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Measurement for Improvement 1

1 Introduction

Measurement is a key characteristic of any healthcare improvement effort. ‘If
you can’t measure it, you can’t improve it’, is a widely quoted mantra, often
attributed to engineer, statistician, and management pioneer Edwards Deming.
It is true that Deming saw measurement as fundamental to improvement work.
But what he actually said is rather different: ‘It is wrong to suppose that if you
can’t measure it, you can’t manage it — a costly myth’."> Deming recognised
that management can occur on the basis of what we might now call qualitative
signals or ‘soft intelligence’.”* In practice, most improvement interventions
benefit from a mix of qualitative and quantitative measures — certainly during
the development and refinement of an intervention and often in its eventual
evaluation.

In this Element, we outline the major principles that underpin measurement
related to healthcare improvement. We cover core concepts relevant to any
measure (e.g. content and construct validity) and identify some unique
problems that arise specifically in the context of measurement for improvement.

Although there is no single formula to guide us in how best to use measure-
ment to support improvement, the importance of using multiple measures is
crucial. Any improvement effort can succeed in several ways and go wrong
in others. Moreover, contemporary definitions of quality identify distinct
domains, including safety, effectiveness, patient-centredness, equity, and
efficiency. No single measure (or probably even no measurement approach)
can capture all the relevant intended and unintended consequences from any
given intervention across multiple domains. Properly evaluating any improve-
ment intervention usually needs a family of measures to overcome these
challenges.

2 Measuring Healthcare Quality

The triad of structure, process, and outcome was first articulated by Avedis
Donabedian in the 1960s,”* and it remains the predominant model underpin-
ning measurement of healthcare quality. Outcomes — from morbidity and
mortality to functional status and the patient experience — are the bottom
line for quality measurement. But outcomes are also a challenge for measure-
ment. Mortality is easy to measure but doesn’t represent the main outcome of
interest for most improvement interventions. Harms short of death (i.e. morbid-
ity) are more often relevant, but determining how many patients avoid key
complications or achieve important functional outcomes is often far from
straightforward.

Downloaded from https://www.cambridge.org/core. IP address: 13.201.136.108, on 29 Aug 2025 at 16:03:19, subject to the Cambridge Core terms of
use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009326063


https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009326063
https://www.cambridge.org/core

2 Improving Quality and Safety in Healthcare

2.1 Structural Measures

Donabedian pointed out that when connections exist between structural
elements of care and patient outcomes of interest, it is possible to focus on the
structural elements as they are often relatively easy to measure. For instance,
an extensive literature shows associations between patient volume (i.e. the
number of patients treated) and improved outcomes,”’ especially for surgical
procedures.'”'" Rather than measuring multiple outcomes after surgery, one
might simply assess surgical volumes — as one prominent healthcare coalition in
the United States has done.'?

But this example highlights both the promise and potential pitfalls of struc-
tural measures: although they can be easy to measure and are usually easily
understood by decision-makers and members of the public (e.g. ‘practice makes
perfect’ for surgical volumes), structural aspects of care can be hard to change —
and the benefits of doing so are far from guaranteed. Suppose, for example, that
one hospital in a region becomes designated as the only one to perform certain
complex cancer surgeries. It’s not guaranteed that a several-fold increase in the
number of patients at that hospital will immediately reproduce the good out-
comes of centres that have performed this procedure at high volumes for many
years. A rapid increase in patient volumes might even worsen care.

Also, the supporting evidence for most structural measures comes from
observational studies potentially influenced by other factors. For instance,
a substantial literature documents lower morbidity and mortality in hospitals
where fewer patients are cared for by each nurse.'*'* Such a relationship is
extremely plausible, but it is also plausible that hospitals with better staffing
levels are doing other things that are also conducive to improved patient
outcomes.

2.2 Process Measures

Instead of depicting hospitals and clinics as black boxes with broad structural
features, process measures take us inside the black box to capture the care patients
actually receive. Process measures can include education and counselling
(e.g. smoking cessation, encouraging physical activity), preventive care (e.g. age-
appropriate vaccines, cancer screening), and provision of established medicines
and surgeries. How these aspects of care are delivered can also count as process
measures (Box 1).

One disadvantage of process measures, however, is that they are understood
primarily by clinicians. The percentages of patients who received x, y, and
z medicines or had a door-to-balloon time under 90 minutes have no obvious
messages for patients. Table 1 lists commonly cited advantages and disadvantages
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Measurement for Improvement 3

Box 1 Process MEASURES RELATED TO CARE DELIVERY

A large body of evidence shows that for patients with acute ST-elevation
myocardial infarction (a heart attack with a completely blocked coronary
artery), the best outcomes occur when the time from hospital arrival to
performance of percutaneous coronary intervention (a procedure to open
up blood vessels in the heart) does not exceed 90 minutes.”” Similar
evidence exists for thrombolysis for acute stroke, and as a result ‘door-
to-needle’ time has become a common process-based target in efforts to
improve the quality of acute stroke care.'®

Delivering a given treatment can itself count as a process measure and
so can the way it is delivered (e.g. its timeliness). A benefit of using
process measures is that they identify targets for improvement more
directly than outcome measures do, and they can do so fairly quickly. It
might take years to see quality differences between hospitals using risk-
adjusted (accounting for individual patient risk factors) mortality for
patients with acute myocardial infarction; significant differences in the
percentage of patients who receive recommended processes of care can
become apparent within months.'’

A hospital with a higher than expected 30-day mortality among patients
with acute myocardial infarction will need to examine numerous potential
contributing factors. But a hospital with prolonged door-to-balloon time —
the time from arrival at the hospital to the patient undergoing the cardiac
catheterisation procedure — will be clearer about where it needs to focus.
Yet, processes of care themselves depend on multiple other processes. The
hospital wanting to lower its door-to-balloon time needs to consider what
paramedics do for patients in the field, aspects of care in the emergency
department, how the cardiology team is activated, and so on."®

of process measures, though some do not withstand close scrutiny. For instance,
outcome-based measures notoriously run into debates over the adequacy of adjust-
ment for casemix — referring to the mix of patient characteristics and conditions that
can influence outcomes. Process measures supposedly avoid that problem, but
a similar problem can sneak in due to differences in potential exceptions or
contraindications. For example, general practices judged on their rates of childhood
vaccination might have different proportions of parents who choose for their child
not to receive vaccines.

In addition, processes of care as measured may not capture the reality of
process delivery. For instance, a typical note in a patient’s medical record might
mention ‘patient counselled on smoking cessation’. A clinic could score very
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Table 1 The triad of structure, process, and outcome for measuring healthcare quality

Approaches
to
assessment Definition Examples” Advantages Disadvantages
Structure Attributes of the settings in ~ Hospital size, teaching Efficient measurement. Blunt.
which care occurs — e.g. status, ownership. Captures aspects of care Often hard to change.
infrastructure, human Availability of specific with the potential to Not always clear if change
resources, availability of technologies and affect multiple processes will produce improvement.
specific technologies and services. and outcomes of care.
services, models of care, ~ Staffing ratios and skill
and organisational mix.
culture, among others. Patient volumes.
Clinical information
systems.
Organisational culture.
Models of care (e.g. stroke
units, closed intensive
care units).
Process The actions involved in Percentage of patients Directly measures the care ~ Often has little meaning for

delivering care, including
those relating to
screening, diagnosing,
and treating.

undergoing evidence-

based cancer screening.
Provision of proven medi-

cines for patients with

patients receive.
Detects likely quality prob-
lems without having to

patients or decision-
makers.
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Outcome

Effects of care on the health
status of patients and
populations.

acute myocardial
infarction.

Venous thromboembolism
for hospitalised patients.

Appropriate screening for
retinal disease in patients
with diabetes.

Discussion of advanced
directives and goals of
care.

Informed consent.

Mortality.

Complications/morbidity.

