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Abstract 

High hospital occupancy degrades emergency department performance by increasing wait times, decreasing patient 
satisfaction, and increasing patient morbidity and mortality. Late discharges contribute to high hospital occupancy 
by increasing emergency department (ED) patient length of stay (LOS). We share our experience with increasing 
and sustaining early discharges at a 650-bed academic medical center in the United States. Our process improve-
ment project followed the Institute of Medicine Model for Improvement of successive Plan‒Do‒Study‒Act cycles. 
We implemented multiple iterative interventions over 41 months. As a result, the proportion of discharge orders 
before 10 am increased from 8.7% at baseline to 22.2% (p < 0.001), and the proportion of discharges by noon (DBN) 
increased from 9.5% to 26.8% (p < 0.001). There was no increase in balancing metrics because of our interventions. 
RA-LOS (Risk Adjusted Length Of Stay) decreased from 1.16 to 1.09 (p = 0.01), RA-Mortality decreased from 0.65 to 0.61 
(p = 0.62) and RA-Readmissions decreased from 0.92 to 0.74 (p < 0.001). Our study provides a roadmap to large aca-
demic facilities to increase and sustain the proportion of patients discharged by noon without negatively impacting 
LOS, 30-day readmissions, and mortality. Continuous performance evaluation, adaptability to changing resources, 
multidisciplinary engagement, and institutional buy-in were crucial drivers of our success.
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What is already known on this topic
Discharge before noon (DBN) has been successfully 
implemented by multiple institutions with the goal of 
alleviating high hospital occupancy and emergency 
department boarding.

What this study adds
This study demonstrates the feasibility and sustainability 
of DBN over an extended period of 41  months despite 
numerous barriers, including multiple patient surges due 
to COVID-19.

How this study might affect research, practice, 
or policy
We provide our methods and experience as a guide for 
the practical implementation of processes to achieve and 
sustain DBN.
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Introduction
Discharge before noon (DBN) is a key intervention for 
providing safe and timely patient care given skyrock-
eting hospital occupancy and emergency department 
(ED) boarding. High hospital occupancy increases 
boarding times for patients in the ED, which in turn 
leads to ED overcrowding [1, 2]. ED overcrowding 
increases patient morbidity and mortality, prolongs 
wait times for patients, decreases patient satisfaction 
and is associated with physical injury to ED providers 
[1, 3, 4]. Early discharges from the inpatient setting can 
help alleviate ED boarding by reducing ED LOS. There 
is a nationwide focus on improving the proportion of 
early discharges in the United States.

Several studies from across the world have dem-
onstrated mixed effects of early discharges on qual-
ity metrics [5–12]. Two studies in the United States 
showed that a multidisciplinary DBN intervention 
reduced the observed to expected (O/E) length of stay 
as well as 30-day readmission rates [5, 6]. Additionally,  
an increase in the proportion of discharges by noon 
(DBNs) is associated with earlier and evenly spread-
out arrival of admissions on inpatient floors from the 
ED [7]. Khanna et  al. showed that early discharges 
helped reduce occupancy levels and overcrowding 
in Australian health settings [8]. Another study in 
Lebanon used Six Sigma methodology to discharge 
patients earlier in the day and successfully improved 
hospital LOS and ED mean LOS for admitted patients 
[9]. All these studies report the impact of their DBN 
interventions over a relatively short period of several 
months.

Other studies have shown a more mixed impact of 
DBN initiatives on LOS. It has been postulated that 
emphasis on DBN may inadvertently increase LOS by 
converting a potential late in the day discharge to an 
early discharge on the subsequent day. While some 
studies have found no association between DBN and 
LOS, others have reported an increase in LOS with 
DBN initiatives [5, 10–12]. The impact of DBN on 
patient safety outcomes such as mortality and read-
mission rates is also unclear.

At our institution, high hospital occupancy and ED 
boarding led to our DBN initiative. We share our expe-
rience in increasing and sustaining early discharges 
at our institution over a period of forty-one months, 
including the period impacted by the COVID-19 pan-
demic. We also report our performance on balancing 
metrics such as LOS, readmission rates and mortality 
rates over the same period.

Methods
Setting
This multidisciplinary project was sequentially executed 
in multiple adult inpatient units at our 650-bed academic 
level 1 trauma center and safety net hospital in Texas, 
United States. We have a total of 14 inpatient hospital 
medicine teams caring for an average daily census of 210 
patients. Six of these teams are teaching teams and 8 are 
direct care teams.

This project was executed over 3 phases. Our hospital 
medicine teams are geographically dispersed across 7 dif-
ferent inpatient units in 3 different towers. Each teaching 
team is composed of a hospitalist attending physician, 
a senior resident (Post-Graduate Year 2 or 3 [PGY-2 or 
PGY-3]), two interns (PGY-1), and two third-year medi-
cal students. Each direct care team is composed of an 
attending hospitalist physician and an advanced practice 
provider (APP).

