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14 Patient-centered outcome assessments
in surgical disciplines: an overview using
example of the Urinary Stones
and Intervention Quality of Life measure
for kidney stone disease

Abstract: Surgical discipline involves rigorous assessments of outcomes, relevant to
both surgeons and the recipients of care, over the short term and long term. The out-
comes carry significance to other stakeholders such as the resource providers and indus-
try partners. Patient-reported outcomes (PRO), which contribute to these assessments,
are increasingly considered to be an important part of person-centered practices. In this
chapter, we examine the current status of PRO assessments in the surgical field. Our
focus is on applications of advanced measurement techniques and their adoption in pro-
cesses relevant and useful to the various clinical stakeholders. We have divided the
chapter into two parts. In the first part, we focus on the principles behind the develop-
ment and validation of the Urinary Stones and Intervention Quality of Life scale, a dis-
ease- and intervention-specific PRO scale for urinary stone disease. We describe the
framework, in which this new instrument has been developed, and we explore how
probabilistic conjoint measurement theory has added scientific rigor to the traditional
methods of PRO reliability and validity assessment. In the second part of the chapter, we
provide a brief overview of the literature and examples of the probabilistic PRO mea-
surement model’s applications in the surgical branches of medicine. The current status
of, and challenges surrounding, the development and application of PRO measurements
of surgical outcomes are explored, with anticipations of the scope required for their
wider adoption and applications, resulting in improved assessments.
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14.1 Introduction

Patient-centered care is defined as being “respectful of and responsive to individual
patient preferences, needs, and values, and ensuring that patient values guide all clin-
ical decisions” (Committee on Quality of Health Care in America, 2001). It is a broad
concept and forms one of the important components of quality care provision that in-
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cludes person-centered approaches involving the total person and his/her own life,
including caregivers. However, many factors are involved in the provision of good
care, and this can be compromised by the lack of a body of well-developed theory,
instruments, and evidence that substantiates the role and value of patient centered
care in the broader medical context. Sometimes patient-centered care is mistakenly
considered to contradict accepted standards of care. Providing and accounting for effec-
tive person-centered care must involve patients, using both qualitative and quantitative
methods. These include tools such as interviews and direct observations, self-reported
or performance-based measures, and more recently, measures from wearables and
monitoring equipment (biomedical indicators).

Surgical disciplines manage many conditions that present in an acute and/or
chronic form. The diversity of conditions demands a range of emergency and routine
treatments, as well as one-off or repeated interventions. The decision to meet a pa-
tient’s needs by opting for surgical interventions can pose risks. Many times, the dis-
ease can be treated in either a surgical or nonsurgical way with different risk-benefit
ratios. The choice in favor of surgical management potentially involves an added de-
gree of uncertainty due to the increased risk of morbidity and mortality during the
perioperative period. Treatment options may present a clinical equipoise. Hence, pa-
tient-centered care, shared care decision making, and the understanding of patient
preferences become very important.

14.1.1 Patient-reported outcome measurements (PROM):
key to person-centered care

A patient-reported outcome measurement (PROM) is a report on patient’s health con-
dition that comes directly from the patient and plays an essential role in person-
centered care (U.S Dept. of Health and Human Service Food and Drug administration,
2009). PROMs have been categorized as Generic or Disease-, Condition-, and Interven-
tion-specific. Some generic measures are used as health economic tools to provide
data on the quality-adjusted life years (QALYs). There can be some overlap between
the aspects of health-related quality of life (HRQoL), measured by generic and disease-
specific instruments. These tools have multiple applications.

In addition to the use of PROMs in randomized controlled trials to assess treat-
ment effectiveness, there is growing interest in their use in routine HRQoL monitoring
of patients and medical audits (Dept. of Health, 2010). Recent studies support the use
of PROMs in clinical practice for improved shared decision-making and patient self-
management (Kotronoulas et al., 2014). They have been found useful when there is a
need to “identify triggers for surgery and potentially reduce the burden on services by
limiting unnecessary or ineffectual procedures” (Kingsley & Patel, 2017). When used on
a longitudinal basis, PROMs can track the progression and severity of disease and be
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incorporated as an adjunct to make changes to treatment and follow-up (Velikova
et al., 2004).

There is evidence for the usefulness of the PROMs in clinical practice. PROMs facili-
tate the detection of physical or psychological problems (Bitton et al., 2014). PROMs com-
pare favorably with other common clinical measures in terms of reliability (Snyder &
Brundage, 2010). Many national surgical bodies advocate their use to evaluate outcomes,
guide routine surgical practices, and in decision making. For example, the American
Urological Association (AUA) guidelines state that treatment decisions about urinary cal-
culi should incorporate patient preferences, influenced by HRQoL impacts, rather than
being limited to clinical and radiological outcomes (Penniston & Nakada, 2016).

