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1. Structured Abstract

1.1. Purpose: To assess the association between emergency department (ED) crowding
and quality of care for children.

1.2. Scope: We studied children seen for acute asthma and for fractures at a children’s
hospital ED.

1.3. Methods: We studied three processes-of-care for each population. Quality measures
represented timeliness (1-hour receipt of process), effectiveness (receipt/non-receipt),
and equity (language, identified-primary-care-provider, insurance). Primary independent
variables were crowding measures from adult studies. We used adjusted crowding-
guality models to select crowding measures most consistently associated with timeliness
and effectiveness. We then measured the impact of crowding on timeliness,
effectiveness, and equity. For timeliness and effectiveness, we measured the adjusted
relative risk between 75" and 25" percentiles of each crowding measure. For equity
measures, we tested their role as moderators of the crowding-quality models.

1.4. Results: The asthma population included 927 patients, and the fracture population
included 1,229. Two crowding measures had a consistently inverse association with
guality across both populations: total patient-care hours and number arriving in prior 6
hours. Using these two crowding measures, patients were 22-60% less likely to receive
the indicated process within 1 hour at the 75th than at the 25th percentile of crowding.
In the asthma population, timeliness and effectiveness measures showed an inverse,
dose-related association with crowding—an effect not moderated by equity measures.
Patients were 52-74% less likely to receive timely care and 9-14% less likely to receive
effective care at the 75th than at the 25th percentile.

1.5. Key Words: Crowding, Quality of Healthcare, Hospital Emergency Service

2. Purpose

The primary aim of this study was to measure the association of the quality of emergency
department (ED) care for children with ED crowding. We explored this objective in two
conditions: acute asthma and fracture-related pain. The three objectives addressed in pursuing
this aim were as follows:

2.1. Select quality measures for the two conditions, based on criteria from national
guidelines and prior studies, and extract these measures from the electronic medical
record (EMR).

2.2. From nine crowding measures used in adult ED studies, select those most relevant to
pediatric ED populations through their association with quality of clinical care for
asthma and fracture-related pain.

2.3. Across four domains of quality—safety, effectiveness, timeliness, and equity—measure
the dose-response effect of ED crowding on quality by comparing quality among
crowding percentiles.

As the PI sought additional research collaboration in this area, the Pl also became involved
in a related project through the Child Health Corporation of America’s research group. The
objectives for that project were:

2.4. Determine how children’s hospitals acutely react to inpatient crowding.
2.5. Quantify the effect of smoothing occupancy on inpatient crowding at children’s
hospitals.



2.6. Describe the emergency department resource burden of the spring 2009 HIN1
influenza pandemic at US children’s hospitals by quantifying observed-to-expected
utilization.

3. Scope

3.1. Background
3.1.1. Objectives 2.1 -2.3

Studies of ED crowding in adult populations have compared crowding measures, often using
the association with quality of care as the basis for comparison.** Although the Institute of
Medicine (IOM) report, Emergency Care for Children, identifies the impact of ED crowding on
pediatric patients as a key research priority,™* no prior studies have compared crowding
measures in an ED population of children.

Because most recent studies of crowding use quality measures as the basis for comparison,’ a
factor contributing to the lack of pediatric studies comparing crowding measures is the paucity of
quality measures relevant to children in the ED setting.***® The Institute of Medicine’s (IOM)
report on quality defines quality of care by six dimensions: safety, effectiveness, patient-
centeredness, timeliness, efficiency, and equity.!” A recent review of quality dimensions and ED
crowding showed inverse associations (decreased quality associated with increased crowding)
across all dimensions studied.* Our investigation addressed the issue of relevant quality
measures tailored specifically for the ED setting. We used national guidelines and prior studies
to develop measures of quality for two ED conditions common among children: acute asthma
and fracture-related pain.

3.1.2. Objectives 2.4 -2.5

Hospital crowding is a significant concern for healthcare professionals, health system
administrators, policymakers, and patients due to several negative consequences, including
poorer patient outcomes and increased provider stress. External factors that cause crowding,
such as access to ambulatory and specialty care and seasonal variations in disease incidence,
are usually beyond the control of an individual hospital. Yet, a significant portion of demand for
beds is from predictable, scheduled elective admissions — and even admissions from the ED
have highly predictable patterns. Internal factors for crowding include a hospital’s physical plant,
staffing, and efficiency in using resources to impact patient flow. Among these internal factors,
some are difficult for a hospital to change quickly, such as capacity (licensed number of beds)
and staffing. Therefore, how hospitals use given capacity becomes an important predictor of
crowding, delays, errors, and diversions (and related potential for lost revenue from patients
who go, and referring physicians who look, elsewhere).