Interventions
Our project spanned 3 phases, and collectively the 3 
phases described make up the post-intervention period. 
Interventions were targeted at the 6 internal medicine 
teaching teams during phase 1. We chose to start with 
our teaching teams, as most of their patients were geo-
graphically located on the same unit. We expanded this 
DBN initiative to each of our 8 internal medicine direct 
care teams in phase 2. We used the Institute of Health-
care Improvement (IHI) Model For Improvement (MFI) 
to design and implement interventions using sequential 
Plan‒Do‒Study‒Act (PDSA) cycles [13]. A multidiscipli-
nary team of hospitalist attending physicians and APPs, 
internal medicine resident physicians, case managers, 
social workers and nurses finalized, implemented, and 
assessed each cycle of change. Successive interventions 
during each phase were identified based on a review of 
our DBN performance and feedback from all members of 
the team. This project was sponsored by the Chief Oper-
ating Officer of the Hospital. The Chief Nursing Officer 
and vice president of case management actively par-
ticipated in all PDSA cycles. Multiple needs assessment 
meetings were carried out with frontline hospitalists, 
nurses, case managers and social workers before phase 1 
and in-between the 3 phases. Key interventions in each 
phase are described below and summarized in Table 1.

Phase 1: December 2018‑June 2019
Team‑building workshops
Each teaching team had a hospitalist attending physi-
cian champion selected to join a multidisciplinary team 
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of nursing and care coordination leaders to plan the 
launch of the intervention. Checklists were developed for 
providers, nursing, and case management to prepare for 
discharge. These checklists as well as a discharge process 
map are available in the online Supplemental materials. 
Each teaching team had a nurse case manager (CM) or 
social worker (SW) assigned. Daily afternoon multidisci-
plinary rounds were set up to anticipate and prepare for 
discharges the following morning, and the structure and 
responsibilities for these rounds were established and 
agreed upon by all team members. These multidiscipli-
nary rounds were christened “flash rounds” to emphasize 
their concise duration of under 10 min.

Afternoon flash rounds
Providers, case management, and nursing leadership 
from each medical team met daily at 2  pm for flash 
rounds. Flash rounds were scripted, and four key ques-
tions were rapidly reviewed for each patient: (1) Why 
is the patient admitted to the hospital? (2) Why is the 
patient still in the hospital? (3) What barriers are there to 
a safe discharge? (4) Where will the patient go after dis-
charge? A stoplight system was used to reflect a patient’s 
readiness for discharge. A green patient is expected to be 
discharged the same day, a yellow patient is anticipated 
to be discharged within 24–48 h, and a red patient is not 
anticipated to be discharged in the next 48 h. Obstacles 
to discharge identified during flash rounds are assigned 
to a team member (provider, nursing, or case manage-
ment) for escalation. Examples of escalation include case 
management contacting radiology administrative leader-
ship to get an interventional radiology procedure com-
pleted without delay and nursing contacting Physical or 
Occupational Therapy to assist with final recommenda-
tions for post-acute care.

Morning discharge huddles
Each morning, case management and nursing leadership 
on the floor briefly huddled with the teaching team to 
identify green and yellow patients based on flash rounds 
discussion from the day prior. This allows the identifica-
tion of any last-minute obstacles to optimize early dis-
charges. Nursing and case management immediately 
escalate any remaining barriers and proactively commu-
nicate with the providers to ensure timely entry of a dis-
charge order, with a goal for order entry before 10 am to 
allow discharge by noon.

Nursing shift huddles
At each nursing shift change, there is intentional discus-
sion of green and yellow patients as part of a standard-
ized handoff. At the evening shift change, day shift nurses 

highlight yellow patients who may be green the follow-
ing day based on discussion during flash rounds and the 
patient’s clinical progression. The night shift nurses review 
the discharge readiness checklist to prepare patients for 
early discharge in the coming day shift. Each morning at 
handoff, the night shift nurse highlights green patients for 
the day shift nurse. Standardized checklists for green and 
yellow patients are available in the Supplemental materials.

Phase 2: July 2019‑June 2021
Expansion of intervention
After the rollout was complete for teaching teams, the 
intervention was expanded to direct care teams with phy-
sician/APP team members. To facilitate this, each direct 
care team had support from care coordination (CC) that 
included a case manager (CM) or social worker (SW), 
and a discharge expediter (DE). Roles were clearly estab-
lished for CMs, SWs, DEs and providers. Flash rounds 
on direct care teams are held each afternoon along with 
pre-rounding morning discharge huddles described 
above. Participants include physician/APP providers on 
the team along with the assigned CM and DE. The CM 
communicates with nursing regarding discharge prepara-
tions, and the CM and DE assist with escalations to avoid 
any discharge delays.

