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BACKGROUND: Although patient flow is a focus for improve-
ment in hospitals, commonly used single or unaggregated
measures fail to capture its complexity. Composite measures
can account for multiple dimensions of performance but have
not been reported for the assessment of patient flow.

OBJECTIVES: To present and discuss the implementation
of a composite measure system as a way to measure and
monitor patient flow and improvement activities at an urban
children’s hospital.

METHODS: A 5-domain patient flow scorecard with com-
posite measurement was designed by an interdisciplinary
workgroup using measures involved in multiple aspects of
patient flow.

RESULTS: The composite score measurement system
provided improvement teams and administrators with a
comprehensive overview of patient flow. It captured overall
performance trends and identified operational domains
and specific components of patient flow that required
improvement.

DISCUSSION: A patient flow scorecard with composite
measurement holds advantages over a single or unaggre-
gated measurement system, because it provides a holistic
assessment of performance while also identifying specific
areas in need of improvement. Journal of Hospital
Medicine 2014;9:463-468. © 2014 Society of Hospital
Medicine

Patient flow refers to the management and movement
of patients in a healthcare facility. Healthcare institu-
tions utilize patient flow analyses to evaluate and
improve aspects of the patient experience including
safety, effectiveness, efficiency, timeliness, patient cen-
teredness, and equity.'® Hospitals can evaluate
patient flow using specific metrics, such as time in
emergency department (ED) or percent of discharges
completed by a certain time of day. However, no sin-
gle metric can represent the full spectrum of processes
inherent to patient flow. For example, ED length of
stay (LOS) is dependent on inpatient occupancy,
which is dependent on discharge timeliness. Each of
these activities depends on various smaller activities,
such as cleaning rooms or identifying available beds.
Evaluating the quality that healthcare organizations
deliver is growing in importance.” Composite scores
are being used increasingly to assess clinical processes
and outcomes for professionals and institutions.'%"!
Where various aspects of performance coexist, com-
posite measures can incorporate multiple metrics into
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a comprehensive summary.'>”'® They also allow
organizations to track a range of metrics for more
holistic, comprehensive evaluations.”'?

This article describes a balanced scorecard with
composite scoring used at a large urban children’s
hospital to evaluate patient flow and direct improve-
ment resources where they are needed most.

METHODS
The Children’s Hospital of Philadelphia identified
patient flow improvement as an operating plan initia-
tive. Previously, performance was measured with a
series of independent measures including time from
ED arrival to transfer to the inpatient floor, and time
from discharge order to room vacancy. These metrics
were dismissed as sole measures of flow because they
did not reflect the complexity and interdependence of
processes or improvement efforts. There were also
concerns that efforts to improve a measure caused
unintended consequences for others, which at best
lead to little overall improvement, and at worst
reduced performance elsewhere in the value chain. For
example, to meet a goal time for entering discharge
orders, physicians could enter orders earlier. But, if
patients were not actually ready to leave, their beds
were not made available any earlier. Similarly, bed
management staff could rush to meet a goal for speed
of unit assignment, but this could cause an increase in
patients admitted to the wrong specialty floor.

To address these concerns, a group of physicians,
nurses, quality improvement specialists, and research-
ers designed a patient flow scorecard with composite
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measurement. Five domains of patient flow were iden-
tified: (1) ED and ED-to-inpatient transition, (2) bed
management, (3) discharge process, (4) room turnover
and environmental services department (ESD) activ-
ities, and (5) scheduling and utilization. Component
measures for each domain were selected for 1 of 3
purposes: (1) to correspond to processes of impor-
tance to flow and improvement work, (2) to act as
adjusters for factors that affect performance, or (3) to
act as balancing measures so that progress in a mea-
sure would not result in the degradation of another.
Each domain was assigned 20 points, which were dis-
tributed across the domain’s components based on a
consensus of the component’s relative importance to
overall domain performance (Figure 1). Data from the
previous year were used as guidelines for setting per-
formance percentile goals. For example, a goal of
80% in 60 minutes for “arrival to physician eval-
uation” meant that 80% of patients should see a phy-
sician within 1 hour of arriving at the ED.

Scores were also categorized to correspond to com-
monly used color descriptors.'” For each component
measure, performance meeting or exceeding the goal
fell into the “green” category. Performances <10 per-
centage points below the goal fell into the “yellow”
category, and performances below that level fell into
the “red” category. Domain-level scores and overall
composite scores were also assigned colors. Perform-
ance at or above 80% (16 on the 20-point domain
scale, or 80 on the 100-point overall scale) were desig-
nated green, scores between 70% and 79% were yel-
low, and scores below 70% were red.