3.1.3. Objective 2.6

Unlike seasonal influenza outbreaks,*® almost half of patients hospitalized in the first wave of
the 2009 H1N1 pandemic were children.?® Due to mild virulence* and the predominance in
children, a disproportionate numeric burden was experienced in emergency department (ED)
settings treating large numbers of children.>” Although the pandemic disproportionately affected
children and outpatient settings, only two papers—each reporting pediatric utilization at two EDs
in a single city—reviewed ED utilization.®’

3.2. Context

The first three objectives (2.1 — 2.3) were achieved using the EMR of the ED at the Children’s
Hospital of Denver. The three additional objectives (2.4 — 2.6) were achieved using the Pediatric
Health Information System (PHIS), a national administrative database containing resource-
utilization data from 41 freestanding, tertiary-care children’s hospitals.
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3.3. Settings

For objectives 2.1-2.3, study variables were extracted from the EMR of the Children’s Hospital
of Denver ED, a tertiary-care ED located in an academic children’s hospital. The ED has 48
individual patient rooms, and the 12-month census during the study period was 56,900. For
objectives 2.4-2.6, study variables were extracted from the PHIS, which includes data from 39
hospitals (23 with ED data) located in noncompeting markets of 23 states plus the District of
Columbia and accounts for 20% of all general, tertiary-care children’s hospitals.

3.4. Participants
3.4.1. Objectives 2.1-2.3

Quality measures used in the ED crowding-quality analyses of adults include both general (e.g.,
mortality) and condition-specific (e.g., time-to-fibrinolysis) metrics. Because general measures
such as mortality (<1% in the study ED) and left-without-being-seen rates (1-2%) are relatively
rare ED phenomenon for children, condition-specific measures are more relevant. To reduce
the chances that our findings would also be single-condition specific, we chose to use two
unrelated conditions: asthma exacerbations and acute, fracture-related pain. These were
selected based on the prevalence of the condition, the clinical importance of timely care, and
the existence of applicable clinical practice guidelines (CPG) that help define evidence-based
guality of care metrics.

Asthma is among the most common reasons children seek ED care, resulting in 750,000 ED
visits annually nationwide.'® A treatment algorithm for acute asthma is detailed in the National
Asthma Education and Prevention Program (NAEPP).* Inclusion criteria for the asthma
population were ages 2-21 years with a primary ICD-9 code for acute asthma. Because of
known practice pattern variations in distinguishing asthma from the viral respiratory infections
common among children <2 years old, we excluded these younger children from our asthma
population.

Long-bone fractures are also among the most common reasons children seek ED care,
resulting in 598,000%° ED visits per year nationwide. Pain management guidelines and
standards have been issued by The Joint Commission®* and the American Academy of
Pediatrics.?? Inclusion criteria for the fracture population were ages 0-21 years with any ICD-9
code for an isolated long-bone fracture. Exclusion criteria for the fracture population included
any ICD-9 code indicating major trauma, a second fracture, or child maltreatment. Among
patients with pain, we chose to focus on those with acute, isolated, long-bone fractures so as to
avoid patients with complex analgesia needs, such as hypotensive patients with multi-system
trauma.

3.4.2. Objectives 2.4-2.6

Analyses for objectives 2.4 and 2.5 included all patient admissions to children’s hospitals in
PHIS at any of 39 participating hospitals during calendar year 2006 (objective 2.4) or 2007
(objective 2.5). Due to variation across hospitals in the presence of birthing, neonatal intensive
care, and designated behavioral health units, these beds and associated patients were
excluded.

Analyses for objective 2.6 included all ED visits during April-July 2009 at all of the 23 PHIS
hospitals with ED data. Data from 2004-2008 were also included to project “expected” values
for each utilization metric.



3.5. Incidence, Prevalence
3.5.1. Objectives 2.1-2.3

Over the study period, 927 patients were included in the asthma population, and 1,229 patients
were included in the fracture population.

3.5.2. Objectives 2.4-2.6

For objective 2.4, a total of 510,616 admissions met inclusion criteria For objective 2.5, 14,235
hospital bed-days were included. The analysis for objective 2.6 included 390,983 ED visits
during the 14-week study period.

4. Methods
4.1. Study Design
4.1.1. Objectives 2.1-2.3

We performed a cross-sectional study with data collection via retrospective extraction from an
EMR involving two groups of pediatric patients treated in the study ED from November 1, 2007,
to October 31, 2008: an asthma population and a fracture-related pain population.

4.1.2. Obijectives 2.4-2.6

We performed a series of retrospective studies with data from PHIS involving two groups of
patients: inpatients (objectives 2.4 and 2.5) and ED patients (objective 2.6).

