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General Introduction

In the last decades the attention on quality and safety in health care has increased
enormously. The role of transparency in quality of care is becoming ever more impor-
tant and hospitals face increasing demands with regards to performance. Information
on quality of delivered care enables various stakeholders to compare hospitals and to
improve the quality of care.

HOSPITAL PERFORMANCE AND MEASUREMENT

The Dutch Quality Act (1996) provides a framework in which health care providers
are given responsibility to be transparent on their outcomes of delivered care. The
essence of the Quality Act is that care providers are held responsible for providing
good and affordable care and improvement of the quality of care. Transparency is
to be achieved through the communication of information on performance. The
information on the quality of delivered care should further enable patients to make
an informed decision when choosing professionals or heath care institutions. Further-
more, it supports value-based purchasing for insurers. The Health Care Inspectorate
supervises and evaluates the quality and safety in health care institutions partly aided
by this quality information. An overview of the different stakeholders is summarized
in table 1.

Stakeholders Transparency in quality of care
Governments Public health, policy making, International comparisons
Health care Inspectorate Supervision and patient safety; identifying poor performance among

healthcare providers

Health insurances Purchase; high value low costs

Patients Supporting patient choice

Health care institution management Policy making within the care institution

Professional Monitoring, benchmarking and improving quality of care

Table 1; Stakeholders and their quest for transparency in quality of care
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Chapter 1

These developments are creating a growing focus on hospital performance in which
hospitals face increasing demands with regard to the quality, transparency and ac-
countability of delivered care.

Historical perspective

In 1863, Florence Nightingale was the first to suggest the recording of hospital per-
formance in what she called “Hospital Statistics”; “These methods, if generally used,
would enable us to ascertain the mortality in different hospitals, as well as from dif-
ferent diseases and injuries at the same and at different ages, the relative frequency
of different diseases and injuries among the classes which enter hospitals in different
countries, and in different districts of the same country. They would enable us to
ascertain how much of each year of life is wasted by illness,—what diseases and ages
press most heavily on the resources of particular hospitals.” [1] “The truth thus ascer-
tained would enable us to save life and suffering, and to improve the treatment and
management of the sick and maimed poor.” Hereby she expressed a great confidence
in the statistical possibilities of measuring quality of care. It would take until the late
twentieth century for hospital statistics to be applied on a large scale, now known as
performance indicators or quality indicators.

Definitions of quality of care

Quality of care is a broad concept for which different definitions exist. The Dutch
Quality Act defines quality of care as “care of a high standard being efficient, effective,
patient oriented and matching patients’ real needs”, concentrating on the patient.[2]
The American Institute of Medicine formulated quality of care as “the degree to which
health services increase the likelihood of desired health outcomes for individuals and
populations and are consistent with current professional knowledge”, aiming at the
professionals in health care.[3, 4] The World Health Organisation defines quality of
care as being effective, efficient, accessible, patient-centred, equitable and safe [5].
Hospitals usually focus on the domains: effectiveness, efficiency and safety to address
the quality of care.

Measuring quality of care

Aiming at measuring quality, Donabedian described care as a function of three com-
ponents: structure, process and outcome.[6, 7] The evaluation of structure consists
in the appraisal of the instrumentalities of care and their subsequent organisation,
equipment, manpower and financing. Donabedian stated: “If these meet certain
specifications, it is likely that good care follows”.[7] Process data refers to what is
actually done during contact between patient and health care professional. Process
indicators assess what was done during this contact and how well it was done.[8-10]
For example, prescribing statins for patients with cardiovascular disease. An optimal
process leads to the best outcome for the individual patient. The outcome indicator
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captures the effect of care processes on the health and wellbeing of patients. For
example, the occurrence of pressure ulcers during hospital admission (nosocomial
pressure ulcers), but also the degree of the patient’s satisfaction with care. Data cap-
turing structure, process, or outcome, are known as performance indicators.

A performance indicator, being a retrospective measurable element of practice for
which there is evidence or consensus, provides insight in quality of care.[11, 12] As
from the early 1980s, an increased interest in measuring hospital performances,
has led to the development of a growing number of performance indicators. These
measures address different areas of health care and are constructed in different sets
of indicators. In the Netherlands, these sets are used by several assessors for different
aim, focus and internal or external accountability (table 2).