DOMAINS OF THE PATIENT FLOW
COMPOSITE SCORE

ED and ED-to-Inpatient Transition

Patient progression from the ED to an inpatient unit
was separated into 4 steps (Figure 1A): (1) arrival to
physician evaluation, (2) ED physician evaluation to
decision to admit, (3) decision to admit to medical
doctor (MD) report complete, and (4) registered nurse
(RN) report to patient to floor. Four additional met-
rics included: (5) ED LOS for nonadmitted patients,
(6) leaving without being seen (LWBS) rate, (7) ED
admission rate, and (8) ED volume.

“Arrival to physician evaluation” measures time
between patient arrival in the ED and self-assignment
by the first doctor or nurse practitioner in the elec-
tronic record, with a goal of 80% of patients seen
within 60 minutes. The component score is calcu-
lated as percent of patients meeting this goal (ie, seen
within 60 minutes) X component weight. “ED physi-
cian evaluation to decision to admit” measures time
from the start of the physician evaluation to the deci-
sion to admit, using bed request as a proxy; the goal
was 80% within 4 hours. “Decision to admit to MD
report complete” measures time from bed request to
patient sign-out to the inpatient floor, with a goal of

80% within 2 hours. “RN report to patient to floor”
measures time from sign-out to the patient leaving
the ED, with a goal of 80% within 1 hour. “ED LOS
for nonadmitted patients” measures time in the ED
for patients who are not admitted, and the goal was
80% in <5 hours. The domain also tracks the LWBS
rate, with a goal of keeping it below 3%. Its compo-
nent score is calculated as percent patients seen X
component weight. “ED admission rate” is an adjust-
ing factor for the severity of patients visiting the ED.
Its component score is calculated as (percent of
patients visiting the ED who are admitted to the hos-
pital X 5) X component weight. Because the average
admission rate is around 20%, the percent admitted
is multiplied by 5 to more effectively adjust for high-
severity patients. “ED volume” is an adjusting factor
that accounts for high volume. Its component score
is calculated as percent of days in a month with
more than 250 visits (a threshold chosen by the ED
team) X component weight. If these days exceed
50%, that percent would be added to the component
score as an additional adjustment for excessive
volume.

Bed Management

The bed management domain measures how effi-
ciently and effectively patients are assigned to units
and beds using 4 metrics (Figure 1B): (1) bed request
to unit assignment, (2) unit assignment to bed assign-
ment, (3) percentage of patients placed on right unit
for service, and (4) percent of days with peak occu-
pancy >95%.

“Bed request to unit assignment” measures time
from the ED request for a bed in the electronic system
to patient being assigned to a unit, with a goal of
80% of assignments made within 20 minutes. “Unit
assignment to bed assignment” measures time from
unit assignment to bed assignment, with a goal of
75% within 25 minutes. Because this goal was set to
75% rather than 80%, this component score was mul-
tiplied by 80/75 so that all component scores could
be compared on the same scale. “Percentage of
patients placed on right unit for service” is a balanc-
ing measure for speed of assignment. Because the goal
was set to 90% rather than 80%, this component
score was also multiplied by an adjusting factor
(80/90) so that all components could be compared on
the same scale. “Percent of days with peak occupancy
>95%” is an adjusting measure that reflects that
locating an appropriate bed takes longer when the
hospital is approaching full occupancy. Its component
score is calculated as (percent of days with peak occu-
pancy >95% + 1) X component weight. The was
added to more effectively adjust for high occupancy.
If more than 20% of days had peak occupancy greater
than 95%, that percent would be added to the com-
ponent score as an additional adjustment for excessive
capacity.
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Domain/Component

Points

A. ED & ED to Inpatient Transition

"Arrival” to "Physician evaluation” (Goal: 280% in 60 minutes)

“ED physician evaluation™to "Decision to admit” (Goal: =80% in 240 minutes)

“Decision to admit"to "MD report complete”(Goal: 280% in 120 minutes)

“RN Report " to "Patient to floor” (Goal: 280% in 60 minutes)

ED LOS for non-admitted patients (Goal: 280% in =300 minutes)

LWBS rate (Goal: <3%)

ED admission rate adjusting measure (Mean FY09: 18%)

ED volume adjusting measure (% days in month =250 visits/day) + (bonus for =50% days)

Alalaln|w] e e

Domain sub-score total

N
o

B. Bed Management

Bed requestto Unit assignment (Goal: 280% in 20 minutes)

Unit assignmentto Bed assignment(Goal: 275% in 25 minutes)

Percent patients placed on right unit for service balancing measure (Goal: 290%)