4.2. Data Sources/Collection
4.2.1. Obijectives 2.1-2.3

All data extractions from the ED EMR were performed using Crystal Reports XI (Business
Objects, San Jose, CA) to query data in EpicCare® (Epic Systems Corporation, Verona, WI), a
computerized patient tracking and charting system.

4.2.2. Objectives 2.4-2.6

Data were obtained from the Pediatric Health Information System (PHIS), which includes ED
and inpatient data from 41 non-profit tertiary-care children’s hospitals in the US, with 23
hospitals that had ED data available continuously from 2004-09. The Child Health Corporation
of Americla5 (Shawnee Mission, KS) and participating hospitals jointly validated data quality and
reliability.

4.3. Interventions
Not applicable.
4.4. Measures
4.4.1. Objective 2.1

We developed quality measures for three IOM quality dimensions based on their availability in
the EMR. Of the three remaining dimensions, we omitted patient-centeredness due to the
absence of patient-level measures at the study ED, and we omitted efficiency due to the
difficulty of differentiating “good” from “bad” quality for the most commonly used ED measure,
length-of-stay." We excluded our one safety measure, unplanned transfer from the inpatient
floor to the intensive care unit (ICU) after ED admission, based on insufficient numbers to
model this measure.



For each population, we selected three processes to serve as the basis for quality measures.
These processes were selected based on their availability (including timestamps) in the EMR,
their inclusion in the relevant clinical practice guideline (CPG), and their use in prior studies. >

For the asthma population, the three processes were the initial asthma score, inhaled beta-
agonist, and systemic corticosteroid (“steroid”). For the fracture population, the three processes
were the initial pain score, analgesic, and opioid analgesic, selected based on a prior study of
crowding and fracture pain analgesia.® To define when a process was indicated, for each
process, we defined a relevant, at-risk subpopulation, using methods derived from a multi-
center adult ED study of the quality of asthma care.*®

For each of the three processes of care studied, we defined poor timeliness as a delay of 21
hour from the patient’s ED arrival. The 1-hour threshold was selected for the asthma population
based on NAEPP guidelines and a Cochrane review. *"*® We tested an additional timeliness
measure, the number of asthma study patients who left without being seen (LWBS), based on
its prior inclusion in the crowding-quality literature. 3

We also included the measure “return to the ED within 72 hours,” based on use in prior
studies.*®***' We explored including two other measures—percent with negative chest
radiograph” ***°4? and unplanned transfer from the inpatient floor to the intensive care unit (ICU)
after ED admission****—but had insufficient variation to model these measures.

We selected equity variables to reflect both preferred language and access to care. As race and
ethnicity are missing for most patients in the dataset, we used the variable “preferred language,”
routinely recorded for all patients at triage. A study of quality of acute asthma care and race/
ethnicity found no difference in acute asthma severity and ED management,® although studies
of language and non-asthma ED care have found increased resource utilization for patients with
limited English-language proficiency.*®*’

For access variables, we included presence of a primary care provider (PCP) as well as two
insurance variables indicating the presence of any insurance and the presence of public
insurance, such as Medicaid. Prior literature on equity and crowding has shown crowding to
more common in EDs located in poorer neighborhoods* and in EDs used disproportionately by
uninsured persons.*

4.4.2. Objective 2.2
4.4.2.1. Crowding Measures

We selected nine crowding measures based on their use in prior literature,®® simplicity, ease of
measure in the EMR, and distribution across the categories of the input-throughput-output
model (the standard framework for understanding components of the healthcare system that
contribute to or are affected by ED crowding).****>! Crowding measures were calculated based
on the time of ED arrival for each patient included in the asthma or fracture population

(“index patient”).

We included two global measures of crowding:

e Total patient-care hours: the sum of the ED length-of-stay (LOS) in hours for all of the
patients in the ED at the time of arrival of the index patient

e ED occupancy: the proportion of the total number of registered ED patients to the number of
ED beds at the time of arrival of the index patient

We also included two input measures of crowding:

o Number waiting to see attending: a count of the number of ED patients not yet assigned to a
billing provider at the time of arrival of the index patient



o Number arriving in 6 hours: a count of the number of newly registered patients in the 6-hour
period before the time of arrival of the index patient

The two throughput measures calculated the mean ED LOS in minutes for two subgroups
assigned by disposition:

o Mean ED LOS of patients discharged: the mean ED LOS for patients who were discharged
from the ED in the 6 hours before the time of arrival of the index patient

e Mean ED LOS for patients admitted: the mean ED LOS for admitted patients who were
transferred to inpatient beds in the 6 hours before the time of arrival of the index patient

We included three output measures of crowding:

e Number discharged in 6 hours: the number of patients discharged from the ED in the 6 hours
before the time of arrival of the index patient
e Number admitted in 6 hours: the number transferred to inpatient beds in the 6 hours before
the time of arrival of the index patient
e Hospital occupancy: the percent occupancy for the whole hospital at the time of arrival of the
index patient
4.4.2.2. Other Variables

Demographic variables included age, gender, preferred language, and insurance. We coded
insurance as two dichotomous variables: the presence of any insurance and the presence of
publicly funded insurance, such as Medicaid.

