Improving Patient Flow: Analysis of an Initiative to Improve Early Discharge
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BACKGROUND: Discharge delays adversely affect
hospital bed availability and thus patient flow.

OBJECTIVE: We aimed to increase the percentage of
early discharges (EDCs; before 11 am). We hypothesized
that obtaining at least 25% EDCs would decrease
emergency department (ED) and postanesthesia care unit
(PACU) hospital bed wait times.

DESIGN: This study used a pre/postintervention
retrospective analysis.

SETTING: All acute care units in a quaternary care
academic children’s hospital were included in this study.

PATIENTS: The patient sample included all discharges
from the acute care units and all hospital admissions from
the ED and PACU from January 1, 2014, to December 31,
2016.

INTERVENTION: A multidisciplinary team identified EDC
barriers, including poor identification of EDC candidates,
accountability issues, and lack of team incentives. A total
of three successive interventions were implemented using

atient flow throughout the hospital has been shown to
be adversely affected by discharge delays.” When hospi-
tals are operating at peak capacity, these delays impact
throughput, length of stay (LOS), and cost of care and
block patients from the emergency department (ED), postanes-
thesia recovery unit (PACU), or home awaiting inpatient beds.?®
As patients wait in locations not ideal for inpatient care, they
may suffer from adverse events and poor satisfaction.* Several
studies have analyzed discharge timing as it relates to ED board-
ing of admitted patients and demonstrated that early discharg-
es (EDCs) can impact boarding times.”” A number of recent im-
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Plan—-Do-Check-Act (PDCA) cycles over 10 months between
2015 and 2016 addressing these barriers. Interventions
included EDC identification and communication, early
rounding on EDCs, and modest incentives.

MEASUREMENTS: Calendar month EDC percentage, ED
(from time bed requested to the time patient left ED) and
PACU (from time patient ready to leave to time patient left
PACU) wait times were measured.

RESULTS: EDCs increased from an average 8.8% before
the start of interventions (May 2015) to 15.8% after
interventions (February 2016). Using an interrupted

time series, both the jump and the slope increase were
significant (3.9%, P = .02 and 0.48%, P < .01, respectively).
Wait times decreased from a median of 221 to 133
minutes (P < .001) for ED and from 56 to 36 minutes per
patient (P = .002) for PACU.

CONCLUSION: A multimodal intervention was associated
with more EDCs and decreased PACU and ED bed wait
times. Journal of Hospital Medicine 2019;14:22-27.

© 2019 Society of Hospital Medicine

provement efforts directed at moving discharges earlier in the
day have been published.'®® However, these improvements are
often targeted at specific units or teams within a larger hospital
setting and only one is in the pediatric setting.

Lucile Packard Children’s Hospital Stanford (LPCHS) is a 311-
bed quaternary care academic women and children’s hospi-
tal in Northern California. As our organization expanded, the
demand for hospital beds often exceeded capacity. The chal-
lenge of overall demand was regularly compounded by a mis-
match in bed availability timing — bed demand is early in the
day and bed availability is later. This mismatch results in delays
for admitted patients waiting in the ED and PACU. Organiza-
tion leaders identified increasing early discharges (EDCs) as
one initiative to contribute to improved patient flow.

Our organization aimed to increase the number of discharg-
es before 11 am across the acute care units from an average of
8% in the 17 months prior to May 2015 to 25% by December
2016. Based on the average number and timing of planned ad-
missions, they hypothesized that 25% of EDCs would decrease
ED and PACU wait times.

An Official Publication of the Society of Hospital Medicine



METHODS

Setting

We focused our EDC interventions on the 87 acute care beds at
LPCHS. All patients discharged from these beds were included
in the study. We excluded patients discharged from intensive
care, maternity, and nursery. Acute care includes five units, one
focused on hematology/oncology (Unit A), one focused on car-
diology (Unit B), and the others with a surgical and medical pe-
diatric patient mix (Units C, D, and E). Although physician teams
have primary units, due to unit size, patients on teams other than
cardiology and hematology/oncology are often spread across
multiple units wherever there is a bed (including Units A and B).
Most of the frontline care physicians are residents supervised
by attendings; however, a minority of patients are cared for by
nurse practitioners (NPs) or physician assistants (PAs).

