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Abstract
Improving quality of care delivery is an important focus for all practicing physicians. Frontline clinicians are in a great position to
identify clinical problems and find innovative solutions. The current review describes the method used for quality improvement
based on the Model for Improvement, a structural framework to guide improvement work. At its basis are three fundamental
questions:What are we trying to accomplish? How will I know that a change will lead to improvement? And what changes could
we make that will result in improvement? This preparation phase aims to identify and understand the problem, choose an
intervention, and determine reliable measures to gauge improvement. The intervention is then tested using PLAN-DO-
STUDY-ACT (PDSA) cycles, an iterative approach to systematically improve processes and outcomes. PLAN focuses on
defining the goal of the cycle and describing in details what will be done. DO concentrates on the concrete application of the
plan. STUDY focuses on data analyses as ACT identifies lessons learned from the cycle and orientate the goals of the following
PDSA cycle. Learning from each cycle, developing an interdisciplinary team and repeated interventions are core principles
involved in implementing a sustainable quality improvement program. The Model for Improvement will be illustrated by a
common quality problem in pediatric nephrology.
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Introduction

In 1999, a report from the Institute of Medicine entitled ‘To
Err Is Human: Building a Safer Health System’ demonstrated
the high incidence of preventable medical errors within the
healthcare system [1]. This report was a wake-up call for
healthcare leaders but also for the public. Several publications
revealed concerns regarding patient safety within the
healthcare system [2–6]. National initiatives were undertaken
to develop strategies with a focus on improving patient safety
and delivering quality care [7–9]. Despite this new focus,

concrete improvement in the quality of care delivered is small-
er than expected [10, 11]. One reason for this lack of improve-
ment is that frontline clinicians are not empowered or trained
to address systems-level quality problems in healthcare deliv-
ery [11]. A gap therefore persists between what is technically
possible in terms of innovations, technologies, and novel ther-
apies, and the actual care delivered to patients. The goal of the
quality improvement (QI) approach is to close this gap [12,
13]. The purpose of this educational review is to introduce a
structured framework for QI, theModel for Improvement, and
illustrate this approach with a pediatric nephrology case.
Application of QI methodology in clinical care by frontline
clinicians increases the potential of implementing an effective
change that will improve clinical outcomes over time [12, 14,
15]. Improving vaccination rate in children with chronic kid-
ney disease (CKD) is used to illustrate the application of QI
methodology.

Clinical scenario—vaccination in CKD

A 7-year old girl with end-stage renal disease (ESRD) on
dialysis presents to the emergency room with a 48-h his-
tory of cough and fever. Her condit ion quickly
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deteriorates, and she is transferred to the pediatric inten-
sive care unit (PICU) for mechanical ventilation and man-
agement of severe pneumococcal pneumonia. It is brought
to your attention that she did not receive the pneumococ-
cal vaccination. You believe that her risk of pneumococcal
infection would have been decreased if she had been
properly vaccinated. You wonder why she was not immu-
nized, given that children with ESRD are known to have
an increased risk of infection [16–19]. Several questions
are raised. Why did she not receive her pneumococcal
vaccine as per current evidence-based recommendations
[18]? How can you prevent a similar episode from recur-
ring? How could you close the gap and improve the qual-
ity of care of children with CKD?

The Center for Disease Control (CDC) Advisory
Committee has published specific guidelines regarding immu-
nization for children with CKD and on dialysis [20]. Those
guidelines recommend that children with CKD should receive
standard childhood immunization and that live vaccines
should be avoided by patients taking immunosuppressive
therapy [16, 18–20]. Despite the available data and guidelines,
a suboptimal rate of vaccination for seasonal influenza and
Streptococcal pneumoniae has been described in the US pe-
diatric population with ESRD [21]. The non-adherence to pre-
vention recommendations points to both local and systemic
hospital barriers. It also highlights the importance and magni-
tude of the problem to address vaccination in the CKD
population.

