient mix.
Failure to stratify LWBS based on these unmodifiable characteristics may unfairly burden
organizations serving a higher proportion of vulnerable populations such as low-income and
poorly insured patients (Hsia, Asch, et al., 2011).
The current research is focused heavily on patient-level determinants of LWBS such
as age, triage acuity, race, ethnicity, arrival time, and perceived length of wait time in singlesite studies (Arendt et al., 2003; Ding et al., 2006; Dos Santos et al., 1994; Johnson et al.,
2009; Kronfol et al., 2006; Sun et al., 2007). However, patient characteristics alone do not
fully explain why patients LWBS. For example, patients frequently report that they leave
because they were tired of waiting due to prolonged waiting for treatment (Baker et al., 1991;
Bindman et al., 1991; Stock et al., 1994). Which leads to the question, why are patients
waiting for long periods of time in the ED? In order to understand why patients are waiting,
we need to examine the context where care is provided in addition to patient characteristics.
The context where care is provided has an influence on a patient’s decision to LWBS
because of the delays that result from organizational efficiency. “An organization’s
workflow is comprised of the set of processes it needs to accomplish, the set of people or
other resources available to perform those processes, and the interactions among them” (Cain
& Haque, 2008, p. 1). Workflows influence organizational efficiency (Cain & Haque, 2008).
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Workflows may be intentionally designed or arise and evolve based on the needs of the
organization (Cain & Haque, 2008). Due to design, some organizations may have more
efficient workflows leading to fewer delays in care and as a result, fewer patients LWBS.
The needs of the organization are determined by organization-level variables such as
the level of public accountability (ownership; Daft, 2010), and environmental demands (Daft,
2010) that the organization must manage that are represented by Metropolitan Statistical
Area (MSA) status and region (Scott & Davis, 2007). Research examining the effect
organizational variables have on LWBS has been limited to single-site or (Hobbs et al., 2000;
Polevoi, Quinn, & Kramer, 2004; Stock et al., 1994) single state studies (Hsia, Asch, et al.,
2011). These studies have limited generalizability to the vast majority of hospitals in the
United States (Governmental Accountability Office, 2009) that will be affected by CMS’s
LWBS rate-based policy.
Although various patient and organizational characteristics have been associated with
LWBS, they do not fully explain LWBS in EDs. For example, why are some patients with
similar chief complaints (e.g., ankle injury) more likely to LWBS from inner city EDs than
other patients? A system is “a set of connected or interdependent things” (Zimmerman,
Lindberg, & Plsek, 2008, p. 8) but hospitals are more than just a connection or
interdependent things. Hospitals are a special type of system known as a complex adaptive
system. It is complex because of the multiple combinations of people and events that occur
on a daily basis. It is adaptive because each of these people and events shape the overall
behavior of the system through their interactions (Clancy, Effken, & Pesut, 2008). There is
uncertainty in complex adaptive systems because we are unable to predict behavior and
outcomes. Outcomes in hospitals are dependent on the relationships and interactions within
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the system (Zimmerman et al., 2008). The interactions among the component parts make the
system nonlinear; the interaction among the parts changes behavior depending on the context
of the interaction (Wheatley, 2006). This interaction makes the whole greater than the sum
of the parts (Perez & Liberman, 2011). In other words, you cannot predict outcomes by
studying parts of the system in isolation. When a system is reduced to component parts,
information is lost (Perez & Liberman, 2011) because we are unable to understand how those
parts interact.
Previous studies have not addressed the interaction between patient (an individual
level variable or Level-1) and organizational (higher level or Level-2) variables and the
effect this interaction may have on LWBS. Interactions between different levels are known
as cross-level interactions. These cross-level interactions can be moderating effects and
involve independent variables from level-1 and level-2 (Hox, 2010). The presence of a
cross-level interaction indicates that the relationship between an independent variable and the
outcome variable is dependent on a third variable (Heck & Thomas, 2009). The relationship
between a predictor in a cross-level interaction and an outcome variable should not be
interpreted without considering the interaction effect to provide a more accurate explanation
of the results (Hox, 2010).
Research Study Addresses Problem
There is an incomplete understanding of LWBS due to the absence of published
research about organizational-level variables and the interaction between patient and
organizational variables in previous studies. Evaluating patient and organizational level
predictors along with cross-level interactions is needed to fully understand the impact of
LWBS in 4800 hospitals in the United States. The study described in this dissertation
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addresses these issues and is uniquely relevant to the new CMS policy because it sheds light
on the relationship between patient and organizational characteristics and LWBS. In it the
relationships between patient characteristics, organization characteristics and LWBS are
examined to understand which variables affect patient flow in hospitals. It was hypothesized
that increased LWBS would occur in hospitals with poor patient flow, and that LWBS would
be lower in hospitals with optimal patient flow.
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CHAPTER 2
LITERATURE REVIEW AND CONCEPTUAL FRAMEWORK

Introduction
Patient flow is the management and coordination of treatment in a hospital (Fieldston,
n.d.); it implies progressive movement (National Health Service, 2011). Patient flow is one
component of providing ideal care; it can lead to improvements in safety and reliability. Safe
care is provided when patients are not harmed by healthcare manner (Nolan, Resar, Haraden,
& Griffin, 2004). Harm can occur because of errors during the intervention or delays in
performing the intervention. Reliability is “failure-free operation over time” (Nolan et al.,
2004, p. 3). Healthcare is reliable when evidence-based care is provided and interventions are
provided in a timely manner (Nolan et al., 2004). Ideal care occurs when the patient receives
safe, reliable care, in a timely manner see Figure 1 (National Health Service, 2011). Optimal
patient flow minimizes waiting (Hall, 2006). However, patient flow should never be
optimized to the point that it compromises the safety or reliability of care.

Figure 1. Ideal Care.
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Poor patient flow impacts the quality of care (Ding, Jung, Kirsch, Levy, & McCarthy,
2007; Sikka, Mehta, Kauchy, & Kulstad, 2010). When patient flow is not optimal, patients
experience delays in treatment (Hall, 2006) and increased risk of LWBS. ED crowding
occurs when 100% of ED beds are filled and the number of patients waiting is greater than
50% of the ED beds (Kolb, Peck, Schoening, & Lee, 2008). The inability to move admitted
patients out of the ED to an inpatient unit is the most common contributor to ED crowding
(Pines et al., 2011). Admitted patients who remain in the ED because inpatient beds are not
available impact the flow for all patients in the ED. The availability of inpatient beds is
influenced by patient characteristics and organizational characteristics (Institute for
Healthcare Improvement, 2014).
Theoretical Framework and Conceptual Model
The theoretical framework for the study is identified from a review of the Emergency
Medicine literature on ED crowding. The Input/Throughput/Output Model of patient flow
(Asplin et al., 2003), along with concepts from Traffic Flow Theory (TFT), provides a
framework for understanding patient flow. The conceptual model of LWBS in Figure 2
provides a framework for ED patient flow and depicts the relationships between key
variables related to LWBS.
The goal of Traffic Flow Theory (TFT) is efficient flow and minimal congestion of
vehicles on the highway (Maerivoet & DeMoor, 2008). Maximal flow is produced by a
critical combination of density and speed. Density is the number of vehicles on the roadway.
Speed is the distance a vehicle covers per unit time.
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Figure 2. Conceptual Model of LWBS.
Congestion, excessive crowding, occurs when density and speed are not optimal.
Congestion or poor flow occurs when density becomes so high that it limits speed (e.g., cars
in rush hour traffic) or when speeds are slow, a slow moving car on a two-lane road that
other cars cannot pass. Understanding why congestion exists is a key factor in improving
flow. The most obvious method for improving flow, when congestion exists, is to increase
capacity. However, increasing capacity is not always feasible due to limited financial
resources.
Patient flow is similar to vehicle flow on a highway. LWBS is a patient outcome and
it is an indicator of patient flow (Figure 2); poor patient flow results in higher LWBS and
optimal patient flow results in lower LWBS. LWBS is dependent on two components:
patient and organizational characteristics. Patient characteristics influence a person’s
decision to seek care (Aday & Awe, 1997) and therefore, impact density. Organizational
characteristics influence the process of care, what is done for the patient, and the timeliness
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of treatment (speed). These components are not mutually exclusive—density influences
speed and speed, in turn, is influenced by density. Density is determined by the input
component of patient flow and speed is determined by the throughput and output components
of patient flow.
Literature Review
The input component reflects the demand for ED services (Asplin et al., 2003).
While the ED was originally established to treat and stabilize emergency medical conditions,
this role has been expanded under the Emergency Medical Treatment and Active Labor Act
(EMTALA). The ED is considered a safety net provider because EMTALA requires the ED
to perform a medical screening exam on everyone who presents for treatment regardless of
the ability to pay. EDs (county-owned and teaching hospitals) serving communities with a
higher proportion of vulnerable populations (poorly insured and low income; Hsia, Asch, et
al., 2011) will experience increased input (density of patients). As the density increases, the
number who LWBS also increases due to increased wait times (Hing & Bhuiya, 2012).
The throughput component consists of treatment that is provided during the ED stay.
Although this component is often thought to reflect organizational efficiency within the ED
(Asplin et al., 2003), it is also affected by the input and output components. Throughput or
length of stay (LOS) (speed of treatment) is dependent on patient and disease characteristics
and organizational level factors (Asaro, Lewis, & Boxerman, 2007). Increased input
(density) has been significantly associated with longer LOS in the ED (Hing & Bhuiya, 2012;
Timm, Ho, & Luria, 2008). ED length of stay (LOS) increases as hospital occupancy
exceeds 90% (p = 0.01; Forster, Stiell, Wells, Lee, & Walraven, 2003) due to delayed
disposition of admitted patients from the ED.
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Khanna, Boyle, Good, and Lind (2012) identified three critical occupancy levels, or
choke points, where patient flow declines: 91%, 96% and 99% occupancy. These three
choke points vary depending on the size of the hospital; smaller hospitals (0-300 beds) were
able to operate more efficiently at higher occupancy levels than larger hospitals (301-900
beds and 901 or more beds; Khanna et al., 2012). However, relationship between demand
and wait times is nonlinear and is impacted by average service time (Hall, 2006). So systems
with faster average service time are expected to experience decreased average delays. Forprofit hospitals, which typically see more insured individuals, have increased economic
incentive to reduce average delays (Hall, 2006). Therefore, for-profit hospitals are expected
to have fewer LWBS compared to hospitals that are owned by the county and government,
and teaching facilities.
Patient disposition from the ED is reflected in the output component (Asplin et al.,
2003). The output component (speed of disposition) is affected by the input (density),
throughput (speed of treatment) and the community (primary care, specialty referral, and
long-term care facilities). Inability to move admitted patients to inpatient beds is a main
contributor to delays in the ED (Institute of Medicine, 2006; Government Accountability
Office, 2009). Patients who remain in the ED after a decision to admit has been made are
known as boarders. Boarding is associated with increased mortality and longer LOS for
intensive care unit (ICU) patients. It appears that ICU patients, because of their higher
acuity, benefit from care that is provided in a controlled environment with lower nurse-topatient ratios than crowded EDs offer. Certain patients are at increased risk for boarding:
black, female, and the elderly (Chalfin, Trzeciak, Likourezos, Baumann, & Dellinger, 2007);
perhaps because these patients are more likely to visit overburdened hospitals. Boarding
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patients in the ED impacts the ability of the ED to care for new patients; as the density, the
number of patients increase, flow and speed decrease.
Consequences of Poor Patient Flow
Poor patient flow is associated with prolonged waiting times and increased risk of
LWBS (Bindman et al., 1991; Goldman et al., 2005; Ibanez, Guerin, & Simon, 2011; Stock
et al., 1994). The amount of time people wait to be seen in the ED is the most commonly
cited reason why people LWBS (Ding et al., 2006; Johnson et al., 2009; Kronfol et al., 2006).
Patient satisfaction is closely related to waiting; as wait time increases patient satisfaction
decreases (Pines, 2006).
Adverse outcomes. Patients receive quality care when they receive “standard clinical
treatment” (Nugus & Braithwaite, 2009, p.511). When patients LWBS from the ED, they do
not receive standard clinical treatment. This has the potential to lead to adverse outcomes.
Patients who LWBS from the ED are twice as likely to report worsening symptoms
compared to those who do not LWBS (Bindman et al., 1991). Patients who LWBS and
return are more likely to require hospitalization (2.6%) compared to those who are admitted
and return (0.6%) (Ding et al., 2007). In one study, 2.5% of patient who LWBS and returned
were hospitalized for complications (deep vein thrombosis, drug allergy, chest pain
surveillance) following the LWBS visit (Ibanez et al., 2011).
Despite the potential for adverse outcomes, there are relatively few adverse outcomes
in the LWBS population reported in the literature; most studies report adverse outcomes
under 3%. However, the low rate of adverse outcomes could be because the studies are
underpowered to detect adverse events due to difficulty contacting this population in extant
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studies (Fernandes, Daya, Barry, & Palmer, 1994; Johnson et al., 2009; Mohsin et al., 2007;
Rowe et al., 2006).
Delayed care. During the period 1998-2006, the national LWBS rate was 1.7 per 100
ED visits (Pham et al., 2009). There was a total of 119.2 million ED visits in 2006 (Pitts,
Niska, Xu, & Burt, 2008). In relation to the total ED visits, the LWBS rate is low, however
these patients who LWBS are often disadvantaged and lack access to alternative care.
Patients who LWBS are more likely to be: younger (Ding et al., 2006; Pham et al., 2009;
Sun et al., 2007), minority (Pham et al., 2009; Sun et al., 2007), urban dwellers (Bourgeois
et al., 2008; Sun et al., 2007), uninsured or underinsured (Ding et al., 2006; Pham et al.,
2009; Sun et al., 2007), and lower triage acuity (Pham et al., 2009) compared to patients who
do not LWBS. Therefore, LWBS leads to disparities in care because disadvantaged
populations (minorities and uninsured/underinsured individuals) lack other alternatives to
care.
Delays in care are not limited to adults only. Researchers have found that pediatric
patients also experience delays in crowded EDs. Kennebck, Tim, Kurowski, Byczkowski,
and Reeves (2011) found an association between ED crowding and delays in delivery of the
critical first dose of antibiotics to neonates. Sills, Fairclough, Ranade, Mitchell, and Kahn
(2011) determined that pediatric patients were less likely (4-47%) to receive timely analgesia
for isolated, long-bone fractures when EDs were crowded and that treatment was less likely
(3-17%) to be effective (p < .05) as compared to less crowded EDs. They also found that two
measures, total patient care hours and number arriving in six hours, showed a consistent
dose-related, inverse association with quality of care (Sills et al., 2011).
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Other researchers have also found a relationship between crowding and timeliness of
care. Sikka et al. (2010) found an association between ED occupancy rate and increased time
to administer antibiotics to patients with pneumonia (Spearman ρ = 0.17, P = .008); increased
occupancy rate was associated with decreased odds of receiving antibiotics within 4 hours
(odds ratio [OR] =.31; 95% confidence interval [CI]: (0.13, 0.75).
Interventions Aimed at Improving Flow
Most interventions have targeted processes within the ED; few have targeted flow
within the larger hospital system. Most of the interventions have made only a small impact
in ED crowding overall because the interventions have lacked a system-wide focus.
Patient segmentation/streaming. Patient segmentation involves separating patients
based on triage acuity. The most widely implemented form of patient segmentation is fast
track. Patients with lower triage acuity are seen in a separate area. Considine, Kropman,
Kelly, and Winter (2008) performed a case-control study after fast track implementation.
They found that overall length of stay decreased from 132 minutes to 116 minutes (p < .01).
They also found that LOS decreased for lower acuity patients (p < .01). Coombs, Chapman,
and Bushby (2006) found that the number of patients who LWBS decreased from 10% to
5.4% after implementing fast track. Leraci, Sonntag, Dann, and Fox (2008) also found
reductions in the number of LWBS (from 6.2% to 3.1%) and additionally they found
decreased wait times (from 55 minutes to 32 minutes) and treatment times (209 minutes to
191 minutes) after fast track was implemented.
Triage. Many interventions have been directed at improving the triage process.
Placing a physician in triage has had success in decreasing the amount of time patients spent
waiting because orders are written and started before the patient is placed in an ED bed
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(Chan, Killeen, Kelly, & Guss, 2005; Holroyd et al., 2007). Many studies have found that
the number of LWBS decreased (Han et al., 2008; Holroyd et al., 2007). However, most of
the interventions have not continued long term due to the lack of available physicians (Choi,
Wong, & Lau, 2006).
The expense of placing physician in triage was not addressed by these studies. Russ,
Jones, Aronsky, Dittus, and Slovis (2010) found that waiting room time and overall LOS
increased but the amount of time patients spent in an ED bed decreased. Subash, Dunn,
McNicholl, and Marlow (2003) found that a physician in triage significantly decreased time
to triage (from 7 minutes to 2 minutes; p = .029) and time to doctor (from 32 minutes to 2
minutes; p = .029); however time to analgesia (from 37.5 minutes to 13 minutes; p = .4) and
time to discharge (from 82 minutes to 37 minutes; p = .057) were not significantly impacted.
Holding unit. Holding units enable admitted patients to move out of the ED and open
up a treatment space for new patients. Gomez-Vaquero et al. (2009) examined the effect of a
holding unit on the number of boarders in the ED, number of elective admissions, number of
cancelled elective admissions, and ED LOS. The creation of a holding unit decreased the
number of boarders by 55.6% (mean difference = -5.1; 95% CI: (-5.9, -4.3). The ED LOS
increased 6.9% (p < .001) and the ED census increased 3.1% during the study period. There
was no change in the number of elective admissions or the number of cancelled elective
admissions.
Vertical patient flow. The idea behind vertical patient flow is to maintain open ED
beds for those patients with the highest acuity or who are unable to tolerate sitting in an
upright position. Patients who are waiting for results can be sent to a results pending area
where they wait for results, thereby opening up beds for additional patients (Smith, 2012).
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This front-end initiative has the potential to increase throughput for lower acuity patients and
decrease the number of LWBS.
National Regulations, Policies Regarding LWBS
LWBS has received the attention of regulatory agencies. The Joint Commission
established standard LD.04.03.11 to address patient flow in hospitals (Joint Commission,
2004). The Centers for Medicare and Medicaid Services (CMS) have included LWBS as part
of the Hospital Outpatient Quality Reporting Program (HOQRP) (Medicare & Medicaid
Programs, 2011) and as of 2014 hospitals are now reimbursed based on LWBS rates.
The new CMS policy holds all organizations accountable to one standard LWBS rate.
The policy will not consider patient or organizational factors, factors that influence LWBS
rates. This new policy may adversely impact organizations providing a greater amount of
care to populations who are more likely to LWBS. This includes low-income and poorly
insured patients, as well as Medicaid and uninsured patients which are an indication of
safety-net burden (Burt & Arispe, 2004). These hospitals would likely receive lower
reimbursement under the proposed plan and, therefore widen the gap of disparities in care.
Summary
Poor patient flow creates delays in care. Delays in care lead to prolonged waiting times
and increase the likelihood that patients will LWBS. LWBS is an indicator of poor patient
flow and affects the quality and reliability of health care. The fact that many of the patients
who LWBS are from vulnerable populations reinforces the need to continue studying LWBS
and developing additional interventions to decrease LWBS.
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CHAPTER 3
SPECIFIC AIMS