14.1.2 General considerations behind development
and application of a PROM

PROMs would contribute more consistently to improving the evidence base, supporting
patient-centered care, if the measurements were more solidly grounded in science and
shown to be in accordance with international standards (US FDA and Scientific Advisory
Committee, 2002). The ability of PROMs to improve decision-making depends on demon-
strating how they accurately capture the burden of disease or effects of treatment.
PROM data should clearly indicate the meaning of small changes to the scores and when
there is a need to act or decide on management plans (Bitton et al., 2014).

The methodology for the development of a PROM was established over four deca-
des ago and has continued to evolve. It involves a multiphase approach that includes
construct definition: the qualitatively informed generation of items (questions). This is
followed by pilot and field testing. The final instrument is expected to satisfy demands
for reliability, validity, and responsiveness. Classical Test Theory (CTT) and its focus on
ordinal scores formed the main basis for demonstrating measurement quality for many
years, but it is now well recognized that measurements that comply with interval
scaling requirements of conjoint additivity support higher quality inferences (Terwee
et al., 2018).

Rasch, in 1960, proposed a theory of measurement, producing ratio/interval scales
of both stimulus and object parameters (Rasch, 1960, 1961). Andrich (1988) stated that
these models, relevant to the analysis of social science data, are the same as those of
the laws of physics. Their perspective was further developed by other scientists focused
on paired comparisons and has been more recently been said to provide “a specifically
metrological approach to human-based measurement” (Fischer & Molenaar, 1995; An-
drich & Marais, 2019; Linacre, 2000; Mari et al., 2023).

In measurements modeled to be conjointly additive, the probability of a specified
response (e.g., right/wrong answer, or agreeable response) being a function of the dif-
ference between each individual person’s ability or performance, and the difficulty or
challenge posed by each individual item. This is an approach to mathematical model-

14 Patient-centered outcome assessments in surgical disciplines 453



ing where item values are calibrated and person abilities are measured on a shared
continuum quantifying the latent trait. This approach cannot guarantee but supports
the development of internally valid measurements that exhibit structural invariances,
independent of the sample, with findings for samples extrapolating to population
characteristics and clinically meaningful differences (Pendrill, 2014; Granger, 2007).
This work underpins the current application of probabilistic measurement modeling
in validations of contemporary PROMS.

Criteria for judging the quality of a PROM and its validity in the clinical field have
been the subject of debate. For the application of PROMs in the clinical world, COS-
MIN guidelines were developed to evaluate the methodological quality of studies, in-
tended to establish the measurement properties of HRQoL scales (Hobart & Cano,
2009). When selecting a robust PROM, these guidelines advocate the use of scales de-
veloped on the basis of probabilistic measurement modeling as this increases the like-
lihood of covering many important steps in validity assessments. These steps include
the development of data fit to a model, the demonstration of unidimensionality and
obtaining satisfactory discrimination as well as evaluative properties. These steps are
discussed in the next section using the example of a disease- and intervention-specific
PROM for urinary calculi.

14.2 Urinary Stones and Intervention Quality of Life
(USIQoL) PROM: development and validation
of a disease- and intervention-specific PROM
for urinary calculi

Urolithiasis is a common condition that has a global incidence of 10% (prevalence
range of 2–13% across continents) amongst the general population, with 50% of pa-
tients likely to form further stones within five years (Mokkink et al., 2010). The disease
caused 550,000 emergency room visits in the USA in 2009 and over 30,800 hospital
admissions in England in a single recent year (Pearle et al., 2005; Hospital Episodes
Statistics Data, 2014). Stone patients miss an average of 47.9 h of work per year with
additional hours lost due to ambulatory care visits (Bultitude & Rees, 2012).

There are different options for managing urinary calculi with expectant, medical
or interventional treatments (Saigal et al., 2005), which can be multistage and carry dif-
ferent risks and success rates. Urolithiasis and its treatment(s) have an adverse effect
on HRQoL and can compromise all areas of patient functioning (Türk et al., 2020; Raja
et al., 2016). Attempts have been made to measure HRQoL of patients with urolithiasis
(Penniston & Nakada, 2016). Generic measurement scales have been used for this, but
often fail to capture the clinically relevant domains (Türk et al., 2020). This has led to
the introduction of the new Urinary Stones and Intervention Quality of Life (USIQoL)
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questionnaire, a disease- and intervention-specific PROM that has been developed to
meet the need for more relevant information.

The initial developmental work with patient interviews (62 patients and 30 family
members) produced a conceptual framework and an initial long draft of the question-
naire. This generated 106 themes and 10 broad headings. These were mapped to a con-
ceptual framework with removal of duplications to create item sets. A five-point
rating scale (“not at all” to “a lot”) was selected for the initial draft.