Feedback to providers
Feedback was provided in various forms after the inter-
vention was launched on teaching teams and then direct 
care teams. For teaching teams, our hospital medi-
cine administrative staff took “goody bags” to recog-
nize high-performing residents and interns in person. A 
meal voucher was provided to residents by the unit clerk 
whenever a discharge order was placed before 9 am. We 
awarded stars to high-performing hospitalist physicians 
on direct care teams. Beginning November 2020, we 
began sending feedback to both APPs and physicians in 
a weekly email. The physician leadership of our Hospital-
ist group recognizes top performing individuals publicly 
through responses to these emails.

Phase 3: July 2021‑May 2022
Leadership discharge rounds
Beginning in July 2021, leaders from nursing, care coor-
dination, and bed planning and the hospitalist group 
started participating in early afternoon calls to review 
discharges each day. Each nursing unit leader reports the 
total number of discharges, number of discharges before 
noon, and reviews any remaining green patients who 
are still pending discharge. Barriers to discharge are dis-
cussed, and any feasible escalation is done at the time of 
this call to facilitate remaining discharges.
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Electronic secure‑chat communication
In June 2021, the combination of case management shift-
ing to a unit-based rather than team-based model due to 
staffing limitations and a new surge in COVID-19 infec-
tions led to the elimination of flash rounds and morn-
ing discharge huddles and a decline in early discharges 
(Fig. 2). To respond to this challenge, our next improve-
ment cycle included the creation of virtual flash rounds 
using our Electronic Health Record (Epic™). Epic sup-
ports real-time group chatting capability via “secure 
chat” [14]. Providers initiated a “secure chat” with case 
management to discuss their patients. Case managers 
added the patient’s bedside nurse to the secure chat. Case 
management also communicated with nursing leadership 
on the floor to escalate any obstacles to discharge.

Data collection and statistical analysis
Primary outcome metrics
Primary outcome metrics include the percentage of Dis-
charge Orders placed before 10 am (DCOB) and the per-
centage of completed Discharges By Noon (DBN). These 
data are sourced from the electronic medical record. We 
tracked baseline data for the 11  months leading up to 
the launch of the intervention in December 2018 and for 
41 months following the launch of the first phase in Janu-
ary 2019. The change in proportion of discharge orders 
placed by 10 am and discharges by noon are presented 
over time using Statistical Process Control (SPC) charts. 
A run of 6 or more consecutive points on either side of 
the mean on an SPC chart is called a shift and indicates 
that the observed change is a result of systematic inter-
ventions as opposed to random variation [15].

We compared DCOB and DBN between baseline and 
all 3 PDSA cycles combined, and between baseline and 
PDSA 1, PDSA 1 and 2, and PDSA 2 and 3. Data were 
tested for normality using Shapiro Wilk tests. Welch’s 
two sample t-tests were used to compare groups if data 
were normally distributed, while Wilcoxon rank sum 
tests were used if data were not distributed normally. 
In addition, we performed an interrupted time series 
analysis of DCOB and DBN data. The monthly counts 
of DCOB and DBN were totaled for all years. This count 
was modeled as an interrupted time series with a gener-
alized, linear mixed effects model with a random effect 
for year and a logit link. In addition to the period effect 
(Baseline, Phase 1, 2, 3), one month lagged outcomes 
were included as autoregressive covariate terms (LagD-
COB and LagDBN). Changes in DCOB and DBN within 
the baseline period and phases 1, 2 and 3 were first mod-
eled by calculating period specific slopes while changes 
between baseline period and phases 1,2 and 3 were mod-
eled as intercepts. For the DCO outcome, a period spe-
cific slope was used to account for trends within a period. 

This slope was not included for the DBN outcome in the 
final model because there were no significant trends. The 
Baseline period did not have significant slope for either 
DCO or DBN and was excluded from the models. All 
modeling was done using R v4.3 (Vienna, Austria), the 
generalized mixed effects model was implemented with 
the lme4 package, and a two-sided significance level of 
0.05 was used throughout.

Balancing metrics
Key balancing metrics include risk-adjusted length of 
stay (RA-LOS), risk-adjusted 30-day readmissions (RA-
readmissions), and risk-adjusted mortality (RA-mor-
tality). Our institution utilizes the MIDAS (Meaningful 
Integration of Data Analytics and Services) platform to 
gather information from our electronic health record 
(EPIC™). MIDAS uses proprietary methodology to cal-
culate expected values for LOS, 30-day readmissions, and 
mortality, utilizing information including facility, patient 
demographics (sex, age), admission source, admitting 
service, acute care status (inpatient versus observation), 
discharge disposition, International Classification of Dis-
eases (ICD)-9 and ICD-10 diagnoses and procedures, 
Medicare Severity Diagnosis Related Groups (MS-DRG) 
medical/surgical classification, DRG relative weight, and 
total charges [16]. The MIDAS platform pulls observed 
values from our health record to pair with expected val-
ues and calculates Observed to Expected (O/E) ratios for 
each metric, yielding reports of RA-LOS, RA-readmis-
sions, and RA-mortality. We compared O/E ratios for 
RA-LOS, RA-readmissions and RA-mortality between 
baseline and phases 1, 2 and 3 combined. Data were 
tested for normality using Shapiro Wilk tests. Welch’s 
two sample t-tests were used to compare groups if data 
were normally distributed, while Wilcoxon rank sum 
tests were used if data were not distributed normally.