The Model for Improvement

The Model for Improvement is a framework to guide qual-
ity improvement work. It was developed in the 1980s by
the Associates in Process Improvement [22]. It is based on
three fundamental questions: What are we trying to accom-
plish? How will I know that a change will lead to improve-
ment? And what changes could we make that will result in
improvement? (Fig. 1) [14, 15, 23]. By answering those
questions, the service quality issue is defined and the im-
provement idea identified. The intervention is designed
and the theory behind it is developed. This is the prepara-
tion phase of a QI effort [23, 24]. Then, the intervention is
tested using PLAN-DO-STUDY-ACT (PDSA) cycles.
Several PDSA cycles are undertaken towards the same
goal (Fig. 2) [15]. QI methodology serves to guide an im-
provement effort towards a desired goal and predefined
clinical outcomes.

Other improvement frameworks, born out of manufactur-
ing industries, such as Six Sigma, and Lean methodology [23,
25] have also been adapted to be used in healthcare QI.
However, the Model for Improvement has gained the most
support and will be the focus of this review.

Selection of an improvement area for a QI project

AQI effort is often triggered by the patient experience such as
the current example of severe pneumococcal pneumonia in a
non-vaccinated patient. It can also be inspired by data demon-
strating variations in patient care delivery or clinical outcomes
[15, 23]. However, not all quality issues encountered in clin-
ical practice are fixable. It is important to consider the feasi-
bility of an improvement work. A good improvement work
should address a quality issue that occurs frequently, affects
regularly clinicians in their practice, and influence the pa-
tients’ care. This is a fundamental concept in healthcare QI
[14, 15]. Clinicians are more likely to be engaged in a process
when they personally face the problem on a regular basis [23].
When the improvement effort aligns with institutional priori-
ties, it is easier to engage institutional leaders in the improve-
ment effort.

What are we trying to accomplish?

Existence of a local problem

Before starting any QI initiative, it is necessary to confirm
there is a problem and assess its importance [14, 23]. From
the clinical case, it is known that pneumococcal pneumonia in
a non-vaccinated patient with CKD can happen. Is this patient
with ESRD an isolated case of non-vaccination? It is impor-
tant to determine if this event is a one-time event or a real
significant problem involving more than one patient. Before
doing any extended analyses of baseline data and spending
time, energy, and resources, an audit of the local problem
should be done [14]. It provides data at one point in time. It
is not giving any information about trend, variability, and sta-
bility of data over time but helps to answer the question of
how frequent the problem of non-vaccination is, in the CKD
population. You decide to assess the local problem of non-
vaccination in your CKD clinic. You choose randomly the
next CKD clinic. A total of 10 patients come to clinic and 3
of them are vaccinated (30%). Is this sample size enough?
Many people, especially those attuned to power calculations
to assess a relevant clinical difference, intuitively believe that
more data are needed. However, a small and representative
sample can be used to assess the scope of the local clinical
issue [26, 27]. Furthermore, the goal of this initial step is to
determine if there is a problem, which can generally be
gleaned from a small sample size. Based on your audit, the
rate of vaccination in CKD clinic is 30%. Is this rate of vac-
cination adequate? It is important to know the parameter of
performance early in the process to assess if a local problem
exists. This parameter serves to assess the quality gap in the
local problem. The parameter of performance can be deter-
mined based on regional/national standards or even clinical
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trials [14]. Sometimes, it can be based on the clinical experi-
ence. For the vaccination rate in CKD population, it would be
reasonable to have a rate of 80% or more. The parameter of
performance is not the official performance target of the whole
improvement process but a tool to assess if the problem exists
locally. It can be helpful later when the goals of the

improvement effort are developed. With your colleagues,
you decide that a rate of vaccination of 80% or more is your
parameter of performance. Your preliminary audit demonstrat-
ed a rate of vaccination of 30%. It is lower than your pre-
established parameter of performance. The problem of non-
vaccination in CKD population exists.