Introduction
This chapter includes a discussion of the study’s significance and the final conceptual
model, which provides a framework for ED patient flow and depicts the relationships
between key variables related to LWBS. The specific aims addressed in the study are also
presented and discussed in this chapter. The specific aims are:
Aim 1: What is the relationship between selected patient characteristics and LWBS?
Aim 2: What is the relationship between organizational characteristics and LWBS?
Aim 3: Do organizational characteristics moderate the relationship between patient
characteristics and LWBS?
Significance
This study built on knowledge generated from previous studies about LWBS. Patient
characteristics have been the focus of LWBS; however, the setting where care is delivered
may be just as important as the characteristics of those who seek out care. Our current
understanding of the relationships between patient and organizational characteristics and
LWBS is limited because the researchers who have examined organizational characteristics
(Hsia, Asch, et al., 2011; Pham et al., 2009) have not examined potential cross-level
interactions. We now have policy that is based on incomplete information. Organizations
will be evaluated and reimbursed based on LWBS rates without regard to their patient mix
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and organizational characteristics; both of which the organization cannot control. The
proposed research study is innovative because it represents a new approach to understanding
LWBS. The proposed study will provide insight into the relationships between patient and
organizational characteristics and LWBS using a national data source.
The study was significant because it examined the effect of cross-level interactions
between patient and organizational characteristics on LWBS. This study has the potential to
lead to new approaches in the management of LWBS, and it has significant policy relevance.
The new CMS program to reimburse organizations based on LWBS rates (Medicare &
Medicaid Programs, 2011) without considering patient mix and organizational characteristics
has the potential to negatively impact organizations that provide safety net care. This could
widen disparities in care since vulnerable populations often depend on the ED as a source of
care.
The new CMS plan is taking effect just as many Americans gain healthcare coverage
under the Affordable Care Act (ACA). The ACA will impact organizations in at least two
ways: volume seeking ED care and reimbursement for safety net care. While the ACA
provides insurance coverage to many Americans who previously lacked coverage, it does not
guarantee access to a primary care provider. Based on ED utilization in Massachusetts after
health care reform in 2006 (Smulowitz, O’Malley, Yang, & Landon, 2014), these newly
insured individuals will likely turn to the ED for care further increasing the demand for ED
services, leading to increased wait times and potentially higher numbers of patients who
LWBS. Based on the assumption that fewer Americans will be uninsured and underinsured,
the ACA will decrease funds to the Disproportionate Share Hospital (DSH) programs (Davis,
2012). This means that organizations will receive less reimbursement for providing care to
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safety net populations; this will be especially problematic in states that do not expand
Medicaid eligibility and in areas with undocumented immigrants. The majority of the states
not expanding Medicaid eligibility are located in the south (Heberlein, Brooks, Artiga, &
Stephens, 2013).
As the demand for health services increases under the ACA, the ability to meet that
demand will be affected by the automatic spending cuts that are occurring under the Budget
Control Act of 2011. Medicare spending will decrease by 2% per year. Hospitals will need
to decide how they will manage the decreased reimbursement. For some, this may mean
doing more with less staff.
The findings of the proposed study can inform policy by examining the relationships
between patient, organizational characteristics and LWBS. This study is timely because as
the volume of ED visits is projected to increase, reimbursement for safety net care will be
cut, and CMS is starting to reimburse hospitals based on LWBS rates.
Specific Aims
The conceptual model of LWBS is presented in Figure 3 along with the specific aims
to be addressed in the study. In order to avoid problems of aggregation and disaggregation of
data, this study will use multilevel modeling (MLM) to examine the relationships between
patient (Level-1) and organizational characteristics (Level-2) and LWBS (Level-1). Level-1
refers to the lowest level in the hierarchy, usually individuals (Hox, 2010). These individuals
are nested within Level-2 groups, hospitals in this case, which are the highest level in the
hierarchy.

Using MLM allows inferences about variation in the dependent variable, LWBS,

to be made at the patient and organizational level simultaneously. It also allows for the
examination of cross-level interactions. Previous studies on LWBS have focused on patient-
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level determinants of LWBS (Arendt et al., 2003; Ding et al., 2006; Dos Santos et al., 1994;
Johnson et al., 2009; Kronfol et al., 2006; Sun et al., 2007). The majority of studies on
LWBS have limited generalizability to hospitals nationally because they have been singlesite studies (Ding et al., 2006; Hobbs et al., 2000; Johnson et al., 2009; Kronfol et al., 2006;
Polevoi et al., 2004) or single-state studies (Hsia, Asch, et al., 2011).

Figure 3. Final Conceptual Model of LWBS.
Aggregation of patient-level predictors (Hsia, Asch, et al., 2011) has prevented some
researchers from making inferences about the patient-level or cross-level interactions
between the patient and organization. Others who have examined national data (Bourgeois et
al., 2008; Handel et al., 2013; Pham et al., 2009) of LWBS have identified predictors of
LWBS but have not taken full advantage of the hierarchical nature of the data they have
examined because they ignored clustering. Ignoring clustering of data that occurs due to the
sampling process can lead to incorrect assumptions because of correlated error terms and
biased estimates of standard errors (Raudenbush & Bryk, 2002).

20

The objectives of this multilevel study were to use a nationally representative dataset
to: (a) verify the association between patient characteristics and LWBS found in previous
studies with smaller samples, (b) determine if there is an association between high volume
organizational characteristics and LWBS, and (c) determine if organizational characteristics
moderate the relationship between patient characteristics and LWBS.
Aim 1: What is the Relationship between Selected Patient Characteristics and LWBS?
Patient characteristics reflect the input/density component in the conceptual model of
LWBS (Figure 3). Previous research has found that patient characteristics influence LWBS
(Arendt et al., 2003; Ding et al., 2006; Dos Santos et al., 1994; Johnson et al., 2009; Kronfol
et al., 2006; Sun et al., 2007). However, these studies involve single hospitals. In the
proposed study, the relationship between patient characteristics and LWBS will be verified
using a nationally-representative data set. A summary of patient characteristics associated
with LWBS that were examined in this study is provided in Table 1, which also includes a
list of the previous studies on each variable.
Age. Patient age has been associated with LWBS. Older patients are less likely to
LWBS (Ding et al., 2006; Pham et al., 2009) while younger patients are more likely to
LWBS (Baibergenova, 2006; Ding et al., 2006; Johnson et al., 2009; Pines, Decker, & Hu,
2012; Sun et al., 2007) during periods of poor flow. It is possible that younger patients are
deemed more stable and, as a result, wait longer than older patients who are considered
higher risk due to comorbidities (Mohsin et al., 2007). Older patients also require more
resources, possibly leading to slower flow for other patients who are at increased risk for
LWBS (Ding et al., 2006; Johnson et al., 2009; Pines et al., 2012; Sun et al., 2007). In 2007,
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patients age 75 and older were the most frequent users of EDs (Garcia, Bernstein, & Bush,
2010).
Table 1
Patient Characteristics and Relationship with Left without Being Seen
Variables

Relationship with LWBS

Age

Older patients less likely to LWBS
Younger patients (18-24 years) more likely to
LWBS.

Triage
Acuity

Lower triage acuity is associated with longer LOS.
Lower triage acuity is associated with higher
LWBS.

Gender

Males are more likely to LWBS.
Females have higher percentage of LWBS
No significant difference in LWBS based on
Gender

Race

Black patients had higher risk of LWBS compared
to White patients.

Ethnicity
Arrival
Time

Hispanics have higher percentage of LWBS
7p-11p greatest number of LWBS.
4p-11p greatest number of LWBS.
Nights have higher LWBS

Day of week

Sunday, Saturday, Monday highest LWBS

Source of Evidence
Baibergenova (2006)
Ding et al. (2006)
Johnson et al. (2009)
Pham et al. (2009)
Pines et al. (2012)
Sun et al. (2007)
Baibergenova (2006)
Bourgeois et al. (2008)
Gilboy, Tanabe, Travers, Rosenau, and
Eitel (2011)
Gilligan et al. (2009)
Goldman et al. (2005)
Goodacre and Webster (2005)
Liao et al. (2001)
Mohsin et al. (2007)
Pham et al. (2009)
Sun et al. (2007)
Baker et al. (1991)
Bourgeois et al. (2008)
Goodacre and Webster (2005)
Johnson et al. (2009)
Mohsin et al. (2007)
Pham et al. (2009)
Sun et al. (2007)
Bourgeois et al. (2008)
Ding et al. (2006)
Hsia, Asch, et al. (2011)
Pham et al. (2009)
Shen and Hsia (2010).
Pham et al. (2009)
Bourgeois et al. (2008)
Kronfol et al. (2006)
Gilligan et al. (2009)
Goodacre and Webster (2005)
Liao et al. (2001)
Gilligan et al. (2009)
Mohsin et al. (2007)

