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Abstract

A funnel plot is a graphical method to evaluate health-care quality by comparing hos-

pital performances on certain outcomes. So far, in nephrology, this method has been

applied to clinical outcomes like mortality and complications. However, patient-

reported outcomes (PROs; eg, health-related quality of life [HRQOL]) are becoming

increasingly important and should be incorporated into this quality assessment. Using

funnel plots has several advantages, including clearly visualized precision, detection

of volume-effects, discouragement of ranking hospitals and easy interpretation of

results. However, without sufficient knowledge of underlying methods, it is easy to

stumble into pitfalls, such as overinterpretation of standardized scores, incorrect

direct comparisons of hospitals and assuming a hospital to be in-control (ie, to per-

form as expected) based on underpowered comparisons. Furthermore, application of

funnel plots to PROs is accompanied by additional challenges related to the multi-

dimensional nature of PROs and difficulties with measuring PROs. Before using fun-

nel plots for PROs, high and consistent response rates, adequate case mix correction

and high-quality PRO measures are required. In this article, we aim to provide insight

into the use and interpretation of funnel plots by presenting an overview of the basic

principles, pitfalls and considerations when applied to PROs, using examples from

Dutch routine dialysis care.
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In the last decade, health care has shifted towards a more

patient-centred and value-based approach, resulting in a stronger

focus on health-care outcomes.1,2 Reasons for measuring out-

comes are to gain insight into hospital performance and encour-

age health-care quality improvement.2-4 Quality can be improved,

for instance, because hospitals can learn from each other (ie,

adopt best practice) and initiate improvement strategies.3,4

Patients can also make better informed decisions, for example, in

[Correction added on 15 October, after first online publication: The placement of Figures 4A,

4B, B1 and B2 has been amended. Paragraphs 2 and 3 under Box 3 have been interchanged.

Reference 19 has been added and subsequent citations and references have been

renumbered accordingly.]
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which hospital to start dialysis treatment.3-5 Additionally, strate-

gies by insurance companies (eg, value-based payment) and gov-

ernment (eg, regulations on quality) can also reward and stimulate

higher quality of care.3,4

Insight into hospital performance can be obtained through out-

come comparison using funnel plots.6 This graphical method is com-

mon in meta-analysis to gain insight into potential publication bias.

For hospital comparison, funnel plots have been applied to clinical

outcomes, for example, the standardized mortality ratio in which

the observed and expected number of deaths are compared.7

Figure 1 depicts such an example from Dutch dialysis care8: the

standardized mortality rate in each dialysis centre (circles) is being

compared with the national mortality rate in dialysis patients

(dashed line). Some variation in outcome can be observed across

the centres and a few centres exceed the funnel-shaped control

limits, which may indicate either excellent performance or

underperformance. In such cases, further investigation and initia-

tives may be necessary to improve health-care quality. Although

funnel plots are regularly regarded as being intuitive and easy to

interpret,6,9 some knowledge about the method is needed for cor-

rect interpretation. For example: the hospital rates depicted in

Figure 1 may, intuitively, be interpreted as observed mortality rates,

while actually relative measures are presented for comparison with

the national mortality rate in dialysis patients. This example under-

lines the necessity for understanding the underlying methods to

prevent incorrect interpretation.

Furthermore, various outcomes can provide insight into health-

care quality and should be taken into account when evaluating hospi-

tal performances. Nowadays, patient-reported outcomes (PROs; eg,

health-related quality of life [HRQOL] and symptom burden) are con-

sidered important health-care outcomes and PRO measures (PROMs)

are increasingly being implemented into routine care, including neph-

rological care.10-13 Therefore, the logical next step is to include

PROs—in addition to clinical outcomes—in the process of health-care

quality evaluation. However, incorporation of PROs and using funnel

plots for PROs is accompanied with additional challenges. For exam-

ple, low and selective response rates are common for PROs and may

lead to generalizability problems and incorrect conclusions. Therefore,

in this paper we will provide insight into the use and interpretation of

funnel plots for PROs by presenting an overview of the basic princi-

ples, common pitfalls and considerations, using examples from Dutch

routine dialysis care.

