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Chapter 5
QI Methods and Improvement Science

Lori Rutman and Selena Hariharan

�Definition of Improvement

On its own, improvement is a difficult term to define. Improvement is most clearly 
understood when it is defined by characteristics with a positive connotation like 
faster, easier, more efficient, safer, or less expensive. All of these characteristics 
have one thing in common—they require change from a current state, the baseline. 
Thus, improvement is the outcome achieved when a system has undergone some 
fundamental change for the better. In an ideal state, the effects of the improvement 
are sustained and have a lasting impact on the system.

Not all changes will lead to improvement. Improvement is driven by the applica-
tion of knowledge about the current state, the desired state, and the context of the 
system you are working in. There are a variety of methods by which the quality of 
patient care can be improved, such as Lean and Six Sigma [1, 2]. The Institute for 
Healthcare Improvement (IHI) supports a method based on the Model for 
Improvement. The Model for Improvement, described in Chap. 2, is a framework 
for applying the following five principles of improvement.

Five guiding principles of improvement [3]:

	1.	 Knowing why you need to improve
	2.	 Having a feedback mechanism to tell you if the improvement is happening
	3.	 Developing an effective change that will result in improvement
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	4.	 Testing a change before attempting to implement broadly
	5.	 Knowing when and how to make the change permanent (implement the change)

We will explore each of these principles in more detail through this chapter using 
the following example:

As the quality leader in your oncology division, you would like to improve time to antibi-
otics (TTA) for oncology patients who present to the emergency department (ED) with 
fever and concern for infection. You recognize the national benchmark for TTA is 60 min-
utes or less, and after reviewing your hospital’s data over the past year, you find the aver-
age TTA in your ED is currently twice that, 120 minutes. In fact, only 25% of 
immunosuppressed patients with fever receive antibiotics within 60 minutes. Further, in 
the past 6 months the hospital patient safety team has identified an increase in ICU trans-
fers for oncology patients related to need for initiation of vasoactive medications. The 
team believes one reason for the clinical deterioration of these patients is delay of initial 
antibiotics. When the individual patient charts are reviewed, the team finds a number of 
problems, ranging from port access issues to protocol deviations and communication 
failures.

The first principle of improvement, knowing why you need to improve, is some-
times referred to as the aim or purpose of the improvement project. The improve-
ment aim of the oncology team above was clear; they first needed to make changes 
to the processes surrounding TTA to deal with the time delays.

�Selection of a Global and Project Aim

Improvement projects should begin by addressing the first question of the Model for 
Improvement, “What are we trying to accomplish?” This requires development of 
an aim statement. To be effective, an aim statement should be developed in collabo-
ration with leadership and frontline staff in response to an observed problem [4]. A 
clearly written aim statement is critical for a successful improvement project and 
serves several purposes. For example, a clearly written aim statement provides lead-
ership with an understanding of the purpose of your project and therefore promotes 
leadership buy-in and support. Further, an aim statement will help clarify who 
should be part of the improvement team. It also reduces variation from the project’s 
original purpose; when stakeholders begin to push different agendas, an aim state-
ment serves as an effective reminder of the project’s intended scope. Finally, an aim 
statement defines the magnitude of the expected improvement and sets an expected 
timeline for achieving results.

The aim statement may be divided into a global aim, which describes the long-
term goals of the process under evaluation, and a project, or specific aim, which is 
narrow in scope and related to the current team’s work. The specific aim for a proj-
ect, often referred to as a SMART aim, should be specific, measurable, actionable, 
relevant, and time bound [3]. To do this, the specific aim statement should clearly 
state the process/system which will be the subject of the work, the desired outcome, 
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the timeline during which the team will accomplish the work, and the magnitude of 
change that is expected.

With this information, you write down the following global and specific aim statements for 
the TTA improvement project:

Global aim: Improve outcomes by providing timely and effective care to immunosup-
pressed patients with fever.

Specific aim: Increase and maintain the percentage of febrile immunosuppressed (F&I) 
oncology patients who receive their antibiotics in the ED within 60 minutes from 25% to 
90% over the next 12 months.

