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In 1999 the Institute for Medicine Figure 1. The Model for Improvement.
published To Err is Human,* bring-
ing a high level of public attention
to errors occurring within the US

healthcare system. As a follow-up to MOdeI for Im provement

this landmark publication, a second .
report, titled, Crossing the Quality What are we U’Ylng to

Chasm: Health Care in the 21% Century mPI'Sh,

was released in 2001 which out- How will we know that a
lined the foundation for healthcare Change is an improvement‘)
delivery improvement in the United

States and around the world. The What cha can we make
report identified and recommended that will result in improvement?

improvements in the six dimensions
of quality in US healthcare: Safety,
Timeliness, Effectiveness, Efficien-
cy, Equity, and Patient Centered-
ness (“STEEEP”).?

To meaningfully engage in im-
provement activities, radiologists

must comprehend and apply the
principles of quality improvement
(QI) science and be familiar with the
relevant tools.

The goal of this article is to pro-

vide a practical guide for radiologists

leading or engaging in QI activities.
We first present three models of
improvement. Thereafter, we discuss

the application of select tools com-
monly used to conduct QI within the
radiology setting.

Affiliations: Yale Medicine/Yale University School of
Medicine, New Haven, CT (Dr Choi); Northwell Health, New
Hyde Park, NY (Dr Goldberg-Stein).
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Figure 2. Example of DMAIC: Pediatric sedation MRl improvement project.

REVIEW

N
Problem: Pediatric Sedation MRI exams have 60 minutes of median delay time in first-case start.
Identify stakeholders: Director of Pediatric Sedation program, MRI Technical Lead, Director of Pediatric Neurology, Medical
Director of MRI, Chief of Pediatric Oncology, Director of Radiology Nursing
J
N
Quantifiable sources of delay in Sedation MRI on-time start: Patient preparatory time performed by Radiology Nurse;
Nursing materials setup time; Time technologist prepares the MRI suite; Arrival time of physician responsible for Pediatric
Sedation
J
N
Root cause for delays within each measure are identified. The major contributors to delay are: MD late arrival time,
inefficient prep by nursing due to wasteful movement of supplies, delays in preparing the MRI suite due to redundant MRI
safety screening workflow
J
~N
Multiple PDSA cycles are completed and impact is measured; change interventions are accepted, rejected, or refined.
These include inventory process redesign and a revamped MRI safety screening process with redundant steps removed
J
N
Processes are put into place to ensure the change is “frozen” and will be maintained through newly established standard
operating procedure, guidelines, and/or oversight.
J

Models of Improvement

In the words of W. Edwards
Deming, “It is not enough to do
your best; you must know what to
do, and then do your best.” Three
major models of improvement
share certain basic elements of the
PDSA (Plan, Do, Study, Act) cycle,
which was originally conceived by
Deming. This cycle is essentially a
restatement of the scientific method,
wherein a hypothesis for a change
intervention is formed (Plan), tested
(Do), and analyzed (Study), allowing
for conclusions to be drawn (Act).>*
Each model also shares a common
philosophy centered on continuous
data collection and rapid testing of
proposed changes.

When selecting a model for a QI
project, matching the problem to the
appropriate model may achieve the
best result. Note that the choice of
model of improvement could also be
influenced by the overall approach
adopted by your department, prac-
tice, or organization.’> Keep in mind,
however, that the tools and concepts
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within each are not mutually exclu-
sive. Many principles and applica-
tions are shared among the models,
which are described here in detail.

Model for Improvement

The Model for Improvement
(MFTI) was developed by the Institute
for Healthcare Improvement® to
accelerate improvement by testing
changes on a small scale and then
rapidly scaling up using multiple
PDSA cycles. At the heart of MFI is
the SMART aim, an explicit state-
ment designed to reflect the goal
of a project; it must be Specific,
Measurable, Applicable, Realistic,
and Time-bound. The MFI is framed
as three questions: 1) What are we
trying to accomplish? (ie, SMART
aim statement), 2) How will we know
a change is an improvement? (ie,
battery of metrics), 3) What chang-
es can we make that will result in
improvement? (ie, change concepts
to be tested with PDSA cycles).!