Improvement Team

In early 2015, we formed a multidisciplinary group inclusive of
a case manager, frontline nurses, nurse management, pediatric
residents, and hospitalist physicians with support from perfor-
mance improvement. We periodically included physician lead-
ers from other specialties to help initiate changes within their
own clinical areas. Our group used Lean A3 thinking' to gath-
er information about the current state, formulate the problem
statement, analyze the problem, and consider interventions
implemented in three Plan-Do-Check-Act (PDCA) cycles. The
A3is a structured tool to analyze problems before jumping to
solutions and communicate with stakeholders. We interviewed
leaders, nurses, residents, case managers, etc. and observed
work processes around discharge. We met weekly to follow
data, assess results of interventions, and problem solve.

Barriers and Interventions

The first barrier we identified and addressed was poor identifi-
cation and shared team mental model of potential EDC patients
and lack of preparation when an EDC was identified. In interven-
tion one starting May 2015, charge nurses on Units C, D, and E
were each asked to identify one EDC for the following day. The
identified patient was discussed at the previously existing after-
noon daily unit huddle' attended by nurse management, case
management, and hospitalist leaders. Following the huddle, the
resident, NP, or PA responsible for the patient was paged re-
garding the EDC plan and tasked with medication reconciliation
and discharge paperwork. Others were asked to address their
specific area of patient care for discharge (eg, case manager—
supplies, nursing—education). The patient was identified on the
unit white board with a yellow magnet (use of a visual control'),
so that all would be aware of the EDC. An e-mail was sent to
case management, nurse leaders, and patient placement coor-
dinators regarding the planned EDCs. Finally, the EDCs were
discussed during regularly scheduled huddles throughout the
evening and into the next day.”

Despite this first intervention, we noted that progress toward
increased EDCs was slow. Thus, we spent approximately seven
days (spread over one month) further observing the work pro-
cesses.” Over five days, we asked each unit's charge nurse ev-
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ery hour which patients were waiting to be discharged and the
primary reason for waiting. From this information, we created a
pareto chart demonstrating that rounds were the highest con-
tributor to waiting (Appendix A). Thus, our second intervention
was a daily physician morning huddle that the four nonsurgical
physician teams (excluding cardiology, hematology/oncology)
implemented one team at a time between November 2015
and February 2016. At the huddle, previously identified EDCs
(located on any of the five units) were confirmed and prepa-
ratory work was completed (inclusive of the discharge order)
before rounds. Further, the attending and resident physicians
were to see the patient before or at the start of rounds.

Our working group still observed slow EDC improvement and
sought feedback from all providers. EDC was described as “ex-
tra” work, apart from routine practices and culture. In addition,
our interventions had not addressed most discharges on Units
A and B. Consequently, our third intervention in February 2016
aimed to recognize and incentivize teams, units, and individuals
for EDC successes. Units and/or physician teams that met 25%
of EDCs the previous week were acknowledged through hos-
pital-wide screensavers and certificates of appreciation signed
by the Chief Nursing Officer. Units and/or physician teams that
met 25% of EDC the previous month were acknowledged with
a trophy. Residents received coffee cards for each EDC (though
not without controversy among the improvement group as we
acknowledged that all providers contributed to EDCs). Finally,
weekly, we shared an EDC dashboard displaying unit, team, and
organization performance at the hospital-wide leader huddle.
We also e-mailed the dashboard regularly to division chiefs,
medical directors, and nursing leaders.

Measures

Our primary outcome was percentage of EDCs (based on the
time the patient left the room) across acute care. Secondary out-
come measures were median wait times for an inpatient bed
from the ED (time bed requested to the time patient left the
ED) and the average PACU wait time (time the patient is ready
to leave the PACU to time the patient left the PACU) per ad-
mitted patient. We also assessed balancing measures, including
discharge satisfaction, seven-day readmission rates, and LOS.
We obtained the mean discharge satisfaction score from the
organization’s Press Ganey survey results across acute care (the
three discharge questions’ mean — “degree ... you felt ready
to have your child discharged,” “speed of discharge process
..., and "instructions... to care for your child..."”). We obtained
seven-day readmission rates from acute care discharges using
the hospital’s regularly reported data. We assessed patient
characteristics, including sex, age, case mix index (CMI; >2 vs
<2), insurance type (nongovernment vs government), day of
discharge (weekend vs weekday), and LOS from those patients
categorized as inpatients. Complete patient characteristics were
not available for observation (InterQual® criteria) status patients.