Percent of days with peak occupancy »95% adjusting measure + (bonus for>20% days)

Domain sub-score total

C. Discharge Process

Decisionto Discharge (% Epic d/c orders entered by)

Medical services (Goal: 250% by 1:30 PM) (outside ICUs)

w

Surgical services (Goal: 250% by 10:30 AM) (outside ICUs)

[£)]

Homeward boundtime (Epic d/c order to Epic vacancy) balancing measure

Medical services (Goal: 280% in =110 minutes) (outside ICUs)

Surgical services (Goal: 280% in =240 minutes) (outside ICUs)

Family Satisfaction Scores (Goal: =85%)

Domain sub-score total

D. Room Turnover and Environmental Services Department (ESD)

Roomturnover: discharge to in progress time (Goal: =75% in 35 minutes)

Roomturnover: in progress to complete time (Goal: 275% in 55 minutes)

Roomturnover: total discharge to cleantime (Goal: 275% in 90 minutes)

Walsh Quality IP Room Cleanliness balancing measure (Goal: 285%)

Domain sub-score total

E. Scheduling & Utilization

Coefficient of Variation (CV): Scheduled admissions (Goal: CV <0.5)

CV: Scheduled admissions for weekdays only (Goal: CV <0.2)

CV: Emergentadmissions (Goal: CV <0.2)

CV: Scheduled occupancy (Goal:CV <0.2)

CV: Emergent occupancy (Goal: CV<0.2)

Percent emergent admissions LOS=1 day adjusting measure (Goal: >80%)

Percent of days with peak occupancy <95% (Goal: <95%)

Domain sub-score total

PATIENT FLOW COMPOSITE SCORE

100.0

FIG. 1. Component measures in the patient flow balanced scorecard with composite score by domain. Abbreviations: CV, coefficient of variation; D/C, discharge;
ED, emergency department; ICUs, intensive care units; IP, inpatient; LOS, length of stay; LWBS, leaving without being seen; MD, medical doctor, RN, registered

nurse.

Discharge Process
The discharge process domain measures the efficiency
of patient discharge using 2 metrics (Figure 1C): (1)
decision to discharge and (2) homeward bound time.
“Decision to discharge” tracks when clinicians enter
electronic discharge orders. The goal was 50% by
1:30 pm for medical services and 10:30 am for surgical
services. This encourages physicians to enter discharge
orders early to enable downstream discharge work to
begin. The component score is calculated as percent
entered by goal time X component weight X (80/50)
to adjust the 50% goal up to 80% so all component
scores could be compared on the same scale.
“Homeward bound time” measures the time between
the discharge order and room vacancy as entered by
the unit clerk, with a goal of 80% of patients leaving
within 110 minutes for medical services and 240
minutes for surgical services. This balancing measure

captures the fact that entering discharge orders early
does not facilitate flow if the patients do not actually
leave the hospital.

Room Turnover and Environmental Services
Department

The room turnover and ESD domain measures the
quality of the room turnover processes using 4 metrics
(Figure 1D): (1) discharge to in progress time, (2) in
progress to complete time, (3) total discharge to clean
time, and (4) room cleanliness.

“Discharge to in progress time measures time” from
patient vacancy until ESD staff enters the room, with
a goal of 75% within 35 minutes. Because the goal
was set to 75% rather than 80%, this component
score was multiplied by 80/75 so all component
scores could be compared on the same scale. “In pro-
gress to complete time” measures time as entered in
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DomainiComponent | Jul-10 | Aug

ED & ED to Inpatient Transition
“Anival to "Physician evaluation” (Goal: 2807 in 60 minutes)

2807 in 240 minutes)
"(Goat: 2807 in 120 mins)

Sep-10 | Oct-10 | Nov-10 | | Api-11 | May

Minutes)
Goak 275% in

Discharge Process
Decision to Discharge (% SCM dic orders entered by)

Medical senices (2507 by 130 PH) foutside ICUs)

040 |
045

Domain sub-score total 0| 152 | 154

149 | 145 | W3 | 144 | 142 | 128 | 134 | 134

0.73

137 | 136

Room Turnover and Environmental Services Department (ESD) d i

Discharge toin progress tme (Goat 275% in 35 minutes) 5 0.71 | 073
In yplete time (Goal: 2757 in 55 minutes) 5
Total discharge to Clean time (Goal 2757 in 30 minutes) 5
Walsh Quality P Room Cleankiness balancing measure (Goat 2857 5
Domain sub-score total 20 | 164 | 163
& Utilization
 Coefficient of V: CV) (Goak CY<0.5) 2
2
gent admis: V<02) 1
Cv: duled occupancy (Goal CV <0.2) 4 0.22
CV: Emergent occupancy (Goal CV<0.2) 1
Percen igent admissions LOS? 1day adjusting (Goal Y80%) S
Percent of days withpeak occupancy (35, (Goal >95%) 5
Domain sub-score total 20 166 = 165
PATIENT FLOW COMPOSITE SCORE 1000 7941 793