1 | BASIC PRINCIPLES OF FUNNEL PLOTS

Funnel plots are considered a suitable graphical method to present

information on hospital performance in comparison to a reference

standard and by taking random variation into account.6,9 A funnel plot

consists of four components (Figure 2). (a) An indicator, which is the

measure of performance on a certain outcome; (b) a benchmark,

which is the reference standard to compare hospitals with; (c) a mea-

sure of precision that is related to the certainty of the comparison and

(d) control limits to identify statistical differences for a certain P-value.

Hospitals exceeding these control limits may be considered as either

underperforming or overperforming. The statistical details of these

different components have been described elsewhere.6 Below, we will

elaborate on the underlying methods of funnel plot components,

F IGURE 1 Funnel plot on 3-year
mortality in incident dialysis patients.
Inclusion period 2013–2015. Circles
represent the standardized* mortality
rates of 58 Dutch dialysis centres. The
overall mortality rate in all incident
dialysis patients is used as reference
standard. *Case mix factors include age,
sex, social-economic status and primary
kidney disease categories. Source:
Figure obtained from Renine annual
report 20188

SUMMARY AT A GLANCE

The statistical review provides insights into the use and

interpretation of funnel plots by presenting an overview of

the basic principles, pitfalls and considerations when applied

to patient-reported outcomes using examples from Dutch

routine dialysis care.
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using examples from Dutch routine dialysis care. Data on PROs

(HRQOL and symptom burden), socio-demographic and clinical char-

acteristics of patients receiving dialysis treatment were obtained from

Renine, the Dutch renal registry (www.nefrovisie.nl/renine). For more

information about the Dutch PROMs registry, see van der Willik

et al.10,14

1.1 | Indicator of performance

In a funnel plot, hospital comparisons are made for a certain outcome

using an indicator or performance-indicator. To be considered a valu-

able indicator, an outcome has to meet certain criteria, for example, it

must be relevant, measurable, changeable and related to health-care

quality, and there must be variation across hospitals. The indicator is

presented on the y-axis of the funnel plot and can be either the out-

come as observed (ie, crude analysis) or an indicator wherein differ-

ences in hospital populations are taken into account (ie, adjusted

analysis). The latter indicator includes the comparison between the

observed outcome and the outcome that would be expected in that

specific hospital (see Section 2).

1.2 | Benchmark: Reference standard

Benchmarking is the process of measuring and evaluating the hospi-

tal's own performance by comparing it to a reference standard (ie, the

benchmark) with the purpose of improving the hospital's own perfor-

mance and quality of care. Often the total population of interest (eg,

national average) or a certain norm is chosen as reference standard

for comparison. In a funnel plot, the reference standard or target out-

come is presented as a horizontal line at the corresponding value for

the indicator on the y-axis. For example, the national 1-year mortality

rate (Figure 1) or the average physical HRQOL score (Figure 2) of

Dutch dialysis patients (ie, the reference population) can serve as a

reference standard.

Selecting a suitable reference standard can be challenging since

the reference standard must be a fair and feasible comparator for all

hospitals. Some background knowledge on the outcome in the specific

population of interest is needed to assess what can be expected or

considered relevant. Additionally, high-quality data on the reference

population must be available. The latter could be a concern when

using PROs, since response rates rarely reach 100% in routine care

(Figure 3) and some people are more likely to participate than others,

resulting in a reference standard that may not fully represent the pop-

ulation of interest.10-12 Box 1 describes how this selective response

may cause generalizability problems or even selection bias.

1.3 | Measure of precision

The x-axis of a funnel plot presents ameasure of precision, which is a vari-

able that determines the precision of the indicator. Usually, the sample

size or the number of (expected) cases is used as measure of precision,

since a larger sample size is accompanied with more precision. By choos-

ing such an easily interpretable measure, both the random variation

(through “control limits”; see Section 1.4) and potential volume-effects

(see Section 3.2) are clearly visualized.