Analysis

We used descriptive statistics to describe the inpatient pop-
ulation characteristics by analyzing differences when EDC did
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Intervention One*

Intervention Two

Intervention Three*

Early Discharge (EDC) Identification and Communication

¢ Charge nurse identifies one patient per unit eligible to leave
before 11 am the next day

* Yellow magnet is placed on patient discharge board in the
“Target Discharge Date” column to make EDC identification
clear for all team members

e Discharge needs are evaluated

* Frontline physician is paged with the plan

* Other providers are notified by e-mail and/or comminucation
from others

® EDC patients are discharged at huddles into the next day to
ensure needs met and patient still able to be EDC

* Bedside nurse notifies family

rounds

Daily Physician Morning Huddle

* Resident, fellow, and attending on
medical teams huddle in the
morning prior to rounds to verify
early discharges or identify new ones

o Patients discharging early are
rounded on first or seen prior to

 Discharge orders (and any other
incomplete physician work)
completed prior to rounds

Early Discharge Recognition

¢ Discharge dashboard is shared weekly at hospital-wide
leader huddle (highest tier before executive huddle)

© Units and/or teams that meet 25% goal for a week are
recognized with a hospital-wide screensaver and certificates

* Units and/or teams that meet 25% goal for a month are
acknowledged with a trophy

¢ Individual nurses who discharge patients early receive
recognition cards signed by Chief Nursing Officer

 Discharge data is compiled into a dashboard weekly and
communicated to all division chiefs and nursing units via e-mail

* Resident physicians are given coffee cards for each EDC

2015 2016
Acute X Team(s) .
Care Unit (Discharged Patient - - _ o a - > o c o o o > c _ fo a - > o
Group) s|3|3|2|s|o|z|d8&|s|e2|=|<|=|[3|3|2|s|c]|z]|38

Heme/Onc, Surgical,
Cardiology (3)

he ]
Medical (2)
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Medical (1)

Intervention 1 M Intervention 2 Intervention 3

FIG 1. Descriptions of Interventions and Timeline.

and did not occur using chi-square and the Mann-Whitney U
tests. Patients with missing data were removed from analyses
that incorporated patient factors.

To assess our primary outcome, we used an interrupted time
series analysis assessing the percentage of EDC in the total pop-
ulation before any intervention (May 2015) and after the last in-
tervention (March 2016). We used the Durbin—Watson statistic to
assess autocorrelation of errors in our regression models. As we
had only patient characteristics for the inpatient population, we
repeated the analysis including only inpatients and accounting
for patient factors significantly associated with EDC.

As units and physician teams had differential exposure to the
interventions, we performed a subanalysis (using interrupted
time series) creating groups based on the combination of inter-
ventions to which a patient’s discharge was exposed (based on
unit and physician team at discharge). Patient discharges from
group 1 (medical patients on Units C, D, and E) were exposed
to all three interventions, group 2 patient discharges (medical
patients on Units A and B) were exposed to interventions 2 and
3, group 3 (cardiology, hematology/oncology, surgical patients
on Units A and B) were exposed to intervention 3, and group
4 (surgical, cardiology, hematology/oncology patients on Units
C, D, and E) were exposed to interventions 1 and 3 (Figure 1).
Interrupted time series models were fit using the R Statistical
Software Package

Because of seasonal variation in admissions, we compared
secondary outcomes and balancing measures over similar
time frames in the calendar year (January to September 2015

24 Journal of Hospital Medicine Vol 14 | No 1 | January 2019

*See Appendix B for pictures demonstrating the interventions

vs January to September 2016) using the Mann-Whitney U test
and the unpaired t-test, respectively.