Anecdotally, younger patients are more likely to take risks and are more comfortable
leaving before they have been evaluated. While unsubstantiated in the literature, another
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possible explanation for increased LWBS rates among younger patients is that these patients
have family responsibilities and leave in order to meet these responsibilities.
Triage acuity. Triage acuity reflects patient illness level and predicted resource use
(Gilboy et al., 2011). Multiple researchers have found an association between LWBS and
triage acuity; lower triage acuity (i.e., less urgent problem) is associated with higher LWBS
rates (Baibergenova, 2006; Bourgeois et al., 2008; Gilligan et al., 2009; Goodacre &
Webster, 2005; Goldman et al., 2005; Liao et al., 2001; Mohsin et al., 2007; Pham et al.,
2009; Sun et al., 2007). In the ED, patients are seen and treated based on triage acuity rather
than time of arrival. The purpose of triage is to sort patients into categories and determine
those patients who are unable to wait for care (Gilboy et al., 2011). This means that patients
with lower triage acuity are deemed stable enough to wait for care. These patients with
lower triage acuity leave because they are tired of waiting (Baker et al., 1991; Bindman et al.,
1991; Stock et al., 1994) and due to the lower acuity they have the ability to leave. EDs that
treat a greater percentage of high acuity patients have decreased throughput and increased
LWBS because these patient require more diagnostic testing. Gardner, Sarkar, Maselli, and
Gonzales (2006) found that LOS was longer for patients who received diagnostic testing.
Gender. Researchers have not found a consistent relationship between gender and
LWBS, possibly due to methodological differences in study design. Among those
researchers who have found a relationship, the majority have found that men are more likely
to LWBS compared to women (Baker et al., 1991; Goodacre & Webster, 2005; Johnson et
al., 2009; Mohsin et al., 2007). Only Sun et al. (2007) found that women were more likely to
LWBS. While none of the studies speculated as to why there was a gender difference in
LWBS, it is possible that men are greater risk takers than women and, therefore, are more
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willing to LWBS. Women are more likely to be caregivers and may leave to continue their
duties.
Race and ethnicity. Race and ethnicity have also been associated with increased risk
of LWBS (Bourgeois et al., 2008; Ding et al., 2006; Hsia, Asch, et al., 2011, Pham et al.,
2009; Shen & Hsia, 2010). Vulnerable populations may be more dependent on the ED for
care (Shen & Hsia, 2010); non-Hispanic blacks had the highest ED utilization of any group in
2007 (Garcia et al., 2010). Compared to white patients, black patients had a higher risk of
LWBS (Bourgeois et al., 2008; Ding et al., 2006; Hsia, Asch, et al., 2011; Pham et al., 2009;
Shen & Hsia, 2010). Perhaps the increased risk of LWBS is due to perceived racism within
the healthcare system; African Americans have stronger beliefs about racial discrimination
than other racial groups (Chen, Fryer, Phillips, Wilson, & Pathman, 2005). Anecdotally,
ethnic and racial minorities may think they are required to wait because of their racial or
ethnic background.
Race and ethnicity also affect throughput. LOS is longer for Hispanics (Gardner et
al., 2006); leading to decreased throughput and increased LWBS for other patients. The
increased LOS for Hispanics may be related to language barriers and the need to use
interpreter services.
Arrival Time. Patients who arrive after 4 p.m. have increased risk of LWBS
(Bourgeois et al., 2008; Gilligan et al., 2009; Goodacre & Webster, 2005; Kronfol et al.,
2006; Liao et al., 2001). This is a time of peak patient arrivals in most EDs; in 2006, more
than half of all ED patients arrived after business hours (Monday-Friday 8 a.m. to 5 p.m.).
The busiest time of day was from 6 p.m. to 7 p.m. (Pitts et al., 2008). Patients who arrive
during these peak times encounter longer waits. Patient flow may also decrease during this
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time due to shift change between 6 p.m. and 7 p.m., a time when the off-going shift is
attempting to wrap up their work and the on-coming shift is getting oriented with their
patient assignment. Typically, most hospitals operate inpatient units with reduced staff
during night shifts. This may mean that the ED holds admitted patients longer and, therefore,
the flow for new patients decreases.
Day of week. Rates of LWBS are higher on weekends and Mondays (Gilligan et al.,
2009; Mohsin et al., 2007). During the weekend, there is decreased availability of primary
care. Therefore, patients have no option but the ED and this leads to increased input and
higher density of patients on weekends. There may also be higher substance use on
weekends which may predispose patients to LWBS (Mohsin et al., 2007). Most hospitals
also operate inpatient units with decreased staffing during the weekends so admitted patients
may spend more time being boarded in the ED.
Aim 2: What is the Relationship between Organizational Characteristics and LWBS?
Patient flow is “a central, improvable property of healthcare systems” (Hall, 2006;
Jensen, Mayer, Welch, & Haraden, 2007, p. xi; Litvak, 2010) (organizations). Good patient
flow minimizes queuing (waiting) (Hall, 2006). Poor patient flow is associated with delays
and increased risk of LWBS. Certain organizations are more likely to be congested (Hall,
2006) and, therefore, have delays which increase the risk of LWBS. LWBS rates are higher
in hospitals treating higher volumes of patients (Handel et al., 2013) and a greater number of
low-income, poorly insured patients (Hsia, Asch, et al., 2011). A summary of organizational
characteristics associated with LWBS that will be examined in this study, and the evidence to
date supporting these associations, is provided in Table 2.
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Table 2
Organizational Characteristics and Relationship with Left without Being Seen
Variables
Metropolitan Statistical Area

Relationship with LWBS
Urban- higher LWBS

County-owned has higher
LWBS

Source of Evidence
Sun et al. (2007)
Bourgeois et al. (2008)
Pham et al. (2009)
Hsia, Asch, et al. (2011)
Stock et al. (1994)

Bourgeois et al. (2008)
Non-profit has higher LWBS
Hospital ownership

Region

For-profit hospitals have
lower LWBS

Handel et al. (2013)

No differences in LWBS
based on hospital ownership

Pham et al. (2009)

South has highest percentage
of LWBS

Bourgeois et al. (2008)
Sun et al. (2007)

Metropolitan statistical area (MSA). A greater percentage of urban hospitals, 79%,
are over capacity compared to rural hospitals, 45%. (Lewin Group, 2002). Hospitals located
in urban areas are more likely to be referral centers due to the increased number of specialty
services they offer and therefore, have increased density. Hospitals in urban areas have
slower throughput (Gardner et al., 2006); this may be related to the additional services
available in urban areas. EDs located in socioeconomically disadvantaged areas have higher
numbers of patients who LWBS (Hsia, Kellermann, & Shen, 2011; Hwang et al., 2011).
Rates of LWBS may be lower in rural areas due to decreased availability of alternative
options for healthcare.
Hospital ownership. Hsia, Asch, et al. (2011) found that county ownership was
associated with greater odds of LWBS (OR = 2.09; 95% CI: (1.16, 3.46). County owned
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hospitals see a greater number (density) of patients who are more likely to LWBS (Hsia,
Asch, et al., 2011). However, ownership also reflects the level of public accountability and it
is proxy for centralization. The level of centralization impacts the organization’s ability to
respond to problems (Daft, 2010); such as poor patient flow. Organizations that are
publically accountable are more centralized and give less discretion to managers who could
rapidly respond to issues that limit patient flow (Donaldson, 2001). Privately owned
organizations are decentralized and give more discretion to their managers (Donaldson,
2001). Privately owned organizations, due to the communities they serve, have increased
economic incentive to reduce average delays (Hall, 2006). Therefore, for-profit hospitals are
expected to have fewer LWBS compared to hospitals that are owned by the county and
government.
Region. ED utilization rates vary by geographic region (Pitts et al., 2008). Higher
average utilization levels (density) are associated with longer waiting times (Hall, 2006).
The South has the highest percentage of LWBS (Bourgeois et al., 2008; Sun et al., 2007).
The increased LWBS rates in the South may be due to higher utilization related to
educational, income, and health disparities (Centers for Disease Control [CDC], 2013).
Aim 3: Do organizational characteristics moderate the relationship between patient
characteristics and LWBS?
The setting where healthcare is delivered has important implications for patient
outcomes. Donabedian (1992) acknowledged the role that the organization has in producing
quality patient outcomes in his Structure, Process, Outcome Model. In this model, quality
outcomes are the result of structure, properties of the organization, and the process, what is
done for the patient. Nurse staffing levels are an example of an organizational characteristic
that has been shown to influence patient outcomes (Needleman et al., 2011).
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An organization can provide the highest quality care and the patient can still
experience poor outcomes due to patient characteristics. Comorbidities such as diabetes
predispose the patient to poor outcomes. When evaluating patient outcomes it is important to
consider the context of care delivery and patient mix.
Interaction or moderation occurs when the relationship between two variables
changes based on a third variable (Heck & Thomas, 2009; Sahai & Ageel, 2000). When the
variables involved in an interaction are measured at different levels in the data hierarchy, the
interaction is known as a cross-level interaction (Heck & Thomas, 2009). A cross-level
interaction between patient and organizational characteristics is suspected based on
heterogeneity in reported LWBS rates among hospitals (Hsia, Asch, et al., 2011). The
presence of an interaction between patient and organizational characteristics would indicate
that the effect of patient characteristics on LWBS is dependent on hospital characteristics.
Hsia, Asch, et al. (2011) examined group-level data from 262 California hospitals and
concluded that certain individuals were at higher risk of LWBS because of the hospitals they
visit. If this relationship is consistent in a national dataset, the presence of an interaction
between patient and organizational characteristics has important implications for
interventions aimed at decreasing LWBS by highlighting the organizations most in need and
the best areas to target with the intervention.
A study evaluating patient and organizational level predictors together, using a
national data set, is needed to fully understand their impact on LWBS. A summary of
hypothesized interactions between patient and organizational characteristics and LWBS is
provided in Table 3 (see Appendix B). Included in the table are the sources for evidence
about the relationship between LWBS and these patient and organizational variables. It is
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hypothesized that patients who have characteristics associated with a higher likelihood of
LWBS would be more likely to leave when presenting at EDs that have characteristics
associated with higher LWBS or at times when EDs more are crowded.
Purpose Statement
The objective of this study is to understand how organizational characteristics
moderate the relationship between patient characteristics and LWBS. The central hypothesis
is that the relationship between patient characteristics and LWBS will be moderated by
organizational characteristics leading to higher than expected rates of LWBS in organizations
with increased density or input. The rationale for the proposed study is that, we currently do
not have an adequate understanding of the impact that organizational characteristics have on
the relationship between patient characteristics and LWBS and, yet, in the near future
reimbursement will be tied to LWBS without regard to differences in patient casemix and
organizational characteristics. The new CMS reimbursement program has the potential to
make access worse in organizations seeing a higher proportion of patients with characteristics
that make them more likely to LWBS. Once the relationship among these variables is
understood, policy makers can use this information to implement policies that differentiate
hospitals on the basis of their immutable characteristics.
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CHAPTER 4
METHODS

Introduction
This study was a secondary analysis of a nationally-representative dataset of visits to
EDs in the U.S. and focused on identifying factors associated with patients who left the ED
without being seen (LWBS) by a provider. This chapter describes the methods that were
used to examine the relationships between the patient and organizational characteristics and
LWBS. The data used for this analysis were collected by the National Center for Health
Statistics using a complex, multistage sampling framework (McCaig & McLemore, 1994).
In order to identify patient and organizational variables that were associated with LWBS and
to determine the impact organizational variables have on the relationship between patient
variables and LWBS, a multilevel modeling approach was employed in the analysis.
Design
This study examined data from the National Hospital Ambulatory Medical Care
Survey Emergency Department (NHAMCS-ED) 2007-2010. Multilevel models were
constructed This study was not considered to be human subjects research by the University of
North Carolina at Chapel Hill Institutional Review Board see Appendix C for IRB
determination).
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Data Set
NHAMCS-ED is an annual, national survey of visits to non-federal, general, and
short-stay hospitals in the United States conducted by the CDC and the National Center for
Health Statistics (NCHS). NHAMCS-ED was selected for this study because it is readily
available and has clearly defined measures that will facilitate a population-based analysis of
LWBS. The data were collected using a standardized collection form (see Appendix A) and
includes a representative sampling of EDs in the U.S. Patient level variables (age, sex, triage
acuity, day of week, arrival time, race and ethnicity) and the organizational level variables
(ownership, MSA status, and region) are publically available from the NCHS. For this study,
additional variables (hospital identification code, patient identification code, sample weights
for patients and EDs, setting type, and year) were included to assist with the dataset creation
and analysis.
The NHAMCS sample is a nonrandom sample meaning that hospitals and individuals
did not have an equal chance of being selected. Sample weights were included in NHAMCSED to account for the unequal selection probabilities at the patient and ED level. These
sample weights allow estimation of population totals thereby enhancing the generalizability
of the results. The weights were adjusted by NCHS for survey nonresponse within time of
year, geographic region, MSA status, and ownership. The mean of the patient weights was
3542.53 with values ranging from 18 to 15067. The mean of the ED weights was 13.51 with
values ranging from 1 to 69.
The sample weights supplied with NHAMCS-ED reflect the overall probability of
selection for patients and EDs. However, the selection of patients is dependent upon
selection of EDs in this sample. In Multilevel Modeling (MLM), the weights at the lower

31

level should reflect this conditional probability of selection. This is because when using
survey data with multistage sampling, the simple weighting of sample observations in
Multilevel Modeling (MLM) creates biased estimates (Pfefferman, Skinner, Holmes,
Goldstein, & Rabash, 1998; Rabe-Hesketh & Skrondal, 2006) because the conditional
probability of selection is not accounted for.
Another consideration when applying sample weights to MLM in SAS is that the sum
of the weights, supplied with the dataset, is the population size and most model-based
statistical packages, including SAS, use the population size in the analysis (Hahs-Vaughn,
2005). The use of scaled weights allows the actual sample size to be used in the calculation
of standard errors and test statistics. Scaled weights are created by multiplying the weights
by a scaling constant (Asparouhov, 2004).
For this study, an analysis weight was created using the MPML-WT macro from
Chantala, Blanchette, and Suchindran (2011) and the scaling procedure from Wei and
Parsons (2009). The MPML-WT macro was constructed for SAS users and was based on the
multilevel pseudo maximum likelihood estimation method for weighting that was developed
by Asparouhov (2004). The MPML-WT macro created a composite weight, mpml_wtai,j, by
dividing the product of the level 1 weight component for unit i sampled from cluster j and the
level 2 weight component for cluster j by the average of the level 1 weight components for
units sampled from cluster j (Chantala et al., 2011). See Figure 4 from Chantala et al. (2011,
p. 9) for more information on composite weight calculation.
The scaling method by Wei and Parsons (2009) created a scaled weight from the
composite weight: mpml_wta_scalei,j= total sample size * mpml_wtai,j/ sum of mpml_wta.

32

The sum of these scaled composite (analysis) weights is equal to the total number of
observations in the sample. Thus, correct calculations could be obtained in SAS PROC
GLIMMIX (Version 9.4. SAS Institute, Inc., Cary, NC) since the sum of the analysis weights
equals the total number of observations and not the population size.