Given the five-point rating scale and the items that are reasonably on-target (such
that the sample measurement mean is near the item calibration mean, and the mea-
surement and calibration ranges of variation overlap, with no significant floor or ceil-
ing effects), a sample size of 25 to 60 will give 99% confidence that the item estimates
are within 0.5 logits of their stable value (Patel et al., 2017). A sample ranging between
200 and 400 or 500 ought then to provide four or five class intervals. The validation
was performed in 2 field tests and the analysis (polytomous extended response cate-
gory, partial credit model) was performed using RUMM 2030 software.

14.2.1 Field test 1

Of the total sample of 250 patients, 212 participated in this phase. The revised version of
the questionnaire included 60 items. It evaluated pain using different formats for rating
the frequency of mild to unbearable pain, the intensity of the worst pain, day to day as
well as average pain, etc. in 10 items overall; and also addressed physical and social
health (including sex life, 18 items), psychological health (6 items), work performance (8
items) and travel/holiday

Table 14.1: Example of changes to the response categories due to disordered thresholds.

Initial draft:

Since your current stone problems began,
how much have you:

Not at all A little Quite a bit Very much A lot N/A

Had difficulty sleeping?

Felt depressed?

Since your current stone problems began, have
your stones made you reluctant about:

Not at all A little Quite a bit Very much A lot N/A

Making a long journey?

Planning a holiday because you might need to
use unplanned medical services?
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issues (3 items). Fourteen items addressed additional problems, including those arising
from treatments, and others involving help from the healthcare team and family mem-
bers. Finally, a single global health question was included.

The results of a traditional analysis (classical test theory) for consistency and valid-
ity showed this draft of the USIQoL to be a reliable and valid measure of impact of
stones on different domains. Reliability was satisfactory, given the diagnostic purpose of
the scale [alpha: total scale (0.9), subscales (0.6–0.9)]. The corrected item total (0.3–0.8)
and inter-item (0.4–0.9) correlations were satisfactory. Preliminary analyses of criterion
validity were as expected (correlations with generic measures, range 0.3–0.8), demon-
strating satisfactory early item-level validity.

Further measurement scaling analyses using conjoint additivity demonstrated
many limitations that were not identified by the traditional (CTT) analysis. All scales in-
dicated good to excellent reliability, with person separation indexes (PSI) ranging be-
tween 0.62 and 0.89, given the demands for precision tolerances imposed by screening
and diagnostic applications. However, almost all scales had over 60% of the items with
disordered thresholds (difficulty in distinguishing between responses “quite a bit” and
“very much”), necessitating change from 5 to 4 or even 2 response categories (e.g., ques-
tions evaluating ability to travel for social reasons and leisure) (Table 14.1). This contro-
versial step of collapsing adjacent categories was taken as a preliminary and provisional
effort at creating a tool, meaningful to patients (Linacre, 1994; Adams et al., 2012).

In principle, the thresholds in any scale should demonstrate response categories,
representing consistently increasing levels of the construct being measured (the cor-
rect ordering of the response categories is reflected in successive thresholds). We
have observed that during clinical use, having thresholds that correspond to relatable
ranges in the measured construct helps in improved understanding and patient ac-
ceptability of the scale items. Item fit is evaluated using the chi-square statistics to
assess that the central property of item invariance (the hierarchical ordering of the
items) does not vary across the trait measured. Fit residuals demonstrate the differ-
ences between the observed and expected data for each person and item. Each scale

Table 14.1 (continued)

Final draft:

Since your current urinary stone problems
began, how much have you

Not at all A little Quite a bit A lot N/A

Q. Had difficulty sleeping?
Q. Felt depressed?

Since your current, urinary stone problems,
have your symptoms made you reluctant
about:

Not at all/a little Quite a bit/a lot N/A

Q. Making a long journey?
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had items with significant fit residuals (12–60%), and residual correlations (50–90%),
indicating redundancy of several items.

The removal of off-construct items, which provoked high-residual inconsistent re-
sponses, was conducted in an iterative manner, with the removal of a single item at a
time, followed by reanalysis and creation of revised versions. It is important to note
that this phase involves significant contributions from the clinicians and health care
professionals who are experienced in the management of the target patient popula-
tion. The statistical tests often result in an undecidable equipoise regarding item eval-
uations and so it is not always possible to select items based on analytic results alone.

The final item selection is always a multidisciplinary task. This is very important
when the wider concept of validity of a PROM is to be considered. We found this to be
helpful when subsequent application of the PROM in different clinical contexts was
planned. The revised USIQoL included 19 questions sets divided as 5 scales of pain, so-
cial health (5 items each), physical, psychological health (4 each), and work (U.S Dept. of
Health and Human Service Food and Drug administration, 2009) with 4 treatment
items. This scale underwent a final validation study in a second field test.