Patient Reported Outcome
Measures (PROMs).

wait for poor outcomes
to become apparent.

Less sensitive to casemix
differences than outcome
measures.

Directly suggests targets
for healthcare
improvement.

Meaningful to patients,
providers, and decision-
makers.

Captures ultimate goal of
measurement and
improvement efforts.

Accounting for legitimate

exceptions can be decep-
tively challenging.

Documentation not necessar-

ily tied to the real process
of interest (e.g. medical
records document the pre-
scriptions of interest, but
there is no guarantee
patients took the medicines
as intended).

Identification of targets for

improvement not as
straightforward as may
appear (see text).

Multiple factors influence

outcomes.

Adjustment for differences in

casemix often challenging.
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Table 1 (cont.)

Approaches
to
assessment Definition Examples” Advantages Disadvantages
Patient Reported Often require long observa-
Experience Measures tion periods to detect
(PREMs). problems.

Hospital Consumer
Assessment of
Healthcare Providers and
Systems (HCAHPS).

*The examples in Table 1 have been chosen for illustrative purposes on the basis of having been used as structural measures or their potential indicated for
such use in the literature. This should not be taken as indicating a justified, well-established use in performance measurement.
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well on the percentage of patients with such notes in their records, no matter how
brief the advice given was, or how far removed from the intense support given in
the trials that established smoking cessation counselling as a process-based
quality measure in the first place. The same applies for more straightforward
processes, such as medicine prescriptions: a clinic could prescribe recommended
inhalers to most asthma patients, yet patients might not be using them in the
recommended manner.

2.3 Outcome Measures

Outcome measures have the advantage of holding meaning from all points of
view: patients, commissioners, and healthcare professionals. Yet outcomes also
reflect factors other than the quality of care, including how sick the patient is,
socioeconomic determinants of health outside the healthcare system, and ran-
dom variation. Detecting quality differences on the basis of outcome measures
usually takes a long time to observe,'” and/or combining multiple outcomes into
composite indicators.'” Patient-reported outcomes may pick up more variation
than standard outcomes,”” but such measures remain relatively uncommon due
to the effort required to collect them.

Casemix adjustment (also called ‘risk adjustment’) constitutes the most well-
known challenge for outcomes-based quality measurement. Casemix differ-
ences can arise from patterns of patient referral and socioeconomic differences
across local communities. The challenge of how to adjust for differences in
casemix was noted as long ago as the mid-nineteenth century with the publica-
tion of league tables for hospital mortality in England. As one commentator
wrote at the time: ‘Any comparison which ignores the difference between the
apple-cheeked farm-laborers who seek relief at Stoke Pogis (probably for
rheumatism and sore legs), and the wizzened [sic], red-herring-like mechanics
of Soho or Southwark, who come from a London Hospital, is fallacious.’”!

Casemix adjustment has of course improved over the ensuing 150 years,
but problems are still common.”” For instance, multiple potential casemix
adjustment models may exist for the same condition, and they may pro-
duce very different performance results.”” Assumptions and choices in
methodology can also generate controversy when it comes to interpreting
trends in risk-adjusted outcomes, as with a prominent US programme
focused on hospital readmissions.>**

One general problem involves the distinction between comorbid conditions
and illness severity. Consider again the example of patients hospitalised with
acute myocardial infarction (Box 1). Adjusting for casemix in this context
means adjusting for prognosis — expected clinical outcomes — at the moment
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8 Improving Quality and Safety in Healthcare

of patient arrival. That prognosis will reflect the severity of the heart attack itself
(e.g. how much heart muscle has infarcted), but it will also depend on comorbid
conditions (e.g. diabetes, past strokes, chronic kidney disease). Although illness
severity and comorbid conditions both impact prognosis, comorbid conditions
are easier to measure using diagnostic codes generated by current or past
encounters with the healthcare system (i.e. ‘administrative data’). But such
easily accessed diagnostic information does not help capture the severity of
the acute heart attack. A hospital caring for patients with many comorbid
conditions will look like it has a casemix with a high risk for death even if
many of the heart attacks are in fact mild. Meanwhile, a hospital caring for
patients who arrive in shock due to depressed cardiac function but have no
obvious comorbid conditions will look like it cares for low-risk patients.
Interestingly, misleading performance measurement can sometimes occur
even with perfect risk adjustment; the problem arises when hospitals have
different proportions of high-risk patients.”®

There is also the special problem of adjusting for socioeconomic status.
Socioeconomic factors — the social determinants of health — increase risks for
poor outcomes in ways beyond the direct control of the health system. For
instance, hospitals serving economically disadvantaged communities may more
often encounter patients who first present for medical attention at more
advanced stages of illness. Quality-related challenges can stem from various
sources, including systemic issues such as chronic underfunding alongside
broader institutional factors. Adjusting for socioeconomic factors may prevent
the identification of critical quality issues. This remains a complex issue; there
are numerous examples of national performance measurement programmes
inadvertently penalising hospitals whose mission focuses on helping marginal-

ised patient populations.”’ "

3 Measurement Approaches in Action

There are a multitude of data sources and approaches available for assessing
quality, each with its unique strengths and limitations (Table 2). The efficacy of
any approach depends on several crucial factors, including its intended purpose,
the intended audience, the resources allocated for implementation, and the
potential consequences of inaccuracies. These considerations encompass
a range of elements, such as specific objectives, target stakeholders, resource
allocation for measurement initiatives, and the implications of flawed assess-
ments. A comprehensive assessment of measurement approaches requires
a multifaceted perspective, recognising the dynamic interplay of the factors
that shape utility and effectiveness.
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Table 2 Advantages and disadvantages of data sources and measurement approaches for healthcare improvement

Categories of

measurement  Description Examples (country) Advantages Disadvantages
Administrative  Diagnostic codes Hospital Episode Statistics =~ May be inexpensive (since  Accuracy/data quality
data associated with hospital (HES) database (United the data are already issues — errors may bal-
admission or ambulatory Kingdom).***’ collected). ance out for big picture
attendances captured for ~ National hospital mortality ~ Available for multiple studies, but not for single
administrative purposes. surveillance system (usually all) providers of institutions,5 !
(United Kingdom).” healthcare in a given Lacking clinically relevant
Medicare claims (United region or country. detail (e.g. for adequate
States).”’ casemix adjustment or
legitimate contraindica-
tions for processes of
care).
Data Multiple data sources in Incidence and trends of Allows characterisation Substantial investments of
warehouse a healthcare system central line associated of problems and care money and personnel to

integrated and linked in
one comprehensive

database (e.g. electronic
medical record linked to

pneumothorax using
radiograph report text
search versus

patterns which no single
database could have done
adequately on its own.

develop and maintain.
Need for robust governance
model and rules for
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Table 2 (cont.)

Categories of

measurement  Description Examples (country) Advantages Disadvantages
daily patient census, administrative database Large case numbers managing requests for
staffing assignments, codes (Canada).’’ enhance power in evalu- data access.
supply chain, and Combining spatial and ating rare and complex
accounting data).’*>? temporal data for conditions and
patients’ journeys with operations.

data from electronic
health records (EHR) to
identify source of an
infectious outbreak
(United States).”

Patient Used for a broad range of Sentinel Stroke National Data can help identify areas  Interpreting data correctly
registries purposes in healthcare Audit Programme where hospitals may be requires analytic
and national serving as an organised (United Kingdom). underperforming. methodology geared to
clinical system for the collection, National Emergency Provides insight into clin- address the potential
audits storage, retrieval, Laparotomy Audit ical performance sources of bias that
analysis, and (United Kingdom). improvement challenge observational
dissemination of American College of interventions. studies and also requires
information on patients Surgeons National checks of internal
who have a particular Surgical Quality validity.
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disease, condition, or

f:XpOSl.lI'G.55

Improvement Program
(ACS NSQIP) (United
States).” >’

Cystic Fibrosis Foundation
Patient Registry (United
States).”®

Quality registries for
inflammatory bowel dis-
ease in adults and chil-
dren (Sweden, Italy).”**°

Provides hospital-specific

and nationwide trends
and health outcomes.