History elements included second-hand smoke exposure—routinely recorded at triage—and a
variable for presence of a primary care provider. Exam variables included the two condition-
specific scores—asthma score and pain score. Because the scores were used to define
subpopulations, they were not included as severity adjusters in the models.

For both populations, the primary severity adjusters were triage level and ambulance arrival.
For asthma patients, we also included the initial room-air pulse oximetry value. We included an
indicator of evening time of arrival to adjust for the independent contribution of time of day to
quality of care.”

4.4.3. Objective 2.3

We used the EMR to retrospectively assign the following overall ED crowding indicators at each
asthma patient’s ED arrival time: ED occupancy and the number of patients waiting to see an
attending provider. These were chosen from a published list of potential crowding indicators™
and were included because they were significant variables in previous studies on the impact of
ED crowding on quality of care.®® The other variables collected are the same as for objective
2.2, described in section 4.3.2.3.

4.4.4. Objective 2.4

Hospital capacity was defined using PHIS data on the number of active beds (excluding
perinatal and behavioral) at each hospital for 2006. Midnight census was used to calculate
occupancy (percent of bed capacity occupied) for each day of 2006, and all analyses were at
the hospital level. The dependent variables — potential responses to high occupancy — were
also calculated independently for each day of 2006 and included:

e Number of medical elective admissions
¢ Number of surgical elective admissions
e Number of short-stay admissions (length of stay <1 day)



¢ Number of low-severity admissions from ED (lowest quartile of APR-DRG severity
classification)

e Observed-to-expected length of stay for ambulatory-care sensitive conditions (ACSC)
(conditions for which ambulatory care may reduce, though not eliminate, the need for
hospital admission)

e Observed-to-expected length of stay for non-ACSC

o Number of inbound transfers from another acute care hospital

¢ Number of outbound transfers to another acute care hospital

Two approaches were used to determine a hospital’'s acute response to high occupancy. First,
normative threshold levels of midnight occupancy were set at 85%, 90%, and 95% of each
hospital’'s capacity. A generalized linear model was built independently for each threshold and
each dependent variable using, as a predictor, the prior day’s midnight occupancy interacted
with an indicator variable. These models measured each hospital’s direction and magnitude of
the eight responses throughout the 24-hour period after the prior day’s midnight occupancy
threshold level was exceeded.

Second, to assess how each hospital responded relative to its own occupancy experience over
the course of the year, we categorized each day into the following percentiles of midnight
census for each hospital: a) <90™, b) 90" to <95™, ¢) 95" to <98", and d) 98" to 100™. Again,
direction and magnitude of response were measured.

4.4.5. Objective 2.5

Occupancy was calculated as described above for objective 2.4. Maximum occupancy in a
week referred to the highest occupancy level achieved in a 7-day period (Monday-Sunday).
Weekly smoothing referred to our retrospective method of setting each hospital’s daily
occupancy at the mean value for each week (repeated weekly). We presented our findings
using a set of occupancy thresholds—85%, 90%, 95%, and 100%.

4.4.6. Objective 2.6

For each utilization, severity, and quality outcome measure, we derived the expected value for
the 2009 study period using the same methods described for derivation of the expected ED
influenza-like-illness (ILI) weekly visits. For the weeks of the spring 2009 H1N1 influenza
pandemic, we measured the observed value for each variable and calculated the observed-to-
expected proportion.

Utilization variables were aggregated across hospitals. For the hospital-level analysis, we
reported ILI visits, as these were most indicative of influenza-attributable visits, and all ED visits,
as these conveyed the total burden placed on the ED. We also described the use of viral testing
and administration of anti-influenza medications.

We assessed ED quality of care using ED revisits within 7 days, both for all ED patients and for
the subset of ED ILI patients.*** Reuvisits were included for any cause and were reported
weekly using expected 2009 weekly revisit rates as a comparison.