Fig. 1 The Model for
Improvement. Adapted from
Provost and Murray, The Health
Care Data Guide, 2011, used
with permission

Fig. 2 Repeated PDSA cycles
leading to quality improvement.
Adapted from Provost and
Murray, The Health Care Data
Guide, 2011, used with
permission
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Narrow the scope of the improvement effort

When the area of improvement and the existence of a local
problem are identified, it is important to narrow the scope of
the problem. Not appropriately narrowed, the focus of an im-
provement work may not be effective in bringing a real im-
provement [14, 15, 22]. It is hard to address different aspects
of a problem at the same time, and attempting to do so may
result in loss of time, effort, and resources. This step is like
developing a research question in the traditional research ap-
proach. The Feasible-Interesting-Novel-Ethical-Relevant
(FINER) criteria are used to build good research questions,
and also used to help narrow the focus of an improvement
effort [14]. The goals of an improvement effort should respect
those criteria [14]. This step is essential and will help to de-
velop the aim statement of the improvement work.

As described above, vaccination of children with CKD is
low in your CKD clinic, and it can be related to serious patient
outcomes. Increasing the rate of vaccination of such patients is
a goal within the control of the nephrologists involved in CKD
clinics. With the low vaccination rate described in American
studies on children with CKD [21], an improvement effort
focusing on improving vaccination rate is not only interesting
and relevant for the local organization but also other institu-
tions. Other pediatricians may also be interested in the change
implemented. Working on improving the outpatient vaccina-
tion rates provides opportunities to learn about the local out-
patient system and how to optimize performance. This new
knowledge of system processes is important to improve pa-
tient outcomes. Choosing to improve the outpatient vaccina-
tion service for CKD patient should never harm or disrespect
the privacy of patients [28].

Developing the aim statement

Creating an aim statement is important as it provides the target
goal. Thus, it needs to be clear, concise, and result-oriented
[14, 15]. An effective aim statement is based on SMART
criteria-specific (define clearly the goal and address who,
what, when, where and why), measurable (quantify progres-
sion over time), attainable (achievable goal), reasonable (real-
istic and relevant goal with consideration of local resources),
and doable within a defined time-frame [14, 23]. An example
of an aim statement for the problem of non-vaccination in
CKD patients is: ‘Increase the vaccination rate to more than
80% in CKD patients by improving access to outpatient vac-
cination services over the next 24 months.’

Building the improvement team and stakeholder
engagement

Solving a quality care issue in a complex system, such as the
healthcare system, is impossible with only one person. An

interdisciplinary team is essential as a large spectrum of
knowledge and skills is required [14, 23, 29]. Local ownership
of a QI effort is a key concept. Stakeholders should be iden-
tified and engaged at the beginning of an improvement effort
[23, 30]. They should be involved in defining the goals, de-
veloping the aim statement, and designing the intervention
[23]. Their engagement will also be important in data collec-
tion and analyses [29].

It is important to identify the key stakeholders to
lead, support, and champion the work [23, 29]. One
way of categorizing potential stakeholders is by con-
structing an influence versus interest grid (Fig. 3) [23].
Stakeholders may vary from champions, helpers, and
bystanders to resisters. It is important to bring together
the different perspectives, and all types of stakeholders
involved [29]. Identification and engagement of addi-
tional stakeholders anticipated to be resistant to certain
changes is essential. It may facilitate implementation of
the improvement intervention in the local organization
and help to identify additional barriers [30]. Diversity of
opinion also helps in determining how best to engage
people and make the problem relevant for all front-line
clinicians [23].

For example, to improve vaccination in children with
CKD, the team should include nephrologists, pediatricians,
and nurses involved in CKD, dialysis, and transplant
clinics as they are the main healthcare professionals who
meet children with CKD (Fig. 3). An infectious disease
consultant needs to be involved as an expert in infectious
diseases and vaccination (Fig. 3). The outpatient clinic and
dialysis unit managers are also key people to be involved
as they know available human and material resources.
Additionally, engaging parents and families of children
with CKD will also increase awareness and empower fam-
ilies in their clinical care.