Chart review The time required to I-PASS handoff programme  Has the clinical detail to Many factors may com-
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ascertain key elements
and outcomes of care
from unstructured text in
medical records has
largely limited chart
review to research
studies looking for
signals of improvement
over time.®"%?

Deployment of artificial

(United States,
Canada).®

Trigger tools to detect
adverse events/harm
(Canada, United
States).**”

Evaluation of the Health
Foundation’s Safer
Patients Initiative (SPI)
(United Kingdom).*"

support judgements
about the preventability
of undesirable outcomes
or the appropriateness of
care.

promise data quality,
such as vague specifica-
tion of variables, poorly
designed abstraction
tools, and poor or miss-
ing recording of data in
the chart.

Implicit reviews may be

biased by abstractors’
experience, consistency,
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Table 2 (cont.)

Categories of

measurement  Description Examples (country) Advantages Disadvantages
intelligence tools in Reviews of avoidable hos- attention to detail, and
electronic medical pital deaths (United harshness of judgement.
records may make this Kingdom).*® Explicit reviews may
approach more practical lack sensitivity.
for measuring the impact Time-consuming and
of improvement costly.
efforts.>

Qualitative Qualitative methods are Focus groups and indi- Provides a deeper and con-  Rigorous use of qualitative

methods used in research vidual interviews textualised understand- methods requires expert-

approaches that aim to
understand the meanings
people attach to their
experiences of the social
world, study people in
their day-to-day settings,
and use different
methods of data
collection (e.g.
interviews, observation,

(Australia).”®
Ethnography and struc-
tured observation

(United Kingdom).”"
Documentary analysis.

ing of different aspects of
an improvement inter-
vention, ranging from
understanding the prob-
lem, designing an inter-
vention, understanding
how the intervention was
implemented in practice,
and examining the

ise to ensure their use
aligns with a chosen
methodological approach
and relevant quality
criteria.””

Interviews, focus groups,

and observations are
time-consuming.
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Patient surveys

focus groups,
documentary analysis).®”

Measuring patient
experience is key to
understanding many
quality issues; it
recognises them as
experts in their own care
journeys and
experiences. Surveys
capture data through
single or multiple
questions at the time of
the care experience or
days/weeks after the visit

Net promoter scores/fam-
ilies and friends test
(United Kingdom).”

Hospital Consumer
Assessment of
Healthcare Providers and
Systems (HCAHPS)
(United States).”*”>

impacts of the
intervention.

Allows for an understand-
ing of the perceptions
and experiences of key
and/or range of stake-
holders in the improve-
ment process.

Flexible tool that allows for
different methods of
gathering patients’
feedback.

Imposes little extra work on
care teams/practices.

A source of extensive
patient feedback.

Increases the emphasis
placed on patient
experience.

Offers a simple approach to
driving cultural change

Collecting and managing
such large amounts of
data is complex.

Requires substantial invest-
ments of time and other
limited resources to col-
lect, collate, and report
responses.

Local sites are often
focused solely on attain-
ing adequate response
rates and establishing the
proportion of patients
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Table 2 (cont.)

Categories of

measurement  Description Examples (country) Advantages Disadvantages
via telephone, email, or improving quality of who would or would not
mail, in person, etc. care. recommend them, rather
than enabling
a comparative measure
of performance.

Metrics may lack credibil-
ity or have little value for
informing improvement
efforts.

Publicly Comments from patients Aggregated patient Rich unstructured data Accuracy/data quality
available about their experiences feedback from NHS (as opposed to struc- issues — errors may bal-
patient with care available on Choices, Care Opinion, tured patient surveys). ance out for big picture
feedback social media platforms Facebook, and May be inexpensive to studies, but not for single

and publicly available
websites.

X (Twitter) to develop
collective judgement
scores for acute hospitals
and trusts in order to
inform decisions about
which organisations

collect (where the data
are already collected);

may be more expen-
sive to analyse.
Available for multiple

(usually all) providers

institutions.”'

Lacking clinically relevant
detail (e.g. for adequate
casemix adjustment or
legitimate
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16 Improving Quality and Safety in Healthcare

3.1 The Importance of Using Multiple Data Sources

Measurement that aims to understand the nature and scope of quality problems,
as well as their contributing factors, benefits from the use of multiple data
sources. A study from the patient safety literature vividly illustrates this point.”'
The authors liken the challenge of characterising safety problems with the
Indian proverb involving six blind men, each touching a different part of an
elephant: a tusk, trunk, ear, body, leg, or tail. Each blind man assumes they are
touching a different object based on the part of the elephant they touch: a spear,
snake, fan, wall, tree, or rope. Similarly, different perspectives on safety prob-
lems emerge depending on whether one uses incident reporting, record review,
patient complaints, or executive walk rounds.”” In this patient safety study,
clinical judgement accounted for 25% of malpractice claims but only 1% of
incident reports (primarily involving falls and issues relating to patient identifi-
cation). Executive walk rounds, however, highlighted problematic work envir-
onments ranging from broken sinks to dysfunctional information systems. For
these reasons, the authors recommend using at least three of the various
methods available for identifying and characterising patient safety problems.'

Qualitative evaluations of improvement interventions also benefit from using
multiple data sources, which may include not only interviews (e.g. with patients
and staff) but also a review of organisational documents associated with devel-
oping and sustaining the initiative, and directly observing the clinical or improve-
ment processes of interest (for example, using ethnographic methods).”* >’
Qualitative data such as these, alone or in combination, can provide insights
into how improvement interventions are experienced by patients and clinicians.
They can also identify ways in which the interventions can be optimised and any
barriers to change. Qualitative investigations may also provide explanations for
why an intervention did or did not achieve its goals.***"

It’s not surprising that using different types of data provides a fuller picture of
quality given the multidimensional and complex nature of healthcare. That said,
the benefits offered by a ‘full picture’ of measures must be balanced against the
risk of measurement burden (see Section 3.3).*** In some circumstances,
using a wide range of measures and data sources may become too onerous
and could even adversely impact the quality of care delivered by taking up too
much personnel time, energy, and resources.*’

3.2 Creating a Family of Measures

So far, we have covered the use of multiple data sources for both qualitative and
quantitative characterisations of quality problems. When it comes to evaluating
improvement interventions, the key concept is having a ‘family of measures’
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regardless of the types of data involved. We want this family to include
measures that allow us to answer three key questions:

* Was it implemented successfully?
* Did the intervention succeed in achieving its intended aim?
* Did the intervention create any new problems?

Answering these questions requires fidelity measures (capturing how often
patients received the intervention in the intended manner), measures of success
(defined by the desired improvements), and balancing measures (to capture any
potential unintended consequences). For instance, in evaluating the introduction
of a computerised clinical decision support system™ to reduce prescriptions for
unnecessary antibiotics, the success measures will include measures of anti-
biotic use (maybe total prescriptions and/or average number of days of antibiot-
ics per patient). To assess fidelity, we might capture the degree to which
clinicians simply dismissed the computer alert. A balancing measure might
include the duration of patient visits to see if appointments are taking longer
because of the need for clinicians to explain the basis for not prescribing the
antibiotics that patients expect. Patient dissatisfaction over not receiving anti-
biotics might be another balancing measure.