Indicator set Aim Primary focus Accountability
Inspectorate; basic indicator sets for health  Supervision All health care External
care organisations institutions
Hospital Standardised Mortality Ratio Supervision Hospitals External
Safety Management System (VMS) Patient safety Hospitals Internal/external
Patient Reported Outcome Measures Patients experience  Patients External
(PROMs) and satisfaction
Dutch Institute for Clinical Auditing (DICA);  Benchmark Medical specialists, Internal
disease specific national databases and other health care

providers
National Institute for Public Health and Benchmark Hospitals and medical Internal

Environment (RIVM); PREZIES network
database of health care related infections

specialists, and other
health care providers

Table 2; Sets of indicators monitoring quality of health care organisations in the Netherlands

Nowadays performance indicators are used for public accountability, for external
assessment, for supervision, for purchase, for supporting patient choice, for internal
management control and for internally driven quality improvement.

CHALLENGES TO THE MEASUREMENT OF HOSPITAL PERFORMANCE

Professionals using performance indicators are faced with a number of challenges.
These challenges are often related to the difficulties of measuring something as ab-
stract as quality of care. Aspects such as definition of concepts, quality of the data,
risk of gaming, role of disturbing factors, and the intended use for quality improve-
ment, influence the reliability and validity of performance indicators.

13



Chapter 1

Definition of concepts

Except for structure indicators, performance indicators are usually measured with a
numerator (the occurrence of a particular outcome or process) and a denominator
(the population for whom the outcome or process is relevant). For instance, the read-
mission rate in heart failure patients is calculated as the total number of patients re-
admitted within a period of three months after hospital discharge (numerator) divided
by the total number of patients who were admitted for heart failure (denominator).
Each of these elements must be defined unambiguously. For instance, what is exactly
meant with “re-admission”? Every readmission in this time period or re-admission
for heart failure or unplanned re-admission? So, the term readmission is far from
unambiguous. Defining concepts in a clear and explicit way has been addressed in the
past decades and needs ongoing attention and adjustments.[9, 13, 14].

Quality of the data

Measuring performance starts with accurate data collection. The underlying data of
an indicator should preferably be routinely present and easily accessible. The use of
administrative data is attractive because it is less demanding for health care providers
than data from electronic patient files or separate stand-alone data collection.[15] Us-
ing administrative data, the data are already collected for other purposes, therefore
the costs of the data collection are much lower. Clinicians often criticize the reliability
of administrative data sources but the trend towards pay-for-performance has led to
rigorous auditing of the data and enhanced accuracy.[16, 17] For example, recently a
measurement tool was developed based on routine administrative data on hospital
stay, readmission, and mortality rates (HARM), to evaluate the quality of colorectal
surgery.[18] Researchers found the HARM score easy, reliable, and valid for assessing
quality in colorectal surgery.[18] Despite these efforts, accuracy and completeness of
clinical variables may vary or parts of the indicator may not be available in administra-
tive data.[15, 19] If parts of indicators are registered in the clinical patient records they
need to be extracted. In electronic patient files, this requires specific ICT applications.
These software applications tend to be even more complicated if the data is registered
in text fields. Some indicators require a separate data collection effort because they
are not routinely recorded in administrative data or patient files, such as pressure
ulcer prevalence. Further implementation and improvement of electronic patient files
are expected to give an enormous boost to the availability of data that can be used for
quality measurement purposes.[19-22]

Risk of gaming

Hospitals, as described in the quality act, are responsible for the accuracy and trust-
worthy origin of their own data, without any external check. This process, based on
trust, makes it susceptible to confabulation when it is internally known that specific
demands by governments or other influential parties, using blame and shame, are not
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met. This is a known flaw in the reports delivered to governmental institutions and is
described in the literature as gaming.[23, 24] Several English researchers stated that
managing the public services with targets and using blame and shame produced this
gaming response.[23, 24] In reaction to the blame and shame culture, the American
Association of Health Plans recognised that a systematic approach aiming at transpar-
ency and efficiency of health care improving the quality of care that patients receive.
[25] In 2008, the Australian Health and Hospital reform Commission proposed a
long-term health reform plan “Beyond the blame game” based on accountability and
benchmarking instead of ranking and blaming.[26] Gaming is a serious threat to the
validity of performance indicators.

Random variation

Performance indictors aim at identifying instances of excessive variation in processes
or outcomes. Part of the patient-to-patient variability can be caused by chance (ran-
dom variation). Research suggests that many performance indicators are sensitive to
random variation.[27] Power calculations, being a part of the study design in scien-
tific research, has received little attention in defining and developing performance
indicators.[28] As a result hereof, most differences found when comparing hospital
performance can be ascribed to random variation. Random variation stays often
unaddressed in reports on performance indicators. For instance, in the Netherlands,
hospital performance measured using the Inspectorate’s performance indicators is
summarised and reported in simple bar charts (figure 1).

