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Using severity-adjusted control 
charts to eliminate clinical variation, 
drive lower costs and improve care
Received (in revised form): 20th September, 2018

Jennie Dulac
is Vice President of Clinical Solutions with the Peak Software division of Kaufman Hall. She leads the 

Peak business unit and works closely with clients to assess their needs and determine how data and 

analytics can help them improve their business performance with enhanced insights. She is a registered 

nurse and has more than 35 years of clinical leadership experience working with healthcare organisations 

across a variety of settings, including hospitals, health systems, academic medical centres, integrated 

network delivery systems, health networks and managed care organisations. Her areas of expertise 

include quality management, strategy, operations and clinical decision support. She has led clinical 

collaboratives for more than 250 hospitals and developed numerous quality and safety programmes 

that have earned Healthgrades Top 100 Hospital and Top 10 Health System designations. She regularly 

contributes to industry journals and has authored numerous academic publications. She has held 

academic appointments at Dartmouth Medical School, Washington University Medical School and 

Michigan State University. She earned an MS in Evaluative Clinical Sciences from the Geisel School 

of Medicine at Dartmouth College and a Bachelor of Science in Nursing from Bowling Green State 

University. She is a graduate of the Executive Leadership Institute at the University of Michigan.

Kaufman Hall, 2625 Redwing Road, Suite 230, Ft. Collins, CO 80526, USA

Tel: +800 940 0424

E-mail: JDulac@kaufmanhall.com

Abstract  This paper discusses how consistent, accurate and timely use of control charts 
can reduce inappropriate clinical variation, which is one of the biggest drivers of healthcare 
costs. For US hospitals that have implemented traditional cost transformation initiatives to 
cover operating losses, addressing clinical variation is one of the few remaining options for 
achieving further cost reductions. Control charts, a tool developed to streamline manufacturing 
processes in the 1920s, can be adapted to the healthcare environment to address poor 
clinical outcomes and inefficiencies that result in care variations. When implemented using 
a bottoms-up approach that starts at the patient encounter level, control charts provide 
data-driven evidence of cost savings and quality improvement that can be achieved through 
adherence to evidence-based guidelines. With access to these data, care teams are prompted 
to adhere to clinical protocols and be mindful of how they compare with peers and the national 
benchmark, and executive teams can support a push for greater accountability and results.
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INTRODUCTION
No further debate is needed to confirm that 
unwarranted variation in clinical systems of 
care is one of the largest drivers of excessive 
healthcare costs in the USA, and one that 
can lead to suboptimal patient outcomes. The 
Institute of Medicine reports that one-third 

of healthcare spending does nothing to 
improve the quality of care delivered. Using  
2009 figures, this translates into US$210bn 
in excess costs from unnecessary 
services, US$130bn from inefficiently 
delivered services, US$210bn from excess 
administrative costs, US$105bn from prices 
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that are too high, US$55bn from missed 
prevention opportunities and US$75bn from 
fraud.1 US healthcare industry spending is 
52 per cent more as a percentage of gross 
domestic product and 45 per cent more per 
capita than in the next highest-spending 
Westernised economy.2

For organisations that can no longer 
cut their way to covering operating losses, 
addressing inappropriate clinical variation — 
meaning the overuse and underuse of resources 
and services — is one of the few options 
available after traditional cost transformation 
initiatives have been undertaken. By 
eliminating unwarranted clinical variation, 
providers ensure that patients receive safe, high-
quality care in an environment that strives to 
control resource consumption and patient 
throughput to reduce the overall cost of care.

The call to action to address variation as 
an important component of overall clinical 
improvement and cost-reduction efforts 
is now urgent. Payers are continuing to 
shift from systems that reward volume to 
value-based business models that focus on 
outcomes and the total cost of care. With 
greater responsibility for costs and outcomes 
in these new payment models, providers 
must shift their focus to internal processes 
and care redesign to achieve reductions in 
mortality, length of stay, complication rates, 
avoidable admissions and readmissions, and 
other clinical indicators.