14.2.2 Field test 2

In total, 369 of 390 patients participated in this phase. The analysis demonstrated that
most of the items in the scales mapped out continua of increasing bother. The scales
located items in a clinically sensible order with good sample match. Deviations from
model expectations were marginal. Items excluded were pain (life interference, aver-
age and mild pain), social (sex, social life, and holiday), psychological (worry about
kidney failing), and treatment (diet and device). The two treatment items (medication,
water intake) were combined with the social scale. This transformed the USIQoL into
a final 15-item measure.

We found that a revised scaling was necessary as items had superior fits when the
5-scale structure was changed to 3-scale, combining pain and physical health domains
(PPH 6 items), psychological and social health domains (PSH 7 items), and work domain
(2 items). Figures 14.1–14.3 illustrate satisfactory item-threshold distribution maps of
subscales. Differential item functioning (DIF) evaluates the extent to which different
groups within the sample (e.g., age, anatomical site of stone [kidney or ureter], and type
of intervention). This is very important clinically, especially when the target population
can be very heterogeneous. The stone disease has certain clinical features (ureteric
vs renal stone, with or without underlying metabolic abnormality, etc.) that can
carry different QoL impact for the groups, and influence management. We evaluated
all 15 questions and 3 scales against different patient subpopulations, confirming ade-
quate performance across sample groups. This is important in the context of its wider
clinical application, where valid prediction of differential behaviors across patient sub-
populations is essential.
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Unidimensionality evaluations determine if any identifiable constructs are exhibited
in the data after the main dimension has been considered. Model fit statistics indicate
that all three scales of the USIQoL showed satisfactory unidimensionality. Pain, along
with physical symptoms, which drives most of the clinical assessments, has clear impact.
Pain, being the most complex construct to assess, was tested extensively before finalizing
its format. Similarly, issues regarding work pose special data consistency problems be-
cause they are important to all stakeholders but not applicable to all patients. Con-
versely, the psychosocial scale is likely to be a good indicator of issues not evaluated
routinely in clinical practice, and also of the longer-term impact of the condition, which
could drive treatment choices. The USIQoL captures all of these dimensions well with
the results quantified in a consistently interpretable, stable frame of reference.
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The final USIQoL (3 scales and 15 items) is intended for self-administration, where pa-
tients rate the amount of bother attributed on a 4-point (1 = not at all, 2 = a little, 3 =
quite a bit, or 4 = a lot) (Table 14.2). Scale scores are generated by summing items and
transferring to a 0–100 (logit) scale, with high scores indicating greater patient bother.
It provides an internally valid measurement, demonstrably invariant, independent of
the sample and with findings extrapolating to population measures of clinically mean-
ingful differences. The final item selection in USIQoL was based on the appraisals of the
analyses against clinical relevance and measurement criteria. Psychometric evaluation
showed that all three scales satisfied criteria for acceptability, validity, and reliability.
The logit scoring for each scale offers different scores, allowing clearer identification of
the impact across different domains. The results from traditional validity assessments
alone suggested that the long draft of the USIQoL satisfied most of the criteria, until
probabilistic measurement demonstrated many targeting problems (e.g., disordered re-
sponses and item redundancies). This highlighted the value of conjoint probabilistic
measurement to conduct item-level analyses that guide precise item selection, and rec-
tify problems with scales.

14.2.3 Clinical application of the USIQoL: establishing validity
in a wider context

It has been suggested that although robust psychometric properties of a PROM, based
on consensus statements, are a precondition to use, a PROM’s validity in fact lies in
the sound argument that a network of empirical evidence supports the intended inter-
pretation in a particular context (Andrich, 2013). This idea was explored by conduct-
ing a feasibility study to see if the USIQoL can be used as an aid in outpatient settings
to optimize the traditional follow-up of patients with urinary calculi. Most patients
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Table 14.2: USIQoL final draft of the PROM.

Urinary Stones and Intervention Quality of Life Measure

The USI-QoL – Stone Disease©

We are interested in knowing how your quality of life has been affected by your current urinary stone
problems.

Please answer all questions on the next page, in order, by ticking the appropriate boxes.

If your feel a question is not applicable to you, please tick the ‘N/A’ column.