The study was approved locally as a quality improve-
ment initiative and was deemed exempt from traditional 
institutional review board approval.

Results
Key interventions and contextual events impacting the 
quality improvement initiative are outlined in Table 1.

Between Baseline and Phase 1, the average Rate of 
Discharge Orders Before 10 am (DCOB) increased from 
8.7% (741/8514) to 15.1% (399/2566) ( p < 0.001). Between 
Phase 1 and Phase 2, the average DCOB increased from 
14.4% (617/4228) to 22.6% (3302/14545) (, p < 0.001). 
Between Phase 2 and Phase 3, the average DCOB 
increased from 22.6% (3302/14545) to 29.4% (2311/7917)
( p = 0.001). Finally, between Baseline and all three phases 
combined, the average DCOB increased from 8.7% to 
22.2% (7330/33518) ( p < 0.001).
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Between Baseline and Phase 1, the average Rate of 
Discharges Before 12  pm (DBN) increased from 9.5% 
(808/8514) to 26.8% (8746/32591) ( p < 0.001). Between 
Phase 1 and Phase 2, the average DBN increased from 
26.7% (633/2566) to 27% (3952/14545) (p = 0.81). 
Between Phase 2 and Phase 3, the average DBN 
increased from 27% (3952/14545) to 27.2% (2139/7917) 
(p = 0.91). Finally, between Baseline and all three phases 
combined, the average DBN increased from 9.5% 
(808/8514) to 26.8% (8746/32591) (p < 0.001).

Figures  1 and 2 show control charts of DCOB and 
DBN. Data points shown in red indicate a nonrandom 
change in performance on DCOB and DBN follow-
ing our interventions that cannot be accounted for by 
inherent randomness in the system [15].

Table  2 shows a statistically significant improvement 
in DBN between baseline period and phase 1 (OR 2.2, 
p < 0.001), phase 2 (OR 2.2, p < 0.001, and phase 3 (OR 
2.5, p < 0.001).

Table  3 shows that the rate of DCO before 10 am 
increased from baseline to Phase 1 (OR = 1.49, 95% CI 
1.01, 2.20; p = 0.046). Though Phase 1 was improved over 
Baseline, the improvement was in the beginning of Phase 
1 and did not continue throughout Period 1 until Phase 2. 
The Period specific slopes are significant except for Phase 
1, indicating improvement of the DCO throughout Phase 
2 (OR per year 1.92, 95% CI 1.49, 2.49; p = < 0.001) and 
Phase 3 (OR per year 1.88, 95% CI 1.43, 2.48; p = < 0.001).

Between baseline and all three phases of the inter-
vention period, there was a slight decrease in RA-LOS 
and RA-readmissions and no change in RA-mortality 
(Table 4).

A Pearson correlation test was run on the monthly 
DCOB and DBN to confirm the relationship between 
the two variables. The resulting output showed a strong 
and significant correlation between the two variables 
(r = 0.76, p < 0.001) (see Fig. 3).

Discussion
Our study demonstrates sustained improvement in dis-
charge before noon from 9.45% to 26.6% over a 41-month 
period. This improvement was accomplished without 
negatively impacting the RA-LOS, RA-readmission rate, 
or RA-mortality. The improvement in DBN was driven 
by an increase in discharge orders placed before 10 am; 
notably, we found a strong correlation between DCOB 
and DBN. Providers continued to emphasize enter-
ing discharge orders early even when missing the 10 
am target. Nursing and case management continued to 
strive for DBN even when discharge orders were placed 
between 10 am and noon, and this is reflected in our 
DBN results for phase 1 and phase 2, which show higher 
DBN rates than the DCOB.

Other academic centers have also been successful with 
early discharge interventions for adult medicine inpa-
tients. Wertheimer et al. showed results of 38% discharge 
before noon on a single floor with 70 patients [7]. Kane 
et  al. showed improvement up to 24% discharge before 
noon on medicine services for 11  months [17]. While 
these studies have shown improvement in DBN rates, 
they have been implemented on a smaller number of 
patients over shorter time periods compared to our study. 
Our DBN study spans 41 months and covers 14 medicine 
teams with a combined census of up to 250 patients dis-
persed across 7 floors in 3 geographically distinct towers.

