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Abstract
Efforts to monitoring and managing hospital capacity depend on the ability to extract relevant time-stamped data from electronic
medical records and other information technologies. However, the various characterizations of patient flow, cohort decisions,
sub-processes, and the diverse stakeholders requiring data visibility create further overlying complexity. We use the Donabedian
model to prioritize patient flow metrics and build an electronic dashboard for enabling communication. Ten metrics were
identified as key indicators including outcome (length of stay, 30-day readmission, operating room exit delays, capacity-
related diversions), process (timely inpatient unit discharge, emergency department disposition), and structural metrics (occu-
pancy, discharge volume, boarding, bed assignation duration). Dashboard users provided real-life examples of how the tool is
assisting capacity improvement efforts, and user traffic data revealed an uptrend in dashboard utilization from May to October
2017 (26 to 148 views per month, respectively). Our main contributions are twofold. The former being the results and methods
for selecting key performance indicators for a unit, department, and across the entire hospital (i.e., separating signal from noise).
The latter being an electronic dashboard deployed and used at The Johns Hopkins Hospital to visualize these ten metrics and
communicate systematically to hospital stakeholders. Integration of diverse information technology may create further opportu-
nities for improved hospital capacity.
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Introduction

Hospitals have increased efforts to monitor and manage pa-
tient flow as it is tightly linked to quality of care, patient

access, and hospital financial performance [1–3]. Time-
stamped data from the electronic medical records (EMR)
and other technologies are the main source of patient flow
measurement [4], but the many characterizations of patient
flow, cohort decisions, and sub-processes create challenges
to separating actionable signal from noise. Diverse hospital
stakeholders require data visibility through an array of lenses,
creating further overlaying complexity.

The use of visual information reduces information over-
load and increases the understanding of data and the ability
to remember information [5]. Dashboards leverage on vi-
sual information to support decision-making in multiple
clinical contexts, and they have been found helpful to in-
crease adherence to clinical guidelines and thus improved
outcomes [6–15]. However, there is a scarcity of literature
describing dashboards to monitor patient flow in hospitals
and health systems [16]. In this paper, we describe the
design and deployment of an electronic hospital capacity
dashboard (e-Dashboard) at the Judy Reitz Capacity
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Command Center at The Johns Hopkins Hospital in
Baltimore, Maryland (JHH-CCC). The process includes
identifying users and their priorities, distinguishing key
performance indicators, and describing the technical ap-
proach to build and deploy.

Methods and intervention

Setting and context

The Johns Hopkins Hospital (JHH) is a tertiary care center
located in Baltimore, Maryland. Hospitals, as presented in
Fig. 1, can be seen as a flow system (black pathways) with
significant points of delay (grey bubbles). In the U.S., and
depicted by the bolded pathway in Fig. 1, over half of total
admissions originate in the ED (other major sources displayed
in parallel pathways) [17, 18]. Deficiencies in ED inflow (ED
visits), ED outflow (ED visits that are admitted to the hospi-
tal), hospital inflow (hospital admissions), and hospital out-
flow (hospital discharges) are complex interconnected root
causes of hospital capacity inefficiencies. Since July 2014,
JHH partnered with GE to prioritize strategies that would mit-
igate congestion and patient safety risks as well as accelerate
patient throughput while preserving clinical excellence. The
work was guided by functional unit directors, hospital execu-
tives, and additional stakeholders with clinical and systems
engineering expertise (e.g., 19–29). After analysis of admis-
sion-discharge-transfer, emergency department, and out-
side hospital transfers data in combination with over
1000 h of interview and observations, a few key themes
emerged as improvement opportunities at JHH. Among
them, increase visibility and awareness of hospital opera-
tions dynamics at the JHH-CCC. Further description of this
analysis is provided in [30]. In September 2015, an internal
workgroup consisting of hospital administrators, data en-
gineers and data scientists was formed to organize and
prioritize patient flow metrics in the JHH-CCC, and to
build the e-Dashboard to facilitate monitoring and commu-
nication to diverse stakeholders.

User needs and key process indicators

From September to December 2015, the workgroup conduct-
ed multiple semi-structured interviews with the hospital lead-
ership and the service and unit managers (e-Dashboard users)
to understand the barriers to monitoring operations over time
and driving change. Three major barriers were identified:

1. Limited number of authorized database administrators can
access the JHH data warehouse;

2. Advanced programming and analytical skills—known to
be a significant barrier for clinicians and administrators—

are required to extract valuable information from hospital
information technologies;

3. Current reports generated across clinical departments are
inconsistent and have limited functionality with desired
comparisons.