Today’s date: _________________

Date of birth: _________________

We thank you for taking the time to complete this questionnaire

Please think about current problems that are due to your urinary stones

Since your current urinary stone problems, and due to
urinary stone problems, how much do you suffer with

Not at
all

A
little

Quite a
bit

A
lot

N/
A

Q. Severe to unbearable pain?

Q. Pain triggered by physical activity?

Q. The feeling you need to pass urine urgently?

Q. Symptoms of a urinary tract infection (e.g. running
temperature, feeling unwell and pain while passing urine)?

Q. Decreased or lack of appetite?

Q. Low energy?

Since your current, urinary stone problems,
how much have you

Not at
all

A
little

Quite a
bit

A
lot

N/
A

Q. Had difficulty sleeping?

Q. Felt depressed?

Since your current, urinary stone problems, with regards
to the future, how much are you worried about:

Q. More symptoms from your stones in the future?

Since your current, urinary stone problems,
have your symptoms made you reluctant about:

Not at all /A little Quite a bit/A lot N/
A

Q. Making a long journey?

Since your current urinary stone problems, how much
have you had to visit the following, due to your
symptoms:

Not at
all

A
little

Quite a
bit

A
lot N/

A

Q. GP or hospital during normal working hours?
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with urolithiasis undergo long-term follow-up involving regular clinic review and im-
aging to prevent or identify possible complications early. This is resource-intensive,
involves exposure to ionizing radiation, and is not without diagnostic limitations. Fur-
thermore, there are wide variations in practices. Deciding the optimal frequency and
duration of follow-up for stones is a longstanding problem with little evidence base
and alternatives. The National Institute of Clinical Excellence (NICE) in the UK indi-
cated that currently no recommendations can be made regarding follow-up and that
more research is needed (Hawkins et al., 2018).

The important question in need of answering when a patient with urolithiasis at-
tends a clinic is whether the stone(s) need an intervention to treat or can be moni-
tored. To this end, it would be important to know if the adoption of the USIQoL as a
monitoring tool can assist clinical -making. This would be suitable if the results corre-
late well with those of traditional follow-up methods, or with outpatient review in-
volving consultation and imaging. In the latest Urology Outpatient Transformation
guide in the UK, “personalized follow up – patient-initiated follow-up” and “using re-
mote monitoring” were highlighted as two key components within the scope of im-
proved PROM-based follow-up (National Institute for Health and Care Excellence,
2023). Following the COVID pandemic, there are pressures for changes to outpatient
practices and increased acceptance of alternative methods of follow-up (National In-
stitute for Health and Care Excellence, 2023).

Hence a feasibility study was conducted to establish the validity of the USIQoL in a
wider clinical context (Getting It Right First Time (GIRFT), 2023), with three objectives:

Table 14.2 (continued)

Urinary Stones and Intervention Quality of Life Measure

The USI-QoL – Stone Disease©

Since your current urinary stone problems, how much have
you found yourself having problems with:

Q. Having to take medication (painkillers, preventative
treatment etc.)?

Q. Increasing your water intake?

Work

Please mark ‘Not applicable’ (N/A) if currently not working (paid employment).

Since your current urinary stone problems with regard
to your job, how much:

Not at
all

A
little

Quite a
bit

A
lot

N/
A

Q. Have you needed to take time off work?

Q. Has your stone disease interfered with your ability
to do your job?
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1) To assess the validity of the USIQoL as an outcome measure in the outpatient set-
ting by establishing its correlation with the traditional follow-up (current stan-
dard of care).

2) To develop valid USIQoL cutoff scores that can reliably differentiate between pa-
tients who need active treatment against those who do not and facilitate a follow-
up strategy, including remote methods.

3) To define the Minimal Clinically Important Difference (MCID) for the USIQoL, de-
fined as the minimal change in the score, considered to be relevant by patients and
physicians.

Initially, the USIQoL-based decision model was developed using existing data. Subse-
quently, a prospective, single-blind validation of the model for outpatients was con-
ducted. For subjective measures, in general, including the application of the PROMs,
the FDA recommends different types of anchors as external criteria, approximating
truth, to generate relevant thresholds for meaningful within-patient change. These
recommended anchors are
1) well-established clinical outcomes (intervention or not in our case);
2) global impressions of change in stone-related symptoms; and
3) static – current-state global impression of severity (EQ-5D PROM, in this case).
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Figure 14.4: ROC curves for PPH (Pain and Physical health) domain – Phase II.
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For the purposes of this study, USIQoL measurements from the two major domain
scales (PPH and PSH) were considered. The study assessed correlation between the
USIQoL measurements and the outcomes listed above. The study helped to validate
USIQoL cutoff standards to discriminate between patients’ needs to intervene or not.
Analysis involved binomial logistic regression (BLR) and receiver operating character-
istic (ROC) curves.

Data from 455 patients showed that the relationship between USIQoL scores (Pain
and Physical Health, PPH and Psycho-Social Health, PSH domains) and clinical outcomes
were statistically significant [estimated odds: PPH 1.24, p < 0.001, 95% CI 1.13–1.36; PSH
1.179, p < 0.001, 95% CI 1.12–1.33]. The ROC values were >0.75 when an Area under curve
(AUC) of 0.7 to 0.8 is considered acceptable (Jarvis et al., 2023) (Figures 14.4 and 14.5).
This demonstrated satisfactory ability of the model to differentiate between the two
clinical outcomes. The optimum cutoff measurements were found to be 9 (PPH) and 11
(PSH), based on the Youden index.