The complexity of the discharge process underlies the 
difficulty of achieving early discharges. DBN requires 
alignment of multiple overlapping and sequential pro-
cesses among multidisciplinary stakeholders. Several 
factors can lead to delays in discharge, such as delays in 
clinical decision making, pending results, care coordina-
tion/placement, ineffective communication between the 
teams/providers, therapy delays, and other logistics [10, 
18, 19]. We found that these challenges were amplified 
during major surges of patients with COVID-19. Over 
half of the study period occurred during the worst part 
of the COVID pandemic. Some unique issues posed dur-
ing the height of the COVID-19 pandemic included dif-
ficulty obtaining home oxygen, isolation requirements 
complicating disposition and transportation, and lack of 
appropriate and timely follow-up. We found that an itera-
tive, multidisciplinary approach involving key stakehold-
ers, including nursing, case management, and physicians/
APPs, helped address challenges posed by COVID-19 
and enabled us to maintain high DBN rates throughout 
the pandemic [5–7, 10, 17]. One example is a pivot to 
the utilization of EMR secure chat-based communica-
tion instead of in-person multidisciplinary rounds. This 
helped us maintain interdisciplinary teamwork even 
when social distancing was required at times of peak 
COVID activity.

We deployed structured twice daily multidisciplinary 
rounds involving nursing, care coordination, and physi-
cians/APPs. While other institutions have utilized once-
a-day multidisciplinary rounds as a part of their efforts 
to improve DBN [7, 17], we successfully incorporated 
the following components to optimize the efficiency of 
multidisciplinary rounds: (1) a script to focus the discus-
sion for each patient, (2) identification of patients using a 
color code for discharge readiness, (3) a checklist of tasks 
for discharge readiness and 4) an escalation pathway for 
barriers to discharge.

Another novel element in the success of discharge 
before noon was the initiation of team-based, as opposed 
to unit-based, care coordination. Given the lack of geo-
graphic localization on our services, having the same 
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case manager/social worker/discharge expediter cover-
ing a medicine team made communication efficient and 
served as an effective avenue for reporting and escalat-
ing issues causing delays in care. Hemali et  al. reported 
improvement in discharge orders before noon, LOS, and 
readmissions when a team case manager was involved 
in multidisciplinary rounds [6]. Once their pilot project 
concluded and case management returned to the unit-
based model, there was a regression of discharge orders 
to the pre-pilot mean. Similarly, we found regression 

Fig. 1  Control chart of average calendar month DCOB percentage for all medical units. Data points in red indicate non-random variation. UCL 
indicates Upper Control Limit, CL indicates Central Limit (mean), LCL indicates Lower Control Limit

Fig. 2  Control chart of average calendar month DBN percentage for all medical units. Data points in red indicate non-random variation. UCL 
indicates Upper Control Limit, CL indicates Central Limit (mean), LCL indicates Lower Control Limit

Table 2  Change in DBN within baseline period (slope) and 
difference in DBN between baseline and phases 1, 2 and 3 
(intercepts)

a OR Odds Ratio, CI Confidence Interval

Characteristic OR1 95% CIa p-value

Baseline Slope 0.93 0.65, 1.34 0.7

Phase 1 Intercept 2.22 1.72, 2.85  < 0.001

Phase 2 Intercept 2.23 1.79, 2.77  < 0.001

Phase 3 Intercept 2.48 1.94, 3.16  < 0.001
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when our care coordination returned to the unit-based 
model in June 2021. We were able to mitigate this issue 
by initiating secure chat-based communication between 
providers, nursing, and case management in phase 3.

We encountered several barriers to sustaining high 
rates of DCOB and DBN over two years. These include 
time investment in flash rounds with increasing patient 
census, need for frequent orientation of new faculty 
physicians, APPs, and residents to the process, provider 
fatigue and turnover among case management, nurs-
ing, and providers. We have increased the number of 
hospital medicine teams to address increasing patient 
census per team, and designed a structured shadow-
ing program for new faculty and APPs that includes 
experiential learning and group sessions on the impor-
tance of multidisciplinary rounding [20]. We continue 
to encourage the placement of discharge orders before 
10 am by sharing weekly DCOB and DBN metrics with 
providers, including residents, APPs, and faculty physi-
cians. For the teaching teams, awards are given to the 
team with the highest number of early discharges. Such 
interventions were important motivators to maintain 
momentum on the project. In addition, initial and sus-
tained engagement of hospital leadership, along with 
standardized performance packet feedback on quality 
metrics for providers has helped to cultivate a culture 

Table 3  Change in DCOB within baseline, and phases 1, 2 and 3 
(slope) and difference in DCOB between baseline and phases 1, 2 
and 3 (intercepts)

a OR Odds Ratio, CI Confidence Interval

Characteristic ORa 95% CIa p-value

Baseline Slope 0.80 0.48, 1.33 0.4

Phase 1 Intercept 1.49 1.01, 2.20 0.046

Phase 1 Slope 0.80 0.52, 1.21 0.3

Phase 2 Intercept 1.38 0.90, 2.13 0.14

Phase 2 Slope 1.92 1.49, 2.49  < 0.001

Phase 3 Intercept 5.54 2.86, 10.7  < 0.001

Phase 3 Slope 1.88 1.43, 2.48  < 0.001

Table 4  Change in balancing metrics between Baseline (pre-
intervention) and post-intervention