PROGRESS NOT ALIGNED 
WITH URGENCY
Despite these pressures and changing market 
conditions, many hospitals and systems have 
been slow to respond. A 2018 Kaufman 
Hall survey revealed that fewer than 40 per 
cent of health-care providers are addressing 
clinical variation as part of their performance 
improvement initiatives.3 One of the most 
frequently cited obstacles to reducing 
clinical variation has been access to and 
use of appropriate analytical tools, such as 
statistical process control charts, that enable 
data-driven decision making.

When consistent and timely clinical 
reporting using reliable data is in place, care 
teams, including physicians, can be persuaded 
to follow clinical protocols and pay attention 
to how their performance stacks up against 
national benchmarks and peers. Executive 
teams receiving reports with compelling 
evidence that demonstrates the value of 
standardised care practices, in terms of both 
patient outcomes and financial impact, are 
more likely to support continued reduction 
of unwarranted clinical variation and push 
for accountability among stakeholders.

Data-driven decision making in the 
healthcare environment has several essential 
characteristics:

•	 Cost and quality transparency at the 
system and patient levels

•	 Comparative physician-level data with 
severity and risk adjustments

•	 Trending over time using national and 
internal benchmarks

•	 Actionable corrections
•	 Statistically significant reports that 

graphically illustrate variations and signal 
the need for change

The last component in the foregoing list, 
statistical reports, is the focus of this paper.

A TOOL FROM THE 1920s RELEVANT 
IN DATA-DRIVEN ENVIRONMENTS
Delivering the right care at the right time 
and location, and for the right cost, is the 
underlying mission of US health-care 
providers. Underperformance on important 
clinical performance measures, growing 
operating losses, and declining patient 
experience and outcomes signal that variances 
have occurred, which compromise this mission. 
The same can be said for business processes 
such as manufacturing. Producing the right 
product at the right time and location, and 
for the right cost, is the bedrock of successful 
manufacturing. When variability is reduced, 
improved quality and manufacturing efficiency 
occur, and economic value is achieved.
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Given these similarities in goals, it is not 
surprising that a tool developed to streamline 
manufacturing methods in the 1920s by 
using statistical process control (SPC) 
methods is gaining traction in healthcare, 
where poor outcomes and inefficiencies 
are the result of variations. SPC’s strength is 
graphical presentation of data over time in 
control charts that enable decision makers to 
quickly gain insight into complex processes 
and better understand what the data are 
communicating about the root causes of 
failure and improvement opportunities. With 
software systems growing in their ability to 
aggregate and analyse clinical performance 
data, control charts are emerging as a 
superior tool for engaging clinicians in 
improvement discussions, prompting 
real-time correction and measuring the 
effectiveness of those corrections.

For example, total knee arthroplasty is 
currently one of the highest-volume and 
highest-cost clinical cohorts. Unwarranted 
variation documented in control charts 
that track length of stay for total knee 
arthroplasty can help identify the source of 
millions of dollars in excess cost annually 
for a hospital. The charts can then be used 
to facilitate discussions with physicians and 
care teams that are grounded in risk-adjusted, 
physician-specific analytics, which remove 
biases about patient complexity and focus 
attention on applying higher standards for cost-
effective patient care, as shown in Figure 1.

ANATOMY OF A CONTROL CHART
At the most basic level, control charts 
document, over time, whether a process 
variation is consistent, in control or 

Figure 1:  Control charts’ role within the care delivery process
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unpredictable, indicating that a deviation 
has been identified. Statistics such as rates, 
proportions and averages can be plotted and 
evaluated with control charts.