4.5. Limitations
4.5.1. Objectives 2.1 -2.3

A primary limitation of this study is that it was performed at one ED, affecting the generalizability
of findings. A second limitation is that the EMR'’s active patient-tracking system may have
resulted in discrepancies between the EMR event time and the actual event time. It is likely that
this discrepancy is present more often when the ED is crowded, leading to overestimation of
the association between crowding and delay of care.
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A third limitation is that we may have over- or under-included patients in the way we defined
each subgroup. This may have altered the receipt/nonreceipt proportions—an increase in
subgroup size would increase the proportion who did not receive a process—but should not
have affected the proportion with delayed care. A fourth limitation is that our retrospective
analysis may have been confounded by inadequate adjustment for severity of illness.* Finally,
although the absolute impact of crowding on the process of care in this population was large,
there is limited evidence for a link between processes and outcomes of ED care.

45.2. Objectives 2.4—-2.5

A primary limitation is that the use of administrative data precluded us from modeling all
possible responses for each hospital. For example, hospitals have different staffing models and
those with high provider-to-patient ratios may be better able to accommodate fluctuations in
census. For this reason, our approach may underestimate each hospital’s ability to respond to
high levels of occupancy. Furthermore, some hospitals may simply be equipped to handle high
occupancy without compromising quality of care or access. Second, we assumed a fixed
number of beds for the whole year, an approach that may not accurately reflect actual available
bed count on specific days. This limitation was minimized by counting all beds for each hospital
as available for all the days of the year, so hospitals with a high census when all available beds
are included would have an even higher percent occupancy if some of those beds were not
actually usable beds. Third, midnight census, the only universally available measure, was used
to determine occupancy rather than peak census. Midnight census provides a standard
snapshot, but is rarely close to peak census. In order to account for these limitations, we
analyzed the data using different thresholds of high midnight occupancy.

4.5.3. Objective 2.6

A primary limitation was that only children’s hospitals were included. The experience at these
hospitals may not be representative of experiences in other settings, such as emergency
departments in general hospitals that also provide emergent care to children. Second, we used
the upper 90% confidence interval of the expected patient volume to define the surge period. As
no data exist to support (or refute) this definition, there is potential to underestimate or
overestimate both the duration and magnitude of the surge. We considered higher and lower
surge thresholds to explore the potential impact of our specific surge definition on our
conclusions; alternate definitions of the surge threshold did not meaningfully alter our results.
Finally, our use of a discharge diagnosis-based definition of ILI rather than virologic
confirmation of influenza illness meant that some patients in our study may not have had
influenza. This latter limitation would cause us to overestimate the resource burden attributed to
the spring H1N1 influenza pandemic.

5. Results
5.1. Principal Findings

Our results indicate that key measures of crowding include total patient-care hours and humber
arriving in 6 hours —one global measure of crowding and one input measure. We demonstrated
an association between ED crowding and the quality of the delivery of asthma care in a large,
academic ED. We found that crowding exerts a “dose-related” effect on the three processes
used to measure the timeliness and effectiveness of ED asthma care and can raise the risk of
lower-quality care by a factor of 3.8 for 1-hour steroid administration and a factor of 1.2 for
receipt of indicated asthma score, based on interquartile risk ratio.
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5.2. Outcomes
5.2.1. Objective 2.1

We found high levels of receipt—above 80%—for all three processes for the asthma
population, as well as one fracture-population process: pain score. For the remaining two
fracture-population processes, we found low levels of receipt: among patients for whom any
analgesia was indicated (pain score > 1), 31.6% received any analgesia medication; among the
subset of these for whom opioid analgesia was indicated (pain score > 4), 32.2% received an
opioid. Of the five processes, we found rates of timely receipt ranging from 23% (steroid) to
64% (beta-agonist).

5.2.2. Objective 2.2.

Across the 45 models combining each of the nine crowding variables and each of five quality

measures, patients in the two populations were 0.26 (95% confidence interval (0.17, 0.38)) to

1.52 (1.17, 2.09) times as likely to receive the indicated care process within 1 hour when each
crowding measure was at the 75" than at the 25" percentile. Of the 45 adjusted risk ratios, 27
showed inverse associations, two showed positive associations, and 16 showed no significant
association.

Two “key” crowding measures showed consistent, dose-related, inverse association with quality
of care across all five measures: fotal patient-care hours and number arriving in 6 hours. The
crowding measures with the lowest interquartile risk ratio varied by population; the key crowding
measures selected represented a compromise across the two clinical conditions. Across the 10
models combining one of the two key crowding variables with one of the five quality measures,
patients in the two populations were 0.40 (0.27, 0.55) to 0.78 (0.71, 0.85) times as likely to
receive the indicated care process within 1 hour when each crowding measure was at the 75"
than at the 25" percentile. All 10 adjusted risk ratios were significant.