1.4 | Control limits

Control limits corresponding to a certain P-value are plotted around

the reference standard. As control limits include a measure of pre-

cision, the width of the limits changes with the x-axis, resulting in

funnel-shaped limits around the reference standard. Often the

95% control limits (corresponding to P = .05) are presented,

whereby a 5% chance of a type I error is accepted. In other words,

F IGURE 2 Components of a funnel
plot for hospital comparison. An example
is shown of a funnel plot on physical
health-related quality of life (HRQOL) in
48 Dutch dialysis centres that participated
in the Dutch registry of PROMs in 2019.
The indicator shows the comparisons
between the centres' observed and
expected* scores on physical HRQOL.

The total study population of Dutch
dialysis patients is used as a reference
standard. The 95% control limits are
provided around the reference standard.
*Expected scores were based on the
following case mix factors: sex, age,
socialeconomic status, primary kidney
disease, dialysis modality and time on
renal replacement therapy

van der WILLIK ET AL. 97

http://www.nefrovisie.nl/renine


hospitals that perform similar to the reference population have a

5% chance to exceed the limits: 2.5% at the upper limit and 2.5%

at the lower limit.

2 | ADJUSTMENT FOR DIFFERENCES IN
HOSPITAL POPULATIONS

2.1 | Case mix

To enable fair hospital comparisons, differences in characteristics of

the hospital population or “case mix” must be taken into account to

ensure that differences in hospitals' performance are investigated

rather than differences in population. Hence, adjusting for case mix is

identical to adjusting for confounding. For example, differences across

dialysis centres with regard to patients' age or sex should be taken

into account (see also Supporting Information, Table S1). The difficulty

is selecting a sufficient set of true case mix factors (eg, no mediators)

to correct for,15 which may be even more difficult for PROs, given the

multidimensional nature of outcomes such as HRQOL (see Box 2 for

further explanation).3,16 Moreover, for both clinical outcomes and

PROs, some residual confounding is inevitable.

2.2 | Indirect standardization

In funnel plots, case mix differences are taken into account by per-

forming indirect standardization.17 This method is suitable for the

evaluation of a hospital's performance as it demonstrates how the

outcomes observed in the hospital relate to what can be expected

based on the reference standard and given the hospital's case mix.