In this model, proposed process
changes are iteratively tested and
results analyzed, similar to scientific

hypothesis testing. After analysis

of the various metrics (outcome,
process, balancing), the results drive
the subsequent action, which may
be acceptance, rejection, or modi-
fication of the proposed change for
retesting. The MFI assumes that
proposed changes will not be imme-
diately successful or optimized and
will require refinement and revision.
Rapid-cycle testing is made possible
by this model, and testing of changes
can be run either in sequence or in
parallel.®® In keeping with the three
central questions of the MFI, imple-
mentation only occurs when there is
confidence the change will result in
improvement, and readiness to make
the change has been assessed and
confirmed (Figure 1).°

Six Sigma

Six Sigma was developed by
Motorola and most famously adopted
by Jack Welch of General Electric. The
model focuses on reducing variation
within a system, which can decrease
defects and improve overall quality. Six
Sigma utilizes DMAIC, an acronym for
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Figure 3. Donabedian model with examples provided for each of the three categories
(Structure, Process, and Outcome) relating to inpatient MRI turnaround time.

-

PROCESS

Treatment delivery
Order placement
Method of
Communication
(e.g. MRI safety
screening process)

-

28

Define, Measure, Analyze, Improve,
and Control (Figure 2). The approach
is data driven and designed to cut the
error rate to 3.4 defects per 1 million
opportunities, or to limit defects to
six standard deviations. Run charts
and control charts (discussed later)
are often employed to evaluate
processes by separating true signal
or “special cause” variation from
random, “common cause” varia-

tion attributed to noise in the data.
This method has been successfully
applied in radiology to reduce create
more consistent and reproduc-

ible workflows.

Lean

The Lean methodology was devel-
oped as part of the Toyota Production
System.”® Elimination of waste is the
foundation of Lean. Waste is further
categorized as: Mura, waste relat-
ed to the presence of unevenness
in workload; eg, only scheduling
MRI scans during daytime/mid-
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week); Muri, waste resulting from
overstressed staff, equipment, or
processes; eg, overbooking outpa-
tient CT scans; and Muda, waste
resulting from non-value-added
processes; eg, requiring patients
to register multiple times during a
mammogram Visit.

Lean focuses on efficiently pro-
viding high value to customers and
involves evaluating the current state
by directly observing the workplace
(“going to the Gemba”), defining the
ideal future state (process redesign),

and identifying measures to close the

gap between the two. Lean has been
successfully applied in radiology,
which relies on continuous patient

throughput and high quality, efficient
application of imaging technologies.’

Quality Improvement Tools for
Radiology

W Edwards Deming also famously
said, “In God we trust. All others

must bring data.” Various tools in
radiology QI can support project
planning, process redesign, and
data analysis.

Donabedian Model

In planning a project, the Donabe-
dian model (Figure 3) can provide
a framework and help define the
project scope.’® The model is nearly
identical to the SIPOC (Suppliers,
Inputs, Process, Output, and Custom-
ers) methodology used in Lean. The
basic components of the Donabedian
model are inputs (structure), outputs
(outcome), and the key processes
between them. The template is best
completed backwards, by first identi-
fying an outcome to be achieved, fol-
lowed by the processes resulting in
that outcome, and then by outlining
the inputs (structural components
of the system) that are required to
execute those processes. Including
measurable processes is particularly
important; failure to do so is the
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Figure 4. Key Driver Diagram. An example for a fluoroscopically guided joint injection
performance improvement project.

SMART AIM CHANGE
Specific, Measurable, KEY DRIVERS |NTERVENT|ONS

Actionable, Relevant,

Time-bound 55“ the workspace to

streamline inventory stocking

/ and organization

To decrease outpatient <= Procedure tray preparation . .
Create visual guides

Iength of staY for o \ for tray preparation
fluoroscopically guided joint g Scheduling process

injections at Main Campus ) ) ) Create checklists for clerks in
hospital by 50% by July 1, <= Patient-registration process scheduling and registration to
2019, from a baseline reduce error

median of 35 minutestoa <=
goal of 22 minutes.

Fluoroscopy suite

availability Consent and tray preparation

occurs outside the fluoroscopy
suite

Reduce unnecessary
fluoroscopy cases through
triage and feedback process
to referrers

Figure 5. A PICK chart can be used to determine which change interventions should be undertaken. TnOSt common.mlsta em (':1e51gn
ing and executing a QI project. By
engaging with this model at the start

of a project, all critical inputs and

processes will be taken into account.

Key Driver Diagram

HIGH

A Key Driver Diagram (Figure 4) is
used in the early phases of a project.
It begins with identifying the project
SMART aim which, again, must be
Specific, Measurable, Achievable,
Relevant, and Time-bound. The
key drivers are identified during
brainstorming sessions by the QI
team members most familiar with

IMPACT

the work, drawing from their clinical
experience or other aspects of the

workflow. Because they help achieve

Low

the aim, these drivers are com-

LOW EFFORT HIGH’ monly referred to as the “leading
indicators,” while the outcomes are

referred to as “lagging indicators.”
Both must be measurable. Design
changes to the system are identified
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Figure 6. A fishbone cause-and-effect diagram for causes of increasing in-patient MRI turnaround time.