5.2.3. Objective 2.3

We expressed the relationship between quality and crowding in terms of the ratio in risk
between the 75" and 25" percentiles of crowding for each process measure. In modeling the
association between the two crowding measures and the adjusted risk for the two effectiveness
and three timeliness measures, we found a dose-related effect, with a significant overall ratio
(25" to 75" percentile) in all 10 models.

The relative risks were of greater magnitude in the timeliness measures than in the
effectiveness measures. Patients were 0.26 (0.17, 0.39) to 0.48 (0.34, 0.63) times as likely to
receive timely care when each crowding measure was at the more-crowded, 75", percentile
than at the less-crowded, 25", percentile. They were 0.86 (0.80, 0.92) to 0.91 (0.86, 0.95) times
as likely to receive effective care at the 75" than at the 25" percentile.

We found no direct effect of the four equity variables (with the two insurance variables
combined) on the timeliness/effectiveness measures. None of the equity variables are
moderators of the association between the timeliness/effectiveness measures and crowding
measures. The sole exception was that having no PCP was associated with an increased
adjusted risk of receiving a steroid in the first hour, based on ED occupancy percentile.
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5.2.3.1. Objective 2.4

In total, the hospitals were frequently at high occupancy at midnight: of the 14,235 hospital
midnights included, 7.8% were at 85-89% occupancy, 4.9% were at 90-94% occupancy, 3.2%
were at 95-99% occupancy, and 5.5% were at >100% occupancy

Overall, hospital response to high occupancy was rare and of small magnitude. In looking at
each of the eight separate responses, whether compared to normative standards of high
occupancy or within-hospital percentiles, less than half the hospitals lowered the number of
elective admissions, short admissions, or low-severity admissions; reduced observed-to-
expected LOS; or altered transfers.

5.2.3.2. Objective 2.5

Overall, hospital mean midnight occupancy ranged from 70.9% to 108.1% on weekdays and
65.7% to 94.9% on weekends. Uniformly, weekday occupancy exceeded weekend occupancy,
with a median difference of 8.2% points (IQR: 7.2%-9.5% points). There was a wide range of
median hospital weekday-weekend occupancy differences across hospitals. The overall
difference was less in winter months (median difference, 7.7% points; IQR: 6.3%-8.8% points)
than in summer months (median difference, 8.6% points; IQR: 7.4%-9.8% points; Wilcoxon sign
rank test, p<0.001).

Thirty-five hospitals (89.7%) exceeded the 85% occupancy threshold on at least 20% of
weekdays, and 29 (74.4%) exceeded the 95% occupancy threshold. Across all hospitals, the
median difference in weekly maximum and weekly mean occupancy was 6.6% points (IQR:
6.2%-7.4% points).

Smoothing reduced the number of hospitals at each threshold except the 85% threshold.
Expressed as a linear relationship, the reduction in weekday peak occupancy (y) based on a
hospital’s median difference in weekly maximum and weekly mean occupancy (x) was y = 2.69 +
0.48x. A hospital with a 10% point difference between weekday and weekend occupancy could
reduce weekday peak by 7.5% points.

Application of the smoothing algorithm increased the number of patients exposed to the lower
thresholds (85% and 90%) but decreased the number of patients exposed to >95% occupancy.
For example, smoothing at the 85% threshold led to 596 more patients per hospital being
exposed to this level of hospital occupancy, but smoothing at the 95% threshold resulted in 630
fewer patients per hospital being exposed to that threshold.

5.2.3.3.  Objective 2.6

For individual hospitals, the median peak in observed-to-expected proportion of weekly ED visits
was 1.30 (IQR: 1.19, 1.40). This increased to a median of 1.56 (IQR: 1.27, 2.07) when only ED
ILI visits were included. Compared with the percent expected, the percentage admitted from the
ED to non-ICU beds and to ICU beds were 30% and 56% lower, respectively. The lower overall
acuity was also reflected in other utilization; there was less overall diagnostic testing (including
fewer chest radiographs) and less treatment with antibacterials, bronchodilators, and systemic
corticosteroids. Despite the high surge volumes, there was a decrease in rate of return to the ED
within 7 days.

Higher-than-expected ED ILI visits were seen for children 2-17 years—highest in the 9-17 year
olds—and in females, Latinos, the insured, and those with asthma. Lower-than-expected ED ILI
visits were seen for children younger than 2 years of age, the uninsured, those with immune
deficiencies and cardiovascular disease, and those in the Middle Atlantic region. No factors were
associated with higher-than-expected ED-to-inpatient admission rates.
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5.3. Discussion
5.3.1. Objective 2.2.