When using indirect standardization, the performance of the reference

standard is applied to the hospital population (by strata of case mix

characteristics). For each patient, based on his characteristics, the out-

come (eg, HRQOL score) is calculated that he would have had, if he

had been treated in a hospital that performs similar to the reference

standard. The calculation of these individual predicted scores is usu-

ally performed using regression analysis. The mean of all individual

predicted scores is equal to the expected (E) score of the hospital and

this expected score is then compared with the observed (O) score of

the hospital.17

The comparison between O and E (ie, the indicator) is pres-

ented on the y-axis either as a ratio (O/E), a difference (O − E) or a

standardized score (multiplicative: O/E * reference score or addi-

tive: O − E + reference score). Depending on whether the indicator

is presented as ratio or as difference, the target outcome is 1 or

0 respectively, because E equals O within the reference population

(O/E = 1 or O − E = 0). The multiplicative and additive standard-

ized scores differ only in “starting point” on the scale from the

ratio and difference, respectively, and thus, result in the same pic-

ture for hospital comparison. For example, Figure 4A (O − E) and

4B (O − E + reference score) present the same data, both on an

additive scale (see also Box 3). Irrespective of how the results are

presented, the hospital's score should be interpreted in compari-

son to the reference standard. Individual hospitals are, even after

standardization, not directly comparable, because each hospital's

own population is used to calculate the expected scores. The indi-

cator thus shows how well a hospital performs within its own

F IGURE 3 Funnel plot of response rates on patient-reported outcome measures (PROMs) in 28 Dutch dialysis centres. Circles represent the
response rates in Dutch dialysis centres that participated in the Dutch registry of PROMs in 2019. The total number of dialysis patients that was
invited* to complete the PROMs is presented on the x-axis. The figure shows large variation in response rates across dialysis centres. The response rate
seems lower in centres that invited more patients, which may indicate a volume-effect. *The total number of dialysis patients was based on the number
of patients for which an invitation to complete the PROM was downloaded from the electronic registry environment. Twenty centres (42%) did not use
the registry invitations and their data only included patients that participated through the DOMESTICO study.31 For these centres the number of
invited patients is unknown in the registry, and therefore these centres were excluded from this funnel plot
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population, in comparison to the performance of the reference

standard. Box 3 elaborates on how results can and cannot be

interpreted.

3 | INTERPRETATION OF FUNNEL PLOTS

3.1 | General interpretation

In the first place, funnel plots provide a general overview of the

variability between hospitals and present information for

benchmarking purposes: it provides hospitals with insight into

their performance within their own population in comparison to

the reference standard. Hospitals' scores that exceed the lower or

upper control limit indicate a statistically significant lower or

higher score, that is, over- or underperformance, compared with

the reference score. For example, after looking at Figure 4, it

becomes clear that little variation exists between the hospitals (ie,

almost all hospitals are within the 95% control limits), but that

two centres may be considered as excellent performers and two

centres as underperformers. A difficulty here is the 5% chance of

a type I error: for each 20 hospitals, 1 hospital is expected to be

outside the 95% control limits (ie, a false-positive) if in fact the

level of quality at all hospitals is according to the benchmark. On

the other hand, hospitals inside the control limits may wrongly be

assumed to be in-control. The power can be low in funnel plots

due to low patient numbers, and consequently, the chance of

detecting existing differences in performance can be small.18

Assuming that hospitals are in-control based on underpowered

comparisons is a common misconception (conform the well-known

expression “absence of evidence is not evidence of absence”).

Therefore, risks of unfairly criticising hospitals or missing under-

performers must be weighed and results should be interpreted with

caution.2,18 More conservative methods such as 99.8% control

limits can also be used, hereby yielding fewer false-positives but

also less power. Besides this, it may be advisable to monitor the

hospital performances over a longer period of time or to pool data

Box 1 Response rates—why are high and consistent rates needed?

In contrast to clinical outcomes, PRO can only be observed and reported by the patient himself, which inherently leads to concerns

about response rates. Especially in routine chronic and advanced care, response rates that reach 100% are very rarely achieved.10-12

Obviously, lower response rates result in lower sample sizes and thus, less precision (as clearly visualized by the funnel-shaped control

limits that narrow with larger sample sizes). Low response rates may be reasons for concern, especially for low-volume hospitals who

already deal with power issues.18 However, the main problem of low response rates is the selective response: some people are more

likely to participate than others,10,19 which may result in generalizability problems and selection bias (see also Figure 3 and Table S1).

Generalizability

The reference standard is based on people that completed PROM, which could make the selection of a suitable reference standard

challenging. Selective response in the reference population, results in a reference standard that may not fully reflect the population of

interest. The same issue exists on a hospital level: the group responders may not be generalizable to the total hospital population, mak-

ing it difficult to draw conclusions about performance in patients treated in that hospital. Insight into characteristics of (non-)responders

can be helpful when interpreting the results. Additionally, recruitment strategies should be aimed at reaching all (types of) patients.

Selection bias

Several factors may determine whether patients complete PROM or not. For example, participation may be influenced by the hospi-

tal's facilities and engagement of the medical team, and by the patient's characteristics or health state (eg, fatigue). If this factor is also

associated with the outcome, selection bias may occur. By including only responders in the analysis, an association is created between

the hospital and the outcome that may not actually exist (Figure B1). To account for this, insight into these mechanisms and data on fac-

tors influencing response from both responders and non-responders are needed. Furthermore, it is important to use similar recruitment

strategies and to strive for high but also comparable response rates across hospitals.