Diagnostics of the problem

An improvement effort should be designed with consideration
of the actual problem [14]. It is imperative to understand and
map out why children with CKD are not vaccinated before
planning any intervention. Understanding the problem is an
essential step that should not be skipped. This will identify
what specific process will be the focus of the improvement
effort and also set realistic goals in addressing complex
healthcare system issues. Several visual tools exist to help
with this step [15].

1. Fishbone diagram (Fig. 4): A useful tool to brainstorm
root cause of a specific issue is the Fishbone or Ishikawa
diagram [14, 15]. This tool is useful at the beginning of an
improvement work. It organizes the causes into categories
adapted to the specific quality issue. In this instance, it
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includes process, people/patient, machine, environment,
material, and measurement [14]. For example, factors
such as acute illness or immunosuppressive drugs are re-
lated to people/patient, whereas having no outpatient set-
ting to provide vaccines or absence of a refrigerator to
store vaccines in CKD clinic are related to environment
and material respectively.

2. Process mapping (Fig. 5): When a problem occurs as part
of a complex system that includes several potential path-
ways or steps, a visual overview of the entire process is
helpful [14, 15]. Process mapping is essentially a
workflow diagram that helps to understand and illustrate
a process or series of parallel processes. Figure 5 illus-
trates the process of vaccination in a child with CKD.

3. Pareto chart (Fig. 6): The Pareto chart is a vertical bar
graph where the different causes of a problem are plotted
in decreasing order of relative frequency [14]. It helps to
prioritize causes after a root cause analysis. The improve-
ment effort should focus on causes with the greatest cu-
mulative impact on the targeted problem [15]. A Pareto
chart identifies factors that impact the outcomes by fre-
quency of occurrence and can be explained as B80% of the
problem is caused by 20% of the causes^ [14, 15].
Figure 6 highlights causes of non-vaccination in CKD
children and which one impact has the greatest impact.
Figure 6 shows that the family physician/pediatrician (FP/
P)’s concern about vaccination safety in CKD patient is a
major factor contributing to the non-vaccination of chil-
dren with CKD. Fixing this cause should be one of the
first target of the QI effort.

How will we know that a change is
an improvement?

Outcome, process, and balancing measures

Three categories of measures include outcome, process, and
balancing measures [14, 15, 23, 31]. A good measure helps to
understand a process and assess the impact of an intervention
[15, 24]. The outcome measure is related to the final desired
clinical outcome and to the performance of the whole im-
provement effort. It should ideally be related to a patient clin-
ical outcome [15, 23, 31]. An example of outcome measure is
the rate of vaccination of patients with CKD. Even with only
few cycles, a change may be seen and influences the interven-
tion. It is a proximal outcome, and it is helpful on the short
term. Incidence of vaccine-preventable diseases in patients
with CKD is also an outcome measure but will take several
cycles before a change can be seen. It is a distal outcome that
is helpful on the long term. Process measures are typically
related to the intervention performance [14, 15, 23, 31]. If
the intervention is to improve the vaccination outpatient ser-
vice, the number of CKD patients referred to FP/P with the
vaccination standardized letter and number of CKD patients
able to meet their FP/P for vaccination are examples of pro-
cess measures. Process measures should reflect key steps of
intervention and be logically related to the outcome [23, 31].
They are useful short-term performance indicators of the in-
tervention. Process measures should also be easily measur-
able. The difference between a process measure and an out-
come measure can be reflected by the analogy between