3.3 Avoiding Measurement Burden

Improvement interventions typically use multiple measures. However, it’s
crucial to also consider the potential impact and burden on patients and clin-
icians affected by the intervention. Teams may face challenges in developing
a robust measurement plan, defining measures clearly, and conducting reliable
data collection and analysis.*> They often choose unreliable or inappropriate
measures, including locally developed ones, which may not align with validated
measures needed for credible evidence.*’ Despite training, many teams lack the
necessary skills for data collection and analysis.*’

A common recommendation in relation to improvement work is to collect just
enough data, avoiding the tendency (common in clinical research) to collect data
just in case — i.e. in case the additional data might prove useful or interesting to
analyse for purposes other than the main research question. When evaluating
a healthcare improvement intervention, it’s also not appropriate to make data
collection difficult for the patients receiving care or the clinicians delivering it.
There should be just enough data collected to ensure adequate evaluation of the
intervention’s intended and potential unintended consequences. Collecting add-
itional data just in case they might prove interesting or inform some secondary
questions will usually spell disaster.
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Carefully considering the necessity of data collection is imperative. Suppose,
for example, that a clinic wants to carry out an intervention aiming to improve
medication adherence and avoid medication errors by encouraging patients to
communicate more about their medicines. While it might seem tempting to
survey patients and/or clinicians before and after the intervention to gauge
changes in attitudes and assess the intervention’s effectiveness, low response
rates and the time burdens imposed on patients and clinicians could prevent
successful implementation.

Although there’s no recipe for how best to achieve adequate assessment using
a family of measures while avoiding measurement burden, reflecting on the

46,47

‘theory’ of the intervention and how it will achieve the intended improve-

ment can help. We discuss this in the following section.

3.4 Using Theory to Inform Measurement Choices

As we have seen, a family of measures is usually needed to adequately assess
the intended and unintended consequences of any improvement intervention.
However, the process of data collection can pose challenges, potentially bur-
dening patients or care providers. While no simple recipe exists for striking the
optimal balance between these competing concerns, clearly articulating
a plausible theory for how an intervention is expected to achieve its objectives

46,4 .
*47 In fact, a recent commentary outlines ‘five

can guide our decision-making.
golden rules’ for measurement for improvement, the first of which advises
explaining a plausible theory for how a proposed change will achieve the
desired improvement.”’

To illustrate the ways in which the theory for an intervention can inform
measurement choices, we can consider a patient-empowerment intervention to
improve clinicians’ adherence to hand hygiene.”® The intervention consists of
telling patients that they should feel empowered to ask whether a clinician has
washed their hands before an examination. This intervention may at first seem
like it works as a kind of reminder. But it is not a reminder in the usual sense.
Rather it is a ‘sticky reminder’ — one that is not expected to be delivered often to
any given clinician. But, when it is delivered, the theory of the intervention is
that they will remember for a long time. Why? Because most health profes-
sionals will feel some shame over a patient pointing out such a basic oversight.
So, the theory for this ‘sticky reminder’ is that it will have an impact far beyond
any single delivery — that the embarrassing memory of being caught neglecting
basic hygiene will lead to improved compliance in the future.

This is a plausible theory; one can reasonably expect that the intervention
could achieve its goal improving hand hygiene. But, clearly explaining that the
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intervention’s success depends on patients delivering a mild form of profes-
sional embarrassment suggests two important implementation issues to address:
patients may not feel comfortable challenging/embarrassing clinicians, and
clinicians may sometimes react negatively.”” The implementation plan will
need to address these issues. The family of measures (see Section 3.2) will
also need to include balancing measures that assess the degree to which patients
ever encountered negative reactions from clinicians or perceived that their
speaking up adversely affected their care.

Thinking through the theory of an intervention also helps develop another
element in the family of measures, namely capturing fidelity or implementation
success. In order for the hand hygiene intervention to have any hope of working,
patients first need to be aware of the new policy encouraging them to feel
comfortable speaking up when they think a clinician entering their hospital
room has not used one of the nearby hand hygiene dispensers or washed their
hands at a sink in the room. An improvement team implementing this intervention
might initially choose to encourage awareness among patients using posters
announcing this patient empowerment campaign, placed strategically in locations
throughout the hospital. The chance that this would reach enough patients seems
small. But the improvement team is hesitant to take the step of asking nurses and/
or physicians to tell patients about this policy as part of their workflow for every
new patient encounter. To add to the chance that the poster campaign will work,
clinicians are encouraged to wear lapel badges depicting two hands surrounded
by soap bubbles and delivering the line ‘Ask me if T have washed my hands!” The
team reasons that this step will help increase awareness of the campaign not only
among patients but also among clinicians. To assess the degree to which these
steps have achieved adequate awareness, the improvement team decides to check
in with five patients per ward every week to ask if they are aware of the new
policy and if they have ever asked a clinician if they have washed their hands.
While on any given hospital unit performing this audit, the member of the
improvement team will also make note of the rough proportion of clinicians
wearing one of the intervention buttons.

Each of these steps may seem ‘obvious’. But they are easy to overlook unless
we deliberately think through how a given intervention is expected to work. By
thinking through the theory for an intervention it will usually become clear what
is needed to measure successful implementation and possible negative conse-
quences of the intervention. The theory for an intervention also helps with another
key aspect of measurement — suggesting a plausible timeline for success.”” Most
interventions do not work like light switches that, once switched on, immediately
produce the desired change. Computer alerts and other forms of decision support
for clinicians™* represent a rare case of improvement ‘light switches’: whatever
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20 Improving Quality and Safety in Healthcare

effect the alert will have can be expected to occur as soon as the hospital
informatics team turns it on. But most interventions depend on a number of
steps successfully occurring in order for the desired change to have a reasonable
chance of taking place. In the hand hygiene example, these steps included
developing a strategy for making patients aware that they should feel comfortable
asking clinicians if they have washed their hands, as well as preparing clinicians
so that they do not react negatively due to being caught off guard.

Other interventions, such as those depending on substantial changes of
attitudes among clinicians and/or managers, could take months or even years
for key steps to take hold. For instance, the mechanisms of action for central line
bundles and the surgical checklist probably depend on changes to attitudes and
behaviours beyond those suggested just by the technical elements on these
checklists.®” Without such changes, clinicians will treat key items on the
checklist, such as taking time out before the procedure to verify the correct
patient and procedure, like a tick box exercise, which will achieve little.*'"*
Identifying the need for widespread changes in attitude makes it clear that this
intervention could take months or years to take hold. The family of measures
will also need to include elements that assess the degree to which these neces-
sary changes in attitude are occurring.

4 Validity Considerations in Measurement
4.1 Types of Validity

The different types of validity — face, content, construct, criterion, and conver-
gent (Box 2) — and associated terminology can be confusing. Although these
considerations can seem like they would apply only to research studies, the
different forms of validity also apply to improvement efforts. For instance, does
the measure make conceptual sense in terms of capturing the quality problem of
interest (face validity)? Does the measure adequately capture all relevant
dimensions of the target problem (content validity)? And do the results of the
measure in practice reflect the concept of interest — or something else? Even
‘minimum bias’, which sounds very research oriented, amounts to addressing
the problem that performance at one hospital can look much better than else-
where just because its patients are not at particularly high risk of bad outcomes.

Suppose an independent agency contacts patients shortly after they have left
hospital and asks the single survey question: ‘Were you satisfied with the care
you received in the hospital?’ Put aside for the moment the question of whether
the answer is a simple yes/no or a five-point Likert scale that allows for a more
graded response. For our purposes, just consider if asking patients a question
about their satisfaction seems reasonable as a measure of patient satisfaction.

Downloaded from https://www.cambridge.org/core. IP address: 13.201.136.108, on 29 Aug 2025 at 16:03:19, subject to the Cambridge Core terms of
use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009326063


https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009326063
https://www.cambridge.org/core

Measurement for Improvement

Downloaded from https://www.cambridge.org/core. IP address: 13.201.136.108, on 29 Aug 2025 at 16:03:19, subject to the Cambridge Core terms of
use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009326063



https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009326063
https://www.cambridge.org/core

22 Improving Quality and Safety in Healthcare

This is not a trick question. On the face of it, it seems reasonable enough, so
measuring the percentage of patients answering such a question positively has
face validity. Interviewing patients or analysing their comments on social

. 76,85
media’®®

could also produce measures of patient satisfaction with face valid-
ity. But for each such measure, we need to recognise that patient satisfaction
may depend on distinct elements of care — clarity of communication, attentive-
ness of staff, cleanliness of the hospital room, and so on.