Figure 4. Composite Weight Calculation.
Sample
Inclusion criteria for the sample were an ED visit between 2007 and 2010, with data
available on patient characteristics (age, acuity, sex, race, ethnicity, day of week, arrival
time), and organizational characteristics (region, MSA status, and ownership). The years
2007 to 2010 were chosen because they included the most recent data available in
NHAMCS-ED collected using consistent methods and done so prior to the enactment of the
Affordable Care Act (ACA). Multiple years of data were combined to improve reliability of
estimates (McCaig & Woodell, 2006). The level 1 unit of analysis for NHAMCS-ED is the
patient visit. The multistage sampling method that the NCHS used to obtain annual national
probability sample for NHAMCS-ED is described below.
First-stage sample. The first-stage sample is obtained from primary sampling units
(PSUs). A PSU is defined as “a county, a group of counties, county equivalents (such as
parishes and independent cities), towns, townships, minor civil divisions, or a metropolitan
statistical area (MSA)” (National Center For Health Statistics, 2011, p. 6). The PSUs for
NHAMCS-ED were obtained from the 1985-1994 National Health Interview Survey (NHIS).
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The NHIS PSU sample was selected from 1900 geographically defined PSUs, which were
stratified by socioeconomic and demographic variables, including metropolitan statistical
area (MSA) status, and then selected with a probability proportional to their size (National
Center For Health Statistics, 2011). Twenty-six PSUs within the largest populations were
included with certainty. One-half of the next 26 largest PSUs were included. From the
remaining PSUs, one was selected from each of the 73 PSU strata. A total of 112 PSUs were
selected for the first-stage sample.
Second-stage sample. The second-stage sample consisted of hospitals within the 112
PSUs. The sampling frame for NHAMCS-ED was the Healthcare Market Index and Hospital
Market Profiling Solution (National Center for Health Statistics, 2011). Federal, military,
and Veterans Administrations were not included in the sample. Criteria for inclusion were:
average length of stay less than 30 days and general hospitals (medical, surgical, and
children’s). Criteria for exclusion were federal hospitals, hospital units of institutions, and
hospitals with less than six staffed beds for patient use.
The sample included all hospitals in non-certainty PSUs with five or fewer hospitals.
Hospitals in non-certainty PSUs with more than five hospitals were stratified by hospital
class (ownership and size). Five hospitals were selected from each PSU with a probability
proportional to the number of ED and outpatient visits. Hospitals in certainty PSUs were
stratified (by region, class, ownership, and size) and hospitals were selected based on
probability proportional to size.
A fixed panel of 600 general and short-stay hospitals were included (National Center
for Health Statistics, 2010). The 600 hospitals were randomly divided into 16 subsets and
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each subset was assigned to one reporting period (four weeks). The reporting periods rotate
across each survey year and, thus, the reporting period is not the same time every year.
Third-stage sample. The third-stage sample consisted of emergency service areas
(ESAs) within hospitals. An ESA describes the services and population that is served by the
ED. For example, an ESA could be general, adult, pediatric, fast track, or psychiatric
(National Center for Health Statistics, 2010).
Fourth-stage sample. The fourth-stage sample consisted of patient visits during a
four week period within ESAs. A visit was defined “as a direct, personal exchange between
a patient and a physician, or a staff member acting under a physician’s direction, for the
purpose of seeking care and rendering health services” (National Center For Health Statistics,
2011, p. 8). Using systematic random sampling, one hundred patient record forms were
completed at each ED (Hing, Gousen, Shimizu, & Burt, 2003).
Sample Size
Sample size determination in multilevel designs is complicated by the presence of
multiple levels and cross-level interactions. It is the number of groups, not the total sample
size, which affects the ability to detect effects at higher levels and cross-level interactions
(Hox, 2010). Hox (2010) suggests the 50/50 rule, 50 groups with 50 individuals per group to
detect effects in nonlinear designs. An a priori estimate determined that the final sample
would include between 300 to 400 hospitals per year representing 4800 EDs in the U.S. and
each year would contain approximately 34,000 observations. Using the 50/50 rule
established by Hox (2010), sample size is expected to be adequate for the analysis.
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Measures
Dependent variable. LWBS was the outcome variable and is defined as an ED visit
during which the patient was initially registered but leaves before being seen by a medical
provider. For this study LWBS was characterized as either “true” (the patient registered but
was not seen by a provider) or “false” (the patient was registered and seen by a provider). A
visit is defined as a direct exchange between a patient and a provider for the purpose of
obtaining health care (National Center for Health Statistics, 2011).
Independent variables. The independent variables examined in this study are
provided in Table 4 located in Appendix B. While these variables have been associated
with LWBS in earlier LWBS research, it is not known if they will still be associated with
LWBS in a multilevel model. Additionally, including them provided the opportunity to
examine the effect organizational variables have on the relationship between patient variables
and LWBS.
Data Analysis
Data analysis plans are described here for each specific aim. The analyses were
conducted using SAS 9.4 (SAS Institute, Inc., 2014) using the GLIMMIX procedure, which
allows the estimation of multilevel analyses when the outcome is dichotomous. When
incorporating sample weights in the GLIMMIX procedure, parameters must be estimated
using the quadrature method in order to approximate the weighted or population likelihood
(Zhu, 2014). The weighted likelihood is also known as the marginal log likelihood for
weighted generalized linear models. The quadrature method uses numerical integration to
approximate the marginal log likelihood (SAS Institute, 2014).
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The approximation of the marginal log likelihood improves with the number of
quadrature points. Due to difficulty with model convergence, the number of quadrature
points was set to one for the analysis. Specifying the number of quadrature points reduces
the computational burden of the procedure by eliminating the need for GLIMMIX to
adaptively determine the number of points where the cumulative frequency is sampled (SAS
Institute Inc., 2014).
Estimates of covariance parameters and fixed effects are potentially biased when
estimating generalized linear models due because of the approximation of the marginal log
likelihood (SAS Institute, 2014). Using robust standard error estimators makes the analysis
robust against misspecification of the covariance structure (Kauermann & Carroll, 1999).
The robust standard error estimators perform well with data that is not normally distributed
(Zhu, 2014).
Parameter estimation was improved by accounting for clustering in the data using the
between-within method to calculate the denominator degrees of freedom for the F tests. The
between-within method is an approximate method for calculating degrees of freedom in
unbalanced likelihood-based designs. In contrast, calculation of the degrees of freedom for
the Analysis of Variance (ANOVA) F statistic is a method used with linear balanced designs.
This between-within method divides the denominator degrees of freedom into
between-subject and within-subject degrees of freedom (Schluchter & Elashoff, 1990; Wang,
Xie, & Fisher, 2012). Specifically, for each fixed effect, the between-within method
computes the within-subject degrees of freedom if that effect changes within each subject
(hospital for this analysis) and the between-subject degrees of freedom otherwise (SAS
Institute Inc., 2011). For instance, none of the organizational level variables (MSA status,
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region, ownership) change within hospitals. In a model that only assesses the effect of these
variables on LWBS, the between-within method would compute the denominator degrees of
freedom for each effect using between-subject degrees of freedom, which would equal (total
number of hospitals) – (total number of estimated parameters) in this case.
Prior to analyses, analysis weights were created as previously described in the data set
section of this chapter. The use of scaled weights permits calculation of unbiased parameter
estimates (Carle, 2009) because the scaled weights sum to the actual sample size but retain
the representativeness of the population (Osborne, 2011). Descriptive statistics were
calculated for all patient and organizational variables using the SAS SURVEY procedures
FREQ and LOGISTIC (SAS Institute, Inc., 2014). Table 5 includes a list of planned
analyses.
Table 5
Planned Analyses for Variables
Descriptive Analyses
Frequency and percentages
Chi-square

Variables
All Variables
Association between:
Region and LWBS
Ownership and LWBS
Metropolitan area status and LWBS
Gender and LWBS
Day of the week and LWBS
Race and ethnicity and LWBS

Multivariate Analyses

Variables

Aim 1: What is the relationship between
Random Intercept, Fixed Effects with Level-1
selected patient characteristics and LWBS? Variables
Age, Gender, Race/ethnicity, Arrival time, Day of
Week, Acuity
Aim 2: What is the relationship between
Random Intercept, Fixed Effects with Level-2
organizational characteristics and LWBS? Variables
Region, MSA status, Ownership
Aim 3: Do organizational characteristics
Random Slope Coefficients
moderate the relationship between patient
Cross-level interactions for significant Level-1
characteristics and LWBS?
Variables across Level-2 Variables
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Model Building
Model building used an exploratory approach as described by Hox (2010). This
approach was used to explain potential sources of variation (within- and between-group) in
LWBS. Model building began with the null model (intercept only). Parameter estimates,
statistical significance, model fit (deviance), and changes in explained variance were
examined at each stage and significant predictors were retained.
The null model (Equation 1) is a random intercept model without any predictors; only
the intercept is allowed to vary. The null model was used to calculate the intraclass
correlation (ICC) statistic and to compare model fit for subsequent models. A significant
ICC confirms the need for MLM and identifies the amount of variance in the outcome
variable that is explained at the group level (Level-2).
(Equation 1) Logit (P(Yij = 1) = β0j
β0j = γ00 + u0j
u0j~N(0, τ00)
(Combined) Logit (P(Yij = 1) = γ00 + u0j
We define Yij as the outcome variable corresponding to LWBS, where Yij= 1 if patient
i in hospital j LWBS and Yij=0 if the person did not LWBS. In Equation 1, P(Yij = 1) and
logit(P(Yij = 1) = log[P(Yij = 1)/(1- P(Yij = 1)] denote the probability and log odds,
respectively, of LWBS for patient i in hospital j. In addition, β0j denotes the random intercept
for hospital j, which is comprised of a grand mean term γ00 and a random error term u0j for
hospital j, which is assumed to follow a normal distribution with mean 0 and variance τ00
(i.e., u0j~N(0, τ00)). Therefore, we construct in Equation 1 a multilevel regression model
representing the log odds that a person LWBS from a given hospital to differentiate between
compositional and contextual effects in LWBS.
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The organizational model (Aim 2) was elaborated first. Next, the patient model (Aim
1), was elaborated followed by the cross-level analyses (Aim 3) between group-level
variables and significant level-1 random coefficients. Visual aids and bivariate analyses
were examined prior to introducing predictors in order to guide specification of the terms in
the model. Diagnostic measures were examined to aid in correct model specification.
Analysis weights were used so that the results were generalizable to the population of
interest.
Aim 2: What is the Relationship between High Volume Organizational Characteristics
and LWBS?
Organizational characteristics influence the process of care, what is done for the
patient, and the timeliness of treatment (speed) (Figure 4). High volume organizational
characteristics were hypothesized to be associated with increased LWBS because patients in
these organizations will experience delays in treatment.
Based on previous research, variation in LWBS across hospitals was expected. Hsia,
Asch, et al. (2011) found that LWBS for county-owned hospitals was 5.0% compared to
2.5% for not-for-profit hospitals, 5.1% for teaching hospitals compared to 2.5% for
nonteaching hospitals, and 3.9% for trauma centers compared to 2.5% for non-trauma
centers.
Using the approach of Singer (1998), Level-2 explanatory variables were added first
in an effort to explain variation in LWBS across groups. The random intercept, fixed slope
model with Level-2 predictors expanded the null model and included the group-level
variables region, ownership, and MSA status (Equation 2). The intercept, β0j, was the only
random component at this stage. The remaining model coefficients were treated as fixed.
This model accounted for between group variation in LWBS (Hox, 2010).
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(Equation 2) Logit (P(Yij = 1)) = β0j
β0j = γ00 + γ01MSAj + γ02Ownerj + γ03Regionj + u0j
(combined) Logit (P(Yij = 1)) = γ00 + γ01MSAj + γ02Ownerj + γ03Regionj + u0j
Aim 1: What is the Relationship between Selected Patient Characteristics and LWBS?
Level-1 predictors were added to the model in order to compare patients who LWBS
from the same hospital (Equation 3). During this step, all Level-1 predictors were treated as
fixed-effects and only the intercept is allowed to vary across hospitals. Within each hospital,
the log odds of LWBS was modeled as a function of patient age, acuity, race and ethnicity,
visit day of the week, and arrival time.
(Equation 3) Logit (P(Yij = 1)) = β0j + β1jAgerij + β2jVdayrij + β3jGenderij + β4jAcuityij +
β5jArrival1ij + β6jRaceeth4ij
β0j = γ00 + u0j u0j~N(0, τ00)
β1j = γ10
β2j = γ20
β3j = γ30
β4j = γ40
β5j = γ50
β6j = γ60
(Combined) Logit (P(Yij = 1)) = γ00 + γ10Agerij + γ20Vdayrij + γ30Genderij + γ40Acuityij +
γ50Arritime_cat4ij + γ60Raceeth4ij + u0j
Aim 3: Do Organizational Characteristics Moderate the Relationship between Patient
Characteristics and LWBS?
The current literature does not address moderation of the relationship between patient
characteristics and LWBS by organizational characteristics. However, moderation was
suspected based on known variation in LWBS across hospitals. If organizational
characteristics did not moderate the relationship between patient characteristics and LWBS,
there should be little to no variation in LWBS between hospitals with similar patient
characteristics.
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From a statistical perspective, it is important to test for interactions. Interactions
indicate that the relationship between the independent variable and the outcome are
dependent on a third variable (Sahai & Ageel, 2000). Therefore the effects of variables
involved in an interaction cannot be interpreted independently of that interaction. Failing to
consider the interactions can lead to misleading interpretations.
Aim 3 was tested after level-1 predictors were found to have significant random
effects (Equation 4; see Appendix D). Due to the computational intensity of the quadrature
method, models were used to test each random effect individually. A significant random
effect for each level-1 predictor indicated that the strength of the relationship between the
level-1 predictor and outcome varied between hospitals. Testing cross-level interactions
allowed this variance to be explained. Predictors from Equations 2, 3 and 4 were tested for
interaction effects. To ensure convergence, each interaction was tested individually
(Equation 5; see Appendix D).
Limitations
Due to the cross-sectional design of the study, causal inference is difficult to establish
(Hulley, Cummings Browner, Grady, & Newman, 2007). However, the goal of this study
was to determine association, not causation, between selected patient and organizational
factors with LWBS. The cross-sectional study design provided an efficient method, in terms
of time and money, for obtaining a large sample of hospitals across the U.S. The large
sample of hospitals that were examined in this study enhanced the generalizability of the
findings.
The true incidence of LWBS is unknown because of measurement issues associated
with LWBS. There is no commonly accepted definition of LWBS. Currently, each
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organization chooses how it defines LWBS. Anecdotally a patient may leave prior to being
registered. In this instance there is no record that the patient ever presented for care.
NHAMCS-ED was chosen for this study because of the inclusion of required
variables, namely LWBS, and a large sample of hospitals across the U.S. However,
NHAMCS-ED has the potential for errors in data collection and coding because abstractors
are trained in data collection but there is no verification or oversight of their work. There is
also an inability to identify duplicate hospitals and patients within the sample.
A large percentage of data for race, ethnicity, and acuity was missing (acuity 15.5%
in 2007 and 15% in 2008, 18% in 2009, 20% in 2010; Ethnicity 22% in 2007, 24% in 2008,
13% in 2009 and 2010; Race 13% in 2007, 15% in 2008, 10% in 2009, 11% in 2010). Single
imputation was used by NCHS to impute these variables for NHAMCS-ED.
Single imputation imputes one missing value from a randomly selected record that is
similar to the record with the missing value (Little & Rubin, 2002). Single imputation
systematically ignores the uncertainty of the imputation and underestimates the standard
errors since only one value is imputed (Little & Rubin, 2002). Hot-deck imputation is a form
of single imputation that imputes values from the current dataset. While hot-deck imputation
adds uncertainty because only one value is imputed and this value is treated as if it were
known in the complete case analysis, it has the advantage that the distribution of the imputed
data will resemble the distribution of values in the population (Korn & Graubard, 1999).
Another advantage in this dataset is that the values for race, ethnicity, and in years 2009 and
2010, the missing values for acuity were imputed by the NCHS. The NCHS has access to
variables that are not publically available and knowledge of why variables are missing which
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allows them to impute variables with less bias than researchers without access to this
information.
Summary
This chapter began with a description of the multilevel modeling design including
level-1 patient variables (e.g., age, gender, race/ethnicity, acuity, arrival time, and day of
week) and level-2 organizational variables (e.g., metropolitan statistical area, region, and
ownership) using the NHAMCS-ED annual national survey of emergency departments. A
description of the sample weighting was provided along with the methods used to scale the
weights for this study. An in depth review of the complex multistage sampling method used
by NCHS was provided. This chapter concluded with a description of the variables, planned
analyses, and limitations of the research design.
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CHAPTER 5
RESULTS