Fig. 3 The influence versus
interest grid to determine and
classify stakeholders.
Stakeholders can be classified
based on two characteristics:
interest and influence. Interest
refers to the degree of concern a
quality problem or/and an
improvement change. Influence
refers to the power of resisting or
stimulating a change. Although
the greatest champions of a QI
project are those identified as
having the most influence and
interest, all four groups need to be
engaged at some level
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proteinuria (process measure) and development of chronic
kidney disease (outcome measure). Balancing measures are
related to the undesired effects of an intervention [31]. The
unintended and undesired/negative consequences of a QI ef-
fort are often best considered and accounted for up front rather
than allowing them to later derail the project. For example, if
an improvement initiative will involve an extra visit to the FP/
P’s office, it would be critical to take the cost to the parent in
having to take more time off work, pay for parking costs, or
arrange alternate child care. Outcome, process, and balancing
measures are collected on multiple small and rapid PDSA
cycles [15]. Data are assessed over time to identify any trends,
variability, and stability with time.

What changes could we make that will result
in improvement?

The two first questions of theModel for Improvement address
understanding and defining the problem as well as choosing
appropriate measures to quantify an improvement. The third
question focuses on the change that will be implemented and
the theory behind choosing a change. The healthcare system is
inherently complex, and there are many factors at play that
might determine the success or failure of an intervention [32].
Identifying and understanding these factors is important. To
improve the vaccination rate of patients with CKD, there are

several factors to consider, such as who will vaccinate those
patients, what is the availability of vaccines in the CKD out-
patient clinic, have patient access to vaccination clinics, will
they need extra visits to the hospital, and does the patient’s
medical condition contraindicate vaccination? There are the-
ories that can be used to help analyze these factors, and there-
by better plan, and subsequently evaluate any proposed inter-
vention [32]. Two examples of such theories are impact and
process theories. Impact theories pertain to hypotheses about
how the targeted intervention will result (or not) in the desired
change, while process theories are assumptions related to im-
plementation activities of the targeted intervention (organiza-
tional plan) [32]. Both types of theories are essential when
implementing a change in the healthcare system.

Patients with CKD can be vaccinated by their FP/P. If the
primary physician has any concern about the vaccine safety
for their patient, he will not proceed with vaccination. An
intervention that targets this issue will help improve the vac-
cination rate. A letter from the nephrologist which assures the
FP/P of the safety of the vaccination for patients with CKD
seems like a good intervention to start with. This is an example
of an impact theory. To implement such an intervention, a
standardized letter can be written and given to every patient
seen in the outpatient CKD clinic. If importance of vaccina-
tion is discussed in the first appointment in CKD clinic and the
standardized letter is given to the patient/parents, the vaccina-
tion process with the primary physician will be facilitated, and

Fig. 4 A fishbone diagram to look at the potential factors related to
non-vaccination in chronic kidney disease (CKD) children. After the
problem statement is defined, the Fishbone diagram is helpful to

organize and review all potential factors that may contribute to
non-vaccination of CKD patients
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this will help mitigate vaccination delay. This is an example of
a process theory (see Grol et al., 2007 for a more comprehen-
sive review on this topic).

Plan

Plan is the first stage of a PDSA cycle (Fig. 7). It defines the
goal of the cycle and describes in details what will be done

[15]. It is also the step where predictions are developed. The
improvement team states their expectation about the impacts,
the change that will result from the intervention [14]. It can be
based on literature review, benchmarking with other organiza-
tions, and baseline data. Predictions will be used later in the
study step [33].

Following an extended analysis to understand why CKD
patients are not vaccinated, the FP/P’s concern regarding vac-
cination safety for this population has been identified as the

Fig. 5 A process map to
determine the steps involved in
the vaccination process in
children with chronic kidney
disease. The current process map
shows the patient process from
the moment that non-vaccination
is identified to the moment the
patient is vaccinated, or not
vaccinated if he does not have any
family physician/pediatrician (FP/
P)
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most important factor. It is logical that this issue needs to be
addressed in the first PDSA cycle. You predict that FP/P will
be more comfortable to vaccinate CKD patients in their clinic,
and vaccination rates will improve if you could allay their
concern regarding vaccination safety. The intervention chosen
is to refer patients to their FP/P for vaccination with a stan-
dardized letter outlining the importance and safety of vaccina-
tion in CKD population. The outcome measure chosen is the
vaccination rate following the reference to FP/P. The number
of CKD patients referred to FP/P with the vaccination stan-
dardized letter and number of CKD patients able to meet their
FP/P for vaccination are process measures. Extra time and cost
for the patient/families to visit the FP/P are balancing mea-
sures (Fig. 7).