A measure with face validity and conceptually sound content validity still
needs to be assessed to see the degree to which it captures the concept of interest
in practice; this is referred to as its construct validity. The concept of interest here
is patient satisfaction itself — the degree to which patients are satisfied with the
care they received in the hospital. However, patient satisfaction can be influenced
by various elements of care, including communication clarity, staff attentiveness,
and hospital cleanliness. Even though these measures may seem conceptually
sound and have face validity, we must evaluate their construct validity —how well
they accurately capture the concept of interest in real-world practice. A patient
might report high overall satisfaction despite encountering failings in specific
aspects of care, particularly if their treatment outcomes were successful. This
highlights the possibility that measures of patient satisfaction may not fully
encompass all relevant aspects of the target concept. When the measures are
imperfect, it makes sense to consider convergent validity — whether different tools
or tests that are supposed to measure the same thing actually do so consistently.
For instance, hospital mortality, readmissions rates, and patient volumes are all
imperfect measures. Showing agreement with each other could be seen as
validating them to some extent. A national study of surgical patients examined
30-day readmission rates after hospitalisation for six types of major surgery.
Hospitals in the highest quartile for surgical volume (a known structural measure
of quality”'"%¢
lowest quartile. Similarly, hospitals with the lowest mortality rates had signifi-

) had a significantly lower readmission rate than hospitals in the

cantly lower readmission rates than hospitals with the highest mortality rates.”” In
this case, there are also conceptual reasons to support this convergent validity.
Surgical readmissions commonly involve post-operative complications occurring
8

shortly after discharge,8 and prevention strategies exist for many of these

complications (e.g. surgical site infections).

4.2 Application of Validity Concepts across Measures

Table 3 comments on the content validity and construct validity for three quality
measures where high-quality primary care can reduce the risk of emergency
hospitalisations:
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Table 3 Content and Construct Validity for Case Example Quality Measures

Example measure

Target quality problem and
rationale

Content validity

Construct validity

Hip fracture surgery in
patients admitted to
hospital with
a principal diagnosis
other than hip
fracture.*®

Hospital standardised
mortality ratio
(HSMR): the ratio of
observed mortality at
a given hospital to the

Patients are usually not
admitted to hospital with
a plan to undergo a major
operation or medical
treatment and repair
a fractured hip. Therefore,
any hospitalisation where
this occurred must reflect
an admission complicated
by an in-hospital fall
resulting in hip fracture.

Deficiencies in hospital care
contributing to an increased
risk of death should be
detectable by observing
more deaths at a given

While this measure does not
capture all fall-related
injuries, it does make
conceptual sense that any
cases flagged by this indicator
involved hip fractures from
falls that occurred in hospital.
Content validity thus seems
present for this measure.

Generating an expected mortal-
ity represents a deceptively
complex scientific task.”*">
Even with perfect casemix
adjustment, hospitals with

Medical record review confirms
that this measure captures its
intended target for surgical
patients. For medical patients,
though, it often turns out that
the patient was admitted with
a hip fracture after all.”

More careful coding of patient
risk factors will lower the
HSMR by increasing the
denominator (expected
deaths) even if the numerator
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Table 3 (cont.)

Example measure

Target quality problem and
rationale

Content validity

Construct validity

mortality expected
based on the hospital’s
casemix.

Hospital admissions for
ambulatory care
sensitive conditions
(ACSCs).””

hospital than would be
expected from its patient
population — including its
demographic factors (e.g.
age, gender) and comorbid
conditions.

There are medical conditions
for which timely and
effective outpatient care
can help to reduce the risks
of hospitalisation by either
preventing deterioration
(e.g. optimal asthma or

different proportions of high-
risk patients will look like
they differ in quality even
when they do not.*® Finally,
most in-hospital deaths do not
result from deficient care.®®”°
On the other hand, most defi-
cient care does not produce
death.

Content validity thus seems

questionable.

The original study proposing

ACSCs showed the ‘impact of
socioeconomic differences on
rates of hospitalisation’ and
concluded that ‘the lack of
timely and effective
outpatient care may lead to

(observed deaths) remains
unchanged.

The choice of measurement
instrument — the particular
casemix adjustment tool and
set of inclusion and exclusion
criteria for case selection —
has substantial impact on the
results.”?

Construct validity thus seems
questionable

Many studies highlight the
degree to which socio-
economic factors, such as
neighbourhood deprivation
and education levels, have
substantial impacts on
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diabetes management to
avoid exacerbations
requiring hospitalisation)
or prompting outpatient
treatment of cellulitis or
gastroenteritis before they
become severe enough to
require hospitalisation.

higher hospitalisation rates in
low-income areas’.”® Thus,
ACSCs have limited content
validity as a measure of
ambulatory care quality. They
probably say more about
deprivation and the lack of
timely access to any
ambulatory care rather than
the quality of ambulatory care
delivered by the clinics in

a hospital’s catchment area.

variation
hospitals.

in ACSCs across

99—-102

* This example indicator represents a simplified version of PSI 08 In Hospital Fall with Hip Fracture Rate, one of the Patient Safety Indicators produced by

the US Agency for Healthcare Research and Quality.'®
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* Injurious inpatient falls (hip fracture surgery in patients admitted to hospital
for another reason)

» Hospital standardised mortality ratios (HSMR)

» Hospital admissions for ambulatory care sensitive conditions (ACSCs —
outpatient conditions such as diabetes, asthma, and congestive heart failure,
among others).

(Table 3 does not comment on face validity because its subjective nature makes
it the weakest form of validity.)

The measure intended to capture in-hospital fractures makes sense conceptu-
ally (content validity) and is likely to measure what it intends to measure
(construct validity) in surgical patients. But for medical patients, a substantial
number of cases identified by this measure involve patients who were admitted
to the hospital with a pre-existing hip fracture, rather than fractures occurring
during their hospital stay due to falls. The other two measures — the HSMR and
ACSCs — have limited or questionable face validity, and both end up having
measurement problems that undermine their construct validity.

ACSCs aim to measure the quality of ambulatory (outpatient) care using
widely available administrative data associated with hospital admissions —
specifically, admissions for conditions where better care might have avoided
the need for hospitalisation. They are an example of a measure whose wide-
spread use likely reflects its availability rather than its conceptual soundness or
performance in practice. The data necessary to assess the quality of ambulatory
care directly are often not easily available across all ambulatory practices in
a given region. The measure reflects the ease of obtaining hospital episode
statistics, such as emergency department visits and hospital admissions with
basic diagnostic codes (e.g. ‘asthma’ or ‘diabetes’). It is much harder to directly
assess the quality of ambulatory care a patient has received for diabetes than it is
to measure simply that they visited the emergency department or were admitted
to hospital for a diagnosis that possibly involved their diabetes.

Despite the use of ACSCs to assess ambulatory care quality, it’s important to
recognise that ambulatory care may not fully address all essential elements of
established healthcare practices.gg’90 This understanding is crucial, especially
given that efforts to improve care for exactly the type of chronic conditions
targeted by ACSCs, such as diabetes, often yield only modest improvements.”'

