
Copyright © 2017 the Author(s). Published by Wolters Kluwer Health, Inc. All rights reserved.
1

Issue 1 • Volume 3

Optimal patient care “can only be delivered when 
the right patient is in the right place with the 
right provider and the right information at 
the right time” Institute for Healthcare 
Improvement1

INTRODUCTION
The time a patient spends in an inpatient 
environment depends on the patient’s dis-
ease and severity of illness as well as being 
directly impacted by the efficiency and effective-
ness of care. Patient flow, or the management and move-
ment of patients in a healthcare setting, links efficiency 

and effectiveness of care with a patient’s length 
of stay (LOS). As inferred in the Institute 

for Healthcare Improvement quote above, 
these factors need to be aligned for opti-
mal patient care to occur. Poor manage-
ment of patient flow may lead to ineffec-
tive coordination of treatments, tests, and 
other interventions that can prolong diag-

nosis and/or recovery.
Inpatient settings are often the focus of 

efforts to improve patient flow as inefficien-
cies can lead to strains on capacity, contribut-

ing to nonoptimal treatments, processes, and outcomes. 
Although increasing inpatient bed capacity may be neces-
sary at times, the expense of doing so can only be justified 
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if systems are already running efficiently. Consequences 
of inefficient patient flow include patient dissatisfaction, 
delays between admission decision and hospitalization, 
delayed or even cancelled elective hospitalizations for sur-
gical procedures or medical evaluations, increased lengths 
of stay, poor quality of care, and decreased revenue for the 
organization.1–3 Thus, assessment of patient flow is criti-
cal, and the design (or redesign) of systems and processes 
should consider the whole continuum of the patient expe-
rience to achieve high-quality outcomes.4–8

One key step in improving patient flow is understand-
ing the sources of variation in system-wide processes. 
Additionally, system capacity may appear to be adequate 
for demand, but because of variation in the timing of 
patient arrivals and the ability to absorb that demand, 
there may be times when capacity is not adequate and 
then “waits, delays, and cancellations” result.1 Queuing 
theory holds that once utilization increases above a cer-
tain threshold level, commonly understood to be 80%-
90% of capacity, wait times will exponentially increase.9,10 
Industry research also shows that a nonoptimized hospital 
can obtain a 15–20% increase in bed and service capac-
ity via a redesign of patient flow processes.11 If resources 
can be appropriately allocated, “patient outcomes, staff 
morale and retention, healthcare costs, and the quality of 
life for both patients and caregivers” can improve.1

Despite its importance to the management of patient 
care, measuring patient flow has proven quite challenging. 
Administrative coding is typically used to average lengths 
of stay (LOS) of inpatient encounters. These administrative 
datasets have limitations as some are infrequently updated 
and most LOS are recoded in days (ie, the number of mid-
nights crossed) rather than something more granular like 
hours. Given the challenges in assessing patient flow, vari-
ous groups have proposed detailed plans for measuring it, 
such as with composite scores.4 Although these may offer 
benefits to individual hospitals to measure the process, 
outcome and balancing measures, such an approach does 
not lend itself to cross-hospital benchmarking.

To better quantify, understand, and benchmark pediatric 
inpatient flow, we propose the following pediatric-specific 
measure, PedsLOS. PedsLOS uses selected high-volume 
medical and surgical diagnostic administrative codes and 
associated LOS for both acute and critical care patients to 
obtain a representative view of patient flow. We also utilize 
rehospitalization rates (inclusive of admission and obser-
vations) for these codes as a balancing measure. If there 
is variation among hospitals, these metrics can be used to 
benchmark one organization’s LOS performance with that 
of others. Once benchmarked and gaps identified, standard 
improvement work can begin to assess the causes of varia-
tion and opportunities to enhance specific bottlenecks.

HOSPITAL VIGNETTE
Fictitious Hospital 16 is concerned about inefficiencies 
of care, but it is not yet clear where those inefficiencies 

manifest. Therefore, the Patient Flow team at Hospital 16 
plans to use PedsLOS. They note that the Heat Map of 
the Acute Care Composite (Fig.  3) may yield the most 
insights since their performance on the ICU composite 
(ICUC) shows good overall performance. They find that 
their overall performance on the Acute Care Composite is 
poor. Because the Acute Care Composite is broadly based 
into surgical and medical composites, they assess both 
to determine if there are differing results. Interestingly, 
their performance on the Medical Composite scores well. 
However, their performance on the Surgical Composite 
scores poorly, specifically in the APR-DRGs involving 
tonsillectomies/adenoidectomies as well as shoulder/arm 
surgeries.