�Analysis of the Existing Process

Prior to attempting any improvement project, a thorough analysis of the existing 
process should be undertaken. All stakeholders, which may include but are not lim-
ited to physicians, nurses, patient services, ancillary staff, administrators, patients 
and their families, consultants, and external supports, should be included [5]. 
Representatives from this group then create a comprehensive operational map of the 
flow of the process from the first to the last step. If the process map is created prop-
erly, potential areas of operational failure, both those that currently exist, and poten-
tial future areas of weakness can be identified more easily. These can be described 
in a healthcare failure mode and effect analysis (HFMEA). First used in engineer-
ing, the failure modes and effects analysis (FMEA) uses a proactive approach to 
identify vulnerabilities in a system or product to prevent failures [6]. The HFMEA 
expands the engineering approach to a more comprehensive, systematic approach 
that can be applied to healthcare operations to improve processes and hopefully 
prevent safety failures [6]. This is particularly relevant in healthcare where the prod-
uct is the process itself [7].

You assemble a quality improvement (QI) team that includes key stakeholders in 
oncology and emergency medicine (physicians, nurse practitioners, nurses, clerical 
staff, clinic managers) as well as a few interested oncology patients and families. You 
review the aim statements with the team and develop an HFMEA for the process 
(Fig. 5.1). The QI team then pictographically represents potential failures as a Pareto 
chart which shows a cumulative histogram of failures from the direct observation 
period. (Fig. 5.2)

The next step is to create a process map. To start, key stakeholders meet and 
discuss the process from start to finish. They then observe the process “in action.” 
When the group meets again, depending on the improvement theory the team has 
chosen to implement, they create a map of the process. Process maps help clarify 
complex processes by showing decisions, events, wait times, and delays in care. The 
process map helps draw a picture of how a process works and serves as a base that 
can be used as the team transforms the currently existing process.
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�Steps to Create a Process Map

It is important to have representatives of all the roles involved in the process that 
participate in the creation of the process map. Start with a high-level process map 
which will contain the various steps that are imperative to the process (Fig. 5.3). 
After the high-level process map is finished, a detailed process map should be com-
pleted. The detailed process map includes decisions as well as all subprocesses 
(Fig. 5.4). After completing the process maps, the team should validate them with 
other individuals.

At that time, potential interventions are reviewed and a first series of trials are 
planned based on improvement theory. Theories are grand (global and general), big 
(concepts that can be applied across projects), and small (pragmatic and applicable 

Intervention

Current

Failure 
Modes

• Standard referral template created
• Family education about fever and 
 pre-arrival expectations
• Pre-arrival order set created to 
 include standard antibiotics and labs
• ED room held for patient prior to 
 arrival

Referral for oncology patient with
fever called to referral center 

• No standard referral process
• No standard referral information
• Patients presenting without a referral
• Lack of patient/ family education 
 about  ED process
• No standardization of pre-arrival 
 orders after patient referred

Oncology patient with fever
arrives in the  ED

• ED room reserved for patient 
 upon receipt of referral
• Supplies for line access
 placed in room in anticipation
• Rapid assessment team
 created to evaluate patient
• Pharmacy sends ordered 
 antibiotics prior to patient 
 arrival
• Hospital IV access team 
 informed of impending patient 
 arrival as part of group page

• No room available-patient
 sent to lobby
• No topical pain control on port
• No standard approach to
 patient evaluation
• Antibiotics not immediately 
 available
• Line access problems

Fig. 5.1  Healthcare failure modes and effects analysis (HFMEA) for time to antibiotics for oncol-
ogy patients who present to the emergency department with fever
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to a specific improvement) [8]. After the failures are identified and the Pareto chart 
created, the team can identify barriers to improvement, develop key drivers, and 
plan the first improvement intervention. On the other hand, if the project is focusing 
on Lean methodology and eliminating waste, the observation period will identify 
process steps that are valuable to the patient (value added) and those that may be 
necessary but are non-value added [9].
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Fig. 5.2  Pareto chart: Oncology patients who did not receive antibiotics within 60 min of arrival 
in the ED