As shown in Table 1, we organized the identified key
performance indicators (KPI) into three categories based
on the Donabedian model [31]. To facilitate future compar-
isons of our hospital’s performance to other medical cen-
ters within our health system, we decided to use
Donabedian as it continues to be the preferred framework
for the Agency for Healthcare Research and Quality and
the patient safety and health services research communities
[32]. We found that the hospital leadership was primarily
concerned with 2-year trends of resource utilization and
demand for each service (medicine, surgery, neurosci-
ences, oncology, obstetrics and gynecology, pediatrics,
psychiatry, and emergency department). On the other hand,
service and unit managers were concerned with specific
contingencies in the most recent periods (e.g., the average
boarding duration from the ED to the inpatient wards in a
given week). To fulfill the needs of the two user groups, we
designed the e-Dashboard to show metrics by service, and
then the users can drill down into specific units and time
spans. From January to September 2016, our work team
built the e-Dashboard. Important to note is that in July
2016 our institution faced full implementation of a new
EMR system, which resulted in delays in our efforts due
to the new sources of data.

User needs and technical features

A prominent theme from the interviews was the desire to
interact easily with data for further assessments. Grounded
in human-computer interaction and visualization principles,
the e-Dashboard provides a general overview of hospital op-
erations and allows the users to zoom into specific time pe-
riods and select hospital units of interest through mouse
clicking on tables and charts [33, 34]. The e-Dashboard also
includes the use of color coding in the format of ‘traffic light’
approach [7, 9–12, 35], and it resides in a secure web envi-
ronment with user authentication. Data tables are created in
the back-end to reduce computation time in the front-end by
bypassing computationally expensive table joins and loops.
The e-Dashboard front-end was designed to be a web-based
graphic user interface that communicates with a web server
hosting the operational indicators. Due to the sensitive nature
of the information presented on the e-Dashboard, the
workgroup concluded that the JHH Intranet was the best al-
ternative due to its easy to use, secure, and scalable character-
istics. The JHH Intranet allows employees secure access to the
e-Dashboard with Btwo clicks of their mouse^.
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Results

Data visualization and analytics in e-Dashboard

Figure 2 presents the data analytics integrated into the e-
Dashboard. The Summary view is a one-page overview of
historical hospital operations. The Summary tab allows the
user reorganize the data by sorting and applying filters to it.
The user can also sort the data by arranging it alphabetically or
numerically, apply a filter to narrow down the data and hide

some of it from view. The Composition views allow the user to
understand the constituents and dynamics of hospital opera-
tions. It provides a picture of each KPI over time and tells
the users the degree and type of variation at baseline to facili-
tate comparisons as improvement interventions are deployed.
It includes tables and control charts with weekly KPIs of the
most recent 12 months of operations. Tables and control charts
allow ordering and applying filters to it, as well as the calcu-
lation of moving averages, lower and upper limits, and pre-
specified performance targets. Such functionalities become

Table 1 User needs and key
process indicators (KPI) of the
electronic hospital capacity dash-
board (e-Dashboard). Users: U,
unit leadership; S, service leader-
ship; I, institutional leadership

Emergency
Department

Inpatient
Floor

Perioperative
Areab

Outcomea 30-Day Readmission Ratec,e I

Length-of-Stayd,e S U I U

Operating Room Exit Delay Volume and
Duration

U S I

Capacity-Related Diversions Volume and
Durationd

U I U

Processa Timely Discharge Order Rate U S U

Timely Discharge Rate U S U

ED Disposition Durationd U I

Structurea Hourly Bed Occupancy Rated U S I U S

Hospital Discharge Volumec U S I U S

ED Boarding Durationd U S I U I

ED Visits Volumec U S I

Inpatient Bed Assignation Duration U I

a Based on the Donabedian model of patient safety management: structure, factors that affect the context in which
healthcare is delivered; process, all actions that make up healthcare; outcome, all the effects of healthcare on
patients
b Includes Labor and Delivery. Metric requested by the
c Requested by the National Committee for Quality Assurance
d Requested by the Joint Commission on the Accreditation of Health Care Organizations
e Requested by the Health Services Cost Review Commission

Fig. 1 The hospital as a patient
flow system. Significant delays
depicted as grey bubbles; major
flux of patients displayed in black
bolded pathways. Abbreviations:
ICU, intensive care unit; PACU:
Post-operative care unit
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SUMMARY

COMPOSITION A

COMPOSITION B

Fig. 2 The graphical user
interface of the electronic hospital
operations dashboard (e-
Dashboard)
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important when identifying special versus common sources of
variation. If special causes of variation are present, the hospital
capacity optimizationworkgroup diagnosis its’ root source and
works to rectify. If common causes are present, more funda-
mental process change to reduce variability is required.