This finding resonates with the Patient Flow team. They 
have understood for a few years that some inefficiencies 
of care may exist in both of those areas but had not had 
data to support this suspicion. The Patient Flow team 
knows that their best next steps are to involve the experts 
in these cases and invite surgeons, relevant nursing staff, 
quality improvement professionals, and others to explore 
the possible areas of inefficiencies. Once identified, the 
Patient Flow team collaborates with all involved to begin 
standard quality improvement work. In 3–6 months, 
these efforts have been completed, and the team plans to 
reassess their performance on PedsLOS. They anticipate 
that with their investigations and interventions that they 
will see positive results.

METHODS
Data Source
Data for this retrospective cohort study were obtained 
from the Pediatric Health Information System (PHIS), 
a national administrative database containing resource 
utilization data from tertiary care children’s hospi-
tals affiliated with the Children’s Hospital Association 
(Lenexa, Kans.). For external benchmarking, participat-
ing hospitals (n = 49) provide discharge data, including 
patient demographic characteristics, diagnoses, proce-
dures, charges, and LOS. Thirty-eight of these hospi-
tals provide hospitalization hour and discharge hour so 
that LOS can be calculated in hours. Thus, they were 
included in this study.

The protocol for the conduct of this study was 
reviewed and approved by Children’s National Health 
System (Washington, D. C.) with a waiver of informed 
consent.

Patients
Children were included in the study if they were (1) hos-
pitalized as an inpatient or observation status; (2) were 
discharged from one of the 38 hospitals submitting 
hourly LOS data to PHIS for the 2013 calendar year; and 
(3) were classified into one of the 23 selected all-patient 
refined diagnosis-related groups [APR-DRG, version 25 
(3M-Corp, Minneapolis, Minn.)]. In PHIS, the APR-DRG 
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group and severity of illness level are assigned at discharge 
using the patient demographics, diagnoses, and proce-
dures that occur during the encounter.12 These APR-DRGs 
were selected because they make up a representative por-
tion of total hospital discharges reported at PHIS hospi-
tals, namely 20% of total hospitalizations for the group. 
Beyond this, top 20% of hospitalizations, comparisons 
across hospitals became increasingly difficult due to dif-
ferences in hospitals and their patients. We collected 2 
sets of APR-DRGs representing these common diagnoses 
within the acute care population and those with a criti-
cal care stay. Therefore, 2 mutually exclusive populations 
were created: medical and surgical patients with acute 
care stays only (Acute Care Composite, Fig. 1A) and those 
whose hospitalization included any time in an intensive 
care unit (ICUC, Fig. 1B). Hospitalizations were excluded 
if the patient died in the hospital, was seen in a Neonatal 
Intensive Care Unit, or had a complex chronic condition 
(CCC).13 The patients with a CCC were excluded since 
the variability of their complexity would likely complicate 
comparison across hospitals. Hospitalizations were clas-
sified as an ICU stay and therefore included in the ICUC 
if they had any of the following: critical care APR-DRGs 
(Fig. 1B), major/extreme severity of illness or were in either 
APR-DRG 139 (Pneumonia) or APR-DRG 53 (Seizure) 
and were hospitalized in an ICU.