F IGURE B1 Example of selection bias
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over similar groups of patients to explore whether differences in

outcomes persist.

An advantage of presenting hospital comparisons in funnel plots

is that funnel plots do not involve ordering or ranking of hospitals.6 In

a funnel plot, the hospitals' outcomes (ie, positions in the funnel plot)

remain independent from each other—in contrast to a ranking list or

league table, a change in outcome in one hospital does not influence

the position of another hospital in a funnel plot.6 Furthermore, with a

funnel plot, one is less inclined to make direct comparisons between

hospitals. This is important, because outcomes of individual hospitals

are unsuitable for between-hospital comparisons due to the underly-

ing method of indirect standardisation using populations unique to

each hospital (see also Box 3).6

3.2 | Relationship with volume

Funnel plots clearly visualize the relation between sample size and

precision: the control limits and the distribution of hospital outcomes

become smaller with higher volume (ie, number of patients).6,9 The

presentation of volume on the x-axis also provides the opportunity to

observe an association between volume and outcome (see Figure 3),

which is particularly interesting when the outcome is expected to be

partly dependent on hospital-volume, for instance, when volume is a

proxy for experience with certain treatment that may lead to better

outcomes.6,20

High and consistent response rates are also necessary to investi-

gate volume effects: if response rates vary highly across hospitals, the

sample size (ie, number of responders presented on the x-axis) is not a

good representation of volume (see also Box 1 for other conse-

quences). However, if a fixed number of patients is invited and

included in the analysis (eg, 100 consecutive patients per hospital),

the number of responders is equal to the response rate and thus, can

be used to explore the association between response rate and out-

come. A relationship between response rates and outcomes could be

informative, for example, when response rates are considered a proxy

for certain structures or processes of care organization that may influ-

ence the outcome (assuming adequate adjustment for case mix). For

example, digitization in hospitals can ease recruitment and may also

improve outcomes.21

4 | PROs TO EVALUATE QUALITY OF CARE

When using funnel plots for PROs, the following aspects related to

the selection, measurement and analysis of PROs should be taken into

account.

First, the purpose of health-care quality evaluation must be taken

into account when selecting PROs. It is possible that a PRO is very

important for use at the individual level (eg, during consultations), but

that it is not suitable for comparing health-care quality. To evaluate

health-care quality, PROs should be selected for which an association

Box 2 Identifying case mix factors for PRO—what makes it so difficult?

Hospital comparison research usually aims to explore whether there is an association between the treating hospital and the patients'

outcome. Herein, factors that affect both the outcome and the hospital in which the patient is treated should be taken into account,

that is, confounding factors (Figure B2). To this end, the term case mix is used: the composition of patient- and disease characteristics

(that affect the outcome) in the hospitals' populations, for which you want to correct. For each outcome, different case mix variables

may be important to correct for. Therefore, case mix adjustment models are very likely to differ across outcomes (eg, clinical outcomes

and PRO will most likely have different underlying mechanisms).32 The difficulty lies in selecting the right case mix factors to correct

for. For example, symptom burden is associated with the outcome HRQOL33 and may vary across hospitals.10 If we assume symptom

burden to be a disease characteristic reflecting a certain health state or the severity of disease, we may want to adjust for this. How-

ever, scholars also argue that symptom burden can be influenced by health care and can therefore be considered a consequence of

health-care quality as well, for which we do not want to correct. Thus, the selection of case mix factors is dependent on the assump-

tions made, which is often based on literature. Given the multidimensional and complex nature of PRO such as HRQOL, it may be chal-

lenging to achieve sufficient case mix correction. More research on which factors and through which mechanisms PRO are influenced

may contribute to the selection of an adequate set of covariates to correct for.

F IGURE B2 Example of confounding
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with health-care quality is plausible or established. To make relevant

comparisons, there must also be room for improvement (ie, variation

across hospitals) and actionable care plans must exist. Umeukeje et al3

provide an example where pain is considered not to be included as

performance-indicator in dialysis patients because pain management

strategies are lacking and there is too little room for improvement

(90% of dialysis centres had the highest score possible). Hence,

although pain is a relevant PRO for routine care, in this example, pain

seems unsuitable for health-care quality evaluation.