16%

14%

12%

10% ® prevalence

8%

6%

a%

2%

0% III|\|\\\ LN B o e
a

[ 11 1e 21 26 31 36 41 46 51 56 61 66 71 76 81 86

Figure 1. Pressure ulcer prevalence in 89 Dutch hospitals in 2005[29]
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The x-axis represents 88 Dutch hospitals, with their outcomes displayed on the y-
axis. Hospitals are ranked by their outcome of pressure ulcer prevalence, ranging in
this example from + 2% to almost 20%. This bar chart suggests an almost 17%-points
difference in pressure ulcer prevalence between the best and the worst performing
hospitals. It does however, not provide an insight in the statistical uncertainty of these
differences. The confidence interval for small hospitals has a greater spread com-
pared to the spread of the interval in larger hospitals.[30] The risk of ‘false positive’
results (indicator suggests lack of quality, but this does not withstand examination) is
considerable, as a result of random variation.[15, 31, 32] Statisticians therefore often
emphasize addressing random variation in reporting performance.[30, 33] It remains
unclear in the Netherlands to what extent random variation influences between-
hospital comparisons with commonly used outcome indicators and how to deal with
this random variation.

Confounding

The confounding effect that variations in patient factors has on outcome measures
is well recognised in epidemiological research.[15] Several outcome indicators are
based on their use in randomised controlled trials as an unfavourable outcome of
care. Examples include re-admission rates or nosocomial pressure ulcer occurrences.
Findings in randomised controlled trial populations are not automatically equivalent
to the groups of patients generally admitted in hospitals.[34-40] Performance indica-
tors do not merely reflect the quality of care alone, because variations in case-mix can
have a crucial influence on their values. For example, in the case of stroke patients,
several studies showed that after adjustment for prognostic factors, the statistically
significant differences in mortality or functional outcome between hospitals seen in
the crude data became non-significant.[41, 42]

The outcome of a performance measure can be seen as the sum of factors relating to
the patient, the illness, the treatment and the organisation (figure 2), whereas only
the last two factors relate to quality of care that can be influenced by professionals or
hospital management.[9]

Hence, adjustment for factors relating to the patient and iliness (case-mix) is essential
when comparing hospitals on performance.
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Figure 2; Conceptual framework of factors influencing an outcome[9]

Structure-process-outcome relation

Even if all requirements for reliability and validity, as described above, are met, perfor-
mance indicators may still not be meaningful. The validity of a performance indicator
depends on whether variations in the value of the indicator reflect variations in one or
more aspects of structure or process of care, and vice versa: the validity of a structure
of process indicator depends on whether variations in the value of the indicator are
reflected in variations in one or more medically relevant outcomes of care. This has
usually not been empirically assessed, and often evidence on validity is limited to
face-validity, established by expert consensus. In other cases, the evidence is limited
to construct validity based on recommendations in evidence-based guidelines, which
document a link between process and outcome as found e.g. in randomized trials.
A rigorous empirical examination of the causal chain from structure or process to
outcome in hospital populations often lacks. It is therefore important to assess this
causal link before performance indicators are used to assess quality.[7, 43]

Actionability

A basic purpose of an indicator is to improve health care. Performance indicators
must thus provide clues for subsequent improvement of the quality of care delivered,
so called actionability. Indicators should focus on those aspects of care in which inter-
ventions are possible and therefore have the potential for improving care. Actionabil-
ity is then the degree to which a health care professional can influence the measure,

17
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in response to an unfavourable value of the indicator.[44, 45] There is a continuous
tension between the search for meaningful indicators on a national level and on their
use for quality improvement within a hospital.[39] Actionability of outcome indicators
is negatively influenced by the absence of information on actual care processes and
subsequently performance improvement.[46, 47] On the other hand, optimal out-
comes for the patient are regarded as the first purpose of health care. The purpose of
performance indicators must meet the balance between the need for accountability
with the need to promote quality improvement initiatives.[48]

Overall aim and research questions

This thesis aims at evaluating the usefulness of outcome indicators and process
indicators in comparing hospitals and in improving the quality of hospital care. In
addressing this overall aim, we distinguish between-hospital comparisons and within-
hospital comparisons.

Between-hospital studies

Comparing hospitals using performance indicators for external accountability is the

first topic of this thesis. In the between-hospital studies, the overall research ques-

tion is: “How to interpret differences between hospitals in performance indicator

measures?”