Introduction
Patient flow has become an important topic for providers, patients, and regulatory
agencies due to the delays in care that are a result of ED crowding. The Joint Commission
has a standard addressing patient flow and CMS is linking financial reimbursement to patient
flow metrics. LWBS is a commonly measured patient flow metric. The purpose of this
study was to identify patient and organizational variables that were associated with LWBS in
a multilevel study and to determine how organizational variables impact the relationship
between patient variables and LWBS. The results of the analyses are presented in this
chapter. The chapter begins with a brief description of the study sample. The results of the
descriptive and bivariate analyses are presented first followed by the multivariate results.
The results of the multivariate analyses are presented for each model that was fit.
Study Sample
The final study sample included ED visits from NHAMCS-ED for years 2007, 2008
and 2010. Data from 2009 was not included due to the absence of the ED weight (EDWT)
variable in the publically available data. This variable was needed to calculate the analysis
weights in order to perform the analyses because of the complex survey sample. The final
concatenated dataset included 104,560 ED visits (weighted to 370,406,862 visits) of which,
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1,752 (1.7% of the weighted sample) visits were coded as LWBS. A total of 1,026 hospitals
were included the dataset. The study sample characteristics are presented in Table 6.
Table 6
Study Sample Characteristics
2007

2008

2010

Final Sample

35490

34134

34936

104560

Visits
Weighted

116,802,066

123,761,419

129,843,377

370,406,862

LWBS %

1.6%

1.6%

1.8%

1.7%

LWBS #
Unweighted

577

531

644

1752

1,926,453

2,008,797

2,358,610

6,293,860

340

336

350

1026

Visits
Unweighted

LWBS #
Weighted
Hospitals
Unweighted

Descriptive Statistics
The characteristics of the patient visits and hospitals in the final study sample are
included in Table 7 (Appendix E). The sample consisted of 54.5% females and 45.5%
males.
White, Non-Hispanics accounted for 61.4% of the sample. Twenty-five to 44 year olds were
the largest age group and accounted for 28.3% of the sample. The most frequent acuity level
(46%) was Urgent, which represents patients needing to be seen within 15-60 minutes.
Forty-six percent of patients arrived between noon and 7 p.m. Fifteen percent of the sample
presented on Monday. The majority of hospitals (47.6%) were located in a metropolitan
area, and 72% were voluntary, non-profit organizations. The largest percentage of hospitals
as was located in the Southern region (39.2%).
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Data for acuity and arrival time were missing for some visits. Acuity was missing for
15.5% of the records from 2007 and 2008; however the NCHS imputed only 3% of these
visits. The remaining (N = 10,171) were listed as missing in the final sample and are
excluded from Tables 6 and 7. In the 2010 sample, 20.4% (N = 7118) of the visits were
missing acuity and all of these values were imputed by the NCHS. Since SAS performs
complete case analysis, 10,171 visits were excluded from the final analyses involving acuity
because of the missing values for acuity. There was a significant association between the
missing values for acuity and LWBS
(p < .0001).
Arrival time was missing for 1% (N = 1088) of the sample. Values for arrival were
not imputed for any of the years. All of these 1,088 visits were excluded from the final
analyses and are not included in Table 6 and Table 7 (see Appendix E). While the
percentage of missing values was small, it was determined that these missing values had a
significant, positive association with LWBS (p < .0001). This is discussed further in the
limitations section.
Bivariate Analyses
Bivariate analyses were conducted to identify predictor variables that were associated
with LWBS. The results of the analyses are in Table 8 provided below and Table 9
provided in Appendix E. To account for the complex sampling, the Modified Rao-Scott
Chi-square (χ2R-S) was used to determine which variables had a significant association with
LWBS. The Modified Rao-Scott Chi-square is a design-adjusted version of the Pearson chisquare (SAS Institute Inc., 2014). The following variables were significantly associated with
LWBS: day of visit, race/ethnicity, MSA, and region. Monday, Black Non-Hispanic
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Race/ethnicity, metropolitan area, and the South had the highest percentage of LWBS. Due
to the binary outcome variable, LWBS, and the ordinality of the predictor variables, the
bivariate analyses for age, arrival, and acuity were performed using a simple logistic
regression. Age, arrival, and acuity were significantly associated with LWBS (p < .0001).
Younger age, arriving after 11 a.m., and lower acuity (acuity 4 and 5) had higher odds of
LWBS. Gender and ownership did not have a significant association with LWBS.
Table 8
Weighted Bivariate Analyses: Associations between Nominal Independent Variables and
LWBS
Independent
Variables

Rao-Scott
Chi-square χ2

Degrees of
Freedom

p-value

Day of Visit

26.10

6

0.0002

Race/Ethnicity

56.11

6

< .0001

1.34

1

0.2468

72.04

1

< .0001

0.14

2

0.9331

78.03

3

< .0001

Gender
MSA
Ownership
Region
Note. Values in bold are significant.

Multivariate Analyses
Model building used an exploratory approach similar to Hox (2010) and Singer
(1998) to explain potential sources of variation (within- and between-group) in LWBS.
Model building began with the null model (intercept only) model; in this model only the
intercept was allowed to vary across Level-2 groups (hospitals in this study). Intraclass
correlation (ICC) was calculated using the null model.
Null model. The null model or random intercept model does not contain any
explanatory variables. In the null model, the intercept is treated as random and is allowed to

48

vary across hospitals. The estimated between-group variance is represented by the random
intercept variance and is equal to ̂

= 1.4770, χ2(1) = 909.87, p < .0001. The random

intercept is significant indicating that LWBS varies across hospitals. The ICC was calculated
using a method described by Snijders and Bosker (2012). The ICC was 0.31 indicating that
the variance at the hospital level accounted for 31% of the total variance in LWBS. The
significant ICC confirms the need for MLM due to the moderately large between-group
heterogeneity. Errors are assumed to follow a logistic distribution with a known residual
variance (σ2) π2/3=3.29 (Templin, 2014). The overall estimated log odds of LWBS was 4.8277 (p < .0001). The probability of LWBS on average in the population was 0.008.
Results for the null model are presented in Table 10.
Table 10
Results Null Model
Random
Intercept
Variance

Fixed Effects
Intercept

ICC

Number of
Parameters

AIC

φ

N

1.4770**

-4.8277**

0.31

2

13160.68

0.86

104,560

Notes: ICC = Intraclass Correlation Coefficient
AIC = Akaike Information Criterion
φ = Dispersion parameter. Ratio of generalized chi-square to degrees of freedom.
N = sample size
**
p < .0001

Random intercept, fixed effects level-2. Given the significant variation in LWBS
across hospitals the random intercept fixed effects model with hospital level variables was
elaborated first in order to explain this variation. Fixed effects for MSA and region indicate
that these variables explained a significant amount of variation in LWBS. Results for the
random intercept, fixed effects level-2 model are presented in Table 11. In this study, urban
status and the location in the South were significantly associated with LWBS.

49

Table 11
Results Random Intercept, Fixed Effects Level-2
Type III Tests of Fixed Effects Level-2 F tests
Random
Intercept
Variance

1.1932**

Fixed
Effects
Intercept

-6.3935**

Numerator
Degrees of
Freedom

Denominator
Degrees of
Freedom

F
Value

P

MSA

1

1019

49.59

< .0001

Ownership

2

1019

1.16

0.3125

Region

3

1019

14.50

< .001

Variables
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Notes. F tests, number in parentheses Degrees of Freedom, Denominator Degrees of Freedom
ICC = Intraclass Correlation Coefficient
AIC = Akaike Information Criterion
φ = Dispersion parameter. Ratio of generalized chi-square to degrees of freedom
N = sample size

ICC

Number of
Parameters

AIC

φ

N

0.27

8

13058.04

0.83

104,560

Random intercept, fixed effects level-1. Now that variance in LWBS at the group
level has been explained, level-1 variables will be added to the model in order to explain
variation in LWBS at level-1. Fixed effects for age, acuity, arrival, and race/ethnicity
indicate that these variables explained a significant amount of variation in LWBS. Day of
arrival and gender did not explain a significant amount of variation in LWBS. Results for the
random intercept, fixed effects level-1 model are presented in Table 12. In this study
younger age, afternoon and evening arrival times, lower (less urgent) acuity, and Black, NonHispanic race/ethnicity were significantly associated with LWBS.
Random Intercept, Random Coefficients Level-1. This model examined
differences in the relationship between Level-1 variables and LWBS across hospitals;
changes in the nature or strength of the relationship indicate the possibility of moderation by
level-2 variables. Due to a lack of theory to guide in this process, all level-1 variables were
tested and were found to have significant random coefficients (Table 13). In order to explain
this variance, cross-level interactions were tested next.
Cross-level interactions. The cross-level interactions between Level-2 variables and
Level-1 random coefficients were tested to explore the variation in the relationship between
level-1 predictors and LWBS across hospitals. There were significant interactions between
MSA and arrival, ownership and race/ethnicity, and region and race/ethnicity. The results of
the cross-level interactions are presented in Table 14. In this study, significant cross-level
interactions were found between metropolitan area and arrival, ownership and race/ethnicity,
and region and race/ethnicity. Significant interactions were explored using simple effect
comparisons. The results of these simple effect comparisons are presented in Tables 17, 18,
and 19 (Appendix E).
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Table 12
Results Random Intercept, Fixed Effects Level-1
Type III Tests of Fixed Effects Level-F tests
Random
Intercept
Variance

2.0369**

Fixed
Effects
Intercept

-5.6533**
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Numerator
Degrees of
Freedom

Denominator
Degrees of
Freedom

F
Value

P

Age

5

4801

10.79

< .0001

Day of week

6

5981

1.71

0.1135

Gender

1

1011

0.00

0.9712

Acuity

5

3438

16.07

< .0001

Arrival

5

4935

2.60

0.0235

Race/ethnicity

6

2658

4.58

0.0001

Variable

Notes: ICC = Intraclass Correlation Coefficient
AIC = Akaike Information Criterion
φ = Dispersion parameter. Ratio of generalized chi-square to degrees of freedom
N = sample size

Number of
Parameters

AIC

φ

N

35

10751.89

0.84

93,625

Table 13
Results for Random Coefficients
Random
Coefficient

Variance Estimate
(Standard Error)

Age

0.73 (0.17)**

Day of Week

0.83 (0.18)**

Gender

0.26 (0.08)**

Acuity

1.37 (0.29)**

Arrival

0.92 (0.20)**

Race/ethnicity

0.31 (0.15)**

Note: ** p < .0001

Table 14
Results for Cross-level Interactions
Type III Tests of Fixed Effects
Denominator
Degrees of
Freedom

F Value

P

5

4905

2.58

0.02

Ownership and race/ethnicity

12

2622

3.09

0.0003

Region and race/ethnicity

18

2622

3.29

< .0001

Cross-level
Interaction
MSA and arrival

Numerator
Degrees of
Freedom

A summary comparison of the hypothesized and actual influence of Level 1 and 2
variables and cross-level interactions on LWBS is presented in Table 15. A summary of the
main study findings is shown in Table 16. A summary of the main study findings are shown
in Table X. The next chapter will discuss the significance of these results in detail.
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Table 15
Comparison: Influence of Level 1 and 2 Variables and Cross-Level Interactions on LWBSHypothesized versus Actual Findings
Hypothesized
Influence

Actual Influence

MSA

+

+

Ownership

+

-

Region

+

+

Age

+

+

Day

+

-

Gender

-

-

Acuity

+

+

Arrival

+

+

Race/ethnicity

+

+

MSA*Age

+

-

Ownership*Age

-

-

Region*Age

-

-

MSA*Day

-

-

Ownership*Day

-

-

Region*Day

-

-

MSA*Gender

-

-

Ownership*Gender

-

-

Region*Gender

-

-

MSA*Acuity

+

Marginal

Ownership*Acuity

-

Marginal

Region*Acuity

+

-

MSA*Arrival

-

+

Ownership*Arrival

-

Marginal

Region*Arrival

-

-

MSA*Race/ethnicity

+

-

Ownership*Race/ethnicity

+

+

Region*Race/ethnicity

+

+

Variables
Organizational
Characteristics

Patient
Characteristics

Cross-Level
Interactions

Notes: + indicates significant association with LWBS
- indicates nonsignificant
Marginal indicates marginally significant relationship with LWBS
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Table 16
Summary: Main Study Findings- Relationship of LWBS to Level 1 Variables, Level 2
Variables, and Cross-Level Interactions
Variables,
Interactions

Significant
Findings

Level 1 ( Patient-Level)
Age

Younger patients more likely to LWBS
15-24 year-olds most likely to LWBS
75+ year-olds least likely to LWBS

Acuity

Lower acuity patients (4 and 5) more likely to LWBS

Arrival

Arrivals 8 a.m. to 11:59 a.m. least likely to LWBS

Race/ethnicity

Patients identified as Multiple Races are least likely to LWBS
Black, Non-Hispanic are more likely to LWBS

Level 2 (Organizational-Level)
MSA

A visit in urban hospitals more likely to result in LWBS

Region

A visit in the South more likely to result in LWBS

Cross-Level Interactions

MSA*
Arrival

In metropolitan areas, visits between midnight and 03:59 a.m. were more
likely to result in LWBS compared to the period 8 a.m. and 11:59 a.m.
In metropolitan areas, arriving 8 a.m. to 11:59 a.m. was associated with the
lowest odds of LWBS.

Ownership*
Race/ethnicity

In Voluntary, Non Profit hospitals, White Non-Hispanic patients were less
likely to leave compared to Black Non-Hispanic patients.

Region*
Race/ethnicity

In the Northeast, American Indians/Alaskan Natives were less likely to
leave compared to Multiple Races.
In the Midwest, White Non-Hispanic patients were less likely to leave
compared with Black Non-Hispanic patients.