Second, PRO measurement can be more challenging compared

with clinical outcomes. PROs can only be observed and registered by

the patients themselves, making it more difficult to obtain complete

data at fixed time-points. Hospital recruitment strategies can also vary

and influence patient participation, resulting in selective response and

differences in response rates across hospitals (see Box 1). In nephrol-

ogy, deciding on the right timing to collect PROs may also be challeng-

ing since there is often no clear starting point in chronic care (eg,

prevalent dialysis patients) and because outcomes are likely to vary

over time (in contrast to dichotomous outcomes such mortality). Fur-

thermore, the usability of PRO-data is partly determined by

the selected PROM (ie, the questionnaire used to measure the PRO):

the psychometric properties of the PROM determine the suitability of

the PRO for quality purposes. The PROM must be valid and reliable

within the context of the field, and must be responsive to change in

such way that differences in health-care quality can be detected over

time or between similar patients receiving different quality of care.16

Additionally, all hospitals should use the same PROM to measure the

same PRO, as different instruments often cannot be easily compared

due to differences between questionnaires (eg, different scales, items

or domains).

Third, adequate case mix correction is required to enable fair

comparisons and to draw conclusions about differences in perfor-

mance. Identifying a sufficient set of case mix factors may be more

challenging for PROs compared with clinical outcomes, given the com-

plexity of the constructs (eg, the multidimensional character of PROs:

HRQOL includes various domains; see Box 2).4,16 Furthermore, for

F IGURE 4 A, Funnel plot of comparison
between observed and expected scores on mental
health-related quality of life (HRQOL) in 48 Dutch
dialysis centres. Circles represent the difference
between the centres' observed and expected* scores
on mental HRQOL of 48 centres that participated in
the Dutch registry of patient-reported outcome
measures (PROMs) in 2019. The total study
population of Dutch dialysis patients is used as a

reference standard (dashed line) to compare centres
with. The 95% control limits (curved lines) are
provided around the reference standard. Four
centres exceed the 95% control limits, indicating
statistically significant lower (two centres) or higher
(two centres) scores on mental HRQOL compared
with the reference standard. *Case mix factors
included: sex, age, socialeconomic status, primary
kidney disease, dialysis modality and time on renal
replacement therapy. B, Funnel plot of observed and
standardized scores on mental HRQOL in 48 Dutch
dialysis centres. Circles represent the mean observed
(white circles) and standardized* (black circles) scores
on mental HRQOL of 48 centres that participated in
the Dutch registry of PROMs in 2019. Overlapping
part of circles is depicted grey. The overall mean
score on mental HRQOL of all Dutch dialysis patients
(dashed line) is used as reference standard to
compare centres with. The 95% control limits (curved
lines) are provided around the reference standard.
The standardized scores of four centres exceed the
95% control limits, indicating statistically significant
lower (two centres) or higher (two centres) scores on
mental HRQOL compared with the reference
standard. *Standardized score = observed score −
expected score + reference score. The following case
mix factors were included to calculate the expected
scores: sex, age, socialeconomic status, primary
kidney disease, dialysis modality and time on renal
replacement therapy
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Box 3 Indirect standardization—what do results say, and what not?

In indirect standardization, the observed outcome in each hospital is compared with the expected outcome, which is the outcome that

would be observed if the hospital's performance is equal to the reference standard. To illustrate this, we will use an example: Hospitals A

and B are compared with the total Dutch dialysis population (ie, the reference standard). Hospital A has an older and more fragile dialysis

population, and Hospital B has a younger and less fragile dialysis population. The total Dutch dialysis population contains a heterogeneous

group of patients, from which the outcomes in the populations of Hospitals A and B can be predicted. Example scores on mental HRQOL

are shown in Table B3.