Outcomes
We measured hospitals at the various composite levels 
with the Acute Care Composite and the ICUC, using 2 
primary outcomes: observed-to-expected LOS (O/E LOS) 
and excess LOS. As a balancing measure, hospitals were 

also measured on 7-day all-cause risk-adjusted rehospi-
talization rates. We used rehospitalization as a balancing 
measure to LOS, as there is at least theoretical concern 
that hospital stays that are too short may increase the 
risk of rehospitalization; a very short LOS may raise the 
risk of a return to the hospital. Conversely, several studies 
have not found a relationship between LOS and rehospi-
talization, though that may be because transition services 
were improved and/or observed LOS was not reduced to 
unsafe levels.14–17

Study Definitions
The LOS is the total time in hours that a patient spends 
in the hospital. O/E LOS uses actual LOS divided by an 
expected benchmark, based on diagnosis (ie, APR-DRG) 
and 4 severity of illness levels, stratified into minor (level 
1), moderate (level 2), major (level 3), or extreme (level 4) 
and is determined using demographic and diagnostic data 
and comorbidities.12 A patient staying as long as expected 
would have an O/E LOS of 1; values less than 1 indi-
cate a patient is staying a shorter duration than expected, 
whereas values greater than 1 indicate a patient is staying 
longer than expected. Patient flow refers to the manage-
ment and movement of patients in a health care facility; 
when viewed at the hospital level, it is the aggregation 
of many flow steps and processes including value-added 
activities and wait times. Throughput reflects how long it 
takes, on average, for each patient to be served, so under-
standing how long it takes to care for a patient is impor-
tant to identifying improvement opportunities and under-
standing total throughput capabilities and opportunities 
for a hospital.18

Fig. 1. A, Acute Care Composite components. Excluded from this composite are neonatal intensive care unit patients, patients who 
have died while inpatient, children with CCCs, any patient with an invalid discharge hour, any patient who has had a critical care stay 
during the recorded hospitalization. B, ICUC components. Excluded from this composite are neonatal intensive care unit patients, 
patients who have died while inpatient, children with CCCs, any patient with an invalid discharge hour, any patient who has had a 
critical care stay during the recorded hospitalization. Neonatal patients admitted to a pediatric ICU or cardiac ICU are included in this 
population.
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We calculated O/E LOS for each APR-DRG by sum-
ming the actual LOS for hospitalizations that met the 
inclusion criteria and divided by the sum of the expected 
LOS for each of the included hospitalizations. Since 
O/E LOS may have bimodal distributions at both the 
long and short stays at a particular hospital and there-
fore mask possible beneficial results of many short LOS 
patients, we included an additional view of LOS, termed 
the excess LOS. At the discharge level, excess LOS was 
calculated as the difference between the actual LOS and 
the expected LOS for each hospitalization. If this differ-
ence was less than zero, we set the excess LOS to zero. 
The excess LOS was then expressed as a percentage of 
the hospital’s actual total LOS. To create the composite 
ratio measures, we summed the observed and expected 
lengths of stay from the individual APR-DRGs within 
each category and divided the resulting sums. The 7-day 
all-cause rehospitalization rate for each hospital was 
risk-adjusted using the APR-DRG severity of illness 
score.

Expected LOS was determined for each APR-DRG at 
each level of severity by calculating the 10% Winsorized 
mean LOS across all hospitals.19 Winsorized means 
attempt to reduce the influence of outliers by setting the 
lowest 5% of observations at the fifth percentile and the 
highest 5% of observations at the 95th percentile.

Heat Maps
To graphically display the issue areas for the respective 
diagnoses at each hospital, we created heat maps showing 
each the Acute Care Composite and ICUC. For the Acute 
Care Composite, the overall performance is presented 
graphically in the first column and sorted overall by per-
formance in this column. Then the medical and surgical 
composites respective subgroup performance is displayed. 
Similarly, for the ICUC, the overall performance is pre-
sented graphically in the first column and sorted overall by 
performance in this column. The subgroups of the ICUC 
are also graphically displayed. For both heat maps, cells 
colored red indicate conditions for which the hospital has 
an O/E LOS ratio () significantly > 1 (ie, the lower limit of 
the 95% CI for the O/E LOS > 1.0). Cells colored green 
indicated conditions for which the hospital has an O/E 
LOS significantly < 1 (ie, the upper limit of the 95% CI for 
the O/E LOS < 1.0). Cells colored yellow are conditions for 
which the hospital has an O/E LOS not significantly differ-
ent than 1. Sorted by frequency of O/E LOS significantly 
> 1 cells.

Statistical Analysis
Categorical variables were described using frequen-
cies and percentages, whereas continuous variables 
were described using medians and interquartile range 
(IQR) values. Hospitals were determined to be outliers 
if the 95% CI for their O/E LOS ratio did not include 
1.0. All correlations were assessed using Spearman’s 
correlation.