Summary
The research findings were presented from the descriptive, bivariate, and multivariate
analyses in this chapter. A significant amount of variation in LWBS was explained by
patient variables (age, arrival time, acuity, and race/ethnicity) and the organizational level
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variables (MSA and region). However, patient variables (gender and day of week) and
organizational variables (ownership) did not explain a significant amount of variation in
LWBS. All patient level variables were tested as random coefficients and were found to be
significant; meaning that the relationship between these variables and LWBS varied across
hospitals. In order to explain this variation, cross-level interactions were tested. There were
significant cross-level interactions between MSA and arrival, ownership and race/ethnicity,
and region and race/ethnicity. The summary of the main findings are presented in Table 15.
The next chapter will discuss the significance of these results in detail.
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CHAPTER 6
DISCUSSION

Introduction
In this study the relationships between patient characteristics, organizational
characteristics and LWBS was examined in order to understand which variables affect patient
flow through the ED. In this chapter, the main findings will be discussed, followed by
sections on study implications, limitations and future research recommendations. In contrast
to previous studies on LWBS, the multilevel research design of this study permitted specific
inferences about LWBS to be made at the patient and organizational level. The research
design also enabled the examination of the effect of cross-level interactions on LWBS. In
addition, the use of a national dataset improved the generalizability of the study’s findings
over previous LWBS studies.
Specific Aims and Hypotheses
This study examined the relationships between patient characteristics, organizational
characteristics, and LWBS in order to better understand patient flow in hospitals.
Aim 1: What is the relationship between selected patient characteristics and LWBS?
It was hypothesized that patient characteristics would be associated with LWBS.
Aim 2: What is the relationship between organizational characteristics and LWBS?
It was hypothesized that organizational characteristics would be associated with
LWBS.
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Aim 3: Do organizational characteristics moderate the relationship between patient
characteristics and LWBS?
It was hypothesized that organizational characteristics would moderate the
relationship between patient characteristics and LWBS.
Main Findings
1. Organizational characteristics are associated with LWBS.
The results of this study confirmed the hypothesis that organizational characteristics
are associated with LWBS. Urban and Southern hospitals have higher rates of LWBS. A
visit to a hospital located in a metropolitan area, when compared to a nonmetropolitan area,
had a higher likelihood of resulting in LWBS. A visit to a hospital located in the South,
when compared to the Northeast, Midwest, and West, was more likely to result in LWBS.
These results are consistent with findings from previous studies on LWBS. Metropolitan
areas and the South have higher density of patients and based on the conceptual model
(Figure 4, Chapter 3) a higher LWBS is expected.
Ownership was not significantly associated with LWBS in the bivariate analysis and
it did not explain a significant amount of variation in the multivariate analysis. These results
differ from previous studies on LWBS, which found a significant association between
ownership and LWBS (Hsia, Asch, et al., 2011; Stock et al., 1994). These previous studies
were conducted with data from California. Why do the results for ownership differ in the
current study compared to the results from Hsia, Asch, et al. (2011) and Stock et al. (1994)?
First, the number of hospitals included in each study was different: 1,024 were included in
the current study, 262 (Hsia, Asch, et al., 2011) and 30 (Stock et al., 1994). Hsia, Asch, et al.
(2011) included a statewide sample of hospitals. However, Stock et al. included a
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convenience sample of hospitals from Los Angeles County; the majority was private
hospitals.
Healthcare is different in California. California has a higher proportion of health
maintenance organizations (HMOs; Ginsburg, Christianson, Cohen, & Liebhaber, 2009).
Compared to the national average, the average inpatient LOS is shorter in California
(Maiuro, Corzine, & Rosenstein, 2010). In California, the number of ED beds increased
from 2001 to 2007 while ED utilization remained steady (Maiuro et al., 2010). Nationally,
there has been a decrease in the number of ED beds as EDs have closed and increased ED
utilization (Hsia, Kellerman, et al., 2011).
2. Patient characteristics are associated with LWBS.
The results of this research also confirmed that selected patient characteristics are
associated with LWBS. Patients who are younger, black, Non-Hispanic, lower acuity, and
arrive after noon are more likely to have visits that result in LWBS. Younger patients were
more likely to leave compared with older patients. Lower acuity patient were more likely to
leave compared with higher acuity patients. Patients who arrived from 8 a.m. to 11:59 a.m.
were less likely to leave compared to all other arrival times. Black, Non-Hispanic patients
were more likely to leave compared to White, Non-Hispanic patients. Patients identified as
multiple races were less likely to leave compared to all other categories.
Based on the conceptual model (Figure 4, Chapter 3), these patient characteristics
are associated with decreased speed of treatment and are therefore more likely to leave.
Lower acuity patients are deemed more stable than higher acuity patients (level 1 and level 2)
and therefore wait longer periods in the ED. Younger patients, due to less comorbidity, may
be required to wait longer because they are deemed to be more stable.
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Arriving from 8 a.m. to 11:59 a.m. is associated with fewer LWBS because the
decreased density of patients in the preceding time periods leads to increased speed of
treatment for patients who arrive from 8 a.m. to 11:59 a.m. Racial and ethnic minorities may
be more likely to visit congested hospitals and due to beliefs about racial discrimination be
more likely to leave.
Gender was not associated with LWBS in the bivariate or multivariate analysis. In
this study, men and women had similar behavior related to waiting for healthcare. Only half
of the studies found an association between gender and LWBS. The random coefficient for
gender was significant in this study indicating that the relationship between gender and
LWBS varied across hospitals and explains the conflicting results between these single-site
studies that were cited in the literature.
While day of the week was significantly associated with LWBS in the bivariate
analysis, it did not explain a significant amount of variation in LWBS in the multivariate
analysis. The effects of day of the week were not significant when the effects of other
variables were controlled. It is possible that day of the week is highly correlated with
another variable. These results differ from Gilligan et al. (2009) who found that patients in
Ireland had greater odds of leaving on the weekend. However, the results of this study match
those of Mohsin et al. (2007) who found no difference in the odds of leaving on the weekend
compared to the weekday in Australia. Theory tells us that as density increases, the speed of
treatment will decrease. It is expected that the number of patients who LWBS will be higher
on days that have a higher density of patients.
3. Organizational characteristics moderate the relationship between patient
characteristics and LWBS.
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Understanding interactions in a system is important in order to predict outcomes
because outcomes are dependent on the relationships and interactions within the system
(Zimmerman et al., 2008). The interactions among the component parts make the system
nonlinear; the interaction among the parts changes behavior depending on the context of the
interaction (Wheatley, 2006).
Significant cross-level interactions between MSA and arrival, ownership and
race/ethnicity, and region and race/ethnicity were identified. The presence of significant
cross-level interactions indicates that the nature or strength of the relationship between the
level-1 predictor and LWBS is dependent on a level-2 variable. In other words, arrival time
does not have the same effect on LWBS across all levels of MSA; race/ethnicity does not
have the same effect of LWBS across all levels of ownership; and race/ethnicity does not
have the same effect on LWBS across all level of region. In each interaction, the level-2
variables strengthen the relationships between each of the level-1 variables and LWBS,
making LWBS more likely. Knowledge of these interactions will facilitate the development
and implementation of interventions aimed at decreasing LWBS.
Compared with nonmetropolitan areas, LWBS was higher for arrivals from
noon to 3:59 a.m. in metropolitan areas.
Using simple effect comparisons, the interaction between MSA and arrival was
decomposed in order to determine where significant differences occurred. Comparing
metropolitan and nonmetropolitan areas, significant differences in LWBS occurred:
midnight to 3:59 a.m., noon to 3:59 p.m., 4 p.m. to 7:59 p.m. and 8 p.m. to 11:59 p.m.
Patients arriving during these times had a greater likelihood of leaving depending on MSA
status. Metropolitan areas had significantly greater odds of LWBS during these times
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compared to nonmetropolitan areas. These time periods correspond to increased number of
arrivals; as the ED becomes more crowded, the speed of treatment decreases and patients
begin to LWBS. While the number of arrivals increases for nonmetropolitan areas, does not
increase as much as it does in metropolitan areas. The number of new arrivals in
metropolitan areas quickly outnumbers the resources available to care for the new arrivals in
a timely manner. During these times periods it is imperative to have interventions in place to
improve patient flow. While 8 a.m. to 11:59 a.m. has the lowest odds of LWBS,
interventions to improve flow should be implemented during this time period because the
percentage of arrivals begins to increase during this time. Implementing interventions early
will ease congestion later in the day.
American Indian/Alaskan Natives have higher odds of LWBS in Voluntary, Non
Profit hospitals compared with Governmental hospitals and multiple races have higher
odds of LWBS in Governmental hospitals compared with proprietary hospitals.
The interaction between ownership and race/ethnicity was also decomposed using
simple effect comparisons. Overall racial and ethnic minorities were at increased odds of
LWBS compared to White, Non-Hispanics. However, American Indian/Alaskan Natives
were at increased odds of leaving from voluntary nonprofit hospitals compared with
governmental hospitals. A higher percentage of American Indian/Alaskan Natives visited
voluntary not for profit hospitals compared with governmental and proprietary facilities.
From this secondary dataset it is difficult to speculate why American Indians/Alaskan
Natives are more likely to leave from voluntary, nonprofit hospitals compared to government
hospitals. In this sample, federal hospitals and VA hospitals were excluded, so Indian Health
Service Hospitals were not included. It is uncertain if racial discordance is influencing the
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decision to leave from voluntary, nonprofit hospitals. There is evidence to suggest that
patients prefer to be treated by providers with similar racial backgrounds (Cooper & Powe,
2004). Individuals of multiple races had higher odds of leaving from governmental hospitals
compared with proprietary hospitals. A higher percentage of individuals categorized as
multiple races visited governmental facilities compared to proprietary and voluntary
nonprofit facilities. For other race/ethnicity categories, the type of hospital ownership did
not make a significant difference in LWBS. Voluntary and governmental hospitals see high
volumes of patients leading to higher density, slower treatment speed, and increased LWBS.
It is important for voluntary and governmental hospitals to have interventions in place to
improve patient flow in order to prevent racial and ethnic minorities from leaving.
It is important to highlight that while the simple effect comparisons for race/ethnicity
and ownership interactions were significant, the confidence intervals were wide. The wide
confidence intervals were attributed to small percentage of the total sample. More data is
needed before a conclusion can be made about this category.
Hispanic patients have greater odds of leaving in the South compared with the
West, and Patients categorized as multiple races are more likely to leave in the
Northeast compared with the South or West.
The interaction between region and race/ethnicity was decomposed using simple
effect comparisons. Hispanic patients had greater odds of leaving in the South compared
with the West. Multiple race patients had greater odds of leaving in the Northeast compared
with the South or West. In the South, it will be important for hospitals to target flow for
Hispanic patients and to avoid delays in care that may be related to language barriers. It will
be important to have multilingual staff and translational services for these patients. The
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results for multiple race patients should be interpreted with caution since the odds ratios had
wide confidence intervals. The wide confidence intervals indicate decreased precision of the
estimates (Maxwell & Delaney, 2004). The wide confidence intervals are attributed to small
percentage of the total sample for the multiple-race category (0.4%). More data are needed
before a conclusion can be made about the multiple-race category. However, hospitals in the
South should be aware of the increased odds of LWBS for Hispanic patients and make efforts
to improve communication and flow for these patients.
The odds of LWBS increased when level-1 variables interacted with high volume
level-2 variables. Congestion will be worse in hospitals located in metropolitan areas and the
South due to the increased input density. However, these organizational variables moderate
the relationship between the predictors, arrival and race/ethnicity, and LWBS increasing the
likelihood that patients will LWBS. Because these moderators increase the strength of the
relationship between the predictor and LWBS these hospitals are at an increased financial
disadvantage due to the CMS reimbursement plan. These hospitals are unable to change
their location or the patients they treat but because of these factors, they will potentially
receive lower reimbursement for factors beyond their control.
Why should we change how quality is measured for LWBS? CMS already
reimburses hospitals for inpatient quality indicators such as acute myocardial infarction,
pneumonia, and Congestive Heart Failure based on the same methodology that is being
proposed for LWBS. I would argue that LWBS is different. LWBS is an outcome. The
inpatient quality indicators for acute myocardial infarction, pneumonia, and Congestive Heart
Failure measure processes that can easily be quantified; did the patient get an aspirin. These
processes have been linked with direct improvements in patient outcomes. However,
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decreasing LWBS has not been linked with direct improvement in patient outcomes. Yet,
LWBS is being tied to financial reimbursement. The potential is that the quality of care will
decrease in these hospitals that are already overburdened due to unmodifiable characteristics
and some hospitals could potentially close due to the decreased reimbursement. Closure of
hospitals could lead to decreased access for racial and ethnic minorities and patients of low
socioeconomic status. Closure would also place more burdens on those hospitals that remain
open.
Implications of the Findings
The findings of this study have important implications. Implications for theory,
policy, and practice are discussed below.
Theoretical Implications
This study proposed a new conceptual model (Figure 4, Chapter 3) for the
evaluation of ED patient flow. This model combined concepts from the
input/throughput/output model of patient flow and key concepts from Traffic Flow Theory
(TFT) to identify conditions when patient flow would be decreased. This model provided a
new way to conceptualize patient flow and highlighted important variables that should be
considered when evaluation ED patient flow and LWBS.
Using this model it was hypothesized that patient characteristics would be associated
with LWBS because these characteristics impact density or the input component of patient
flow. According to TFT, increased density creates slower speed, leading to decreased flow.
Under these conditions, LWBS were predicted to be higher. This model also indicated that
the organizational characteristics region and MSA status, which impact throughput and
output in the ED, are associated with LWBS. High volume hospitals have more LWBS due
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to increased patient density, decreased throughput and output. Furthermore, this model
indicates that the organizational characteristics region and MSA status moderate the
relationship between patient characteristics and LWBS.
Policy Implications
Any policy that reimburses based on LWBS rates has the potential to affect the
provision of ideal care (Figure 1, Chapter 2). In an effort to decrease LWBS, hospitals may
optimize patient flow at the expense of safety and reliability of care. This could occur if
throughput is increased and patients are discharged before an accurate diagnosis is made.
The intent of the Hospital Outpatient Quality Reporting Program is to improve ED
throughput. This policy has the potential to decrease LWBS without actually improving ED
throughput. If patients are seen by a provider in triage and the patient leaves, the patient is
not classified as LWBS. However, the ED has not improved throughput if it remains
congested and the patient did not receive the care they needed.
Based on the results of this study, which indicate that the relationship between patient
characteristics (arrival, race/ethnicity, and acuity) and LWBS is stronger due to nonmodifiable organizational characteristics, it is recommend that LWBS rates are stratified
based on the MSA status, region, ownership and race/ethnicity to avoid penalizing hospitals
unfairly. Rather than establishing national top performers, CMS should establish top
performers within MSA and region; hospitals should be compared to other hospitals with
similar organizational characteristics and patient case mix.
Additionally, it is recommended that policies should be implemented to increase
primary care capacity. Availability of primary care is a common reason why patients present
to the ED. In this dataset, Monday had the highest percentage (15.3%) of visits. While this
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percentage is only slightly higher than Sunday (14.6%) and Saturday (14.3%), this is a day
when primary care should be available. Thirty-six percent of the visits were low acuity and
potentially been treated in a primary care setting. Anecdotally, when primary care is unable
to accommodate unscheduled visits patients are referred to the ED. Patients also go to the
ED because it is convenient: no appointments are required and they are always open (Asplin
et al., 2003). Increasing walk-in access and after hours appointments in primary care and
urgent care would offer patients an alternative to the ED.
Practice Implications
The findings of this study can be applied to improvements in ED operations. It is
important for hospitals to take an active role in addressing LWBS at a facility level.
Administrators should match resources with demand. Fast tracks should be implemented and
dedicated for low acuity patients (acuity 4 and 5). In this dataset, these patients had greater
odds of LWBS and accounted for 36% of the total sample. These patients require fewer
resources and often can be treated and discharged quickly. Keeping a dedicated space to
treat these patients is essential for maintaining flow for these patients during times of peak
arrivals; in this study the majority of arrivals occurred from noon until midnight.
Implementation of fast track has been associated with decreased LOS (132 minutes to 116
minutes, p < .01) for lower acuity patients and decreased LWBS (from 10% to 5.4%;
Considine et al., 2008; Coombs et al., 2006).
Having a separate waiting room for low acuity patients going to a separate fast track
area has been shown improve ED patient flow. One benefit is that this avoids conflict
between low acuity patients and those who have complaints that are too complex for fast
track. A separate waiting room for fast track patients decompresses the waiting room and
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effectively hides the queue. Batt and Terwiesch (2012) discussed how acuity 4, semi-urgent,
patients had increased LWBS in response to waiting room census and length of wait.
In this study, 45% of the sample was assigned triage acuity of urgent (acuity 3).
These patients had a lower odds of LWBS compared to patients with acuity 4 (OR = 0.66
95% CI 0.465, 0.924) and acuity 5 (OR = 0.61 95% CI 0.440, 0.837); however they had a
greater odds of LWBS compared to the immediate group (OR = 1.58 95% CI 1.069, 2.339).
Since these patients were a large percentage of the sample, interventions aimed at improving
flow for these patients need to be addressed. Patients with an urgent triage (acuity 3 on a 1-5
scale) score are often “sandwiched” in between other patients; they are not sick enough for
immediate bedding but they are too complex for rapid treatment areas and they end up
waiting for longer periods. One option to improve patient flow for these patients is to
implement vertical patient flow (Smith, 2012).
The relationship between arrival times (noon to 03:59 a.m.) and LWBS was stronger
in metropolitan areas. This indicates a need to implement interventions in metropolitan areas
to improve flow during these hours. Fast tracks mentioned above improve flow for lower
acuity patients; however moving admitted patients out of the ED is needed in order to
improve flow for all patients (Institute of Medicine, 2006; Government Accountability
Office, 2009). Hospitals should aim to have inpatient discharges prior to the daily surge of
ED patients so that inpatient beds can be cleaned and ready for new admissions.
Region and ownership had significant interactions with race and ethnicity. Improving
the cultural competence of providers has the potential to improve the patient-provider
relationship. It will also be important to continue to recruit racial and ethnic minorities into
the healthcare field.
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Limitations
Performing a logistic multilevel analysis with PROC GLIMMIX was challenging. In
order to complete the analysis, compromises were made. A composite weight was created
from a combination of patient and ED weights and a single quadrature point was used in the
analysis. It is possible that the results of the study were influenced by these choices. While
the results of the bivariate analyses resemble those from prior studies on LWBS, it would be
prudent to verify the results of the current study with other statistical software.
This secondary data analysis was an exploratory study to determine the association
between patient and organizational factors and LWBS. The use of a national dataset
provided improved generalizability of the results compared to prior studies of LWBS and a
sample size that was sufficient for examining cross-level interactions. However, missing
data was a problem in this dataset. This was especially problematic for acuity in 2007 and
2008, when15% of the data were missing, respectively. For these years only 3% of the
missing values were imputed by NCHS. In 2010, 19.7% of the visits were missing acuity,
but all of the missing values for acuity were imputed by NCHS. It was determined that the
missing values for acuity in 2007 and 2008 could not be reasonably imputed by this
researcher because the NCHS used variables that were not available to this researcher for the
imputation of the data (census variables based on zip codes, who completed the patient
record form, and volume variables; NCHS, 2010). The decision to proceed with complete
case analysis resulted in the loss of over 10,000 weighted cases.
Another concern was the significant association with the missing values and the
outcome variable. This implies that the missing data is not missing at random. The missing
data were determined to be non-monotone, meaning that observations are missing a variety
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of variables (A. Herring, personal communication, October 5, 2011). The decision to analyze
only complete cases made model comparison for nested models impossible because in
complete case analysis models are no longer nested (A. Herring, personal communication,
October 5, 2011). Complete case analysis led to loss of statistical power which was evident
in the results for day of week, which became non-significant after deletion of cases without
complete data.
The coding for acuity changed in 2010. In 2007–2008, acuity was grouped by time
frames indicating how quickly a patient should be seen: immediate, 1–14 minutes, 15–60
minutes, > 1 hour–2 hours, and > 2 hours–24 hours. In 2010, acuity was categorized as
immediate, emergent, urgent, semi-urgent, and non-urgent. While these groupings changed,
it was felt that these categories had similar interpretations with regards to acuity.
The intent of this study was to determine which patient and organizational variables
impact patient flow. However, patient flow was not directly measured in this study. Due to
the secondary data analysis, patient flow was assumed to be better in hospitals with lower
LWBS rates. While not ideal for studying patient flow, the secondary data analysis provided
a sufficient sample size that was needed in order to test cross-level interactions. Obtaining
this large sample size with primary data collection would have been time and cost prohibitive
for this researcher.
Measures such as nurse staffing, capacity, and organizational workflows were not
included in this study. It is possible that these and other important determinants of LWBS
were omitted from the study. This is evident at the group-level where 31% of the variation in
LWBS was attributed to level-2 variables. Twenty-six percent of the between-group
variance in LWBS was explained by the level-2 variables in this study. Additional variables
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should be evaluated in order to explain additional variance in LWBS at the group level. One
potential variable for inclusion in future studies is teaching status which has been found to be
associated with LWBS in previous studies (Pham et al., 2009).
While this study was not exhaustive in the potential determinants of LWBS, it did
identify predictors of LWBS that are publically reported and can be used to stratify
organizations for reimbursement based on LWBS and to aid in the development and
implementation of interventions aimed at reducing LWBS. The findings of this study will
provide a basis for the planning of future studies about organizational characteristics and
LWBS.
Future Research
Two policies will impact LWBS in the ED in the near future and research is needed to
determine the effect each will have on LWBS and ED patient flow. The data analyzed in this
study were collected prior to the enactment of the Affordable Care Act (ACA). The ACA
promises to increase the number of insured individuals but it does not guarantee access to a
primary care provider. The majority of the states are in the South, the region with the highest
ED utilization, will not expand Medicaid eligibility. It will be important to evaluate the
impact the ACA has on LWBS in the ED (Heberlein et al., 2013). Because the ACA is
projected to provide insurance coverage for millions of people, it is uncertain how this
insurance coverage will impact EDs, but it has the potential to increase the number of ED
visits since primary care has not been expanded. A subsequent study is planned in order to
determine the effect the ACA has on LWBS in the ED.
The new policy implemented by CMS, which reimburses a hospital based on LWBS
rates, promises to focus the attention of hospital administrators on LWBS. Will this focus
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lead to decreased LWBS or will it optimize patient flow, thereby decreasing LWBS, at the
expense of reliability and safety?
Conclusions
The results of this study indicate that hospitals located in the South and urban areas,
that serve more low acuity patients who are under 75 years of age and from racial and ethnic
minorities, will have higher LWBS. These characteristics are not modifiable and the
presence of significant cross level interactions indicates the need to consider these patient
and organizational characteristics when reimbursing hospitals based on LWBS rates. Failure
to consider these characteristics in setting LWBS reimbursement rates will further
disadvantage organizations providing a greater proportion of safety net care to
uninsured/underinsured individuals and racial/ethnic minorities. The results of this study
support LWBS reimbursement that avoids penalizing hospitals unfairly by comparing them
to other hospitals with similar organizational characteristics and patient case mix, such as
establishing top performers within MSA categories and region.
Emergency department patient flow is a complex process that is impacted by many
factors, and at present it is suboptimal in a large proportion of EDs (Arkun et al., 2010;
Government Accountability Office, 2009; Hing & Bhuiya, 2012). Improving ED patient
flow will require combined efforts at the national and local level. In order to have the best
outcome for patients and hospitals, contextual variables that moderate the relationship
between patient characteristics and LWBS need to be addressed. The results of this study
contribute to an understanding of the complex relationships between organizational and
patient characteristics as they relate to LWBS, and provide a foundation for additional
research and initiatives targeting improved ED patient flow.