1. What is the influence of random variation in comparing quality of care between
hospitals using outcome indicators (Chapter 2)?

2. How should random variation be displayed when reporting outcome indicators
(Chapter 3)?

3. To what extent do random variation and case-mix influence the comparability of
hospitals with respect to surgical site infections (Chapter 4)?

Within-hospital studies

The second topic of this thesis explores the use of performance indicators in within-

hospital comparisons, particularly for internal quality improvement. In the within-

hospital studies the overall research question is: “How strong is the relation between

outcome indicators and the underlying care processes, and can performance indica-

tors guide quality improvement?”

1. Does pressure ulcer prevalence reflect the quality of the preventive care processes
in adult hospitalized patients (Chapter 5)?

2. Can the effect of governmental surveillance be quantified using performance
indicators for health care institutions (Chapter 6)?

3. Does door-to-needle time reflect the effect of improvement initiatives in the care
for stroke patients (Chapter 7)?

4. Does pressure ulcer prevalence reflect improvements in quality of pressure ulcer
prevention in surgical patients (Chapter 8)?
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Chapter 2

ABSTRACT

Objective

There is a growing focus on quality and safety in health care. Outcome indicators are
increasingly used to compare hospital performance and to rank hospitals, but the
reliability of ranking (rankability) is under debate. We aim to quantify the rankability
of several outcome indicators of hospital performance currently used by the Dutch
government.

Methods

From 52 indicators used by the Netherlands Inspectorate, we selected nine outcome
indicators presenting a fraction and absolute numbers. Of these indicators, four were
combined into two, resulting in seven indicators for analysis. We used the official data
of 97 Dutch hospitals of the year 2007. We estimated uncertainty of the observed
outcome within the hospitals (within hospital variance, 062) with fixed effect logistic
regression models. We measured heterogeneity (between hospital variance, t2) with
random effect logistic regression models. Subsequently, we calculated the rankability
by relating heterogeneity to uncertainty within and between hospital s (t2 / (t2 +me-
dian 02)).

Results

Sample sizes varied typically around 200 per hospital (range of median 90-277) with
median 2-21 cases, causing a substantial uncertainty of outcomes per hospital. Al-
though 4-8 fold differences between hospitals were noted, the uncertainty within the
hospitals caused a poor (< 50%) rankability in 3 indicators and moderate rankability
(50-75%) in the other 4 indicators.

Conclusion

The currently used Dutch outcome indicators are not suitable for ranking hospitals.
When judging hospital quality the influence of random variation must be accounted
for to avoid overinterpretation of the numbers in the quest for more transparency
in health care. Adequate sample size is a prerequisite in attempting reliable ranking.
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Random variation and rankability of hospitals using outcome indicators

INTRODUCTION

There is a growing focus on quality and safety in health care. Increasingly indicators
are used to assess hospital performance. In different countries nationwide systems
have been set up to monitor the performance of health care institutions using a
framework of structure, process and outcome indicators.(1-2) Public disclosure of
the results of hospital performance leads to several inconsistent comparisons and
rankings and there is concern among professionals about the value and reliability of
such rankings. (3-10) Although rankings seem to be simple, they ignore the chance
variability in differences between hospitals and the magnitude of differences. (11) In
this research, we focus on the suitability of indicators, specifically outcome indicators,
to provide reliable hospital comparisons.

Two core components determine the reliability of hospital comparisons within hos-
pital uncertainty (how reliable are the estimates for each hospital) and between hos-
pital heterogeneity (how large are the differences between hospitals). The amount
of uncertainty in the analysis of hospital performance is higher than intuition might
suggest.(12) For low-incidence outcome and for smaller subgroups in the population
uncertainty can be large.(13) The smallest hospitals would likely experience five to
seven times more uncertainty concerning their true performance.(14) The second
component is heterogeneity between hospitals.(15) Heterogeneity relates to the true
differences beyond chance between hospitals and can be estimated with random
effect models. Both components determine the reliability of ranking with an indica-
tor, the “rankability”. The term rankability was first used by van Houwelingen et al.
(webpublished research (16)) it measures what part of the variation between the
crude hospital effects is due to unexplained differences as opposed to uncertainty.
We loosely interpret rankability as the signal to (statistical) noise ratio.