Do

Do is the second step of the PDSA cycle. It focuses on the
concrete application of the intervention planned in the

previous step (Fig. 7) [15, 26, 34]. The intervention is imple-
mented and initial predictions are tested. The various
predefined measures (outcomes, process, and balancing) are
now systematically collected.

In the first PDSA cycle, you addressed the FP/P’s concerns
regarding vaccination safety in CKD patients. You execute the
plan and begin tracking the number of patients referred to FP/
P with the vaccination standardized letter and number of CKD
patients able to meet their FP/P for vaccination. You will be
monitoring the vaccination rate, the extra time, and cost for
patients/families to visit the FP/P. After implementing the
standardized referral and collecting data on the relevant mea-
sures, the next step is to analyze the results.

Study

The study step of the cycle concentrates on the data analyses.
The goal of this step is to compare results from the interven-
tion with initial predictions [14, 15]. Data are assessed over

Fig. 6 A Pareto chart helps to identify causes and their relative
contribution to non-vaccination of chronic kidney disease children. The
current Pareto chart (n = 50) shows that non-vaccination is explained by
family physician/pediatrician (FP/P)’s concern regarding vaccination
safety in chronic kidney disease (CKD) patient (dark blue bar). It means
that this cause contributes to 54% of all causes of non-vaccination.

Incapacity to book an appointment with FP/P to receive vaccine is noticed
in nine cases, which contributes to an additional 18% (pale blue bar).
Contribution of all other causes is smaller. To be efficient, an improve-
ment effort should address first the FP/P’s concerns regarding vaccination
safety in CKD children
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time. Time series data are more useful than one-time data.
There is a unique set of tools to analyze quality data [31].
Initial analyses employ visual tools that consider data changes
over time, such as the run chart [35].

Given that several short cycles of intervention are done on
a small sample, it is important to analyze over time [14, 31].
Run charts graph data plotted over time to identify non-
random trends or patterns in the process [35]. Figure 8 illus-
trates a run chart assessing the percent of vaccinated patients
with CKD. Presence of a non-random data distribution implies
that the intervention has an effect, which can be either a pos-
itive or negative [15]. An intervention with a positive effect
should be reproduced as an intervention with a negative effect
should be avoided. Sometimes, those non-random data distri-
butions can be seen when an unplanned event happened and
impact directly the intervention. An example of that could be
arrival of new fellows who are not aware of the project and are
not used to refer CKD patients to FP/P for vaccination. This
new event may influence directly your measures. There are
four specific patterns of non-random data distribution, which
can be observed on a run chart: overall variability (too few or
too many runs), shift (≥ 8 above or below the median), trend
(≥ 7 points trending up or down), and astronomical points
(outliers in the graph) [14, 15, 31, 35]. Figure 8 illustrates
examples of different non-random data distributions.

Data analyses show that 12 patients out of 18 have been
referred to a FP/P with the new standardized referral letter.
However, no increase of the vaccination rate of CKD patients
has been noticed (70 vs 68%) (Fig. 7). It may be that the FP/P

never received or read the referral as they get too much mail.
Upon further study, you realize that 8 out 12 patients referred
to a FP/P were not able to book an appointment. From a
subsequent survey of the children’s guardians, it emerges that
the principal reason for not visiting the primary care physician
was the fact that they visit the hospital so often for dialysis or
CKD clinics that families did not want another visit.
Furthermore, extra time and money ($10 for parking) were
reported by one family who did manage to visit a pediatrician
and have their child vaccinated.