Febrile
immunocompromised
patient family member

calls dedicated
referral line

Family connected
to hospital

representative and
instructed to come

to hospital

Hospital staff
prepares room

and supplies for
patient

Patient arrives
and is roomed

Central venous
access obtained and

antibiotics given

Fig. 5.3  High-level process map

5  QI Methods and Improvement Science



72

�Identification of Barriers

Inevitably, the people involved in an improvement team are enthusiastic, optimistic, 
and invested in the success of the new process. Unfortunately, this can cause them 
to overlook potential barriers to success. During the analysis of the existing process, 
it is essential that the members of the group honestly evaluate potential pitfalls that 
may be associated with changing the process in an attempt to improve. This starts 
by looking at the existing culture and infrastructure theoretically then directly 
observing the providers. Once the barriers are identified, they further inform the key 
drivers, described below:

After further consideration and honest discussions, the QI team identified the 
following potential barriers to improving TTA:

	1.	 A culture that was resistant to standardizing patient care
	2.	 Staff entropy
	3.	 Comfort with silos of care and a lack of collegiality between services
	4.	 Family expectations that did not align with standards of care
	5.	 Acceptance of failure as a part of business as usual

Honesty is essential when identifying impediments to process improvement. It is 
human nature to believe that fault lies elsewhere—another person, another service, 

Febrile
immunocompromised

patient family member calls
dedicated referral line

Family connected to:
Afterhours: Fellow
Clinic Hours: Dedicated
F&I nurse practitioner

-Family instructed to
place EMLA cream on
the port site
-Brief instruction on
process given to
family
-Type of CVC and
history of issues with
/history of CVC issues

For ED
-VAT team alerted of
incoming F&I patient (port
and patients with CVC
issues)
-Referral made to attending
ED physician
-Script utilized to relay:
Diagnosis, time of arrival,
type of central access,
antibiotics, requested workup

Clinic and ED
-ED/clinic encounter
created
-Antibiotic orders placed
-Clinic/ED nurse and
physician team alerted of
incoming F&I patient with
anticipated arrival

Clinic and ED
-Room reserved
-Access supplies placed
into room
-antibiotics delivered to
room

Patient Arrival ED
-Rapid Response Team/VAT
team alerted of arrival
-Patient rapidly triaged and
roomed

Patient Roomed (ED)
-Rapid assessment by MD
and RN
-VAT team arrives to assist
with CVC
-Port/CVC accessed
-Antibiotics administered

Patient arrival to clinic
-F&I team alerted of patient arrival
-Patient rapidly triaged and roomed
-60 minute timer set and placed on patient
door

Patient Roomed (Clinic)
-Rapid assessment by MD and RN
-Port/CVC accessed
-Antibiotics administered

Fig. 5.4  Detailed process map
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and another team within the hospital—but for any process to succeed, the silos must 
be razed and staff engaged. Obstacles are best removed when the staff as a whole 
perceives themselves to be part of the team as opposed to drafted soldiers being 
forced into labor; indeed, in those situations, the staff simply becomes another hur-
dle to overcome in the path of improvement.

Barriers can also be divided into organizational and personal. Though quality 
improvement is a growing field, some organizations simply do not have the 
infrastructure or the financial resources to undertake a large-scale quality 
improvement project [10]. Some organizations are ineffective at communicating 
the underlying vision of the quality improvement; hence, leadership does not 
attain support for the process at the grassroots level. Even if employees are 
ready to undertake quality improvement, sometimes leadership does not under-
stand how to empower frontline providers, so these individuals are not ready to 
accept the responsibility for the process [11]. Individually, barriers include 
resistance to standardizing care (i.e., disdain for “cookbook medicine”), per-
sonal biases about patients, the organization and leadership, and limitations in 
skill [11].

�Identification of Key Drivers

A driver diagram is a tool for building a testable hypothesis. It illustrates the struc-
tures, processes, and norms that may need to change in order for the system to oper-
ate at a new, improved level. Similar to conceptual models, a well-designed driver 
diagram clarifies the theory behind an improvement project and informs the strategy 
for achieving the aim (outcome). Driver diagrams also provide a framework for 
measurement, inform evaluation, and allow for comparison of projects across dif-
ferent organizations and researchers.

When creating a driver diagram, the aim statement (desired outcome) is tradi-
tionally located on the far left; everything to the right of the aim statement depicts a 
theory about what must change and how it must change to achieve the desired out-
come. The items to the right of the aim statement are known as key drivers. Generally 
speaking, key drivers are the elements present in a system that must be considered 
as leverage points when developing a plan for change. Key drivers may be further 
broken down into primary and secondary drivers.