All statistical analyses were performed using SAS statis-
tical software, version 9.3 (SAS Institute, Cary, N.C.), and 
P values < 0.05 were considered statistically significant.

RESULTS
Acute Care Composite
During the study period, 113,768 (20.5%) of the PHIS 
inpatient discharges were flagged with one of the identi-
fied acute care APR-DRG groups. The representative per-
centage for the Acute Care Composite cases within each 
institution varied by hospital, with a median of 21.0%  
( IQR, 17.6–24.5%). The cohort of patients who met cri-
teria for the Acute Care Composite is shown in Table 1. 
The median O/E LOS ratio across hospitals was 1.0 
(IQR, 0.9–1.1), with a median excess LOS% of 23.9% 
(IQR, 20.9–27.2%). In general, the use of excess LOS% 
allowed for greater spread among hospitals and corre-
lated highly with the O/E ratio (ρ = 0.88; P < 0.001). The 
median 7-day all-cause risk-adjusted rehospitalization 
rate was 1.7% (IQR, 1.3–2.1%) without a clear relation-
ship between O/E LOS and rehospitalization rates (ρ = 
˗0.05; P = 0.770; Fig. 2A). On an individual institutional 
level, we observed variability between medical and sur-
gical acute care composites—that is, the O/E LOS were 
not necessarily consistently in the same direction for both 
composites (Fig. 3).

ICUC
For acute care hospitalizations with an ICU stay, 31,400 
(28.6%) of the PHIS discharges were flagged with one 
of the identified ICUC APR-DRG groups. The representa-
tive percentage of ICU cases within each institution also 
varied with a median of 28.1% (IQR, 22.5–33.5). The 
cohort of patients who met criteria for the ICUC is also 
shown in Table 1.

Table 1. Patient Characteristics of Hospital Discharges 
Meeting Acute Care Composite and Acute Care with ICUC 
Criteria

Patient 
Characteristics 

Acute Care  
Composite, n (%) ICUC, n (%)

N Discharges 113,768 31,400
Gender   
        Male 66,179 (58.2) 16,406 (52.3)
        Female 47,582 (41.8) 14,991 (47.7)
Race   
        Non-Hispanic White 49,454 (43.5) 17,785 (56.6)
        Non-Hispanic Black 26,014 (22.9) 4,532 (14.4)
        Hispanic 25,978 (22.8) 5,177 (16.5)
        Asian 2,812 (2.5) 1,059 (3.4)
        Other 9,510 (8.4) 2,847 (9.1)
Payer   
        Government 67,401 (59.2) 16,041 (51.1)
        Private 40,080 (35.2) 13,483 (42.9)
        Other 6,287 (5.5) 1,876 (6)
Age (y)   
        < 1 23,906 (21) 9,644 (30.7)
        1–4 42,998 (37.8) 7,028 (22.4)
        5–9 25,301 (22.2) 4,526 (14.4)
        10–14 15,463 (13.6) 5,464 (17.4)
        15+ 6,100 (5.4) 4,738 (15.1)
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The O/E LOS across hospitals for the ICUC had 
a median of 1.1 (IQR, 1.0–1.2) with a median excess 
LOS% of 32.3% (IQR, 28.7–35.4%). Similar to the 
Acute Care Composite, the use of excess LOS% allowed 
for greater spread among hospitals and correlated highly 
with the O/E ratio (ρ = 0.85; P < 0.001). The 7-day all-
cause risk-adjusted rehospitalization rate was higher 
for the ICUC, with a median of 4.9% (IQR, 3.6–5.5%). 
Like the Acute Care Composite, we could not identify a 
clear relationship between O/E LOS and rehospitaliza-
tion rates (ρ = 0.03; P = 0.874; Fig. 2B). Subgroups for 
the ICUC and the individual performance is shown in 
Figure 4.