Table B3 clearly shows that Hospital A is performing better (+5 points) and Hospital B is performing worse (−8 points) within their

population compared with the reference standard (ie, all dialysis patients). This example also illustrates why Hospitals A and B cannot be

compared: both have a different population, and thus a different expected score. We do not know how Hospital A will perform in youn-

ger and less fragile patients, and we also do not know how Hospital B will score in older and more fragile patients. Of course, in practice,

there is some overlap in population characteristics, but as long as the composition differs, you cannot make direct comparisons. If you

want to compare Hospitals A to B, one or the other must be used as a reference standard or direct standardization methods should be

applied.

The comparison between observed and expected scores can be presented as either a difference, a ratio or a standardized score. Pref-

erence may be given to presenting the difference or ratio, since these measures clearly describe the comparison. The standardized score

seems attractive, since the original scale of the outcome can be used and therefore also observed scores can be presented using the same

funnel plot (Figure 4B), but can easily be overinterpreted. The standardized score is also meant to be interpreted in comparison to the ref-

erence score and the standardized score itself has no clear interpretation. For example, Hospital A's standardized score of 53 is not the

mental HRQOL-score that you would expect from the population of Hospital A, neither the predicted score if Hospital A had treated all

Dutch dialysis patients or any other population. It is only a representation of the five points difference with the reference standard. This

comparison is illustrated in Figure B3.

TABLE B3 Example observed, expected and standardized scores on mental HRQOL

Older and more fragile patients
(Hospital A)

All dialysis patients (Reference
standard)

Younger and less fragile patients
(Hospital B)

Observed score (O) 45 48 50

Expected score (E) 40 48 58

O – E +5 0 −8

O – E + reference score

(standardized score)

53 48 40

F IGURE B3 Illustration of observed,

expected and standardized score in
Hospitals A–D based on fictive data on
mental HRQOL. Hospitals A and B are
also presented in Table B3. Note that the
distance between observed and expected
score is equal to the distance between
standardized score and reference standard
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meaningful comparisons, PRO-data of large numbers of patients is

needed to have sufficient power and the data should be representa-

tive of the total population of interest. Thus, recruitment strategies

that yield high and consistent response rates are needed before valid

conclusions can be drawn from funnel plots of PROs. Although the

validity of the data strongly depends on the randomness of the (non-)

response (ie, representativeness of the study sample), thresholds of

60–80% have been proposed in the literature as adequate response

rates.22-24 Despite the fact that there are still steps to be taken, there

are already some examples in the literature showing that PROs can be

of added value in health-care quality evaluation.25-28

Although beyond the scope of this review, it is important to note

that PROs are also being used in routine care at the individual

patient level to provide insight into patients' outcomes, enhance

patient-professional communication and shared decision-making,

identify patients in need for additional support, and consequently,

improve patient outcomes and health-care quality.2,4 Patients and

professionals particularly consider the individual use of PROs of

great added value and an important reason to complete PROMs.10

Individual use may therefore be the primary purpose of collecting

PROs in routine care. That being said, we should keep in mind that

individual and aggregated use often go together and may strengthen

each other, for example, aggregated information is valuable when

considering treatment choices and may contribute to shared

decision-making (eg, prognoses on outcomes after treatments).29

Furthermore, the use at individual level is expected to improve

response rates, which in turn results in better quality of aggregated

information. Finally, the ultimate aim of collecting PROs is to

improve patient outcomes and quality of care, and in order to evalu-

ate whether the use of PROs at individual level indeed results in

quality improvements, data on an aggregated level is required,30 for

instance, by using funnel plots.

In conclusion, PROs are becoming increasingly important in

health-care and should be included in health-care quality evaluation.

A funnel plot is a feasible graphical method for this purpose, as it is

easily interpretable and precision is clearly visualized. However, some

challenges need to be addressed before using funnel plots for PROs,

namely: high and consistent response rates, adequate case mix correc-

tion and high-quality PRO measures.
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