72

Appendix A
NHAMCS ED Patient Record Form
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Appendix B
Study Variables

Table 3
Interactions between Patient & Organizational Characteristics and Left without Being Seen:
Previous Research and Hypothesized Effects
Variables
Level-1

Level-2

Hypothesized Effect

Age 18-24
years

MSA-rural
Ownership-Forprofit
Region-NonSouth

Decreased LWBS

Triage Acuity 4
or 5

MSA-rural
Ownership-Forprofit
Region-NonSouth

Decreased LWBS

Gender Male

MSA-rural
Ownership-Forprofit
Region-North

Decreased LWBS
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Source of Evidence
Sun et al. (2007)
Bourgeois et al. (2008)
Pham et al. (2009)
Hsia, Asch, et al. (2011)
Stock et al. (1994)
Handel et al. (2013)
Baibergenova (2006)
Ding et al. (2006)
Johnson et al. (2009)
Pines et al. (2012)
Sun et al. (2007)
Bourgeois et al. (2008)
Pham et al. (2009)
Hsia, Asch, et al. (2011)
Stock et al. (1994)
Handel et al. (2013)
Baibergenova (2006)
Gilboy et al. (2011)
Goldman et al. (2005)
Goodacre & Webster (2005)
Mohsin et al. (2007)
Gilligan et al. (2009)
Liao et al. (2001)
Sun et al. (2007)
Bourgeois et al. (2008)
Pham et al. (2009)
Hsia, Asch, et al. (2011)
Stock et al. (1994)
Bourgeois et al. (2008)
Handel et al. (2013)
Baibergenova (2006)
Baker et al. (1991)
Johnson et al. (2009)
Mohsin et al. (2007)
Goodacre and Webster (2005)

Race Black

MSA-rural
Ownership-Forprofit
Region-North

Decreased LWBS

Ethnicity
Hispanic

MSA-rural
Ownership-Forprofit
Region-North

Decreased LWBS

Arrival Time
4p-11p

MSA-rural
Ownership-Forprofit
Region-North

Decreased LWBS

Day of Week
Sunday

MSA-rural
Ownership-Forprofit
Region-North
MSA-rural
Ownership-Forprofit
Region-North

Decreased LWBS

MSA-rural
Ownership-Forprofit
Region-North

Decreased LWBS

Day of Week
Saturday

Day of Week
Monday

Decreased LWBS
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Sun et al. (2007)
Bourgeois et al. (2008)
Pham et al. (2009)
Hsia, Asch, et al. (2011)
Stock et al. (1994)
Handel et al. (2013)
Baibergenova (2006)
Ding et al. (2006)
Shen and Hsia (2010)
Sun et al. (2007)
Bourgeois et al. (2008)
Pham et al. (2009)
Hsia, Asch, et al. (2011)
Stock et al. (1994)
Handel et al. (2013)
Baibergenova (2006)
Sun et al. (2007)
Bourgeois et al. (2008)
Pham et al. (2009)
Hsia, Asch, et al. (2011)
Stock et al. (1994)
Handel et al. (2013)
Baibergenova (2006)
Kronfol et al. (2006)
Gilligan et al. (2009)
Goodacre and Webster (2005)
Liao et al. (2001)
Mohsin et al. (2007)
Gilligan et al. (2009)

Sun et al. (2007)
Bourgeois et al. (2008)
Pham et al. (2009)
Hsia, Asch, et al. (2011)
Stock et al. (1994)
Handel et al. (2013)
Baibergenova (2006)
Mohsin et al. (2007)
Gilligan et al. (2009)
Sun et al. (2007)
Bourgeois et al. (2008)
Pham et al. (2009)
Hsia, Asch, et al. (2011)
Stock et al. (1994)
Handel et al. (2013)
Baibergenova (2006)
Mohsin et al. (2007)
Gilligan et al. (2009)

Table 4
Identification, Definition, and Measurement Levels of Independent Variables

Definitions

Measurement Level

Number of
Categories

Age

Measured in years, divided into six groups based
on social milestones
1=Under 15 years
2=15-24years
3=25-44years
4=45-64 years
5=67-74 years
6=75 years and older

Categorical

6

Gender

Measured as 1=Female, 2=Male

Categorical

2

Categorical

7

Categorical

6

Categorical

7

Categorical

6

Categorical

2

Categorical

4

Variables

Race and
Ethnicity

Acuity

Day of week

Arrival time

Metropolitan
Statistical
Area Status

Region

Measured as
1= White, Non-Hispanic
2= Black, Non-Hispanic
3=Hispanic
4=Asian
5=Native Hawaiian/Other Pacific Islander
6=American Indian/Alaskan Native
7=Multiple Races
Measured in minutes, and defined in NHAMCS
as the “immediacy with which the patient should
be seen” has six categories,
1=Immediate
2=1-14 minutes (Emergent)
3=15-60 minutes (Urgent)
4=>1hour-2hours (Semi-Urgent)
5=>2hours-24hours (Non-urgent)
9=no triage.
A categorical variable Sunday through Saturday
A categorical variable consisting of six
categories:
1=0000-0359
2=0400-0759
3=0800-1159
4=1200-1559
5=1600-1759
6=1800-2359
MSA status is based on location of the hospital
and the definition of the Bureau of the Census
and the U.S. Office of Management and Budget.
1=MSA
2=Non-MSA
A variable with four variables and is based on
the location of the hospital
1=Northeast
2=Midwest
3=South
4=West
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Table 4
(Cont.)