The project’s primary purpose was to implement a practice
to improve the quality of care, and therefore, the Stanford Insti-
tutional Review Board determined it to be nonresearch.

RESULTS

There were 16,175 discharges on acute care from January 2014
through December 2016. Across all acute care units, EDCs
increased from an average of 8.8% before the start of inter-
ventions (May 2015) to 15.8% after all interventions (February
2016). From the estimated trend in the preintervention period,
there was a jump of 3.9% to the start of the postintervention
trend (P = .02; Figure 2). Furthermore, there was an increase
of 0.48% (95% Cl 0.15-0.82%; P < .01) per month in the trend
of the slope between the pre- and postintervention. The au-
tocorrelation function and the Durbin-Watson test did not
show evidence of autocorrelation (P = .85). Lack of evidence
for autocorrelation in this and each of our subsequent fitted
models led to excluding an autocorrelation parameter from
our models.

From 16,175 discharges, 1,764 (11%) were assigned to ob-
servation status. Among inpatients (14,411), patients with
missing values (CMI, insurance status) were also excluded (n
= 66, 0.5%). Among the remaining 14,345 inpatients, 54% were
males, 50% were government-insured, and 1,645 (11.5%) were
discharged early. The average age was 8.5 years, the average
LOS was seven days, and the median CMI was 2.2. Children
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FIG 2. Percentage of Early Discharge Trajectory for all Discharges on Acute Care Pre- and Postimplementation of the Interventions.

who were younger, had shorter LOS, CMI <2, and nongovern-
ment insurance were more likely to be discharged early (P < .01
for all). For each of these variables, F-tests were performed to
determine whether there was a statistically significant reduc-
tion in variation by adding the variable to our initial model.
None of the variables alone or in combination led to a statis-
tically significant reduction in variation. Including these factors
in the interrupted time series did not change the significance
of the results (jump at postintervention start 3.6%, 95% ClI
0.7%-7.2%; P = .02, slope increased by 0.59% per month, 95%
Cl10.29-0.89%; P < .01).

In the subgroup analysis, we did not account for patient fac-
tors as they did not change the results in the analysis of total
population. Though each group had a greater percentage of
EDCs in the postintervention period, the changes in slopes
and jumps were primarily nonsignificant (Figure 3). Only the
change in slope in group 4 was significant (1.1%, 95% Cl 0.3-
1.9%; P=.01).

Between January to September 2015 and 2016, ED wait
times decreased by 88 minutes (P <.01) and PACU wait times
decreased by 20 minutes per patient admitted (P < .01; Table).
There was no statistically significant change in seven-day read-
missions (P = .19) or in families feeling ready to discharge (P =
.11) or in general discharge satisfaction (P = .48) as measured
by Press Ganey survey. Among all discharges (inpatient and
observation), the average LOS significantly decreased by 0.6
days (P =.02).

An Official Publication of the Society of Hospital Medicine

DISCUSSION

The percentage of patients who left the hospital prior to 11 am
significantly improved after a number of interventions aimed at
emphasizing EDC and discharge task completion earlier within
the hospital stay. Our EDC improvement was associated with
improved ED and PACU wait times without negatively impact-
ing discharge satisfaction, seven-day readmissions, or LOS.

It is difficult to compare our EDC improvements to those of
previous studies, as we are unaware of published data on pedi-
atric EDC efforts across an entire hospital. In addition, studies
have reported discharges prior to different times in the day
(noon, 1 PM™, etc).”> '3 Our interventions were similar to those
of Wertheimer et al.,” including the use of interdisciplinary
rounds, identification of potential EDCs the afternoon before
discharge, and “reward and recognition.” Wertheimer also
sent an e-mail about EDCs to a multidisciplinary group, which
was then updated as conditions changed. Unlike Wertheimer,
we did not include physicians in our e-mail due to the large
number and frequently changing physician teams. Our EDC
rate prior to 11 am was lower than their achieved rate of 35%
prior to 12 pm. When we assessed our discharges using 12 pm,
our rate was still lower (22%-28%), but a direct comparison was
complicated by different patient populations. Still, our study
adds to the evidence that interdisciplinary rounds and reward
and recognition lead to earlier discharge. In addition, this
study builds upon Wertheimer's results as although they later
assessed the timing of ED admissions as a result of their EDC
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improvements, they did not directly assess inpatient bed
wait times as we did in our study.™