RA Risk Adjusted

p-value < 0.05 is statistically significant

Variable Baseline Post-
Intervention

Percent Change P value

RA-LOS 1.16 1.09 -6.01% 0.01

RA-Mortality 0.65 0.61 -6.31% 0.62

RA-Readmissions 0.92 0.74 -19.52% 0.0006

Fig. 3  Correlation of monthly discharge order proportion (before 10 am) with monthly discharges before noon proportion
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of quality [21]. To facilitate ongoing commitment by 
all stakeholders, we have a standardized script for flash 
rounds to keep them brief, and periodic audits to ensure 
efficiency and quality of the rounds.

While we cannot causally attribute the improve-
ment in RA-readmission to our intervention, it is pos-
sible our project had an impact on readmission rates. 
When discharging early in the day, the full team of day-
time providers, nursing, case management, physical and 
occupational therapists, and pharmacy is available to 
address any last-minute issues that arise with discharge 
planning. With our daily flash rounds, patients benefit 
from an interdisciplinary discussion to ensure a com-
plete assessment of discharge readiness with input from 
all stakeholders. It is also possible that other concurrent 
initiatives by the hospital may have impacted this metric 
during our project. Examples of such initiatives include 
pharmacy medication reconciliation at admission and 
a congestive heart failure nurse navigator program for 
transitions of care management [22, 23].

Our study has limitations. First, many interventions 
were implemented, so it is difficult to determine the rela-
tive impact of each intervention. Second, our study does 
not include a control group. While it is possible that the 
improvement seen in DBN reflects secular trends, we 
think this is highly unlikely. We observed a significant 
and sequential increase in DBN with the introduction of 
each set of interventions. Conversely, we saw a decline in 
DBN in June 2021 as flash rounds were put on hold due 
to the pressures of COVID-19. It is also unlikely that the 
increase in DBN was a result of interventions outside of 
our project, since all the interventions to improve early 
discharges at our institution were implemented as part 
of this project. Third, our intervention including flash 
rounds primarily occurred during the week due to limi-
tations in staffing for weekend multidisciplinary rounds. 
Finally, this study was at a single institution. However, 
our program is structured similarly to other hospital-
ist programs at other large academic medical centers. 
The successful implementation of our interventions and 
adaptive measures undertaken to surmount a myriad of 
challenges over the extended period of this study can 
serve as a helpful framework for other institutions.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12913-​024-​10960-x.

Supplementary Material 1. 

Supplementary Material 2. 

Supplementary Material 3. 

Supplementary Material 4. 

Acknowledgements
We would like to specially acknowledge Dr. Chris Lam for his development of 
the discharge checklist and discharge process map document in supple-
mental materials. His contributions significantly enhanced the efficiency and 
effectiveness of our research process.

Authors’ contributions
Ryan Bailey performed data analysis, made Figs. 1, 2 and 3 and Tables 1 & 
2, and with Ankur Segon, MD and Gregory Bowling, MD wrote results and 
methods. Ankur Segon, MD and Gregory Bowling, MD devised the project and 
both provided extensive revisions to the manuscript and built the cover letter. 
Saket Kottewar, MD wrote the introduction, performed a literature search, 
and edited the paper. Sean Garcia, MD and Ting-Wei Lu, MD performed a 
literature search, wrote the discussion, and provided revisions. Nelson Tuazon, 
DNP and Lisa Sanchez, RN, helped greatly in drafting the methods section 
as well as project implementation, acting both as project leaders for nursing 
and in relaying nursing and care coordination feedback on the project. Both 
provided crucial revisions to the manuscript. Jonathan Gelfond, MD, PhD 
performed statistical analysis of our data to provide an interrupted time series 
analysis across the different phases of our intervention and assisted in review 
of the manuscript. 

Funding
Not applicable.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not 
publicly available but are available from the corresponding author upon 
reasonable request.

Declarations

Ethics approval and consent to participate
Since the study is a primary analysis of anonymized clinical data at our institu-
tion, the Office of the Institutional Review Board for UT Health San Antonio 
granted exemption from requiring ethical approval and informed consent. The 
study is not regulated research as defined by DHHS regulations at 45 CFR 46 
and FDA regulations at 21 CFR 56. All the methods were performed in accord-
ance with the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 16 September 2023   Accepted: 7 April 2024

References
	1.	 Derlet RW, Richards JR. Overcrowding in the nation’s emergency 

departments: complex causes and disturbing effects. Ann Emerg Med. 
2000;35(1):63–8. https://​doi.​org/​10.​1016/​s0196-​0644(00)​70105-​3[publi​
shedO​nline​First:​1999/​12/​30].