It is important to keep in mind that clinical 
care processes will always show some degree 
of variation that is considered normal and 
appropriate, while other variations signal that 
quality and efficiency are being compromised. 
These variations can be categorised into three 
specific types. Common cause variations occur as 
a result of something inherent in the process. 
If only common cause variation is observed, 
the process is considered to be stable and 
predictable. Special cause variations occur when 
an identifiable cause outside of the process 
is observed and could be eliminated with 
corrective action. If one or more patterns 
are evident on the chart, then special cause 
variation is present and making the process 
unstable or unpredictable. Because the source 
of special cause variation can be identified, 
action can be taken to eliminate the cause or 
keep it from reoccurring. Weather events are 
considered external variations, but they are not 
assigned to a cause that hospitals can correct. 
Together, these three types of variations 
must be measured, evaluated and understood 
in order to draw conclusions about care 
protocol changes that will contribute to the 
clinical and financial improvements being 
sought.

Control charts consist of several elements, 
as illustrated in Figure 2:

•	 Centre lines represent calculations, usually 
as the mean, and illustrate the central 
tendency of the process.

•	 Upper and lower control limits appear above 
and below the centre line and represent an 
estimate of the typical range of variation, 
which is calculated at the empirical 
standard deviation.

•	 Dots represent a data point and appear on 
the chart in chronological order. Any dots 
outside of the control limits may indicate 
that a process change has occurred 
that represents quality improvement 
or deterioration, depending on which 
control limit is crossed.

Three types of control charts can assist 
hospitals with examining special cause 
variations such as length of stay, process 
turnaround time, patient satisfaction, wait 
time and severity of medication errors.4 The 
decision about which chart to use is driven 
largely by the type of data being examined, 
as shown in Figure 3. If a single measure, 
such as turnaround time for a laboratory 
test, is being examined, then the XmR 
control chart is the appropriate choice. If the 
data point is composed of a set of data that 
includes more than one point but less than 

Figure 2:  Example control chart
Source: Kaufman, Hall & Associates, LLC.
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or equal to ten points, such as the average 
turnaround time for six laboratory tests, 
then an X & R chart should be used. If the 
data point is made up of 11 or more points, 
such as the average turnaround time for 20 
randomly selected laboratory samples per day, 
then an X & S chart is the correct choice.

While all three chart formats have 
relevance in health-care provider settings, 
XmR charts are becoming the preferred 
format owing to their ability to allow for risk 
adjustment and control for volume, which 
are important attributes in markets that value 
outcomes as a measure of reimbursement 
rather than process. Outcome measures 
typically include a focus on complications, 
readmission, length of stay and mortality and 
require that the full patient experience from 
admission to discharge is studied to identify 
how changes can impact multiple outcomes. 
Centers for Medicare & Medicaid Services’ 
main measures, which are used by both 
commercial and government payers, have 
traditionally been process oriented.

The ability to apply severity adjustments 
and small volume controls using XmR charts 
gives providers the flexibility needed to adapt 

when operating in dynamic environments 
such as healthcare. By taking the next step 
of using control charts to measure and 
then evaluate why process variation occurs, 
organisations can work towards addressing 
root causes, particularly those that affect cost 
and outcomes.

GETTING STARTED: ASSESSING 
OPPORTUNITIES TO REDUCE 
CLINICAL VARIATION
With high-stakes goals on the line, such as 
reducing costs per discharge and readmission 
rates higher than benchmarks and identified 
peer groups, hospitals must choose carefully 
when committing organisational resources 
towards improvement opportunities. While 
financial or quality reporting or even gut 
instincts may point to obvious candidates, 
a clinical variation assessment should be 
conducted before a formalised approach to 
care variation, with work plans and timelines, 
is launched.

As shown in Figure 4, the assessment 
should include identification and 
prioritisation of preliminary opportunities 

Figure 3:  Three control chart options for variable data
Source: Amin, S.G. (2001) ‘Control charts 101: A guide to health care applications’, Quality Management in Healthcare, Vol. 9, 
No. 3, pp. 1–27.

Note: X is single measurement, mR is moving range, X bar is average, R is range, S is sigma.