The Patient Safety Indicators (PSIs) developed by the US Agency for
Healthcare Research Quality are widely used measures, primarily due to the
ease of accessing necessary administrative data, rather than their validity. One
of these indicators, represented by the first measure in Table 3 — hip fracture
surgery in patients admitted to hospital with a principal diagnosis other than hip

Downloaded from https://www.cambridge.org/core. IP address: 13.201.136.108, on 29 Aug 2025 at 16:03:19, subject to the Cambridge Core terms of
use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009326063


https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009326063
https://www.cambridge.org/core

Measurement for Improvement 27

fracture — represents a simplified version of one of these indicators. The
intent of this indicator lies in detecting the patient safety problem of inpatient
falls resulting in an injury. The indicator is meant to detect patients who fell
while in hospital and broke their hip (i.e. the safety problem of inpatient falls
resulting in serious injury, one of the most common of which is a broken hip).
The idea makes conceptual sense: look for patients who were admitted for
anything other than hip surgery and, if they also underwent hip surgery while
in hospital, it probably reflects an inpatient fall resulting in a broken hip. This
makes sense because no one is admitted to hospital to have their gallbladder
removed (or undergo heart surgery or whatever the case may be) and undergo
hip surgery during the same admission. But, for medical patients, it’s not
uncommon for, say, an elderly patient to have collapsed (e.g. they fainted
from low blood pressure caused by early sepsis) and broken their hip in the
process. So, when these patients admitted for medical conditions undergo hip
surgery, they are flagged as cases of broken hips due to inpatient falls (the
target safety problem) even though the fall happened prior to the admission.
This patient safety indicator —undergoing hip surgery during hospitalisations
for any principal diagnosis not involving the hip — has content validity and
has construct validity for surgical patients but performs very poorly for
medical patients’”. In fact, a systematic review of literature found that only
one PSI (accidental puncture and laceration during a surgical procedure) had
a true positive rate of at least 80%.° (The ‘true positive rate’ refers to the
proportion of cases correctly identified as having the complication of interest
by the indicator.) For all the other indicators, medical record review con-
firmed the complication of interest for fewer than 80% of cases flagged by the
indicator.

4.3 Measurement Specification and Operationalisation

Even a valid measure can run into problems when it has not been well-specified.
Consider a team aiming to improve medication safety using a care bundle
related to medication reconciliation (accurately listing a person’s current medi-
cines) and review. The quality problem they want to address is unintended
discrepancies between medications patients receive in hospital compared with
what they have been taking at home. Hospital-based physicians often make
deliberate changes to these medicines based on issues related to the acute
illness. But they can also inadvertently make changes because they don’t have
easy access to patients’ complete pre-admission medication lists. The improve-
ment team decides to make its main measure of success the ‘[nJumber of
patients who have their medicines 100% correct 24 hours into their hospital
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stay’. This measure has validity given the aims of the improvement initiative,
but will serve little purpose without specifying how staff should establish
correctness.”> An operational definition is needed that includes the specific
sources of information those conducting the measurement should consult and
other key steps to determine the correct medicine list for a given patient.

Another example comes from a study of improvement teams engaged in
a national initiative to reduce central venous catheter bloodstream infections
(CVC-BSI).'"* The main measure consisted of the monthly CVC-BSI rate,
defined as the monthly number of bloodstream infections per 1,000 CVC
patient days. Calculating this infection rate requires dividing the number of
bloodstream infections (the numerator) by the number of CVC patient days
(the denominator) and multiplying by 1,000. Even at this stage, there is
already some complexity involving the denominator, as it requires counting
all patients with CVCs and counting how many CVCs each patient had. This
counting requires some standardisation, such as specifying a time of day for
when it should happen. There also needs to be an operational protocol that
provides guidance for what to do if a patient is not available at the time
designated for counting CVCs (e.g. because the patient is undergoing
a procedure).

Determining the numerator for the CVC-BSI rate also requires a protocol
providing clear guidance on identifying relevant infections.'** There again
needs to be a specified time of day for when this counting should occur. And,
similar to the above medication example, there needs to be a protocol
specifying the steps to be taken to identify relevant data elements from
clinical notes and microbiological test results. There also needs to be
a clear definition of what constitutes an infection in terms of the various
possible combinations of these data elements. Some patients may have
blood culture results indicating a bacteria which can cause CVC-BSIs,
but the clinical team may have determined in a given case that it was
a ‘contaminant’ (i.e. skin bacteria that contaminated the needle used to
collect the blood sample). On the other hand, there are times when doctors
will treat a patient for a suspected CVC-BSI even if the blood culture doesn’t
show a positive result. In this case, even with acceptable combinations of
relevant data elements clearly specified, some cases may remain ambiguous,
so the protocol would need to indicate when to involve others to judge
a given potential CVC-BSI.

Measures involving any judgement of delay or elapsed time will also require
clear specification. For instance, in Box 1 we mentioned door-to-balloon and
door-to-needle times, common process of care measures for the quality of care
delivered to patients with acute myocardial infarction and stroke. These
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measures need clear specification of details such as when the ‘clock starts
ticking’. For door-to-balloon time, consensus guidelines indicate that the
clock starts ticking the moment the patient arrives at the hospital (the ‘door’
time). A protocol for measurement needs to clearly specify the appropriate data
sources for establishing this door time. It also needs to include clear guidance on
how to handle various situations. For instance, if a patient first presents to
a hospital that is not equipped to perform percutaneous coronary intervention
(PCI) and then is transferred to a PCI-capable facility, the initial door time could
be at the first hospital, or the arrival time at the second hospital. Practices may
vary, and clear guidelines are essential to ensure consistency in measurement. In
cases where emergency medical services notify the receiving hospital while on
the way there, the protocol needs to specify if the door time should in fact
consist of this notification time instead of physical arrival at the hospital.
Similar considerations give rise to the need for clear specification of details
related to the ‘balloon’ time, the key step in the PCI procedure.

4.4 Sampling Considerations

Improvement teams also need to consider sampling in their improvement
work, particularly how sampling strategies in improvement differ from
those used in research. A frequent pitfall in healthcare improvement is
collecting too much data when local gaps in care can be demonstrated with
very small sample sizes.'”” In evaluative clinical trials, the goal is to detect
statistically significant differences among groups, with high precision. By
contrast, healthcare improvement work often aims to determine if local
performance is meeting a specific standard. When performance is poor,
small samples may be enough to show that local care is falling short of an
expected standard. For instance, suppose current practice guidelines recom-
mend that 80% of patients receive some process of care, and an audit of 12
eligible patients shows this guideline is being met just 50% of the time. Even
with this small sample size, the 95% confidence interval for this point estimate
of 6 out of 12 does not include the desired performance of 80%.'%’

As with any sampling, it is essential to consider representativeness and the
degree to which observations include factors that may contribute to variation,
such as clinical variables (e.g. illness severity, comorbid conditions), day of
week, time of day, ethnic diversity, and so on. But data quality is especially
important when using small samples to ensure validity of results and to
make reasonable assumptions about local system performance. Important
considerations for achieving high data quality and integrity are outlined in
Box 3.
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Box 3 Kev Steps 10 ConsiDER WHEN USING SMALL SAMPLES IN IMPROVEMENT '*°

1. Define the eligible sample
While random samples are ideal, they are usually impractical for most
improvement projects. For feasibility of recruitment, consider enrol-
ling consecutive eligible patients or using convenience samples.
2. Establish exclusion criteria
Be clear and explicit about the basis on which you would exclude those
patients for whom the audit or improvement efforts do not apply.
3. State your study period
State clearly the start and end times for the audit/improvement cycle.
4. Keep a reject log
Keep track of patients who were excluded and the reasons for doing so.
5. Make data collection complete
Ensuring completeness of data collection is of paramount importance,
as sometimes the reason for missing/incomplete data relates to the
target quality problem.

5 Concepts and Problems Unique to Measurement for
Healthcare Improvement

In the previous section, we covered issues that are likely to arise in the context of
measurement in any discipline. But when measurement occurs in the context of
assessing healthcare quality — especially in the context of efforts to improve
healthcare quality — then distinct problems can arise. No framework is available
for organising these problems, nor is there necessarily even agreement on what
to call them. Those engaged in improvement efforts will encounter them, so we
offer the following descriptions.