Limitations related to data availability and visualization are
discussed next with the hope of inform development of future
applications elsewhere. First, even with robust EHR imple-
mentation, we found it was challenging to pull timestamps
related to the consultation process to monitor communication
delays between the ED and inpatient services. As of June
2018, we were actively working with our EHR provider to
build an EHR-embedded tool for performing consults that
would track critical timestamps for hospital operations moni-
toring. Second, the creation of multiple dashboards challenges
the user task of pinpointing the right piece of information.
Steps ahead include the creation of an intranet portal where
the dashboards will reside that will include keyword search
functionality. Third and final, our data engineers are working
on a whole health system real-time dashboard to facilitate
performance comparisons among hospitals. This new project
will require an enhanced Donabedian model that would con-
trol for patient and environmental factors that influence the
measurement of quality of care. Our data scientists are using
principles of control theory to monitor and compare hospitals’
patient flows, and embed the resulting model into the e-
Dashboard. Due to the daunting task of predicting the behav-
ior of a complex adaptive system, such as the one exhibited by
our health system, the value of this future step lies on the
ability to provide insights regarding the dynamic and structur-
al characteristics of our health system rather than predicting
what will occur with patient flows.

The usage of e-Dashboard

Figure 2—Composition Awas used in weekly meetings of the
leadership of the JHH-CCC to gauge the impact of initiatives
on sub-cycle times. For instance, a new initiative aimed to
Bpre-assign^ ED patients awaiting inpatient bed assignments
so that provider-to-provider report could be given before the
bed was ready. It was hypothesized that this would lower the
sub-cycle time required for provider report. On reviewing the
provider handoff data, however, the team found no decrease in
providers’ handoff duration. Further investigation discovered
that only 10–20% of beds were being pre-assigned, thereby
limiting the effect of the initiative on this sub-cycle time. This
dashboard was also used in monitoring the impact of a pilot of
electronic nursing handoff, which was piloted on specific
units. The team saw the sub-cycle time required for nursing
handoff drop with the new, asynchronous system.

Mismatch between timing of discharges and requests for
hospitalization causes ED operations to slow down during
midday until ED boarders can be admitted to the hospital later

in the evening. Figure 2—Composition B supported an
Baligned discharge^ effort, in which pre-noon discharges were
tracked by unit. The lower portion of Composition B, the heat
map, was used to see Bat a glance^whenmost discharges were
occurring and how this varied by units. The top portion of
Composition B visually displayed movement in discharge
time over the months and was one dashboard used to track
the progress of the aligned discharge initiative. These dash-
boards were primarily viewed at JHH-CCC leadership meet-
ings when updating on this initiative.

We used a participatory design approach for the develop-
ment of e-Dashboard in which stakeholders are directly in-
volved in the research and development process. Direct in-
volvement ensured they were represented and invested in the
process, which infuses the definition, approach, execution, and
outcome of a research effort with healthcare delivery perspec-
tive and priority. The e-Dashboard is distributed to the stake-
holders using three mechanisms: viewing in meetings when
projected, receiving in email form, and signing on to our insti-
tutional website (Tableau Software). We measured the number
of views and unique visitors from May to October 2017. This
measurement, however, represents a conservative estimate of
usage, as some of the distribution mechanisms are impractical
to track. For example, portions of Fig. 2—Composition A are
periodically highlighted in an update email to all ED staff
(400+ recipients), and graphs from this report are pasted into
a short communication. As presented in Fig. 3, we found an
uptrend on the number of views by administrators (from 26 to
148 views per month) while analysts and developers show a
sideways trend (16 and 25 views per month, respectively).
Although less abrupt, we also found an increase in the number
of unique administrator users after June 2017 (from 7 to 11 per
month). The number of analysts and developers remain con-
stant during the study timeframe except August 2017, in which
new tabs for the e-Dashboard were in development to support
new hospital flow management initiatives.