Variables

Ownership

Definitions
Three categories
1=Voluntary non-profit
2=Government, non-Federal
3=Proprietary
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Measurement Level

Number of
Categories

Categorical

3

Appendix C
Human Research Ethics IRB Notice
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Appendix D
Equations

(Equation 4) Testing Random Coefficients
Age
Logit (P(Yij = 1)) =

Day
Logit (P(Yij = 1)) =

Gender
Logit (P(Yij = 1)) =

Acuity
Logit (P(Yij = 1)) =

Arrival
Logit (P(Yij = 1)) =

Race/ethnicity
Logit (P(Yij = 1)) =

β0j + β1jAgerij + β2jVdayrij + β3jGenderij + β4jAcuityij + β5jArrival1ij +
β6jRaceeth4ij
β0j = γ00 + γ01MSAj + γ02Ownerj + γ03Regionj + u0j; u0j~N(0, τ00)
β1j = γ10 + u1j; u1j ~ N(0, τ10)
β2j, …, β6j defined as in Equation 3
β0j + β1jAgerij + β2jVdayrij + β3jGenderij + β4jAcuityij + β5jArrival1ij +
β6jRaceeth4ij
β0j = γ00 + γ01MSAj + γ02Ownerj + γ03Regionj + u0j; u0j~N(0, τ00)
β2j = γ20 + u2j; u2j ~ N(0, τ20)
β1j, β3j, …, β6j defined as in Equation 3
β0j + β1jAgerij + β2jVdayrij + β3jGenderij + β4jAcuityij + β5jArrival1ij +
β6jRaceeth4ij
β0j = γ00 + γ01MSAj + γ02Ownerj + γ03Regionj + u0j; u0j~N(0, τ00)
β3j = γ30 + u3j; u3j ~ N(0, τ30)
β1j, β2j, β4j, β5, β6j defined as in Equation 3
β0j + β1jAgerij + β2jVdayrij + β3jGenderij + β4jAcuityij + β5jArrival1ij +
β6jRaceeth4ij
β0j = γ00 + γ01MSAj + γ02Ownerj + γ03Regionj + u0j; u0j~N(0, τ00)
β4j = γ40 + u4j; u4j ~ N(0, τ40)
β1j, β2j, β3j, β5, β6j defined as in Equation 3
β0j + β1jAgerij + β2jVdayrij + β3jGenderij + β4jAcuityij + β5jArrival1ij +
β6jRaceeth4ij
β0j = γ00 + γ01MSAj + γ02Ownerj + γ03Regionj + u0j; u0j~N(0, τ00)
β5j = γ50 + u5j; u5j ~ N(0, τ50)
β1j, β2j, β3j, β4, β6j defined as in Equation 3
β0j + β1jAgerij + β2jVdayrij + β3jGenderij + β4jAcuityij + β5jArrival1ij +
β6jRaceeth4ij
β0j = γ00 + γ01MSAj + γ02Ownerj + γ03Regionj + u0j; u0j~N(0, τ00)
β6j = γ60 + u6j; u6j ~ N(0, τ60)
β1j, …, β5j defined as in Equation 3

(Equation 5) Testing Interactions
Age
Logit (P(Yij = 1)) =

β0j + β1jAgerij + β2jVdayrij + β3jGenderij + β4jAcuityij + β5jArrival1ij +
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β6jRaceeth4ij
β0j = γ00 + γ01MSAj + γ02Ownerj + γ03Regionj + u0j; u0j~N(0, τ00)
β1j = γ10 + γ11MSAj + γ12Ownerj + γ13Regionj + u1j; u1j ~ N(0, τ10)
β2j, …, β6j defined as in Equation 3

Age (combined)
Logit (P(Yij = 1)) =

Day
Logit (P(Yij = 1)) =

γ00 + γ10Agerij + γ20Vdayrij + γ30Genderij + γ40Acuityij + γ50Arrival1ij +
γ60Raceeth4ij + γ01MSAj + γ02Ownerj + γ03Regionj + u0j + γ11MSAj(Agerij) +
γ12Ownerj (Agerij) + γ13Regionj(Agerij) + u1j(Agerij)
β0j + β1jAgerij + β2jVdayrij + β3jGenderij + β4jAcuityij + β5jArrival1ij +
β6jRaceeth4ij
β0j = γ00 + γ01MSAj + γ02Ownerj + γ03Regionj + u0j; u0j~N(0, τ00)
β2j = γ20 + γ21MSAj + γ22Ownerj + γ23Regionj + u2j; u2j ~ N(0, τ20)
β1j, β3j, …, β6j defined as in Equation 3

Day(combined)
Logit (P(Yij = 1)) =

Gender
Logit (P(Yij = 1)) =

γ00 + γ10Agerij + γ20Vdayrij + γ30Genderij + γ40Acuityij + γ50Arrival1ij +
γ60Raceeth4ij + γ01MSAj + γ02Ownerj + γ03Regionj + u0j + γ21MSAj(Vdayrij) +
γ22Ownerj(Vdayrij) + γ23Regionj (Vdayrij) + u2j(Vdayrij)
β0j + β1jAgerij + β2jVdayrij + β3jGenderij + β4jAcuityij + β5jArrival1ij +
β6jRaceeth4ij
β0j = γ00 + γ01MSAj + γ02Ownerj + γ03Regionj + u0j; u0j~N(0, τ00)
β3j = γ30 + γ31MSAj + γ32Ownerj + γ33Regionj + u3j; u3j ~ N(0, τ30)
β1j, β2j, β4j, β5, β6j defined as in Equation 3

Gender(combined)
Logit (P(Yij = 1)) =

Acuity
Logit (P(Yij = 1)) =

γ00 + γ10Agerij + γ20Vdayrij + γ30Genderij + γ40Acuityij + γ50Arrival1ij +
γ60Raceeth4ij + γ01MSAj + γ02Ownerj + γ03Regionj + u0j + γ31MSAj(Genderij) +
γ32Ownerj(Genderij) + γ33Regionj(Genderij) + u3j(Genderij)
β0j + β1jAgerij + β2jVdayrij + β3jGenderij + β4jAcuityij + β5jArrival1ij +
β6jRaceeth4ij
β0j = γ00 + γ01MSAj + γ02Ownerj + γ03Regionj + u0j; u0j~N(0, τ00)
β4j = γ40 + γ41MSAj + γ42Ownerj + γ43Regionj + u4j; u4j ~ N(0, τ40)
β1j, β2j, β3j, β5, β6j defined as in Equation 3

Acuity(combined)
Logit (P(Yij = 1)) =

Arrival
Logit (P(Yij = 1)) =

γ00 + γ10Agerij + γ20Vdayrij + γ30Genderij + γ40Acuityij + γ50Arrival1ij +
γ60Raceeth4ij + γ01MSAj + γ02Ownerj + γ03Regionj + u0j + γ43Regionj +
γ41MSAj(Acuityij) + γ42Ownerj(Acuityij) + γ43Regionj(Acuityij) + u4j(Acuityij)
β0j + β1jAgerij + β2jVdayrij + β3jGenderij + β4jAcuityij + β5jArrival1ij +
β6jRaceeth4ij
β0j = γ00 + γ01MSAj + γ02Ownerj + γ03Regionj + u0j; u0j~N(0, τ00)
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β5j = γ50 + γ51MSAj + γ52Ownerj + γ53Regionj + u5j; u5j ~ N(0, τ50)
β1j, β2j, β3j, β4, β6j defined as in Equation 3

Arrival (combined)
Logit (P(Yij = 1)) =

Race/ethnicity
Logit (P(Yij = 1)) =

γ00 + γ10Agerij + γ20Vdayrij + γ30Genderij + γ40Acuityij + γ50Arrival1ij +
γ60Raceeth4ij + γ01MSAj + γ02Ownerj + γ03Regionj + u0j + γ51MSAj(Arrival1ij)
+
γ52Ownerj (Arrival1ij) + γ53Regionj(Arrival1ij) + u5j(Arrival1ij)
β0j + β1jAgerij + β2jVdayrij + β3jGenderij + β4jAcuityij + β5jArrival1ij +
β6jRaceeth4ij
β0j = γ00 + γ01MSAj + γ02Ownerj + γ03Regionj + u0j; u0j~N(0, τ00)
β6j = γ60 + γ61MSAj + γ62Ownerj + γ63Regionj + u6j; u6j ~ N(0, τ60)
β1j, …, β5j defined as in Equation 3

Race/ethnicity (combined)
Logit (P(Yij = 1)) =

γ00 + γ10Agerij + γ20Vdayrij + γ30Genderij + γ40Acuityij + γ50Arrival1ij +
γ60Raceeth4ij + γ01MSAj + γ02Ownerj + γ03Regionj + u0j + γ61MSAj(Raceeth4ij)
+
γ62Ownerj (Raceeth4ij) + γ63Regionj (Raceeth4ij) + u6j(Raceeth4ij)
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Appendix E
Study Results

Table 7
Descriptive Statistics of Study Variables

Variable
LWBS

Dependent Variable

Unweighted
Percentage
N (%)

Weighted
Percentage
N (%)

1752 (1.7)

6,293,860 (1.7)

Level-1 (Patient Level)

Day of Visit

Sunday

14,993 (14.3)

54,244,198 (14.6)

Monday

16,097 (15.4)

56,708,751 (15.3)

Tuesday

15,051 (14.4)

53,042,230 (14.3)

Wednesday

14,782 (14.1)

52,061,353 (14.1)

Thursday

14,467 (13.8)

50,607,847 (13.7)

Friday

14,464 (13.8)

50,860,897 (13.7)

Saturday

14,706 (14.1)

52,881,586 (14.3)

Under 15 years

19,561 (18.7)

70,988,708 (19.2)

15-24 years

16,760 (16.0)

59,530,110 (16.1)

25-44 years

30,217 (28.9)

104,938,493 (28.3)

45-64 years

22,544 (21.6)

78,698,530 (21.2)

65-74 years

6,284 (6.0)

22,589,620 (6.1)

75 years and over

9,194 (8.8)

33,661,401 (9.1)

1-Immediate

3,297 (3.5)

11,251,750 (3.4)

2-1-14 minutes

11,678 (12.4)

41,168,834 (12.3)

3-15-60 minutes

41,741 (44.2)

149,368,579 (44.7)

4-< 1hour-2hours

25,562 (27.1)

93,178,782 (28.0)

5->2hours-24hours

8,540 (9.1)

28,123,321 (8.4)

No triage

3,571 (3.8)

10,788,080 (3.2)

Age

Acuity
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Table 7
(Cont.)

Variable
LWBS

Dependent Variable

Unweighted
Percentage
N (%)

Weighted
Percentage
N (%)

1752 (1.7)

6,293,860 (1.7)

0000-0359

8,389 (8.1)

30,631,089 (8.3)

0400-0759

6,897 (6.7)

24,397,284 (6.6)

0800-1159

21,281 (20.6)

74,605,546 (20.3)

1200-1559

23,847 (23.1)

83,702,812 (22.6)

1600-1959

24,327 (23.5)

86,372,478 (23.5)

2000-2359

18,731 (18.1)

67,584,273 (18.4)

White, Non-Hispanic

61,557 (58.9)

227,560,499 (61.4)

Black, Non-Hispanic

23,776 (22.7)

80,451,035 (21.7)

Hispanic

14,345 (13.7)

49,827,896 (13.5)

3,282 (3.1)

8,209,605 (2.2)

Native Hawaiian, Other
Pacific Islander only

391 (0.4)

1,002,855 (0.3)

American Indian/Alaskan
Native

537 (0.5)

2,015,964 (0.5)

Multiple Races

672 (0.6)

1,339,008 (0.4)

Female

56,424 (54.0)

201,767,183 (54.0)

Male

48,136 (46.0)

168,639,679 (46.0)

Arrival Time

Asian only
Race/Ethnicity

Gender

83

Table 7
(Cont.)

Variable
Dependent Variable

LWBS

Unweighted
Percentage
N (%)

Weighted
Percentage
N (%)

1752 (1.7)

6,293,860 (1.7)

Level-2 (Hospital Level)
MSA

Ownership

Region

MSA
Non MSA
Voluntary, non-profit
Government, nonfederal
Proprietary
Northeast
Midwest
South
West
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91,192 (87.2)
13,368 (12.8)
76,559 (73.2)

953,452 (67.5)
458,618 (32.5)
1,016,432 (72)

17,670 (16.9)

217,546 (15.4)

10,331 (9.9)
25,956 (24.8)
21,580 (20.6)
37,289 (35.7)
19,735 (18.9)

178,092 (12.6)
210,121 (14.9)
382,916 (27.1)
551,523 (39.1)
267,510 (18.9)

Table 9
Weighted Bivariate Analyses: Simple Logistic Regression with Ordinal Independent
Variables and LWBS
Wald Chi-square
(d.f.) χ2 p-value

Variable
Age

Odds Ratios

(5)=81.78, p < .0001
Label

Acuity

Arrival

(5)=11.87, p < .0001

(5)=22.48, p = 0.0004

Note. Values in bold are significant.
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15-24 years
vs
<15 years
25-44 years
vs
<15 years
45-64 years
vs
<15 years
65-74 years
vs
<15 years
>75 years
vs
<15 years
Emergent
vs
Immediate
Urgent
vs
Immediate
Semi-urgent
vs
Immediate
Non-urgent
vs
Immediate
No Triage
vs
Immediate
0400-0759
vs
0000-0359
0800-1159
vs
0000-0359
1200-1559
vs
0000-0359
1600-1959
vs
0000-0359
2000-2359
vs
0000-0359

Odds
Ratio

95% Wald
Confidence Limits

1.30

1.05

1.61

1.10

0.90

1.35

0.84

0.67

1.06

0.41

0.26

0.65

0.22

0.14

0.35

1.67

0.89

3.15

2.70

1.54

4.75

4.91

2.7

8.65

5.78

3.22

10.37

6.98

1.97

6.94

0.76

0.51

1.13

0.61

0.45

0.83

0.92

0.71

1.18

0.98

0.76

1.26

1.11

0.86

1.44

Table 17
Simple Effect Comparisons for Significant Cross-Level Interactions between MSA and
arrival

Simple Effect
Level
Arrival

MSA

MSA

Odds
Ratio

95% Adjusted
Lower
Odds Ratio

95%
Adjusted
Upper
Odds Ratio

0000-0359

Metropolitan Non Metropolitan

8.638

2.868

26.018

1200-1559

Metropolitan Non Metropolitan

2.147

1.283

3.592

1600-1959

Metropolitan Non Metropolitan

3.064

1.787

5.254

2000-2359

Metropolitan Non Metropolitan

4.892

2.651

9.029

Table 18
Simple Effect Comparisons for Significant Cross-Level Interactions between Ownership and
Race/ethnicity

Simple Effect
Level
Race/Ethnicity

Odds
Ratio

95%
Adjusted
Lower
Odds
Ratio

95%
Adjusted
Upper
Odds
Ratio

OWNER

OWNER

American
Indian/Alaskan
Native

Voluntary Non
Profit

Government Non
Federal

674.837

117.927

>
999.999

American
Indian/Alaskan
Native

Government Non
Federal

Proprietary

0.001

< 0.001

0.009

Multiple Races

Government Non
Federal

Proprietary

10.957

1.129

106.289
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Table 19
Simple Effect Comparisons for Significant Cross-Level Interactions between Region and
Race/ethnicity
95%
Adjusted
Upper
Odds Ratio

REGION REGION

Odds
Ratio

95% Adjusted
Lower
Odds Ratio

Hispanic

Midwest

South

0.308

0.096

0.988

Hispanic

South

West

2.608

1.187

5.730

Asian

Midwest

South

0.721

0.095

5.500

American
Indian/Alaskan Native

Northeast

South

< 0.001

< 0.001

< 0.001

American
Indian/Alaskan Native

Northeast

West

< 0.001

< 0.001

< 0.001

Multiple Races

Northeast

South

431.789

61.978

> 999.999

Multiple Races

Northeast

West

> 999.999

15.653

> 999.999

Simple Effect Level
Race/Ethnicity
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