DISCUSSION
The goals of understanding patient flow are to improve 
both the patient’s experience of care and the efficiency of 
care. These goals are well aligned to enhance performance 
and, if improvement efforts are conducted thoughtfully, 
should not be counterproductive. Measuring LOS using 
a comparative database such as PHIS can help hospi-
tals understand their performance not only against their 
past performance but also against that of their peers (see 
Vignette). PedsLOS will help hospitals understand this 
performance for common conditions, ultimately pro-
viding insights into where improvement work should 
be focused. By using the PHIS dataset and importantly 

Fig. 2. A, Acute Care Composite with the adjusted 7-day rehospitalization rate with each hospital’s O/E LOS ratio. Error bars 
represent 95% CIs. B, ICUC with adjusted 7-day rehospitalization rate with each hospital’s O/E LOS ratio. Error bars represent 
95% CIs.
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without additional data collection by the hospital, 
PedsLOS shows notable variation of both the Acute Care 
and ICUC, allowing for performance assessments and dif-
ferences between and within institutions to be explored.

Existing benchmarking available from other adminis-
trative datasets uses the APR-DRG O/E LOS based on 
midnight crossings and excludes observation-status stays. 
In contrast, the PHIS and PedsLOS approach utilizes 
hourly data (reflecting the commonly shorter LOS) and 
include observation-status stays.20–22 This enhanced level 
of detail may also lead to better acceptability for use as 
an outcome measure since the data more accurately rep-
resents the patient’s experience regarding LOS. Another 
improvement over other datasets is that PHIS is available 
with quarterly updates to the data only a few months in 
arrears. Therefore, improvement efforts can be tracked 
over time with more representative data.

Exploring patient flow variation will hopefully lead to 
improved performance as best practices are learned and 

improvement methods spread across organizations. Since 
we used 2 novel measures and 1 balancing measure to 
improve our understanding of patient flow, organizations 
have multiple lenses to view this complex problem. Using 
only 1 of these measures to assess patient flow does not ade-
quately portray performance, as excellent performance in 
only 1 of these measures may not represent desirable care.

PedsLOS does have limitations. As with any measure 
based on administrative coding, there are challenges as to the 
accuracy of this coding. For example, the severity of illness 
assignment depends on the accuracy of physician documen-
tation and the accuracy of the discharge coding. However, 
since these metrics mostly rely on diagnosis codes, hospi-
talization, and discharge dates and times, these limitations 
should be minimal. Also, since the PHIS dataset is propri-
etary data and therefore not publically available, the spread 
of this information may be limited. However, the approach 
could be replicated for more general use should hourly data 
as well as observation stays be included in other datasets.

Fig. 3. Heat Map of Acute Care Composite performance by hospital. Cells colored red indicate conditions for which the hospital 
has an O/E LOS ratio (O/E LOS) significantly > 1. Cells colored green indicated conditions for which the hospital has an O/E LOS 
significantly < 1. Cells colored yellow are conditions for which the hospital has an O/E LOS not significantly different than 1. Sorted 
by frequency of O/E LOS significantly > 1 cells.
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This metric also only reports final outcomes—overall 
LOS—involved in a very complex process and does not 
specifically provide information about the many impor-
tant and multidisciplinary steps involved in patient care 
and patient flow. Thus, it can serve only as an indicator 
to where issues may exist and therefore help target how 
a hospital may improve inpatient flow. However, fur-
ther investigations into why performance does not align 
with that of a hospital’s peers will need to be explored. 
For example, if the discharge of a medical hospitaliza-
tion such as asthma patient is delayed due to the require-
ment of care team rounding times, this may negatively 
impact a local hospital’s average LOS for that diagnosis. 
Therefore, the local team may explore inefficiencies to 

address these hindrances. Lastly, it is not clear that the 
ideal LOS are the lowest LOSs. Assuming that the low 
LOS are the desirable, LOS assumes that there is waste 
that is eradicable. While that is likely the case, given the 
intrinsic inefficiencies in health care, this is not proven for 
each of the included diagnoses. Our goal in presenting the 
rehospitalizations balancing measure was to help alleviate 
this ambiguity. Hospitals should feel reasonably confident 
that if they have a low LOS compared with their peers 
and their respective rehospitalizations are at a desirable 
rate that the care is not overly inefficient. An additional 
balancing measure to consider for future work would be 
unplanned returns to the Emergency Department for the 
same condition as this would possibly negatively impact 