Act

Act is the last step of the PDSA cycle where new lessons
learned from the previous steps are used to fine tune the next
cycle [34]. There are three potential outcomes. Are you stop-
ping the intervention? Are you keeping the same intervention
but need to refine it? Are you modifying the intervention to
adapt it to the local environment? [15] The answer to these
questions will guide the first step of the next PDSA cycle.
Every cycle is dependent on the outcomes of the preceding
one. A lesson from the first PDSA cycle is that the majority of
patients referred to the primary care physicians never actually
booked an appointment for vaccination. Referring CKD pa-
tients to their primary care physicians for vaccination is not
optimal as patients are not able to book an appointment with
their FP/P. Consequently, this intervention should be aban-
doned. Another intervention should be chosen, such as

Fig. 7 Improving vaccination rate of chronic kidney disease (CKD)
patients. This is an example of a PDSA cycle for the improvement
effort targeting vaccination rate of children with CKD. Each step of the

cycle is illustrated by a concrete example. FP/P: family physician/
pediatrician. Adapted with permission from Provost and Murray, The
Health Care Data Guide, 2011
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developing a vaccination service within CKD clinic and dial-
ysis unit as patients visit often the hospital for dialysis or CKD
clinic appointment. Hence, the next PDSA cycles will focus
on the development and implementation of a vaccination ser-
vice for children in the CKD clinic or on dialysis unit.

Resolution of the clinical scenario

After the completion of the first PDSA cycle, several other
cycles are conducted (Fig. 9). A significant improvement of
percent of vaccinated CKD patients is observed following the
fifth cycle with evidence of an increasing trend starting in
June 2017. The aim to increase to 80% (or more) the propor-
tion of vaccinated CKD patients was achieved and surpassed.
When a change is successfully implemented, the next step is
to ensure that the change will be sustainable over time. In Fig.
9, the percent of vaccinated patients reaches a new plateau
around 87% after December 2017. These results are sustain-
able over the following 12 months. Finally, the success of this
improvement effort requires dissemination of the process

improvement to the local hospital or clinical practice and also
dissemination to the community. It is crucial to share at least
locally results from this effort and to celebrate successes as
well as learning from failures [14, 36]. It gives the opportunity
to share results, engage all stakeholders, and also commend
the team for their engagement.

Dissemination of a quality improvement
project

Growing interest in quality improvement has contributed to an
increasing number of publications over the last decades.
Dissemination of a QI effort is an opportunity to share both
successes and failures as learning from each step is an impor-
tant principle [36]. Scholarly reporting of improvement pro-
ject results also provides more value to this new improvement
science. The prior inconsistency in disseminating results of
improvement efforts stemmed from the absence of a standard-
ized guidelines for reporting [37]. The Standards for Quality
Improvement Reporting Excellence (SQUIRE) have been

Fig. 8 Run chart detailing the percentage of vaccinated patients followed
monthly in chronic kidney disease clinic. The median percentage of
vaccinated patients is 49.3% (orange line). The central line on a run
chart may be the median (if data are asymmetric) or the mean (if data
are symmetric). The four non-random data distributions are illustrated.
The overall variability is not enough in this run chart. A run is when the
median line is crossed over (run). With a run chart of 39 data, at least 14
runs should be seen but no more than 26 (30). The current chart has only
13 runs. One shift is observed fromMarch to October 2015 (green). This

shift is related to a positive impact. The aim of this improvement initiative
is to increase the percent of vaccinated patients. This shift reveals a higher
percentage of vaccinated patients. This period should be reassessed to
identify what made this event special and ensure it is reproduced. A trend
is observed from February to August 2016 (red). This trend shows a
negative effect, as the proportion of vaccinated patients is progressive
decreasing. This could reflect a failure to sustain the initial positive effects
of the change on vaccination rates. One point (orange) is an astronomical
point, and it is related to a negative effect in the current example
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published and updated in 2015 [38] to decrease variability in
reports as well as improve accuracy and comprehensiveness.
Report of any QI effort should answer four fundamental ques-
tions: (1) Why did you start? (2) What did you do? (3) What
did you find? (4) What did it mean? [39].