There is a significant clinical interest in defining the MCID for a given PROM so that
the magnitude of the clinical impact, or change, can be understood and standardized.
It is well known that MCID is a complex concept with multiple facets and variable
results, based on the methods used. Combinations of anchor- and distribution-based
methods were used to give the best estimates. The Minimally Clinically Important Dif-
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Figure 14.5: ROC curve for PSH (psycho-social health) domain – Phase II.
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ference (MCID) for the domains scores was 3–4 points. The model demonstrated satis-
factory sensitivity (0.90) and specificity (0.46). Using this, it was clear that the odds of
patients expressing symptoms and then needing full clinical evaluation with imaging
and active intervention, increased with the increasing USIQoL scores. The results con-
firmed good correlation and one-dimensionality between the PPH and PSH domains.

Thus, the feasibility study demonstrated good correlation between the PROM and
the clinical outcomes, making it a valid aid for outpatients. The cutoff scores identify
patients at risk. It provides a reliable tool for patient-centric evaluation and an alter-
native to the long-term traditional follow-up policy, and established validity of USIQoL
in a wider context.

14.3 PROMs in surgical disciplines: overview
of the literature

We explored the current status of the PROMs in surgical disciplines, with a focus on
application of the metrologically oriented measurement theory. Although the formal
systematic review is out of the scope of this chapter, we have worked out the broad
trends and key messages using examples from the literature. The implications are dis-
cussed in more detail in the subsequent section.

For the search, “patient reported outcomes,” “surgery,” “applications,” “outcome me-
trology,” “Rasch analysis,” “conjoint measurement,” and “decision making” were the key
words used. The search, covering over 3 decades, resulted in over 18,000 articles with
PROM and over 8,000 articles with Rasch key words. The results covered studies with
significant heterogeneity. These largely reported on the developmental work on PROMs,
or comparative studies, when applied to a cohort of patients in a single or multicenter
study.

At the micro-level, PROMs facilitate the detection of clinical problems and adherence
to treatments (Bitton et al., 2014). Real-time access to the PROM data helps clinicians pri-
oritize topics for discussion at review and improves patient–clinician communication
(Rasmussen et al., 2021). At the meso-level, PROM data can help in comparative effective-
ness research and evaluation of the impact of interventions (Lavallee et al., 2016). There
are four main mechanisms used internationally for the routine collection and aggrega-
tion of PRO information (Greenhalgh, 2009). Some of these have been exclusively used in
the area of surgical practices:
A) Pre- and post-procedure data collection from patients undergoing selected elec-

tive surgeries to assess hospital performance (e.g., the National NHS PROMs pro-
gram): Four surgical procedures were initially chosen to be included in the
national PROMs program (2009 on), mandated in the NHS Outcomes, and in-
cluded total hip replacement, total knee replacement, varicose veins (until 2017),
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and groin hernia surgery (until 2017). The main aim was to benchmark proce-
dural outcomes across different trusts (Williams et al., 2016).

B) Computer-assisted testing using banks of questions that capture generic patient-
reported outcomes, common across a number of chronic conditions (e.g., the US-
based Patient Reported Outcomes Measurement Information System (PROMIS)
initiative): This is aimed at providing patient-level data using pre-prepared ques-
tion banks covering different domains (Coles, 2010).

C) Inclusion of PROMs within disease-specific clinical registries (e.g., the Swedish
Healthcare Quality Registries).

D) International initiatives to develop standard outcome measurement sets, includ-
ing PROMs, to foster international benchmarking (e.g., International Consortium
for Health Outcomes Measurement).

This literature thus demonstrates the current wide-ranging applications of PROMs.

14.3.1 PROMS and evaluation using additive conjoint
measurement modeling techniques

14.3.1.1 Development of new PROMS

Many new PROMs covering different surgical disciplines have been developed using
conjoint measurement theory and modeling over the last 15 years, with many em-
ployed in evaluating clinical trial outcomes (PROMIS®; Joshi et al., 2022; Pesudovs
et al., 2004). A new 20-item Quality of Life Impact of Refractive Correction (QIRC) ques-
tionnaire, which quantifies the QOL of people with refractive correction by spectacles,
contact lenses, and refractive surgery in the prepresbyopic age group, was developed
by Pesudovs et al. in 2004 and has been shown to have broad applicability for cross-
sectional and outcomes research (Joshi et al., 2022). Similarly, the BREAST-Q is a PROM
used to assess the unique outcomes of breast surgery patients that was developed in
2009 using conjoint measurement modeling; it is composed of three procedure-specific
modules: augmentation, reduction, and reconstruction and has been used in multiple
studies along with linguistic validations (Pesudovs et al., 2004).