Primary drivers are high-level elements in the system that must change to accom-
plish the outcome of interest. These include the structures (physical space, equip-
ment, technology), processes (workflow, protocols), and operating norms (culture, 
organizational psychology) that define the system in its current state [12]. Depending 
on the scope of the improvement project, secondary drivers may also be relevant. 
Secondary drivers are more specific, actionable items within the system that can be 
acted upon when introducing change.

Ideally, a driver diagram should be constructed by working closely with subject 
matter experts who work directly with the system of interest; they will know the 
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system best and will likely be able to provide a high-yield list of key drivers. The 
following steps may then be followed to create a driver diagram:

	1.	 Write out the global aim and SMART aim statements for your improvement project.
	2.	 List all key leverage points or “drivers” in your system that will require change 

to achieve your aim.
	3.	 Logically group drivers and identify high-level primary drivers (structure/pro-

cess/culture) and more specific, actionable elements (secondary drivers).
	4.	 Draw connecting arrows to show causal relationships.

The QI team identified key drivers related to structures (spread to the outpatient clinic), 
processes (standardized pre-arrival and post-arrival processes), and operating norms (fam-
ily and staff engagement, preoccupation with failure). Further, the team was able to identify 
secondary drivers such as pre-arrival preparation of port sites, timely rooming and assess-
ment of patients, and availability of back up antibiotics for delays. These drivers were 
organized into a driver diagram for your improvement project. (Fig. 5.5)

�Root Cause Analysis and Understanding of Failures

Root cause analysis (RCA) is a structured method used to analyze failures and seri-
ous events and is utilized as an error analysis tool in healthcare. RCA helps identify 
underlying problems that increase the likelihood of errors utilizing a systems 
approach to identify both active errors (errors occurring at the point of interface 
between humans and a complex system) and latent errors (the hidden problems 
within healthcare systems that contribute to adverse events).

Revision Date: 3/15/2015

We will increase and
maintain the

percentage of F&l
patients who
receive their

antibiotics within
goal* in the clinic
and ED from 25

to 90%
(*goal changed from

90 min to 60
minutes on 10/31/11)

KEY DRIVERS

Standardised pre-arrival
process

SECONDARY KEY DRIVERS

GLOBAL AIM

Improve outcomes
by providing timely

and effective care to
immunosuppressed
patients with fever

Staff engagement

Preoccupation with failure

Spread to outpatient clinic

Standardised post arrival
process

Family engagement

Rapid identification and
segmentation of F&l patients

Anticipation of complications

Pre-arrival preparation of port site

Timely vascular access

Timely rooming and assessment
of patient

Back-up antibiotics for delays

Standardisation of pre-,
post-arrival process

Pre-arrival preparation of room
and supplies

Fig. 5.5  Driver diagram: Improving time to antibiotics in febrile oncology patients
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�Plan-Do-Study-Act

In order to effectively create solutions in quality improvement, study the effects and 
determine if the process change versus any of a number of potential confounders cre-
ated the improvement; a quality improvement team must use a systematic approach. 
The most commonly adopted in quality improvement is a variation of the “Deming 
Wheel” or the “Plan-Do-Study-Act” (PDSA) approach [11]. In the PDSA model, dur-
ing the Plan, a hypothesis is generated; while “Doing,” data is collected; the data is 
Studied; this data creates the foundation for future Actions [14]. These are also called 
“PDSA ramps” as each phase builds on the previous to become more comprehensive. 
As each PDSA cycle is looking to show a specific and causal improvement, often only 
one or two subjects are included in the initial test ramp to establish a baseline; as addi-
tional cycles are undertaken, more subjects can be included [4, 14]. Additionally, in 
the interest of time and resources, while in the initial phase with small groups of sub-
jects, multiple PDSA cycles can be run in parallel then aggregated to create the next 
PDSA ramp using the data collected. It is important, however, to note each of these 
interventions on a run chart so those analyzing or attempting to recreate the process 
can do so accurately [4]. Once all ramps are complete, interventions that fall into simi-
lar categories can be grouped for ease of data reporting, but the discrete data should be 
maintained for integrity, so anyone who wants to recreate the process can do so.