As providers of all types were aware of the constant push
for beds due to canceled surgeries, delayed admissions
and intensive care transfers, and the inability to accept
admission, it is difficult to compare the subgroups direct-
ly. Furthermore, although physician teams and units are
distinct, individuals (nurses, case managers, trainees) may
rotate through different units and teams and we cannot
account for individual influences on EDCs depending on
exposure to interventions over time. Although all groups
improved, the improvement in slope in group 4 (exposed
to interventions 1 and 3) was the only significant change.
As group 4 contained a large number of surgical patients
who often have more predictable hospital stays, perhaps
this group was more responsive to the interventions.

Our EDC improvements were associated with a de-
crease in ED and PACU bed wait times. Importantly, we
did not address potential confounding factors impacting
these times such as total hospital admission volumes,
ED and PACU patient complexity, and distribution of ED
and PACU admission requests throughout the day. Mod-
eling has suggested that EDCs could also improve ED
flow,” but studies implementing EDC have not necessar-
ily assessed this outcome.'®’® One study retrospectively
evaluated ED boarding times in the context of an EDC
improvement effort and found a decrease in boarding
times.?" This decrease is important as ED boarders may
be at a higher risk for adverse events, a longer LOS, and
more readmissions.*’ Less is known about prolonged
PACU wait times; however, studies have reported delays
in receiving patients from the operating room (OR), which
could presumably impact timeliness of other scheduled
procedures and patient satisfaction.??? It is worth noting
that OR holds as a result of PACU backups happened
more frequently at our institution before our EDC work.

Our limitations include that individual providers in the var-
ious groups were not completely blind to the interventions
and groups often comprised distinct patient populations.
Second, LPCHS has a high CMI and LOS relative to most
other children’s hospitals, complicating comparison with pa-
tient populations at other children’s hospitals. In addition,
our work was done at this single institution. However, since a
higher CMI was associated with a lower probability of EDC,
hospitals with a lower CMI may have a greater opportunity
for EDC improvements. Third, hospital systems are more
impacted by low EDCs when operating at high occupancy
(as we were at LPCHS); thus, improvements in ED and PACU
wait times for inpatient beds might not be noted for hospi-
tals operating with a >10% inventory of beds.” Importantly,
our hospital had multiple daily management structures in
place, which we harnessed for our interventions, and better
patient flow was a key hospital initiative garering improve-
ment of resources. Hospitals without these resources may
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FIG 3. Percentage of Early Discharge Trajectory for Each Subgroup (based on unit and
physician team at the time of patient discharge) Pre- and Postimplementation of the
Interventions.

have more difficulty implementing similar interventions. Fi-
nally, other work to improve patient flow was concurrently
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TABLE. Secondary Outcomes and Balancing Measures

Secondary Outcomes
Emergency Department wait time
Postanesthesia Care Unit wait time/patient admitted

Balancing Measures
Press Ganey discharge satisfaction’
Press Ganey felt ready for discharge?
7-day readmission rates
Length of stay

Early Discharge and Hospital Flow | Destino et al

January to September 2015' January to September 2016 PValue
221 minutes 133 minutes <.001
56 min/patient 36 min/patient .002
86.6 85.4 48
89.6 86.9 A
5.5 5.0 .19
7.0 days 6.4 days .02

13,634 patients discharged January to September 2015, 3,657 patients discharged January to September 2016.

2402 responses January to September 2015, 391 responses January to September 2016

implemented, including matching numbers of scheduled OR ad-
missions with anticipated capacity, which probably also contribut-
ed to the decrease in ED and PACU wait times.

CONCLUSIONS

We found that a multimodal intervention was associated with
more EDCs and improved ED and PACU bed wait times. We ob-
served no impact on discharge satisfaction or readmissions. Our
EDC improvement efforts may guide institutions operating at high
capacity and aiming to improve EDCs to improve patient flow.
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