Fig. 4. Heat Map of ICUC performance by hospital. Cells colored red indicate conditions for which the hospital has an O/E LOS ratio 
(O/E LOS) significantly > 1. Cells colored green indicated conditions for which the hospital has an O/E LOS significantly < 1. Cells 
colored yellow are conditions for which the hospital has an O/E LOS not significantly different than 1. Sorted by frequency of O/E 
LOS significantly > 1 cells.
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the patient as well. Also as administrative datasets such 
as PHIS incorporate ICD-10 coding, modifications would 
need to be made to reflect the similar diagnoses codes used 
from ICD-9. Lastly, the included APR-DRGs do not rep-
resent a consistent proportion of total encounters across 
the 38 hospitals. Therefore, some may be overemphasized 
in the roll-up portion of the metric.

Despite these limitations, the findings support the use 
of this metric as a method to identify diagnosis-based 
variation in patient flow. Improving patient flow is a goal 
at many hospitals, but measuring the multidimensional 
aspects of flow and their impact on quality is difficult. 
Our hope is that by providing a framework to hospitals 
within the PHIS dataset as well as those that obtain their 
administrative data elsewhere for assessing patient flow 
across hospitals. Measurement is crucial to identifying 
and mitigating variation, and the need for an improved 
method to assess patient flow is critical. Importantly, this 
metric represents an enhanced understanding over cur-
rently available benchmarking data. We would hope in 
the future that some high performing hospitals, those 
with low O/E LOS as well as excess LOS and 7-day read-
missions, would utilize quartile rank of these metrics and 
even decile level rank to enhance further their under-
standing of their performance rather than simply a mean. 
Use of these metrics to assess patient flow performance 
will allow an organization to appropriately identify their 
efficiencies or inefficiencies of care and therefore highlight 
areas in need of optimization.

DISCLOSURE
The authors have no financial interest to declare in rela-
tion to the content of this article.

REFERENCES
 1. Haraden C, Nolan T, Litvak E. Optimizing patient flow: moving 

patients smoothly through acute care settings. IHI Innovation Series 
white paper. Boston, Mass.: Institute for Healthcare Improvement; 
2003. Available at: http://www.ihi.org/resources/pages/ihiwhitepa-
pers/optimizingpatientflowmovingpatientssmoothlythroughacutec-
aresettings.aspx Accessed May 24, 2017.

 2. Forbes TH 3rd, Osborne KC, Hartsell KC, et al. Diving into data: 
quantifying efficiency by improving patient flow. Nurs Manage. 
2014;45:18–24; quiz 24.

 3. The commonwealth fund. Quality matters. In focus: improving 
patient flow—in and out of hospitals and beyond. Available at: 

http://www.commonwealthfund.org/publications/newsletters/qual-
ity-matters/2013/october-november/in-focus-improving-patient-
flow Accessed May 24, 2017.

 4. Fieldston ES, Zaoutis LB, Agosto PM, et al. Measuring patient flow 
in a children’s hospital using a scorecard with composite measure-
ment. J Hosp Med. 2014;9:463–468.

 5. 2012 Patient flow challenges assessment. AHA Solutions. Chicago, 
Ill. 2012. Available at: http://www.aha-solutions.org/resources/aha-
solutions-2012-0124-es-pfca.shtml. Accessed May 24, 2017.

 6. Litvak E, Buerhaus PI, Davidoff F, et al. Managing unnecessary 
variability in patient demand to reduce nursing stress and improve 
patient safety. Jt Comm J Qual Patient Saf. 2005;31:330–338.

 7. Asplin BR, Flottemesch TJ, Gordon BD. Developing models for 
patient flow and daily surge capacity research. Acad Emerg Med. 
2006;13:1109–1113.

 8. Fleischman RJ, Kaji AH, Diaz VM, et al. A simple intervention to 
improve hospital flow from emergency department to inpatient 
units. JAMA Intern Med. 2015;175:289–290.

 9. Komashie A, Mousavi A, Clarkson PJ, et al. An integrated model of 
patient and staff satisfaction using Queuing theory. IEEE J Transl 
Eng Health Med. 2015;3:2200110.

 10. Bagust A, Place M, Posnett JW. Dynamics of bed use in accommo-
dating emergency admissions: stochastic simulation model. BMJ. 
1999;319:155–158.