Since there are no minimal sample size requirements for the indicators used by the
Dutch government, the numbers may be small, making ranking attempts less reliable.
We aim to quantify the rankability of several outcome indicators of hospital perfor-
mance in the Netherlands

METHODS

Data

We obtained the data from the Netherlands Inspectorate’s indicator set. The inspec-
torate uses this set to assess possible flaws in the quality of care in Dutch hospitals.
This obligatory set includes 21 areas with 52 performance indicators (Pls), of which 14
are outcome indicators presenting both fraction and absolute numbers. Five indicators
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were excluded because of clear evidence of registration bias, such as extrapolation of

a limited sample in time or patient groups, leaving 9 outcome indicators (table 1). We
used the data of 2007, which are publicly available at www.ziekenhuizentranspar-
ant.nl. For acute myocardial infarction (AMI), the majority of hospitals reported the
in-hospital mortality instead of the 30-day mortality. Several hospitals report both.
Using these data, we multiplied 0.74 to the 30-day mortality to include data for the
five hospitals that only reported 30-day mortality.

Indicator

Numerator

Denominator

Nosocomial Pressure Ulcer (PU)
prevalence among hospitalized
patients

Number of patients with a pressure
ulcer gr. 2-4

All hospitalized patients who were
examined for the presence of PU

Pressure Ulcer (PU) incidence after
total hip replacement

Number of patients with a pressure
ulcer gr. 2-4

All total hip replacement patients

Bile duct leakage within 30 days after
cholecystectomy

Number of patients with bile
duct leakage within 30 days after
cholecystectomy

All patients with a cholecystectomy

Unintended reoperation after
colorectal surgery

Number of unintended reoperation
after colorectal surgery

All colorectal operations excluding
appendix

In hospital mortality after acute
myocardial infarction (AMI) for
patients younger than 65 years

Number of patients younger than 65
years deceased during hospitalization
because of AMI

All patients younger than 65 years
hospitalized because of AMI

In hospital mortality after acute
myocardial infarction (AMI) for
patients of 65 year and older

Number of patients 65 years and
older deceased during hospitalization
because of AMI

All patients 65 years and older
hospitalized because of AMI

Readmission after heart failure for
patients younger than 75 year

Number of readmissions after heart
failure within 12 weeks after hospital
discharge in patients younger than
75 years

All patients younger than 75 years
admitted for heart failure.

Readmission after heart failure for
patients 75 year and older

Number of readmissions after heart
failure within 12 weeks after hospital
discharge in patients 75 years and
older

All patients younger 75 years and
older admitted for heart failure.

Remaining cancer tissue after breast-
conserving lumpectomy

Number of patients in whom
cancer tissue is left after an initial
local excision of a malignant breast
tumour

All patients treated with a local
excision of a malignant breast
tumour

Table 1 Outcome indicators and their description

Uncertainty

We used numerators and denominator data for each hospital to create a patient level
dataset. We estimated a coefficient for unfavorable outcome for each hospital and

compared it to the overall average, using a fixed effect logistic regression model with

an offset variable and hospital as a categorical variable. The standard error of the esti-
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mated coefficient (0%) indicates the uncertainty of the estimate, or the within-hospital
variance. We take the median o® over all hospitals as a summary of the within-hospital
variance. The median is used because of the skewed distribution of the o°.

Heterogeneity

We fitted a random effect logistic regression model to estimate unexplained hetero-
geneity, indicated by t* (the between hospital variance). Unlike the fixed effect model,
the random effect model accounts for the fact that the observed outcomes for smaller
hospitals can take on extreme values because of random variation. The variance indi-
cates the differences between hospitals beyond chance.(17)

For the interpretation of > we calculated a 95% range of odds ratios for the hospital
s compared to the average as =exp(-1,96* T°);exp(1,96* 1°).(18)

Rankability

To estimate rankability, we use the following formula:
p =t/ (v* +median ¢?)

Rankability relates the heterogeneity t° from the random effect logistic regression
model (differences between the hospitals) to the standard error o> of the individual
hospitals from the fixed effect logistic regression model. Rankability can be interpreted
as the part of heterogeneity between hospitals that is due to unexplained differences,
and the rest is due to natural variation or chance. Therefore, rankability describes the
reliability of ranking.

Case-mix adjustment

The data on performance indicators did not include patient characteristics, except for
two outcomes; AMI mortality and heart failure re-admission. The original indicators
are stratified by age. We combined the indicators AMI <65 years + 265 years; and
heart failure <75 years + 275 years in two datasets and applied a limited age adjust-
ment by putting age group in the fixed part of the random effect model.

The statistical analysis was performed with R statistical software (version 2.7.1, R Foun-

dation for Statistical Computing, Vienna, Austria), using the Ime4 library to fit random
effect logistic regression models.
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RESULTS

We studied nine outcome indicators, described in table 1, of which we combined the
age groups of the myocardial infaction indicator and the heart failure indicator, result-
ing in two indicators in stead of four.