Our results indicate that key measures of crowding include total patient-care hours and nhumber
arriving in 6 hours —one global measure of crowding and one input measure. This differs from
adult-population ED literature, which suggests that output measures of crowding (primarily
boarding burden—the number of patients staying in the ED while awaiting an inpatient bed) are
most related to quality.**® One possible reason for this difference may be the unavailability of a
boarding burden measure in the present study. Our surrogate variable, inpatient occupancy,
may reflect beds that appear open but are not available for ED admissions because they are
reserved for elective admissions. Inpatient occupancy was inversely associated with quality in
the asthma population but could not be considered a key crowding measure, as there was no
similar association in the fracture population.

We modeled nine crowding measures and five quality measures across two populations of
children seen in the ED. Of these 45 models, 27 (60%) showed an inverse association between
crowding and quality, with interquatrtile ratios as 0.26 (an almost four-fold effect). This confirms
previous studies®®#?348495464 that reported an ED crowding-quality association in adult
populations.

With the exception of pain-score assessment, a significant proportion of patients with asthma
and with fracture-related pain either did not receive or had delayed receipt of an indicated
process. The greatest delays were in administration of steroids and opioids, the two processes
requiring a physician order. Our findings regarding the quality of care for the asthma population
are difficult to compare to prior literature due to heterogeneity both in the quality measures used
and in the definition of the subpopulations for which processes were indicated.?*?® The rates of
poor quality care in the fracture pain population are comparable to those noted in prior studies
of ED analgesia for children.?>*

5.3.2. Objective 2.3.

We demonstrate an association between ED crowding and the quality of the delivery of asthma
care in a large, academic ED. We found that crowding exerts a “dose-related” effect on the
three processes used to measure the timeliness and effectiveness of ED asthma care and can
raise the risk of lower-quality care by a factor of 3.8 for 1-hour steroid administration and a
factor of 1.2 for receipt of indicated asthma score, based on interquartile risk ratio. These
findings were robust in multivariable analysis after adjusting for other known risk factors for
variations in quality of asthma care.®®®’ This confirms previous studies,®®?38495464 \yhjch
reported an ED crowding-quality association in adult populations.

We modeled nine quality measures across three IOM dimensions. Of these nine measures, only
the timeliness and effectiveness measures showed a significant association with crowding, with
all significant associations indicative of an inverse relationship. Of these, the measures that had
the largest effect size were timeliness measures, with lesser effects in the effectiveness
measures. Prior studies including both types of measures have also found greater effect of
crowding on timeliness than on effectiveness of care.??®

Despite the smaller effect size of crowding on the two effectiveness measures, this finding is
more novel than the finding that crowding impacts timeliness of care. At the 75" percentile of
crowding, patients had a 12-13% lower chance of receiving an indicated asthma score and a

9-12% lower chance of receiving an indicated steroid, than at the 25" percentile of crowding.

We also found that equity measures had no impact on quality of care across varying degrees of
crowding. Although non-ED studies have shown disparities in asthma care based on ethnicity
and insurance, °>®’ our finding is consistent with prior ED studies of both race/ethnicity®®> and
insurance,”” which found no effect on the quality of acute asthma care for children in the ED.
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5.3.3. Objective 2.4

In this study, we found that less than half of children’s hospitals employed at least one of eight
potential responses to high occupancy and that the magnitude was relatively small compared to
overall occupancy. We also found considerable variability in the types of strategies used both
within and across hospitals. These findings suggest that hospitals should engage in local review
of patient flow and high-occupancy times in order to maximize patient safety, quality of care,
and hospital efficiency.

As a whole, PHIS hospitals were often at high occupancy, with 21% of all midnights above 85%
and 13.4% above 90% occupancy in 2006. Prior studies show that patient safety, quality, and
efficiency can be adversely impacted by occupancy above 85-90%.% ° *° ! To ensure safe,
high-quality, and effective delivery of care — as well as optimal patient/family experiences,
avoidance of rejected transports and referrals, lessened ED crowding, decreased staff stress,
and ability to deliver on educational missions — hospitals should consider implementing
initiatives to better analyze and manage patient flow.

5.3.4. Objective 2.5

We found frequent high levels of occupancy. Consistently, weekend occupancy was lower than
weekday occupancy, with a median difference of 8.2% points. This difference indicates that
weekend capacity is available to offset high-weekday occupancy. Though hospitals at the lower
end of the occupancy thresholds (85%, 90%) would not reduce frequency or severity of
occupancy at this level by very much, those at the higher end (95%, 100%) would reduce the
number of days operating at very high levels of occupancy and the number of patients exposed
to such levels. In this study, if all 39 hospitals each smoothed their occupancy as we did
(allowing weeks to differ), 39,607 patients could be protected from exposure to 95% occupancy,
and 50,079 patients, from 100% occupancy. We found that hospitals in the range of size of
PHIS hospitals with a difference of 10% points between weekday and weekend occupancy
could reduce weekly peak occupancy by 7.4% points. This provides an opportunity for hospitals
to avoid days with occupancy at or above 95-100%.