ENVIRONMENT

Frequent MRI downtime
due to aging technology

Small holding area limits
number of patients on-deck
for imaging

MRI Screening not
performed on inpatient
floor causing in-suite delays

PROCEDURES

MRI protocol not
available at time of
patient arrival for MRI

Problem statement
(in question form)

Why is
in-patient
turnaround
time for MRI

Staff shortage of IV-certified
techs or nurses available for
contrast injection

Loss of volunteer previously
helping on/off patients in
MRI suite

PEOPLE

In-patients decline MRI in
late evening or early morning
hours; not all slots are used

Patients arrive without
a functional IV

PATIENTS

increased by
15% year-over-
year?

as change interventions." These
changes are deliberately intended
to improve performance of the key
drivers, not the outcome. Important-
ly, no changes can directly improve
the outcome without improving the
key processes. Without knowing how
the key drivers are performing; ie,
without measurement), it is impos-
sible to know why the outcome is
improving or getting worse.

PICK Chart

The PICK (Possible, Implement,
Challenge, Kill) chart (Figure 5)
is used to help determine which
changes should be prioritized. This
tool incorporates two dimensions: the
degree of impact, and the difficulty
of implementation (Figure 5).2 The
team can review the suggested change
interventions together and use sticky
notes or a smartboard to place the
proposed changes into the quadrants
of the chart. High-impact, low-ef-
fort changes should definitely be
implemented (“Implement”), whereas
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low-impact, high-effort changes
should be avoided (“Kill”). Those that
are easy to implement but have low
impact may be considered based

on time and resources (“Possible”).
Those of high impact but high diffi-
culty to enact (“Challenge”), such as
creating a new program, may be con-
sidered, but they require significant
investment in resources to achieve

a long-term return aligned with an
organization’s overall strategy.

Fishbone Diagram

The Fishbone diagram (Figure 6),
also known as a cause and effect or
Ishikawa diagram, maps the possi-
ble causes of problems into catego-
ries. It is useful for identifying all
aspects of a particular process or
workflow. The tool was designed as
a template for root-cause analy-
sis, whereby a manager could ask
“why” five times in order to arrive
at the cause of a problem. Catego-
ries are modified according to the
project and may include materials,

machines, methods, measurement,
environment, and people.*®

Pareto Chart

The Pareto principle, also known
as the 80/20 rule, arose from an
observation that approximately 80
percent of a problem derives from
approximately 20 percent of the
causes. Similar to the PICK chart,
the Pareto chart (Figure 7) organiz-
es factors by those that contribute
the most to a particular problem;
separating the “vital few” from the
“trivial many” .*

Waste Walk Tool

Eliminating waste is the central
tenet of Lean. The waste in a system
may be identified by taking a “waste
walk” (or several) through the work-
place to record observations of the
people, processes, and environment.
Wasted time, effort, and other re-
sources can then be categorized and
corrective actions developed to elim-
inate that waste. Corrective actions
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Figure 7. A Pareto Chart for causes of delay in neuro-interventional radiology stroke
procedures. Nearly 80% of the causes for delay relate to the two most common issues.

Non-utilized talent or
people

Transportation

machines, or people radiology
department
Inventory/Storage Too many or too few supplies Interventional suites lacking common Inventory
available supplies and/or storing excess management
unneeded supplies redesign
Motion Unnecessary motion of health care MDs circling in gathering supplies Supply bundles for
providers or staff prior to procedure from various common
locations procedures
Extra Processing Overcomplicated processes Redundant paperwork or EMR inputs Redesign of
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data

Underutilizing available talent or
abilities

Wasteful movement of supplies,

Redundantwork

Idle front desk clerk
MD performing clerical tasks

Circuitous transport to MRI

Causes for Delay in Neuroradiology Stroke Intervention
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for review
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Figure 8. The Waste Walk Tool lists the eight wastes of Lean, which can be recalled using “DOWNTIME”
as a mnemonic. Common examples in radiology are provided, as well as proposed corrective actions.
Waste Category Characteristics Examples in Radiology Corrective Action
Defects Error Wrong patient imaged Identification
Low quality product Wrong laterality imaged process
Wrong imaging study performed improvement
Overproduction Producing more than what is Unnecessary imaging test Clinical decision
required at that time MRI protocols with redundant support for
seqguences ordering exams