Within hospital uncertainty

The number of cases as well as the total number of patients per hospital varied widely
for the different indicators (table 2).

Number of Median Cases Median N Median outcome

Indicator hospitals (range) (range) % (range)
Nosocomial Pressure Ulcer prevalence 93 10 (0-39) 233 3,7

(59-548) (0-11,1)
Nosocomial Pressure Ulcer incidence 90 2 (0-23) 197 1,1
total hip replacement (26-1131) (0-8,9)
Leakage of the bile duct within 30 days 95 2 (0-7) 255 0,5
after cholecystectomy (109-625) (0-3,63)
Unintended reoperation after 94 15 (0-47) 209 6,9
colorectal surgery (57-557) (0-18,4)
In hospital mortality after AMI age 88 1(0-17) 85,5 1,1
<65 years (4-720) (0-6,8)
In hospital mortality after AMI age 88 10 (0-46) 117,5 8,6
>65 years (28-541) (0-20,8)
Readmission after heart failure age 93 6 (0-30) 77 7,9
<75 years (13-389) (0-22,6)
Readmission after heart failure age 93 10 (0-50) 133 8,0
>75 years (13-376) (0-23,1)
Remaining cancer tissue after breast- 94 7 (1-46) 76 10,5
saving lumpectomy (14-300) (1,2-35,7)

Table 2 Descriptive statistics

For instance, pressure ulcer prevalence varied from 0-39 cases, while the number of
patients ranged from 59-548. For cholecystectomy, the number of cases with bile
duct leakage was very small (median 2). A considerable number of hospitals reported
zero cases (29 out of 97), resulting in a median incidence of leakage of the bile duct
of 0,5%. The within hospital uncertainty was largest among cholecystectomy patients
(01,01), and pressure ulcer incidence (o 0,85), due to small number of cases (table 3).
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95% range OR
Indicator sigma’ tau2 -+ rankability
Nosocomial Pressure Ulcer prevalence 0,19 0,11 0,52 1,91 37%
Nosocomial Pressure Ulcer incidence 0,85 0,16 0,46 2,17 38%
total hip replacement
Leakage of the bile duct within 30 days 1,01 0,00 1 1 0%
after cholecystectomy
Unintended reoperation after 0,12 0,29 0,35 2,86 71%
colorectal surgery
In hospital mortality after AMI age 0,19 0,27 0,36 2,76 58%
groups combined”
Readmission after heart failure age 0,14 0,15 0,47 2,11 51%
groups combined”
Remaining cancer tissue after breast- 0,25 0,28 0,35 2,82 53%

saving lumpectomy

Table 3 Rankability. # results for the combined age groups are adjusted for age

Between hospital heterogeneity

Heterogeneity between the hospitals varied from none (t* 0) for cholecystectomy, to
T° 0,29 for colorectal surgery. The corresponding 95% range of the odds ratios was
0,35 and 2,86 for colorectal surgery, meaning that hospitals at the higher end of the
distribution had a 2,86 higher chance of re-operation than in the average hospital.
Similar at the lower end of the distribution patients had a 0,35 lower chance of reop-
eration. This was equivalent to an eight-fold difference between the hospitals for this
indicator.

Rankability

Due to the large between hospital differences, rankability was the highest (71%) for
colorectal surgery and the lowest (<50%) for the indicators pressure ulcer prevalence,
pressure ulcer incidence, and cholecystectomy (table 3). For pressure ulcer the rank-
ability was relatively low despite a 6® of 0,19 related to the small between hospital
differences (t°). Rankability was moderate (50%-75%) for the indicators colorectal
surgery, AMI, heart failure readmission, and breast saving lumpectomy.

Adjustment for case-mix revealed that a part of the heterogeneity in the AMI indicator

was by age. For heart failure readmission, age was borderline significant. Rankability
for the combined indicator AMI was 58% and for heart failure 51%.
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DISCUSSION

We tested several outcome indicators on their reliability for ranking hospitals using
the concept of rankability. Rankability indicates what part of the variation between
the crude hospital effects is due to true differences (as opposed to measurement
error). Combining fixed effect logistic regression models and random effect logistic
regression models, we could estimate uncertainty within the individual hospitals and
the unexplained heterogeneity between hospitals. We found considerable variabil-
ity due to chance alone within the hospitals. On the other hand, the unexplained
differences between the hospitals were small for some indicators. Both lead to low
rankability.