 

XmR Control Chart

-Individuals and moving
range chart

-Each data point 
represents a single 
measurement

Example:
Turnaround time for a 
single laboratory test 

X & R Control Charts

-Average & range chart 
or X bar & range chart

-Each data point 
represents an average 
of more than one but no 
more than 10 
measurements

Example:
Average turnaround 
time for 6 laboratory 

tests

X & S Control Charts

-Average & sigma chart 
or X bar & sigma chart

-Each data point 
represents an average 
of more than 10 
measurements

Example:
Average turnaround 
time for 20 randomly 
selected laboratory 
samples each day
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across the organisation, and then detailed 
evaluation of important quality opportunities 
as indicated by measures such as risk 
-adjusted mortality rates, complications 
and preventable readmissions. A review of 
comparative physician performance must 
also be conducted, particularly among 
physicians who see similar patients but are 
exhibiting significant differences in length of 
stay, resource use and cost per case.

A more refined prioritisation activity 
is next and should include considerations 
such as strategic rationale, political 
obstacles that must be addressed, physician 
engagement, potential to measure a 
successful outcome and the opportunity 
for significant performance improvement. 
These steps should lead to a prioritised set 
of opportunities and associated details that 
can serve as the foundation for the hands-on 
work at the programme or service level.

CREATING A BOTTOM-UP APPROACH 
TO UNWARRANTED CLINICAL 
VARIATION USING CONTROL CHARTS
Once an opportunity for improvement has 
been agreed upon, addressing unwarranted 
clinical variation at a programme or service 
level is best conducted as a bottom-up 
approach, starting at the patient encounter 
level. An underlying framework to guide efforts 

should be in place, with components, as shown 
in Figure 5, that include underlying knowledge, 
leadership policies, tools and methods, and daily 
work applications. This framework ensures 
that teams working on improvement initiatives 
are starting with a common background and 
understanding of the process and its goals.

Once the framework has been established, 
improvement teams should develop a simple, 
but specific, aim statement that summarises 
the magnitude of change a team hopes to 
achieve over a defined timeline. Strong aim 
statements keep teams focused and motivated 
to reach a goal, with a clear understanding of 
how success will be measured.

Before creating the aim statement, teams 
should be able to answer these questions:

•	 Where are the greatest financial and 
quality opportunities?

•	 What goals is the team trying to achieve?
•	 What benefits does the team expect to 

achieve?
•	 What methods will be used? Are there 

data or experiences to support the use of 
those methods?

•	 Where will the change occur, and when 
will it start and stop?

•	 How will the team measure and track 
financial benefit and improved patient 
outcomes?

•	 Are there boundaries of the processes?

Figure 4:  Selecting clinical variations for improvement initiatives
Source: Kaufman, Hall & Associates, LLC.
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Example aim statements are presented in 
Figure 6.

Following the development of the aim 
statement, use of control charts is the next 
task. The control limits on control charts 
are used to assess the stability of the process 
and identify outlier performance. Once a 
process is within the control limits and the 
data are clustering to the mean, improvement 
teams conduct rapid cycle tests of change. 
By conducting several small, rapid cycles 
of change on a clinically homogeneous set 
of patients — meaning similar diagnoses, 
planned procedures and anticipated 
outcomes — the goal is to evaluate the 
change and associated results and then 
revise and adapt as needed. The inclusion of 
evidence-based guidelines and comparisons 
among entities, indicators and practitioners 
instils competitive and accountable 
performance with these activities.

For example, if the reduction of Caesarean 
section rates is the overarching goal, teams 
will start by looking at what happens from 
admission to discharge for that patient 
population. What practices/protocols are 
used, which physician standardised order 
sets are utilised and at what rate, and what 
high-level opportunities can be identified 
and measured? Interventions are then 
overlaid at different points in time from 
admission to discharge. The objective is 
to implement the cumulative effect of 
interventions resulting in improvements 
that are quantified in measurable results. 
Physicians are an integral part of this process, 
as well as the interdisciplinary team members 
who treat the patient.