Waiting Waiting for a person, process, or Waiting for creatinine prior to CT Improved lab

process with
prioritization

Redistribution of
responsibilities
using checklist

Visual guides in

documentation
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Figure 9. (A) A stroke tray visual guide was created and hung on the wall in the neuro-interventional radiology suites
immediately above the procedure tray preparation area to support accurate and reproducible tray setup for replication

by nurses and technologists. This visual guide improved stroke tray first-time quality, a measure of the rate of complete
correctness of a task on the first attempt). (B) Spaghetti Diagram demonstrates decrease in motion after the creation of

a stroke cart and stroke bundles with collated inventory for efficient and reliable tray preparation for neuro-interventional
radiology. Prior to the intervention, there was wasted motion for the technologist or nurse responsible for collecting materials
held in different drawers and shelves within the suite. After the intervention, the overall motion has been reduced. This
difference can be visually appreciated on the Spaghetti Diagram.
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Figure 10. A Run Chart demonstrating a baseline median total in-suite time of 35 minutes for
image-guided joint injections. After the first change intervention was introduced (PDSA 1),
there are >6 consecutive points noted below the baseline median with downward shift of the
median to 22 minutes. After the second change intervention (PDSA 2), a similar effect was
seen with the median decreasing to 13.5 minutes.
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(change interventions) can then be tested
with a PDSA cycle (Figure 8).%

5S

5S is a tool commonly used with Lean
to redesign a work environment. The five
S’s stand for “sort, set, shine, standardize,
and sustain.” A 5S redesign can create
a more efficient workflow, saving time
and energy, and ultimately eliminating
waste. 5S is not a cleaning exercise, but
a goal-oriented task designed to achieve
a more efficient work environment.
The “sustain” component is critical: a
workflow process must be sustainable to
preserve the changes and avoid reversion
to the earlier state (Figure 9).*° Recently,
health care and other industries, have
added a sixth “S” to represent safety pri-
orities when redesigning the workplace.

Visual Guides

Visual guides(Figure 9) are extremely
powerful tools to support work standard-
ization.** They serve as cognitive aids for
both provider and patient, and may be
very simple, such as adhesive floor tape
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for guidance through a facility, or
large displays, scoreboards, and/or
mounted checklists. For example, a
guide featuring a labeled image of

a procedure tray may be created to
support consistent and reproducible
urgent stroke care in neuro-interven-
tional radiology.

Checklists

Checklists are used in many
industries to reduce errors. Common
examples in radiology include the
timeout checklist required by the
Joint Commission to be used prior
to procedures; checklists used by
support staff for patient appointment
confirmations; and the structured
reporting templates used by ra-
diologists to support adherence to
guidelines BI-RADS, LI-RADS, and
other scoring systems.*'®"

Spaghetti Diagram

Process flow maps are often relied
on to precisely delineate the series
of events in a process to produce a

given result. Creating a flow map
includes brainstorming all required
steps and defining the sequence of
those events, The spaghetti diagram
is a specific type of process flow map
used specifically to analyze move-
ments within a workspace; it can
highlight unnecessary or wasteful
movement of people and/or mate-
rials.* Diagrams showing the before
and after of Lean QI interventions
can highlight the degree of im-
provement occurring secondary to a
change in process.

Run and Control Charts

Several tools are available to ana-
lyze the performance of a particular
process. Run Charts (Figure 10)
distinguish between common-cause
variation, which is inherent to a sys-
tem or results from ordinary causes;
eg, random variation or “noise,” from
special-cause variation, which may
be the result of a change intervention
that leads to an unstable, unpredict-
able process. For example, in a Run
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Chart with enough data points, a
true shift indicating special-cause
variation is seen if six or more
consecutive points appear above or
below the baseline median. This is
evidence that the change is leading
to an improvement.!* Control Charts
(aka Shewhart Charts, not shown),
which similarly separate random
from special-cause variations, can
be used to measure change, setting
upper and lower control limits to
identify non-random variation.
Other tools to be considered are
histograms, which can demonstrate
variation in continuous data over
time, or scatter plots, which serve as
graphic representations of the rela-
tionships between two variables.*'®

Countless Opportunities to
Improve Radiology

Current QI systems allow for
nearly countless opportunities for
process improvement in radiology.
Indeed, the continuous application
of QI science can not only greatly
enhance patient care, but at the
same time also create more effective,
efficient, and happier workplaces for
all medical imaging professionals.
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For, as a quote also attributed to
Deming puts it, “It would be better
if everyone worked together as
a system, with the aim for ev-
erybody to win.”
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