	2.	 White BA, Biddinger PD, Chang Y, et al. Boarding inpatients in the emer-
gency department increases discharged patient length of stay. J Emerg 
Med. 2013;44(1):230–5. https://​doi.​org/​10.​1016/j.​jemer​med.​2012.​05.​007. 
[published Online First: 2012/07/07].

	3.	 Pines JM, Iyer S, Disbot M, et al. The effect of emergency department 
crowding on patient satisfaction for admitted patients. Acad Emerg Med. 
2008;15(9):825–31. https://​doi.​org/​10.​1111/j.​1553-​2712.​2008.​00200.x. 
[published Online First: 2009/02/27].

	4.	 Medley DB, Morris JE, Stone CK, et al. An association between occupancy 
rates in the emergency department and rates of violence toward staff. J 
Emerg Med. 2012;43(4):736–44. https://​doi.​org/​10.​1016/j.​jemer​med.​2011.​
06.​131. [published Online First: 2012/02/09].

https://doi.org/10.1186/s12913-024-10960-x
https://doi.org/10.1186/s12913-024-10960-x
https://doi.org/10.1016/s0196-0644(00)70105-3[publishedOnlineFirst:1999/12/30]
https://doi.org/10.1016/s0196-0644(00)70105-3[publishedOnlineFirst:1999/12/30]
https://doi.org/10.1016/j.jemermed.2012.05.007
https://doi.org/10.1111/j.1553-2712.2008.00200.x
https://doi.org/10.1016/j.jemermed.2011.06.131
https://doi.org/10.1016/j.jemermed.2011.06.131


Page 10 of 10Bailey et al. BMC Health Services Research          (2024) 24:478 

	5.	 Wertheimer B, Jacobs RE, Bailey M, et al. Discharge before noon: an 
achievable hospital goal. J Hosp Med. 2014;9(4):210–4. https://​doi.​org/​10.​
1002/​jhm.​2154. [published Online First: 2014/01/22].

	6.	 Patel H, Yirdaw E, Yu A, et al. Improving early discharge using a team-
based structure for discharge multidisciplinary rounds. Prof Case Manag. 
2019;24(2):83–9. https://​doi.​org/​10.​1097/​NCM.​00000​00000​000318. 
[published Online First: 2019/01/29].

	7.	 Wertheimer B, Jacobs RE, Iturrate E, et al. Discharge before noon: Effect 
on throughput and sustainability. J Hosp Med. 2015;10(10):664–9. https://​
doi.​org/​10.​1002/​jhm.​2412. [published Online First: 2015/07/02].

	8.	 Khanna S, Boyle J, Good N, et al. Impact of admission and discharge 
peak times on hospital overcrowding. Stud Health Technol Inform. 
2011;168:82–8 [published Online First: 2011/09/07].

	9.	 El-Eid GR, Kaddoum R, Tamim H, et al. Improving hospital discharge time: 
a successful implementation of six sigma methodology. Med (Baltimore). 
2015;94(12):e633. https://​doi.​org/​10.​1097/​MD.​00000​00000​000633. [pub-
lished Online First: 2015/03/31].

	10.	 Patel H, Morduchowicz S, Mourad M. Using a systematic framework of 
interventions to improve early discharges. Jt Comm J Qual Patient Saf. 
2017;43(4):189–96. https://​doi.​org/​10.​1016/j.​jcjq.​2016.​12.​003. [published 
Online First: 2017/03/23].

	11.	 Segon YS, Emanuel C, Gaspich JP 3rd, et al. Discharge when medically 
ready. WMJ. 2022;121(2):160–3 PMID: 35857695.

	12.	 Sklansky DJ, Butteris S, Shadman KA, et al. Earlier hospital discharge with 
prospectively designated discharge time in the electronic health record. 
Pediatrics. 2019;144(5):e20190929.

	13.	 Lee CS, Larson DB. Beginner’s guide to practice quality improvement 
using the model for improvement. J Am Coll Radiol. 2014;11(12):1131–6.

	14.	 Gregory Bowling, MD, SFHM1, Saket Kottewar, MD, MPH, MHA, FACP2, 
Ronald Estrella, RN3, Ankur Segon, MD, MPH, MEd, SFHM4. LEVERAGING 
TECHNOLOGY – A VIRTUAL TWIST ON CARE COORDINATION ROUNDS. 
Abstract published at SHM Converge 2023. Abstract 207 Journal of Hos-
pital. https://​shmab​strac​ts.​org/​abstr​act/​lever​aging-​techn​ology-a-​virtu​
al-​twist-​on-​care-​coord​inati​on-​rounds/. July 14th 2023.

	15.	 Provost LP, Murray SK. The health care data guide: learning from data for 
improvement. John Wiley & Sons; 2022 Jun 15.