5.3.5. Objective 2.6

Fourteen (61%) of 23 hospitals experienced a surge in ED volume. For hospitals experiencing a
surge, the resource burden was substantial: ED visits were 24% higher than expected during
surge weeks and, during peak weeks, were 30% higher than expected. The overall acuity
remained low, with only a small minority of patients requiring hospitalization (5.0% of children
presenting with ILI to the EDs), with far lower than expected rates of ICU and non-ICU
admission and positive pressure ventilation. This finding is consistent with reported local
experiences.”’ No patient characteristics were associated with higher than expected rates of
ED-to-inpatient admission.

5.4. Conclusions
5.4.1. Objectives 2.1 -2.3

This is the first study to compare crowding measures with regard to their association with the
guality of emergent care for children. Our analysis comparing crowding metrics found that the
key metrics are global and input measures, indicating that crowding is multifactorial and cannot
be mitigated by ED providers simply working harder. Our analysis of crowding and three
dimensions of quality of ED care for children with acute asthma found that both timeliness and
effectiveness of care were inversely associated with crowding and that equity of care was not
associated with crowding.
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5.4.2. Objectives 2.4 - 2.5

Our study revealed that children’s hospitals are frequently crowded, and hospital responses to
high occupancy are rare and of small magnitude. Hospitals are consistently more crowded on
weekdays but have unused weekend capacity that can be used to smooth occupancy over all
days of the week. This provides hospitals facing challenges with patient flow on weekdays an
opportunity to decrease the frequency and severity of high occupancy and reduce the number of
patients exposed to it. There may be good clinical and business cases for targeting high
occupancy or turnover as a “never event,” like other patient safety goals. If so, hospitals should
work to better measure patient flow, limit or eliminate high-occupancy times, and reduce
variability through appropriate proactive operations management and timely reactive responses.

5.4.3. Objective 2.6

During the spring wave of the 2009 H1NL1 influenza pandemic, pediatric EDs nationwide
experienced a marked increase in visits, but only a minority of patients with ILI required
hospitalization, and even fewer required intensive care. The data provided in this study can be
used for future pandemic planning at hospital and community levels.

5.5. Significance
5.5.1. Objectives 2.1 -2.3

The IOM and the Robert Wood Johnson Foundation have identified the impact of ED crowding
on children as a research priority.**® Our investigation addresses this priority by modeling the
crowding-quality association in an ED population of children with acute asthma and with
fracture-related pain.

5.5.2. Objectives 2.4 - 2.5

Given that studies in adults hospitals have found increases in sentinel events and medical
errors associated with crowding, our finding that more than 20% of hospital midnights were
above 85% occupancy raises serious concerns about adverse effects on patient safety and
guality of care in the pediatric inpatient population. Strategies to smooth—or otherwise
reduce—inpatient crowding are consistent with larger goals to improve the safety, efficiency,
patient-centeredness, and value of the healthcare system. To the extent that acute responses
to high occupancy fail to decrease crowding — or compromise access and satisfaction —
hospitals need to consider proactive approaches such as smoothing fluctuations in elective
admissions.

5.5.3. Objective 2.6

Our study highlights the importance and integral role that children’s hospitals play in providing
surge-level care for children within their respective regions. The large influx of low-acuity
patients challenged a system whose mainstays of preparedness focus on stockpiling supplies
for the critically ill or injured as opposed to having broadly distributed surge capacity to meet
differing levels of need. This finding is helpful for future surges and health policy, as it
highlights the need for a better-integrated delivery system that can appropriately match
capacity to demand and acuity.

5.6. Implications
5.6.1. Objectives 2.1 -2.3
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Areas for additional study include reassessment of the equity models after implementation of
healthcare reform and evaluation of the effects of interventions designed to mitigate the impact
of ED crowding on quality of care.®*%

5.6.2. Objectives 2.4-2.5

Future studies could examine predictors of quality of care at children’s hospitals as related to
dynamic organizational factors, such as crowding, as well as workload and workforce.

5.6.3. Objective 2.6

Areas for additional study include comparing the spring 2009 H1N1 surge with the second wave
in fall 2009 as well as with prior seasonal influenza seasons and projecting the resource burden
if the HIN1 virus had been more virulent.
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