5.1 Surveillance Bias

Surveillance bias, also known as detection or ascertainment bias, occurs when
one group of subjects is followed up more closely than others — for example,

100197 Surveillance bias can arise

those who undergo a medical treatment or test.
whenever an outcome depends on clinical (or institutional) behaviours. For
example, in a clinical trial with venous thromboembolism (VTE — a blood clot
that forms in a vein which partially or completely obstructs blood flow) as an
outcome, the trial protocol will systematically determine the outcome of interest

in all patients, but, as the study described in Box 4 shows, when evaluating the
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quality of care related to VTE, the outcome of interest may reflect how carefully
clinicians test for it.

Surveillance bias may occur consciously, but it may also reflect other initia-
tives occurring at the same time. For instance, reducing catheter-related urinary
tract infection (CAUTI) has become a common target of hospital improvement
efforts, and the checklist of actions to prevent CAUTI include elements that
should reduce UTL'" But hospitals have also sought to reduce unnecessary
testing, including the so-called pan culture —i.e. the ordering of blood and urine
cultures any time a patient’s clinical status worsens, even if there is no real
suspicion of sepsis or a UTL''” The definition of CAUTI requires a positive
urine culture. Thus, if the rate of obtaining urine cultures falls due to these
(appropriate) stewardship efforts, then rates of CAUTI will also decrease
regardless of any impact of the preventive CAUTI actions. One multifaceted
improvement effort targeting the reduction of CAUTIs in intensive care units
(ICUs) involved aligning routine culturing practices with guidelines for evalu-
ating fever in critically ill patients, leading to a notable decrease in CAUTI
rates.''" This example illustrates how changes in culturing practices, driven by

Box 4 SURVEILLANCE Bias ofF THE VENoOUs THROMBOEMBOLISM QUALITY MEASURE

Bilimoria et al.'”® examined whether surveillance bias influences the
validity of reported VTE rates. They found that hospitals with higher
rates of evidence-based VTE preventive action (i.e. hospitals that would
score highly on this process-based measure of hospital quality) also had
higher rates of actual VTE (i.e. they would score poorly on the outcome-
based measure of quality).

The benefits of VTE preventive action in reducing VTE have been
established in multiple randomised controlled trials. In this case, the
unexpected lack of consistency between the process and outcome of
interest turned out to reflect clinicians’ behaviour in ordering tests.
Clinicians in hospitals that delivered VTE preventive action more consist-
ently also ordered the tests more often, paradoxically worsening their
hospital’s VTE quality measure performance.

The direction of effect for surveillance bias cannot necessarily be
predicted on conceptual grounds. In this case, for example, one might
reasonably have speculated that clinicians at a hospital with high rates of
delivering VTE preventive action would think it less necessary to check
for VTE, as the chance of it occurring ought to be lower.
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initiatives targeting different aspects of patient care, can inadvertently impact
the reported rates of CAUTISs.

To protect against surveillance bias, it’s important to ask if the measure
depends on the behaviours of clinicians or patients. The possibility of bias is
usually obvious for patient-reported outcomes. For instance, an ambulatory
clinic with a low number of patient complaints (compared with other clinics)
may reflect high-quality, patient-centred care. But it could also reflect a patient
population that does not feel comfortable speaking up about shortcomings in
their care, or the clinic may not even have told patients how to make
a complaint. So other means of obtaining information from patients also need
to be considered, such as a formal survey or harnessing social media and
looking for comments about the clinic in question.''*'" In other words, for
some types of surveillance bias additional data sources are needed for the same
outcome.

This concept comes up again in Box 5, which demonstrates the need for
multiple data sources rather than relying exclusively on voluntary incident
reporting when measuring patient falls in hospital. But the VTE example
discussed in Box 4 offers a different solution to the same problem: choose
a different outcome. Among those factors that may give rise to in-hospital VTE,
the main intervention within the control of clinicians (or the hospital as a whole)
is appropriate preventive action. Rather than measure the occurrence of VTE,
which depends in part on how carefully clinicians pursue the diagnosis of VTE,
just measure the provision of appropriate preventive action. The relevant
prescribing data are available in the medical record and are not subject to
surveillance bias.

5.2 Interventions That by Their Nature Directly Affect or Change
the Outcome

Some interventions, by their nature, change how we measure outcomes. For
example, suppose one designs a computerised alert to reduce a particular
medication error.”” Before the alert has been implemented, you might carefully
review records to identify all errors (the numerator) and total number of patients
receiving the medication (the denominator). After the intervention, you might
simply use how often the alert triggers as the total number of patients and the
instances where clinicians didn’t follow its recommendation as the number of
errors. This difference in how we measure outcomes introduces errors that are
difficult to adjust for in analysis. To mitigate this, an improvement team might
run the computer alert in the background before the intervention starts, ensuring
consistent measurement methods.
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Another potential example of this problem can be seen in efforts to improve
sepsis care. Sepsis is well-known to carry a high mortality rate — probably about
20% for hospitalised patients.''* Improvement interventions for sepsis often
encourage identification of subtler, less severe cases. But less severely ill patients
are the ones more likely to be missed in the pre-intervention period, so the post-
intervention mortality rate will have a denominator that includes patients who
differ in their risk of death from those in the pre-intervention period. Clinical trials
avoid this problem by having clear criteria for sepsis — and clinical trials on this
topic tend to show that the types of protocols championed for sepsis improvement
efforts do not improve outcomes,''” further calling into question the results of
improvement interventions that have apparently reduced sepsis mortality.

When this problem of an intervention changing the outcome of interest arises,
there is no easy way to avoid it, beyond recognising it and resisting the temptation
to exploit it. So it is better to report the degree to which an improvement
intervention has increased the proportion of patients receiving care that follows
the guidelines for sepsis and not trumpet that the intervention has also achieved
substantial reductions in mortality from sepsis. To pursue the latter claim, it would
be necessary to apply validated prognostic tools for categorising patients’ risk of
death. Such methods are routinely applied in clinical research on critically ill
patients, but they remain uncommon in quality improvement efforts.

5.3 Need for Multiple Data Sources to Characterise Measure
of Interest

In quality improvement interventions, identifying patients with specific condi-
tions or complications often requires more effort than clinical research. This
difference reflects the historic focus in medical records on clearly documenting
diagnoses and treatments. For instance, a clinical researcher interested in acute
myocardial infarctions (heart attacks) can fairly easily identify all such patients
from laboratory data (involving blood levels of cardiac enzymes released from
damaged heart muscle). They can also easily call up data on key medications
delivered to patients who have been admitted with heart attacks. Patients
admitted with a heart attack will almost always have this as their principal
discharge diagnosis, so administrative data will provide a fairly easy way of
identifying the patients of interest. A clinical researcher interested in heart
attacks has multiple options, each of which works easily and well. By contrast,
consider the person interested in a very common hospital-acquired complica-
tion — injurious falls. Some of these injuries will result in fractures, but many
will not, so test results will give an incomplete picture. The discharge diagnoses
for these patients commonly miss out mentioning this event. And, the voluntary
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incident reporting systems hospitals run are notoriously problematic in terms of
under detecting the problems of interest.''® Because of this, anyone interested in
improvement in this context needs to employ a ‘triangulation’ approach, using
multiple data sources such as incident reporting, chart review, and natural
language searching of radiologic results to identify patients with the quality
problem of injurious falls among hospitalised patients. An example of this
approach is described in Box 5.

CAUTI is another common hospital-acquired condition where multiple
data sources may be required to measure outcomes. Defining the outcome
presents several challenges. Patients can have catheters inserted without an
obvious (or always reliable) trace being left in a single part of the medical
record, so the at-risk group (the denominator for the eventual CAUTI rate)
requires multiple data sources or prospective surveillance as part of an
infection control initiative. And while it is tempting to use the decision to
treat (i.e. an order for antibiotics) as a basis for the numerator, not all
positive urine cultures reflect true infections — yet clinicians may choose to
treat them anyway. So determining the numerator of all CAUTIs requires
more than one data source (e.g. chart review to identify the presence of
factors deemed by expert consensus to indicate true cases of CAUTI).