Discussion

The e-Dashboard provides hospital operations workgroups
with a powerful, yet user-friendly venue, to benchmark oper-
ational performance and assess the impact of ongoing process
improvement interventions at the hospital, service, and unit
level. The e-Dashboard is not intended to be real-time but
rather to promote retrospective evaluation by displaying lon-
gitudinal information of hospital operational performance.
Before deployment, retrospective data of capacity perfor-
mance were distributed in seven unique information systems
that did not interface with each other. The e-Dashboard re-
duces the burden of collecting and analyzing data from mul-
tiple sources and thereby is likely to encourage acting on data
for optimizing hospital capacity.
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Our results show how electronic dashboards support
evidence-based decision-making to overcome hospital capacity
inefficiencies. Two areas of current concern at our medical
institution include streamlining patient handoff from the ED
to the hospital floor and reducing hospital bed downtime.
These two sub-processes, if perform poorly, not only may have
a detrimental effect on patient outcomes but also in hospital
performance by adding artificial wait times to an already
prolonged length-of-stay [36]. As of May 2018, the e-
Dashboard is still in place, but the addition of new data and
visualizations became a necessity due to new efforts to improve
patient flow. These interventions include new staffing models
for the Department of Medicine, a new consultation process
between the ED and the Department of Orthopedic Surgery, a
novel technology to promote timely inpatient discharge [25],
and lean initiatives to reduce bed downtime. In this last initia-
tive, a multi-disciplinary team representing the ED, inpatient
nursing, bed management, hospitalists, and the JHH-CCC de-
signed interventions to reduce bed downtime by 33%. The bed
downtime dashboard was used at weekly meetings to gauge
performance. The broader distribution of bed downtime data
was an intervention in itself; after refinement, the dashboard
was sent via automated e-mail weekly to key stakeholders in-
cluding the admitting hospitalists and bed managers.

Medical institutions across the U.S. are devoted to enhanc-
ing value through increased quality and reduced costs. National
and regional accrediting bodies including the National
Committee for Quality Assurance, the Joint Commission on
the Accreditation of Health Care Organizations, and the
Health Services Cost Review Commission request that hospi-
tals prove the clinical quality and cost effectiveness of the care
they provide [37–41]. In addition to some of the metrics re-
quested by the previous accrediting bodies, an extra set of

operational and financial metrics were included in the e-
Dashboard based on the strategic goals of our institution.
These strategic goals include reducing ED wait by 30% and
reducing delays in patients leaving the operating room by
20%. Current evidence show that delays in moving patients
from the ED to critical care units is associated with increased
morality [42–44]. Similarly, operating room exit delays are
linked with worse patient outcomes and avoidable expenses
[45, 46]. Based on available evidence, we hypothesize that
delays in discharging patients is a major contributor to ED
boarding and patient flow inefficiencies [47–49]. Concerns ex-
ists, however, that an emphasis on discharge timing may have
detrimental effects on LOS and preventable readmissions [50].
Future work at our institution is in search of better understand-
ing of the full effects of timely discharge interventions on pa-
tient outcomes and hospital operations. Nonetheless, we believe
the e-Dashboard may assist on promoting accountability across
units by asking them to prove, with quantifiable data, the clin-
ical quality and the cost effectiveness of the care they provide.

This study has several important limitations. First, the vi-
sualizations included in the e-Dashboard are based on a re-
duced number of intended users rather than a systematic
multi-site user needs assessment. Second, the academic med-
ical center under study has a relatively mature quality infor-
mation technology infrastructure. Therefore, our results might
not be generalizable to other medical centers; however, the
process bywhich the e-Dashboard was designed and deployed
should be useful in analogous situations. Third, the
Donabedin model imposes methodological restrictions at the
time of comparing performance across hospitals as it fails to
control for patient and environmental factors that influence the
measurement of quality of care. Future work on expanding the
use of the e-Dashboard across our health system requires the
creation of a new model that addresses this issue. Fourth, the
e-Dashboard might not translate into improved patient out-
comes. Nonetheless, some of the metrics included in the e-
Dashboard were accountability measures endorsed by nation-
al and regional accrediting bodies including The Joint
Commission, supported by evidence, and associated with im-
proved patient outcomes.
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