Looking at each step individually:

�Plan

During the planning phase, several questions must be asked. Done properly, the 
answers obtained from the first PDSA cycle will generate questions for the next 
PDSA, so asking relevant and answerable questions for the first ramp is integral to 
the success of the project. These include [4]:

–– The objective
–– Key drivers to be tested
–– How to measure the impact (for this PDSA may not be the final project measure)
–– Predictions

One of the key drivers your team identified in trying to improve TTA was to standardize the 
pre-arrival process. This involved multiple steps, so a PDSA was created for one of the 
steps, the pre-arrival referral, which was a secondary driver of the key driver of interest, 
standardization of the pre-arrival process. The objective was to evaluate if creating a stan-
dard referral page and template in the electronic medical record would improve standard-
ization of information available to providers. The process owners hypothesized that 
physicians in the ED who input patient referrals would be more compliant with referral 
standardization after creation of an accessible template than before. Referrals for oncology 
patients with fever who presented to the emergency department were analyzed before and 
after the intervention to determine if the intervention was successful [13].
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�Do

Doing the test involves the following [4]:

–– Do the test.
–– Collect data and feedback.
–– Make note of unexpected outcomes so these can be incorporated in planning for 

the next cycle.

The referral template was introduced to providers at a staff meeting. Additionally, the pro-
cess owners spoke to individual providers and were in the ED during the initial phases of 
the PDSA ramp. The template included a pre-populated check list that automatically pulled 
data like diagnosis, last clinic weight, and allergies about the patient from the existing 
medical record. The physician would then only have to answer a few questions including 
antibiotic of choice, time of arrival and type of access. During the initial phase, there were 
several free text questions asked. Process owners measured compliance with use of the 
template. They also spoke with all the stakeholders in the referral process to reveal any bar-
riers to success [13].

�Study

Studying the test requires analyzing both the test itself and the data collected [4]:

–– Was the test done as planned?
–– Was the test feasible and reasonable in the existing system?
–– Was the hypothesis upheld or disproven?

The QI team assessed whether the referral template was used during the proposed testing 
period and surveyed providers about the ease of use, effect on work flow, and content. They 
then analyzed whether the providers working during the test period in fact used the avail-
able template and whether this referral increased standardization of information available to 
providers [13].

�Act

Learnings from the test are used to either adapt the test process and create the next 
PDSA ramp, to adopt the new process if it was successful, or to abandon the process 
altogether if the test was unsuccessful and the data showed the hypothesis was 
unfounded [4]. Abandoning an idea should not be considered a failure but rather an 
example of the PDSA process working as wasting time on unsuccessful ramps in a 
desire to prove an unfounded hypothesis is a waste of resources and energy that 
could be spent on creating a new PDSA cycle.
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The initial test on the oncology referral template demonstrated that providers were in fact 
willing to use a standard process for referral for a select population; however, they found the 
template itself difficult to find in the electronic medical record and the information within 
the template too extensive. As a result, subsequent PDSA ramps focused initially on making 
the template easier to access in the medical record then on improving the content. The cur-
rent iteration is the result of several improvement cycles with small volumes of patients [13].

Ultimately, while there are many ways to trial new quality improvement ideas, the 
PDSA format allows for small trials with a few subjects at a time and mirrors tradi-
tional research methodology that most providers are familiar with. It also encourages a 
stepwise approach and rapid abandonment of an unsuccessful process, hopefully sav-
ing time and resources. As a result, even small practices can trial the PDSA format.

�Testing (Adapt or Abandon)

After testing a potential improvement, the team must decide whether to adopt, 
adapt, or abandon the new process. While the testing team often has a personal 
investment in showing that the new process was successful, it is important to avoid 
personal bias when deciding whether to implement the improvement on a wide-
spread basis or not.

Most hospital systems have processes already in place that are amenable to 
small, initial tests of change and PDSAs that focus on the improvement team’s 
SMART aim. By using existing systems and personnel, the team has a better chance 
to convince staff and administration that the PDSA is worthwhile and will not 
unnecessarily strain the existing infrastructure. If the small test is successful, ensu-
ing PDSAs can be more ambitious. All tests are temporary, and by making prelimi-
nary endeavors small and manageable, the team can learn what works best in the 
existing hospital system and with the current staff. Hopefully, this will also increase 
buy-in for future testing.

If the test does not show any improvement or if the risk/benefit ratio is not favor-
able, the team should not be hesitant to abandon an improvement trial. Admitting 
failure and moving onto another test of change demonstrates an understanding of the 
underlying PDSA process and shows both peers and administration that the team is 
open-minded and willing to continually consider the consequences of all actions.