5.4 Outcomes that Suffer from Incomplete Data Capture

Some outcomes, by their nature, suffer from incomplete data capture. This
problem commonly occurs in relation to diagnostic errors, including diagnoses
that were initially missed but later identified and diagnoses that were never
identified or corrected. This latter group can potentially be identified for the
minority of delayed diagnoses with high risks of near-term morbidity and
mortality. Among patients assessed in emergency departments for dizziness,
for example, a small percentage are discharged with missed posterior circula-
tion strokes. Looking at subsequent healthcare visits within 30 days will
identify some of these missed diagnoses.'?’ But with most diagnostic errors,
there is no easy way of addressing this problem. When clinicians do not
consider a particular diagnosis likely, it will not be actively pursued, which
means the medical record will contain no definitive test making clear that the
patient did not have the diagnosis of interest. This amounts to a type of
ascertainment or surveillance bias.

‘Wrong-patient orders’ in computerised physician order entry systems pro-
vide a clear example of an intrinsically incomplete outcome. Here, the event of
interest is entering an order — for medication or an investigation — on the wrong
patient. There are several possible causes — having more than one record open,
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Box 5 UsING TRIANGULATION TO ASCERTAIN FALL INJURIES IN AcUTE HOSPITALS

Barker et al. used a triangulation approach to determine outcomes in their
cluster randomised controlled trial (RCT) evaluating an intervention to
reduce injurious falls in hospitals."'” The 6-PACK programme included
use of a nine-item fall risk tool and individualised use of one or more of the
following six interventions:

A fall alert sign (to alert staff to patients at high risk of falling)
» Supervision of patients in the bathroom

» Ensuring patients’ walking aids were within reach

* A toileting regimen

» Use of a low-low bed

» Use of a bed/chair alarm.

The intervention was quite plausible and evidence-based, and it did show
positive changes in fall prevention practice; however, no difference was
seen in falls or fall injuries.

In contrast, Dykes et al.’s study focused solely on voluntary incident
reporting to identify injurious falls, which reported a 34% reduction in
such falls.''® Despite similarities in the intervention elements between the
two studies, Dykes’ study lacked the use of multiple methods for deter-
mining the outcomes. Although the positive study used a non-randomised
design, it was a stepped wedge trial involving 14 medical units within
three academic medical centres in two cities —i.e. about as close to an RCT
as one could hope as the units are in both treatment arms at different times.
So rather than a study design problem, the positive result here more likely
reflects the difference in outcome ascertainment, with the positive study
using a single data source — a source known to say more about reporting
behaviour and organisational culture than about the underlying event rate
of interest.''” Dykes’ study relied solely on a single data source, which is
recognised for its potential biases related to reporting behaviour and
organisational culture rather than providing an accurate reflection of the
true event rate of interest.

selecting the next patient on a patient roster list, or patients having similar
names, for example. The measure that has emerged in evaluations of various
potential interventions is ‘retract-and-reorder’:'*'-'** investigators designed an
electronic query to identify orders that were placed for a patient but retracted

within a short time interval (e.g. 10 minutes) and then reordered shortly
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afterwards by the same clinician for a different patient. But this measure
necessarily misses wrong patient orders that are not recognised so quickly or
at all.

5.5 Engaging Stakeholders in Measure Development

Interventions are often implemented without thorough consideration of their
efficacy or potential drawbacks. This oversight is highlighted by the tendency to
prioritise rapid implementation over comprehensive analysis and measurement.
In addition, the heterogeneity of quality targets — and the wide range of issues
that can arise depending on the specifics of any given intervention and the
context for its evaluation — makes it difficult to set out all the problems that
might arise and to offer a comprehensive list of strategies for avoiding them. To
address these challenges effectively, practitioners should consider the five
golden rules for measurement:

» Understanding the theory of change

* Identifying fidelity/process measures

» Selecting appropriate measurement methods
* Considering lag time for outcomes

« Anticipating unintended consequences.”’

By explicitly explaining mechanisms of effect and associated theories of change
early in project development, practitioners can develop more effective interven-
tions. This proactive approach ensures that interventions are not only deployed
as intended but also evaluated comprehensively for their impact on patient care
and safety.

We have provided, throughout the material above, some potential mitigation
strategies for the problems discussed. But although it is not possible to list
mitigation strategies for all potential measurement problems, a good general
rule is always to involve stakeholders in co-creating the measures. For instance,
ask clinicians subject to the measures of interest if they see them as capturing
the underlying concepts of interest, if the measures will unfairly penalise certain
clinicians or patient groups, and if the measures create perverse incentives or
have obvious opportunities for manipulation. In many situations, it will be
necessary to ask similar questions of patient representatives, while taking care
to avoid tokenism.'”’ In other words, make sure you obtain input from
a representative range of patients.
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6 Conclusion

For any given quality problem, no single measure or measurement method will
provide the complete picture. The first step is to consider the primary purpose of
the measurement — for instance, is the measurement primarily for accountability
(e.g. public reporting) or for fostering and informing improvement interven-
tions? But regardless of purpose, basic considerations include the degree to
which a measure makes conceptual sense (face validity), captures the concept of
interest (construct validity), and exhibits other forms of validity discussed in
this Element. Other considerations include the degree to which variations in
casemix, chance effects, and perverse incentives or gaming can affect the
measures of interest. Improvement efforts also generate some unique measure-
ment issues: for instance, organisations and places with more apparent quality
problems could truly be delivering worse care; alternatively, they might be
looking for and documenting such problems more comprehensively than their
peers.

Evaluating improvement efforts usually requires a family of measures. For
instance, an intervention for reducing fall-related injuries among hospitalised
patients might need the following:

* Multiple data sources to identify injurious falls, including incident reports,
chart notes, and radiology reports

* Fidelity measures capturing the degree to which patients received the various
prevention strategies

 Balancing measures to look for unintended consequences (e.g. were physical
or pharmacologic restraints used more often?).

But it is also important to avoid imposing overly demanding measurement on
patients, clinicians, or organisations affected by the intervention. Don’t collect
measures just in case they might inform future research; instead, collect just
enough data to support the evaluation. Clearly explaining a plausible theory for
how the intervention is expected to achieve its intended results can also help
inform choices about the amount and types of measurement to pursue. Finally,
for any given measure, obtain input from the measurement subjects — clinicians
or patients. This type of stakeholder engagement will often lead to improvement
of the measure — but even when it doesn’t, it will likely increase the acceptabil-
ity of the eventual measurement results.

Considering the multifaceted nature of quality measurement, future research
should focus on developing comprehensive approaches that address the diverse
needs of stakeholders. This includes further exploration of methodologies for
balancing measurement burden with the depth of evaluation required for
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improvement efforts. Additionally, research should delve into the impact of
stakeholder engagement on measure refinement and implementation success.
By prioritising stakeholder involvement and methodological innovation, future
research can contribute to more effective quality improvement interventions.

7 Further Reading

« Batalden PB et al."** — defines quality improvement and the roadmap for
improvement.

« Berwick DM et al.'** — describes how to control variation in healthcare.

« Berwick DM et al.'”® — explains the connection between improvement,
change, and learning as it relates to healthcare systems.

« Best M et al.'?” — outlines the origins of quality improvement.

« Langley GJ et al.'"”® — describes the Model for Improvement, an integrated
approach to process improvement that delivers quick and substantial results
in quality and productivity in diverse settings.

1.'%° — transforms raw data into concrete healthcare

* Provost LP et a
improvements.
« Etchells E et al.'” — gives an overview on how small samples can make

important contributions to improvement projects.
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