14.3.1.2 Reevaluation of existing PROMs

Over the last two decades, the properties of existing PROMs have been developer-
evaluated. Surgical disciplines such as orthopedics and ophthalmology have been at the
forefront in these efforts. The results are mixed and have repeatedly demonstrated and
substantiated the importance of adopting rigorous measurement modeling theory and
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practice. Many existing PROMS have been found to have problems with suboptimal tar-
geting, item fit, disordered thresholds, and a lack of meaningful and interpretable unidi-
mensionality. This has raised questions about the validity of the measurements and the
results generated using these PROMs.

The National Eye Institute Refractive Error Quality of Life instrument (NEI-RQL-42) is
a commonly used questionnaire that seeks to measure refractive error-related quality of
life (QoL). In light of the results produced by conjoint measurement modeling, the authors
stated that NEI-RQL-42 questionnaire is deficient for all psychometric properties tested
and advise clinicians or researchers to consider other questionnaires that have been
more rigorously developed to meet standard psychometric properties (Pusic et al., 2009).
Another study was conducted in patients with prostate cancer, undergoing radical surgi-
cal treatment. The outcomes from the surgery were monitored using the patient-reported
outcome measure: Symptom Tracking and Reporting tool (STAR) (Alinden et al., 2011).
This tool has four domains, which investigates sexual function, urinary function, bowel
function, and overall quality of life. The study showed that urinary and sexual function
scales produced inconsistent observations, insufficient to the task of measurement. The
study concluded that further evaluation needs to be carried out to determine the suitabil-
ity of this PROM.

A study of Patient- and Parent-Reported Outcome Measures in the International
Consortium for Health Outcomes Measurement Standard Set for Cleft Lip and Palate
came to similar conclusions (Protopapa et al., 2020). The study concluded that the NOSE
and COHIP-OSS questionnaires were inaccurate, and that the CLEFT-Q questionnaire
did not cover facial function and speech domains sufficiently. The study concluded that
the PROMs used for cleft care do not satisfy the need for quantitative measurements of
the outcomes produced.

Re-evaluations have also been conducted for many short-form versions of existing
questionnaires (Apon et al., 2021; Multanen et al., 2020). The reviews show that, in spite
of many advances over four decades, it is still challenging to select reliable tools (Lund-
ström & Pesudovs, 2009). Of the 315 generic and condition-specific PROMs published be-
tween the 1980s and 2019, the vast majority were related to musculoskeletal conditions,
with other patient-related outcomes related to cancer, gastrointestinal, mental health,
and many other conditions. Of the 315 studies identified, 270 (85.7%) had been used in
subsequent studies, and 45 did not have any online evidence of applications, following
validation.

14.3.2 Challenges in using PROMs in clinical practice

There are multiple challenges in the implementation of PROMs and these encompass
different aspects of PROM usage. The challenges can be identified at different stages:
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A. Development
1) Scientifically rigorous modeling is essential when developing measuring tools

that are valid and reliable. In this regard, there has been considerable confu-
sion within the scientific and the clinical communities regarding the viability
of meaningful quantification, and the associated terminologies used in the
field of PROM development and validation. This has had deleterious impacts
on the interpretation and adoption of PROMs by clinical teams (Churruca
et al., 2021; Derriennic et al., 2019; Hobart et al., 2007). Efforts undertaken by
different agencies, such as COSMIN, are intended to standardize the nomen-
clature (Hobart et al., 2010).

2) Establishing metrological standards is essential for maximizing the value of the
widespread use of a PROM. COSMIN standards for the validity of measurements
include criteria that can be met only if the PROM has been developed using ad-
ditive conjoint measurement modeling and so demonstrates validity in a wider
context than that available using ordinal measurement methods (Churruca
et al., 2021; Derriennic et al., 2019; Hobart et al., 2007, 2010; Prinsen et al., 2018;
Hawkins et al., 2018; Snyder & Brundage, 2010; Fisher, 2023; Allen & Pak, 2023;
Massof & Bradley, 2023). This is a desirable long-term strategy that needs to be
endorsed by all stakeholders. The data from such work would establish a robust
evidence base for patient-centered practices; with ongoing application of the in-
sights of the new institutional economics, such standards may one day be le-
gally enforced, with significant implications for health care markets (Snyder &
Brundage, 2010).

B. Clinical applications
1) The selection of instruments appropriate for a given range of conditions and

interventions can be challenging. There is a need for standardized assessments
of the psychometric properties and validities of PROMs so that information
provided is sensitive, relevant, and specific to various contexts. Provisionally
resolving the tensions between standardization and personalization (Fisher,
2023; Allen & Pak, 2023; Massof & Bradley, 2023; Lipscomb et al., 2007; Mallin-
son, 2024) via meaningful scaling and individualized reporting is essential for
generalized improvements in deciding the superiority or inferiority of surgical
approaches or policies (Massof & Bradley, 2023).