�Implementation (Adopt)

If the improvement team is fortunate enough to find that the test of change created 
a positive change in the tested environment, the members of the team can choose to 
adopt the new process. To adopt a new process, the team should first discuss the 
process with the providers who will be responsible for implementing the change in 
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the clinical environment to ensure acceptance. Once this is done, widespread educa-
tion can begin. Once the newly adopted process is an established part of the clinical 
routine, it can be used as a starting point for the next PDSA.

�Pitfalls of PDSA Cycles

While the PDSA cycle is not a traditional hypothesis-driven method for research, 
sloppy methodology can still result in inaccurate improvement testing and, as a 
result, an unpleasant or even dangerous clinical environment. As a result, it is impor-
tant to follow rigorous methods when doing improvement testing. First, prior to 
starting the PDSA cycle, the team should have a clear aim and prediction in mind 
about the test cycle. The members should write down the aim and the method of the 
PDSA and review these with the team both before and after testing. While it is 
acceptable for a PDSA cycle to be small and involve only a few subjects, it should 
not be so small that the data collected is unreliable or biased, especially if the results 
are skewed in favor of the results the team desires. Finally, the test should be run a 
few different times in a few different but appropriate clinical environments to ensure 
that the outcome is accurate prior to implementation.

When your testing group implemented the fever, immune compromise order set and tested 
for the first time, there was an ice storm. As a result, the emergency department had record 
low volumes and only one oncology patient presented during the week of testing He 
received his antibiotics in 20 minutes. The team was ecstatic and ready to change the system 
entirely. Two weeks later, after school had restarted, the clinic had a flood so all oncology 
patients were referred to the ED and ED census was at a record high, 10 oncology patients 
were seen in the ED and 3 did not receive antibiotics within sixty minutes.

�PDSA Ramp

Small tests are rarely stand alone; therefore, you should start to prepare the next test 
based upon your predictions. Often a change idea will go through multiple PDSA 
cycles as data is collected (this is called a PDSA ramp); large-scale tests of changes 
may require multiple concurrent PDSA ramps before implementation.

Large-scale implementation is viewed in quality improvement as a series or 
“ramp” of PDSAs, each one larger or under different conditions. When you have 
evidence that an idea is reliable in one area, further tests and ramps can be spread to 
the new environment.

�Sustainability

Once a QI process has been tested and modified through a robust PDSA ramp, and 
successfully implemented, it is imperative that infrastructure is in place to sustain 
improvement. There are several key components of sustainability, described below.
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�Supportive Management Structure

In order to support sustainability, the division’s leadership must consider the pro-
cess a high priority, devoting regular attention, creating accountability systems for 
improvement, and recognizing successes.

�Structures to “Foolproof” Change

To further support sustainability, the organization should build structures that make 
it difficult—if not impossible—for providers of care to revert to old ways of doing 
things. For example, clear documentation of the process in the form of guidelines, 
job aids, and training materials may reduce variability and prevent drift from the 
improved state. In addition, tools such as checklists, prepackaged “kits” or carts of 
materials needed for the intervention, and technology to support sustained imple-
mentation of the intervention may be developed and employed.

�Robust, Transparent Feedback Systems

As much of the organization as possible should be aware of performance on key indica-
tors, reviewing information generated by a measurement system, comparing it to clear 
standards set by management, and taking part in improvements devised in response.

�Formal Capacity-Building Programs

Once an organization has been successful in developing, implementing, and sustaining 
improvements, it is important to develop formal capacity-building programs. Such pro-
grams promote growth of the improvement efforts and also ensure that future genera-
tions of providers maintain and sustain the work that has already been implemented.

Finally, while less tangible than the components of sustainability described 
above, perhaps one of the most important factors resulting in sustainability is the 
culture of the division or organization. In an ideal state, the culture should be one 
that supports change and is willing to work to sustain improvements. This culture of 
improvement is most easily attained when key stakeholders have been engaged 
from the start and there is a shared sense of the systems to be improved.