 11. Kloehn P. Demystifying patient throughput to optimize rev-
enue & patient satisfaction. Hales Corner, WI: 2004. Available 
at: https://pdfs.semanticscholar.org/0107/d56df6e61c65f667df-
28c9bb5cc371d61288.pdf Accessed May 24, 2017.

 12. APR-DRG - AHRQ archive. Available at: https://archive.ahrq.gov/
professionals/quality-patient-safety/quality-resources/tools/mortal-
ity/Hughessumm.pdf. Accessed May 24, 2017.

 13. Feudtner C, Feinstein JA, Zhong W, et al. Pediatric complex chronic 
conditions classification system version 2: updated for ICD-10 and 
complex medical technology dependence and transplantation. BMC 
Pediatr. 2014;14:199.

 14. Kociol RD, Lopes RD, Clare R, et al. International variation in 
and factors associated with hospital readmission after myocardial 
infarction. JAMA. 2012;307:66–74.

 15. Carey K, Lin MY. Hospital length of stay and readmission: an early 
investigation. Med Care Res Rev. 2014;71:99–111.

 16. Kaboli PJ, Go JT, Hockenberry J, et al. Associations between 
reduced hospital length of stay and 30-day readmission rate and 
mortality: 14-year experience in 129 Veterans Affairs hospitals. 
Ann Intern Med. 2012;157:837–845.

 17. Morse RB, Hall M, Fieldston ES, et al. Children’s hospitals with 
shorter lengths of stay do not have higher readmission rates. J 
Pediatr. 2013;163:1034–8.e1.

 18. Cesta TP. Managing length of stay using patient flow—Part 1. Hosp 
Case Manag. 2013;21(2):19–22.

 19. Tukey JW, McLaughlin DH. Less vulnerable confidence and signifi-
cance procedures for location based on a single sample: Trimming/
Winsorization 1. Sankhyā: Indian J Stat. 1963:331–352.

 20. Fieldston ES, Shah SS, Hall M, et al. Resource utilization for 
observation-status stays at children’s hospitals. Pediatrics. 
2013;131:1050–1058.

 21. Macy ML, Hall M, Shah SS, et al. Pediatric observation status: are 
we overlooking a growing population in children’s hospitals? J 
Hosp Med. 2012;7:530–536.

 22. Macy ML, Hall M, Shah SS, et al. Differences in designations of 
observation care in US freestanding children’s hospitals: are they 
virtual or real? J Hosp Med. 2012;7:287–293.

http://www.ihi.org/resources/pages/ihiwhitepapers/optimizingpatientflowmovingpatientssmoothlythroughacutecaresettings.aspx
http://www.ihi.org/resources/pages/ihiwhitepapers/optimizingpatientflowmovingpatientssmoothlythroughacutecaresettings.aspx
http://www.ihi.org/resources/pages/ihiwhitepapers/optimizingpatientflowmovingpatientssmoothlythroughacutecaresettings.aspx
http://www.commonwealthfund.org/publications/newsletters/quality-matters/2013/october-november/in-focus-improving-patient-flow
http://www.commonwealthfund.org/publications/newsletters/quality-matters/2013/october-november/in-focus-improving-patient-flow
http://www.commonwealthfund.org/publications/newsletters/quality-matters/2013/october-november/in-focus-improving-patient-flow
http://www.aha-solutions.org/resources/ahasolutions-2012-0124-es-pfca.shtml
http://www.aha-solutions.org/resources/ahasolutions-2012-0124-es-pfca.shtml
https://pdfs.semanticscholar.org/0107/d56df6e61c65f667df28c9bb5cc371d61288.pdf
https://pdfs.semanticscholar.org/0107/d56df6e61c65f667df28c9bb5cc371d61288.pdf
https://archive.ahrq.gov/professionals/quality-patient-safety/quality-resources/tools/mortality/Hughessumm.pdf. 
https://archive.ahrq.gov/professionals/quality-patient-safety/quality-resources/tools/mortality/Hughessumm.pdf. 
https://archive.ahrq.gov/professionals/quality-patient-safety/quality-resources/tools/mortality/Hughessumm.pdf. 