As the changes occur in the rapid cycle 
testing, ongoing monitoring is conducted as 
new data is collected and plotted. To assess 
the impact of a process change, the control 

Figure 5:  Required components for pursuing clinical improvement
Source: Batalden, P.B., and Stoltz, P.K. (1993) ‘A framework for the continued improvement of health care’, Joint Commission 
Journal on Quality Improvement, Vol. 19, No. 10, p. 426.
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Figure 6:  Example aim statements

To enhance the quality of care delivered in the adult critical care unit by reducing mortality 
by 25 per cent and decreasing patient length of stay by 20 per cent by October 2018. This will 
be accomplished by reducing ventilator days by 25 per cent, reducing adverse events related to 
mechanical ventilation by 50 per cent, and reducing time to transfer from unit by 50 per cent.

To reduce the occurrence of potentially preventable complications for patients covered by 
Medicaid in the obstetrics department by 1.251 actual-to-expected ratio in financial year (FY) 
2017 to <1.0 by September 2018.
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limits and the centre line should remain the 
same while new data points are plotted and 
the presence of special cause variation is 
evaluated, meaning that the new process is 
significantly different from the old process. 
Once enough data points from the new 
process are gathered, a new control chart 
may result from a shift in mean, with new 
control limits and a centre line recalculated 
using new process data points.

For clinical outcome measures within 
homogeneous patient cohorts, risk 
adjustment is helpful to account for different 
patient characteristics. Factors such as gender, 
age, comorbidities and other issues may affect 
the probability of occurrence of a particular 
outcome and must be accounted for and 
monitored.

AVOIDING COMMON CONTROL 
CHART MISTAKES
When using control charts in a healthcare 
environment, organisations must be alert 
to issues that impact the quality of the 
improvement process and progress towards 
aim statement goals.

•	 Selecting control limits of less than or greater 
than 3 sigma. When control limits of less 
than 3 sigma are selected, teams could 
incorrectly conclude that special cause 
tampering has occurred. When control 
limits of greater than 3 sigma are selected, 
teams could incorrectly determine that a 
stable process is occurring, which could 
lead to under-controlling of the process. 
Use of 3 sigma control limits will provide 
more accurate indicators of whether a 
process is stable or whether special process 
variation has occurred.

•	 Reacting to a common cause variation as if it 
were special. Not every type of variation 
needs to be acted upon. Common cause 
variations, meaning those that inherently 
exist in a process, do not need to be 
addressed. Introducing a change to a 

process to try to address common cause 
variation results in wasted resources and 
disappointing results.

•	 Reacting to special cause variation as if it were 
common. Similarly, special cause variations, 
whether they signal improvement 
or deterioration of the process, may 
be incorrectly classified as common 
cause variations, and thus may not be 
documented appropriately.

•	 Setting overly ambitious goals with high levels 
of complexity. Initiatives that require large 
numbers of staff across multiple campuses 
and units to engage and commit to the 
process should be re-scoped to smaller, 
more manageable efforts that can gain 
traction and momentum before rollout 
on a larger scale to high-acuity and/or 
high-census units.

•	 Undervaluing the importance of engagement 
and communication. Building and 
maintaining an organisation-wide 
commitment and a philosophy towards 
clinical improvement is a substantial 
undertaking that requires commitment 
to long-term communication strategies. 
Overlooking the importance of regular 
and impactful communication can 
significantly slow down efforts and 
engender resistance to change.

For organisations that are committed to 
keeping average cost per discharge below 
benchmarks and readmission rates better 
than those of peer groups, and are pursuing 
this as a component of a well-structured 
quality improvement and cost transformation 
programme, identifying and addressing 
unwarranted clinical variation at the 
programme and service level needs to 
be a top organisational priority. By using 
control charts to study variation among care 
practices and practitioners, opportunities 
can be identified for improving patient 
safety and quality while ensuring that 
valuable contracts and financial incentives are 
retained because costs have been managed 
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and patient outcomes improved. And when 
these opportunities to reduce unwarranted 
clinical variation are grounded in accurate 
and timely clinical data, data-driven decision 
making occurs that will be trusted by 
front-line clinicians charged with ensuring 
that improvements are implemented and 
additional enhancements are studied.
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