�Conclusion

Improvement is driven by the application of knowledge about the current state, the 
desired state, and the context of the system you are working in. Setting clear aims 
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and using tools such as process maps and driver diagrams early in your improve-
ment work will establish a foundation and rationale for your efforts and will inform 
the selection of changes you test. Testing changes through multiple Plan-Do-Study-
Act cycles will enable further refinement prior to formal implementation and spread. 
Finally, developing infrastructure and culture to sustain improvements over time is 
of key importance.

References

	 1.	D’Andreamatteo A, Ianni I, Lega F, Sargiacomo M.  Lean in healthcare: a comprehensive 
review. Health Policy. 2015;119(15):1197–209.

	 2.	DelliFraine JL, Wang Z, McCaughey D, Langabeer II JR, Erwin CO. The use of six sigma in 
health care management: are we using it to its full potential? Qual Manag Health Care. 
2014;23(4):240–53.

	 3.	Langley GJMR, Nolan KM, Nolan TW, Norman CL, Provost LP. The improvement guide: a 
practical approach to enhancing organizational performance. 2nd ed. San Francisco: Jossey-
Bass; 2009.

	 4.	Kurowski EM, Schondelmeyer AC, Brown C, Dandoy CE, Hanke SJ, Cooley HLT. A practical 
guide to conducting quality improvement in the health care setting. Curr Treat Options Pediatr. 
2015;1(4):380–92.

	 5.	Curtis JR, Cook DJ, Wall RJ, Angus DC, Bion J, Kacmarek R, et al. Intensive care unit quality 
improvement: a “how-to” guide for the interdisciplinary team. Crit Care Med. 
2006;34(1):211–8.

	 6.	DeRosier J, Stalhandske E, Bagian JP, Nudell T. Using health care failure mode and effect 
analysis™: the VA National Center for patient safety’s prospective risk analysis system. Jt 
Comm J Qual Improv. 2002;28(5):248–67.

	 7.	Guo L, Hariharan S. Patients are not cars and staff is not robots: impact of differences between 
manufacturing and clinical operations on process improvement. Knowledge Process Manage. 
2012;19(2):53–68.

	 8.	Davidoff F, Dixon-Woods M, Leviton L, Michie S. Demystifying theory and its use in improve-
ment. BMJ Qual Saf. 2015:1–11. doi:10.1136/bmjqs-2014-003627.

	 9.	Toussaint JS, Berry LL.  The promise of lean in health care. Mayo Clin Proc. 
2013;88(1):74–82.

	10.	Guo, L, Hariharan SL. Is process improvement the ultimate solution? Physician Leadership 
Journal. 2016;3(5):26–30.

	11.	Walley P, Gowland B. Completing the circle: from PD to PDSA. Int J Health Care Qual Assur. 
2004;17(6):349–58.

	12.	Bennett B, Provost L. What’s your theory? Driver diagram serves as a tool for building and 
testing theories for improvement. Qual Prog 2015;38–43.

	13.	Dandoy CE, Hariharan SL, Weiss B, Demmel K, Timm N, Chiarenzelli J, et  al. Sustained 
reductions in time to antibiotic delivery in febrile immunocompromised children: results of a 
quality improvement collaborative. BMJ Qual Saf. 2015:1–10. doi:10.1136/
bmjqs-2015-004451.

	14.	Speroff T, O’Conner GT. Study designs for PDSA quality improvement research. Qual Manage 
Healthcare. 2004;13(1):17–32.

L. Rutman and S. Hariharan

http://dx.doi.org/10.1136/bmjqs-2014-003627
http://dx.doi.org/10.1136/bmjqs-2015-004451
http://dx.doi.org/10.1136/bmjqs-2015-004451

	Chapter 5: QI Methods and Improvement Science
	 Definition of Improvement
	 Selection of a Global and Project Aim
	 Analysis of the Existing Process
	 Steps to Create a Process Map
	 Identification of Barriers
	 Identification of Key Drivers
	 Root Cause Analysis and Understanding of Failures

	 Plan-Do-Study-Act
	 Plan
	 Do
	 Study
	 Act

	 Testing (Adapt or Abandon)
	 Implementation (Adopt)
	 Pitfalls of PDSA Cycles
	 PDSA Ramp
	 Sustainability
	 Supportive Management Structure
	 Structures to “Foolproof” Change
	 Robust, Transparent Feedback Systems
	 Formal Capacity-Building Programs

	 Conclusion
	References