072 . 0m | 072 012 | 0.4

158 | 164 165 . 156 150 164 | 165 . 165 161 . 165

0.24 0.20

087 08T
153 . 157 . 164 . 159 | 148 138 | 145 | 164 162 . 162
764 710 714 165 735 109 721 744 748 7153

FIG. 2. Patient flow balanced scorecard and composite score for fiscal year 2011. Abbreviations: CV, coefficient of variation; D/C, discharge; ED, emergency
department; ICUs, intensive care units; IP, inpatient; LOS, length of stay; LWBS, leaving without being seen; MD, medical doctor, RN, registered nurse; SCM,

sunrise clinical manager.

the electronic health record from ESD staff entering
the room to the room being clean, with a goal of
75% within 55 minutes. The component score is cal-
culated identically to the previous metric. “Total dis-
charge to clean time” measures the length of the total
process, with a goal of 75% within 90 minutes. This
component score was also multiplied by 80/75 so that
all component scores could be compared on the same
scale. Although this repeats the first 2 measures, given
workflow and interface issues with our electronic
health record (Epic, Epic Systems Corporation, Ver-
ona Wisconsin), it is necessary to include a total end-
to-end measure in addition to the subparts. Patient
and family ratings of room cleanliness serve as balanc-
ing measures, with the component score calculated as
percent satisfaction X component weight X (80/85)
to adjust the 85% satisfaction goal to 80% so all
component scores could be compared on the same
scale.

Scheduling and Utilization

The scheduling and utilization domain measures hos-
pital operations and variations in bed utilization using
7 metrics including (Figure 1E): (1) coefficient of vari-
ation (CV): scheduled admissions, (2) CV: scheduled
admissions for weekdays only, (3) CV: emergent

admissions, (4) CV: scheduled occupancy, (5) CV:
emergent occupancy, (6) percent emergent admissions
with LOS >1 day, and (7) percent of days with peak
occupancy <95%.

The CV, standard deviation divided by the mean of
a distribution, is a measure of dispersion. Because it is
a normalized value reported as a percentage, CV can
be used to compare variability when sample sizes dif-
fer. “CV: scheduled admissions” captures the variabili-
ty in admissions coded as an elective across all days in
a month. The raw CV score is the standard deviation
of the elective admissions for each day divided by the
mean. The component score is (1 — CV) X component
weight. A higher CV indicates greater variability, and
yields a lower component score. CV on scheduled and
emergent occupancy is derived from peak daily occu-
pancy. “Percent emergent admissions with LOS >1
day” captures the efficiency of bed use, because high
volumes of short-stay patients increases turnover work.
Its component score is calculated as the percent of
emergent admissions in a month with LOS >1 day X
component weight. “Percent of days with peak occu-
pancy <95%” incentivizes the hospital to avoid full
occupancy, because effective flow requires that some
beds remain open.'®' Its component score is calcu-
lated as the percent of days in the month with peak
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80%
. Modified metrics for
| new fiscal year Record, sustained
high volume,
Feb 2011 70%
60%
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'

Jul09  Aug-09 Sep-09 Oct-09 MNov-09 Dec09 Jan-10 Feb-10 Mar-10 Apr-10 May-10 Jun-10 Jul-10 Aug-10 Sep-10 Oct-10 Nov-10 Dec-10 Jan-11 Feb-11 Mar-11 Apr-11 May-11 Jun-11

- 50%

40%

30%

Percent days in month with occupancy >95%

0%

FIG. 3. Patient flow composite score for fiscal year (FY) 2010 to FY 2011 versus percent occupancy.