2) There is a need to improve the comparability of PRO measurements and data
across different healthcare settings, countries, and cultures, which poses chal-
lenging but not intractable problems (Lipscomb et al., 2007; Mallinson, 2024).

3) Patient and stakeholder engagement with diagnostic, treatment, and follow-
up processes can be facilitated by improved measurement, as high-quality,
actionable information provided confidentially via easy-to-use electronic in-
terfaces may work to increase response rates in contexts involving the need
to complete the PROMS on a repeated basis (for pre and post intervention as-
sessments) (Massof & Bradley, 2023). Concerns expressed by clinicians have
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included the time and effort involved in data collection and analysis, and the
provision of adequate resources to collect the data and its analysis. Invest-
ment is required when establishing platforms for data collection and optimiz-
ing the flow and analysis of the data but may pay remarkable returns when
systems are well-designed (Snyder & Brundage, 2010).

4) Data needs to be presented in forms usable to all the stakeholders at all levels
(Snyder & Brundage, 2010) with clear information on what, if anything, small
changes to the scores actually mean clinically (Fisher, 2023; Allen & Pak, 2023);
anything less can risk leading to clinician disengagement (Bitton et al., 2014).
Measurements should provide information on quality indicators; PROM data
has been used to this effect in the UK in national audits covering the index or-
thopedic procedures (Williams et al., 2016).

5) Studies have documented limitations of existing PROMs without the applica-
tion of probabilistic conjoint modeling (Pusic et al., 2009; Alinden et al., 2011;
Protopapa et al., 2020). Fresh perspectives on standard setting are needed to
revise the old measurement scales or develop new ones.

14.3.3 Opportunities for PROM applications

Surgical disciplines continue to evolve as minimally invasive and robotic techniques
increasingly complement patient-centered practices. This offers opportunities for in-
corporating PROMs at every level of practice.

Micro: These are at the clinician–patient interactions level, where measurement reports are indi-
vidualized to specific patients in the course of care, and to specific clinicians in the course of
clinical management (Sul, 2024; Chien et al., 2009). There is evidence of benefits from these pro-
cesses (Wright et al., 1980) as they contribute to improved patient counselling, ahead of interven-
tions and the development of appropriate patient information leaflets. However, it is yet not
established if the individual health status outcomes are consistently improved or not.

Meso: At the meso-level, PROMs are widely shown to be effective (Derriennic et al., 2019; Hobart
et al., 2007; Fisher, 2023; Allen & Pak, 2023). This applies to the comparative effectiveness research
used to investigate benefits of different treatment and surgical interventions. PRO data used in
the registries helped quality improvement programs (NHS UK PROMS programs) and has im-
proved understanding of the variations in care, costs, and outcomes. One of the major applica-
tions of PROMs is in the adoption of Value-Based Health Care (VBHC) (Chien et al., 2018).
Although healthcare funding varies between different settings worldwide, there is a gradual shift
from fee-for-service to the more VBHC. It aims to reduce unnecessary variations and costs in the
practices. Person-centered data would provide valuable support to such programs.

Macro: There is growing interest in the development of predictive theories and explanatory mod-
els capable of independently validating the construct measured (Squitieri et al., 2017; Melin et al.,
2021, 2023). Work in this area and in the programs advanced by groups such as the International
Consortium for Health Outcomes (ICHOM) will help to foster international benchmarking.
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More work needs to be done to advance the adoption of mass-customizable PROMs in
a uniform and structured fashion. Use of measurements based on probabilistic, addi-
tive conjoint modeling analysis, with well-defined MCIDs and validity in the wider
contexts, can plausibly be expected to result in new levels of utility, effectiveness, and
efficiency. Standards will need to be established for unit definitions, laboratory accredi-
tation, conformity assessment, and quality-assured traceability (Chan et al., 2015). Na-
tional and international standards bodies and specialty organizations will need to focus
complex cross-disciplinary initiatives on the demands of practice to devise and set the
necessary guidelines. Health care insurers, funders, providers, regulators, and advocacy
groups will need to collaborate in new ways to provide the necessary support and
infrastructure.

Clear and interpretable standards of these kinds will support the creation of an
entirely new class of quality improvement programs. It will offer opportunities for
the development of systems capable of guiding systematic responses to PROMS feed-
back. Improvements to health information systems and technology (Jeckelmann et al.,
2023) will address barriers to data collection and workload management by imple-
menting computer-adaptive and AI measurement strategies and integrating PROM
data in health records (National Institute for Health and Care Excellence, 2023). Close
attention to envisioning, planning, and resourcing the needed broad scope for train-
ing and professionally developing clinicians and associated staff will pay significant
substantive and financial returns as we achieve the timely dissemination of more rel-
evant and meaningful information.
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