It should be noted that ranking is a specific form of hospital comparisons. Although
the amount of uncertainty is an important factor in all hospital comparisons, rankings
in addition ignores the magnitude of the differences. E.g. when the random effect
estimates of 10 hospitals show that they all have very similar outcomes, ranking
hem from 1 to 10 ignores the similarity. Therefore, reporting rankability is even more
relevant for rankings.

The indicators in our research showed substantial uncertainty that influenced rank-
ability. For cholecystectomy, there were no differences other than those by chance
alone between the hospitals. Using this indicator for ranking hospitals is useless. This
adds to the criticism by de Reuver et al about this indicator.(19) Substantial heteroge-
neity led to larger rankability in the colorectal surgery indicator (71%). Nevertheless,
for this indicator it remains unclear how much of these differences are caused by case
mix. It is plausible that a different indication for surgery such as traumatic injury or
colorectal cancer may play a role in reoperation rate. Case mix correction should be
performed before using this indicator for ranking hospitals. The lack of heterogeneity
influences the rankability of the pressure ulcer prevalence. For AMI and heart failure,
we were able to perform a simple stratification for two age groups. Combining both
age groups resulted in a larger number of cases and total numbers. While rankability
of the group of patients younger than 65 was low due to the limited number of cases,
the pooled data stratified for age had a moderate rankability (51%).

In order for rankability to be large, the between variance needs to dominate the within
variance. Therefore measuring performance should be precise and with adequate
sample size if we want to distinguish between hospitals. Rankability combines both
the within variance and the between variance. If the between-variance (heterogene-
ity) is large, we can accept more within-variance to still be able to distinguish between
hospitals.
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The measurement of rankability provides a way of assessing reliability of ranking.
We might compare rankability with the signal-to-noise ratio that is used for electrical
signals and is defined as the power ratio between a signal (meaningful information)
and the background noise (unwanted signal). So, an indicator provides a signal on
quality of care, which is corrupted by random variation. The problem with ranking
on crude hospital performance occurs when a rare event is chosen for the indicator,
like mortality. Some hospitals have small sample sizes that make the statistics for the
performance unstable and the rank order unlikely to replicate. One might also argue
that ranking should be avoided. Furthermore, if for “pay for performance” or “quality
bonus” initiatives are attempted, the signal to noise ratio should be large not to falsely
accuse hospitals or individuals.

Lingsma et al used rankability to assess ranking of a small numbers of IVF clinics.(20)
They found considerable heterogeneity, while uncertainty per clinic was small be-
cause of large numbers (median 654 cycles). This resulted in a substantial rankability
with only 10% of the observed differences between the clinics attributed to chance.
(20) Compared to this research, rankability in our data was much lower. In the Dutch
outcome indicators, not only the total numbers of patients was sometimes small (me-
dian between 90 and 277) but also the outcome was frequently low. Simple rankings
based on fixed effects of hospital performance disregards both the magnitude and
the uncertainty of the differences between hospitals. (21) An illustrative example is
the cholecystectomy indicator, where the number of cases was too low to detect any
differences between hospitals. Small samples and low event rates limit the statistical
power of the comparison between hospitals.(22)

This raises questions about minimal power calculations or combining indicators to
provide sufficient sample size to decrease measurement error. Classical power cal-
culation or estimating minimal cases and total numbers might be performed using
Cohen’s D. D is defined as the difference between two means divided by the standard
deviation. Effect sizes are commonly defined as small, d =0.2, medium, d =0.5, and
large, d =0.8. We might use a variant of Cohen’s D for event rate. The population size
for d=0,5 than is at least 200 and at least 800 for d= 0,2 for indicators with sufficient
event rates.(23) These numbers can be used as “a rule of thumb” for the assessment
of the reliability of ranking hospitals. Actual calculations of required sample sizes for
random effect models are much more complex and theoretical work on this topic is
needed. Looking at the sample sizes for the pressure ulcer indicator (59-548) in the
Dutch hospitals, it is questionable if this indicator will ever be suitable for ranking
hospitals. The maximal sample size is limited by the number of beds in a hospital. In
case of inadequate numbers the presentation the results of a specific indicator could
be done using funnel plots, since this presentation visualizes the differences between
hospitals in relation to random variation.(24) In addition, crude random effect esti-
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mates including a measure for rankability might be informative for stakeholders that
are able to interpret them, e.g. hospitals or the government. Realistic presentation is
important to avoid gaming and truly encourage actions to improve the quality of care.