	16.	 Midas Risk-Adjustment Model 3.0. https://​downl​oads.​condu​ent.​com/​
conte​nt/​usa/​en/​broch​ure/​Midas-​Risk-​Adjus​tment-​Model.​pdf Accessed 
04 Mar 2024.

	17.	 Kane M, Weinacker A, Arthofer R, Seay-Morrison T, Elfman W, Ramirez M, 
Ahuja N, Pickham D, Hereford J, Welton M. A Multidisciplinary Initiative to 
Increase Inpatient Discharges Before Noon. J Nurs Adm. 2016;46(12):630–5. 
https://​doi.​org/​10.​1097/​NNA.​00000​00000​000418.

	18.	 Silva SA, Valacio RA, Botelho FC, et al. Reasons for discharge delays in teach-
ing hospitals. Rev Saude Publica. 2014;48(2):314–21. https://​doi.​org/​10.​
1590/​s0034-​8910.​20140​48004​971. [published Online First: 2014/06/05].

	19.	 Hendy P, Patel JH, Kordbacheh T, et al. In-depth analysis of delays to 
patient discharge: a metropolitan teaching hospital experience. Clin Med 
(Lond). 2012;12(4):320–3. https://​doi.​org/​10.​7861/​clinm​edici​ne.​12-4-​320. 
[published Online First: 2012/08/31].

	20.	 Badawy, J., Davis, C., Schmit, D., Gelfond, J., & Segon, A. (2023). Hospital 
Medicine Faculty Boot Camp. SHM Journal of Hospital Medicine. Online 
Abstract for SHM Converge 2023. Journal of Hospital Medicine. https://​
shmab​strac​ts.​org/​abstr​act/​hospi​tal-​medic​ine-​facul​ty-​boot-​camp/ 
Accessed March 25th 2024.

	21.	 Becker B, Nagavally S, Wagner N, Walker R, Segon Y, Segon A. Creating a 
culture of quality: our experience with providing feedback to frontline 
hospitalists. BMJ Open Qual. 2021;10(1):e001141. https://​doi.​org/​10.​1136/​
bmjoq-​2020-​001141.

	22.	 Harris M, Moore V, Barnes M, et al. Effect of pharmacy-led interventions 
during care transitions on patient hospital readmission: a systematic 
review. J Am Pharm Assoc (2003). 2022;62(5):1477–98. https://​doi.​org/​10.​
1016/j.​japh.​2022.​05.​017. Epub 2022 May 24. PMID: 35718715.

	23.	 Stamp KD, Machado MA, Allen NA. Transitional care programs improve 
outcomes for heart failure patients: an integrative review. J Cardiovasc 
Nurs. 2014;29(2):140–54. https://​doi.​org/​10.​1097/​JCN.​0b013​e3182​7db560.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1002/jhm.2154
https://doi.org/10.1002/jhm.2154
https://doi.org/10.1097/NCM.0000000000000318
https://doi.org/10.1002/jhm.2412
https://doi.org/10.1002/jhm.2412
https://doi.org/10.1097/MD.0000000000000633
https://doi.org/10.1016/j.jcjq.2016.12.003
https://shmabstracts.org/abstract/leveraging-technology-a-virtual-twist-on-care-coordination-rounds/
https://shmabstracts.org/abstract/leveraging-technology-a-virtual-twist-on-care-coordination-rounds/
https://downloads.conduent.com/content/usa/en/brochure/Midas-Risk-Adjustment-Model.pdf
https://downloads.conduent.com/content/usa/en/brochure/Midas-Risk-Adjustment-Model.pdf
https://doi.org/10.1097/NNA.0000000000000418
https://doi.org/10.1590/s0034-8910.2014048004971
https://doi.org/10.1590/s0034-8910.2014048004971
https://doi.org/10.7861/clinmedicine.12-4-320
https://shmabstracts.org/abstract/hospital-medicine-faculty-boot-camp/
https://shmabstracts.org/abstract/hospital-medicine-faculty-boot-camp/
https://doi.org/10.1136/bmjoq-2020-001141
https://doi.org/10.1136/bmjoq-2020-001141
https://doi.org/10.1016/j.japh.2022.05.017
https://doi.org/10.1016/j.japh.2022.05.017
https://doi.org/10.1097/JCN.0b013e31827db560

	Increasing and sustaining discharges by noon – a multi-year process improvement project
	Abstract 
	What is already known on this topic
	What this study adds
	How this study might affect research, practice, or policy
	Introduction
	Methods
	Setting
	Interventions
	Phase 1: December 2018-June 2019
	Team-building workshops

	Afternoon flash rounds
	Morning discharge huddles
	Nursing shift huddles
	Phase 2: July 2019-June 2021
	Expansion of intervention

	Feedback to providers
	Phase 3: July 2021-May 2022
	Leadership discharge rounds

	Electronic secure-chat communication
	Data collection and statistical analysis
	Primary outcome metrics

	Balancing metrics

	Results
	Discussion
	Acknowledgements
	References