Conclusion

Pediatric nephrologists, as front-line clinicians, are well
placed to identify problems and seek solutions to quality prob-
lems. An example is the poor vaccination rate in patients with
CKD. In this educational review, we used the Model for
Improvement to define the problem of vaccination in CKD
children, develop an aim statement to address this issue,
choose measures, and plan an intervention. A team including
nephrologists, nurses, clinic managers, infectious disease phy-
sicians, patients, and families addressed the issue of poor vac-
cination in CKD patients. Several PDSA cycles were needed
before a significant and sustainable improvement of vaccina-
tion rate was noticed. This example illustrates how to best use
the QI approach. Patient safety and quality are fundamental to
any healthcare system. By working as a team, in a stepwise
manner, we can change the culture and make the healthcare
system safer and better for children.

Key summary points

1. An improvement work should address a quality issue that occurs
frequently, affects clinicians in daily practice, and influence the
patients’ care.

2. The Model for Improvement is based on three questions: (i) What are
we trying to accomplish? (ii) Howwill I know that a change will lead to
improvement? (iii) What change could we make that will result in
improvement?

3. Engagement of stakeholders to help champion the process change is
vital to ensure ownership of the change and drive improvement.

4. An intervention should follow a Plan-Do-Study-Act cycle, with itera-
tive PDSA cycles needed in quick succession to be refined or adapted.

5. Dissemination of the quality improvement effort is an opportunity to
share successes and failures, and continuously learn to optimize
healthcare delivery

Multiple-choice questions

Answers are provided following the reference list.

1. Which question is not a fundamental question of the
Model of Improvement?

a) How will I know that a change will lead to
improvement?

b) Does a problem exist?

Fig. 9 Improvement of vaccination of chronic kidney disease patients (CKD) per month over time. This run chart shows the percentage of vaccinated
CKD patients over time and after completion of several PDSA cycles. A significant improvement is observed following the fifth PDSA cycle
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c) What are we trying to accomplish?
d) What change could we make that will result in

improvement?
e) None of those answers

2. What means PDSA cycle?

a) Plan-Develop-Study-Act
b) Prepare-Do-Study-Analyze
c) Prepare-Develop-Study-Act
d) Plan-Do-Study-Act
e) Plan-Do-Study-Analyze

3. What is not true about aim statement?

a) Should be specific
b) Should be measurable
c) Should be attainable
d) Should be timely
e) Should focus on the stakeholders

4. Which of the following statement is false?

a) Engagement of stakeholders to help champion the
process change is essential.

b) There are two characteristics to consider when trying
to build an improvement team to address a specific
problem, which are influence and interest.

c) Mapping out a quality problem to identify which pro-
cesses will be the focus of your efforts and setting
realistic goals is unimportant.

d) There are three family of measures: outcome measure
(related to the final desired result and the patient clin-
ical outcome), process measures (related to the inter-
vention performance) and balancing measures (relat-
ed to the undesired effects of an intervention).

e) Each intervention should follow a Plan-Do-Study-
Act cycle, with iterative PDSA cycles needed in quick
succession to be refined or adapted.

5. Which of the following statement is true about run chart?

a) Run chart is a line graph of data plotted over time,
where the x axis is the specific studied measure and y
axis the time.

b) Presence of a non-random data distribution implies
only that the intervention has a positive effect.

c) The central line on a run chart is always representative
of the mean.

d) Four types of non-random data distribution can be
seen on a run chart.

e) On a run chart, a trend is ≥8 points above or below the
mean and a shift is ≥7 points trending up or down.
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