H1N1 pandemic

Composite Score for Domain

12

Epic go-live

Percentdays >95%

1H09 | Aug09 | Sep09 0cLO9 Nov09 | Dec09 | Jand0 Feb0| ' | Apra0| "t | a0 JuHO | Aug10 | Sep10| Oct10 Nov-10 Dec10| Jenl | Feb11 "ﬁ’ sortt | M

= : ! e B
O ey o O | UM | 3% | 3% | 3 2% | 2% | 2% | 3 | 10% | 10% | 0% | 0% | 2% | 19% | 3% | 13% | 3% | 6% | 4% | 13% | 2% 10%
|—8-ED & ED Transition [ 161 | 164 | 157 | 161 | 162 | 167 | 165 | 163 | 162 | 161 | 158 | 156 | 159 | 158 | 156 | 160 | 161 | 158 | 155 | 139 | 138 | 141 | 141 | 142
= Bed Management 144 | 144 | 152 | 152 | 164 | 153 | 151 | 15 | 148 | 157 | 162 | 168 | 154 | 157 | 148 | 148 | 145 | 149 | 140 | 143 | 140 | 141 148 | 148
—— Discharge Process 157 | 158 | 156 | 157 | 156 | 158 | 157 | 158 | 157 | 161 | 16 | 156 | 153 | 151 | 150 | 145 | 143 | 142 | 142 | 128 | 133 | 134 | 137 | 134
——Room Tumover, £SD 159 | 158 | 161 | 163 | 161 | 167 | 161 | 163 | 160 | 163 | 157 | 160 | 164 | 154 | 147 | 160 | 164 | 163 | 135 | 165
—o—Scheduiing & Utiization 164 | 161 | 157 | 156 | 162 | 156 | 157 | 155 | 147 | 165 | 164 | 16 | 166 | 165 | 153 | 157 | 161 | 150 | 148 | 138 | 145 | 164 | 162 | 162

FIG. 4. Composite score and percent occupancy broken down by domain for fiscal year (FY) 2010 to FY 2011. Abbreviations: ED, emergency department; ESD,

environmental services department.

occupancy <95% X component weight. Although a
similar measure, percent of days with peak occupancy
>95%, was an adjusting factor in the bed management
domain, it is included again here, because this factor
has a unique effect on both domains.

RESULTS

The balanced scorecard with composite measures pro-
vided improvement teams and administrators with a
picture of patient flow (Figure 2). The overall score
provided a global perspective on patient flow over
time and captured trends in performance during vari-

ous states of hospital occupancy. One trend that it
captured was an association between high volume and
poor composite scores (Figure 3). Notably, the HIN1
influenza pandemic in the fall of 2009 and the turn-
over of computer systems in January 2011 can be
linked to dips in performance. The changes between
fiscal years reflect a shift in baseline metrics.

In addition to the overall composite score, the
domain level and individual component scores
allowed for more specific evaluation of variables
affecting quality of care and enabled targeted
improvement activities (Figure 4). For example, in
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December 2010 and January 2011, room turnover
and ESD domain scores dropped, especially in the
total discharge to clean time component. In response,
the ESD made staffing adjustments, and starting in
February 2011, component scores and the domain
score improved. Feedback from the scheduling and
utilization domain scores also initiated positive
change. In August 2010, the CV: scheduled occupancy
component score started to drop. In response, certain
elective admissions were shifted to weekends to dis-
tribute hospital occupancy more evenly throughout
the week. By February 2011, the component returned
to its goal level. This continual evaluation of perform-
ance motivates continual improvement.

DISCUSSION

The use of a patient flow balanced scorecard with com-
posite measurement overcomes pitfalls associated with a
single or unaggregated measure. Aggregate scores alone
mask important differences and relationships among
components.'® For example, 2 domains may be inver-
sely related, or a provider with an overall average score
might score above average in 1 domain but below in
another. The composite scorecard, however, shows indi-
vidual component and domain scores in addition to an
aggregate score. The individual component and domain
level scores highlight specific areas that need improve-
ment and allow attention to be directed to those areas.

Additionally, a composite score is more likely to
engage the range of staff involved in patient flow.
Scaling out of 100 points and the red-yellow-green
model are familiar for operations performance and can
be easily understood.'” Moreover, a composite score
allows for dynamic performance goals while maintain-
ing a stable measurement structure. For example,
standardized LOS ratios, readmission rates, and denied
hospital days can be added to the scorecard to provide
more information and balancing measures.

Although balanced scorecards with composites can
make holistic performance visible across multiple
operational domains, they have some disadvantages.
First, because there is a degree of complexity associ-
ated with a measure that incorporates multiple aspects
of flow, certain elements, such as the relationship
between a metric and its balancing measure, may not
be readily apparent. Second, composite measures may
not provide actionable information if the measure is not
clearly related to a process that can be improved.'!*
Third, individual metrics may not be replicable between
locations, so composites may need to be individualized
to each setting.'%*°

Improving patient flow is a goal at many hospitals.
Although measurement is crucial to identifying and

mitigating variations, measuring the multidimensional
aspects of flow and their impact on quality is difficult.
Our scorecard, with composite measurement, addresses
the need for an improved method to assess patient
flow and improve quality by tracking care processes
simultaneously.
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