(25)

A categorization for rankability is yet still arbitrary. Lingsma et al suggested that >
70% rankability should be fair to rank hospitals.(20) Higgins et al assigned adjectives
of low, moderate and high to the / * values of 25%, 50% and 75%.(26) / * is used to
measure heterogeneity in meta-analyses(27) and is similar in nature to our rankability
measure. | > can be interpreted as the percentage of the total variability in a set of
effect sizes due to heterogeneity, that is, to between study variability. Adopting this
categorization, we found that none of the outcome indicators had a high rankability. It
could be argued that in case of moderate rankability, “expected ranks” should be used
that take into account random variability.(13-15) This requires statistical knowledge
and access to advanced statistical programs. No ranking attempt should be made
when rankability is low. It might also be interesting to identify subsets of hospitals
that meet or exceed a standard, fall below a standard, and a subset that cannot be
classified due to sample size limitations. The random effect estimates with confidence
intervals shows if a hospital significantly differs from the mean beyond statistical

Elements of between-center differences

Chance/
uncertainty

Patient
characteristics

—

Observed differences e

Residual

. ’ confounding
Unexplained differences

(unadjusted 12) -
Registration
bias

Quality of care
(structure/ process)

Figure 1 Conceptual framework of between- hospital differences. Observed differences can be divided in
random variation and unexplained differences, which can be further attributed to patient characteristics that
were not adjusted for, residual confounding because of imperfect case-mix correction, registration bias. Dif-
ferences in quality of care remain as explanation for a final part of between- hospital differences.
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uncertainty. In that, random effect estimates can be used to identify subsets, next to
funnel plots as a graphical display of these subsets.

Reliability of ratings depends on sample size and heterogeneity, but also on biases.
We can draw a conceptual framework to summarize the elements of between hospital
differences (figure 1).(20)

The observed differences can be divided in unexplained differences and chance. By
using random effect models chance can be corrected for, leaving patients charac-
teristics, registration bias, quality of care and residual confounding as elements of
the unexplained differences. Consequently, ranking reflects the total of unexplained
differences between hospitals and not true differences in the quality of care. This
is a limitation of this study, but the data as publicly reported does not provide any
additional information.

We conclude that none of the currently used Dutch outcome indicators is suitable for
ranking hospitals. When judging hospital quality the influence of random variation
must be accounted for to avoid overinterpretation of the numbers in the quest for
more transparency in health care. Adequate sample size is a prerequisite in attempt-
ing reliable ranking.
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ABSTRACT

Introduction

The role of transparency in quality of care is becoming ever more important. Vari-
ous indicators are used to assess hospital performance. Judging hospitals using rank
order takes no account of disturbing factors such as random variation and case-mix
differences. The purpose of this article is to compare displays for the influence of
random variation on the apparent differences in the quality of care between the
Dutch hospitals.

Method

We analysed the official 2005 data of all 97 hospitals on the following performance
indicators: pressure ulcer, cerebro-vascular accident and acute myocardial infarction.
We calculated confidence intervals of the point estimate and the simulated confi-
dence intervals of the ranks with bootstrap sampling. We visualized the influence of
random variation with three modern graphical techniques; forest plot, funnel plot
and rank plot.

Results

Statistically significant differences between hospitals were found for nearly all perfor-
mance indicators (p < 0.001). However, the confidence intervals in the forest plot re-
vealed that only a small number of hospitals performed significantly better or worse.
The funnel plot provides a representation of differences between hospitals compared
to a target value and allows for the uncertainty of these differences. Ranking hospitals
was very uncertain, as well visualized by a rank plot.

Conclusion

Despite statistically significant differences between hospitals, random variation is a
crucial factor that must be taken into account when judging individual hospitals. The
funnel plot provides easily interpretable information on hospital performance, includ-
ing the influence of random variation.
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INTRODUCTION

Hospitals face increasing demands with regards to the quality, transparency and
accountability of health care. Since the early 1980s interest in measuring hospital
performance has led to the development of many performance indicators (Pls). A Pl
is @ measurable element of practice performance for which there is evidence or con-
sensus that it can be used to assess the quality of care.(1) The purpose of performance
indicators must balance the need for accountability with the need to promote quality
improvement initiatives (2), therefore provide the incentive to improve the quality of
care.

League tables are often used for displaying hospitals performance (figure 1), suggest-
ing a rank order.

League tables provoke concerns among health service providers for several reasons
including concerns over adjustment for case-mix and the role of chance in deter-
mining their rank.(3) Because there are no minimal sample size requirements in Pl
measurement, random variation plays an important role in the interpretation of the
results. In the Netherlands quality of care in hospitals is assessed by the Health Care
Inspectorate (NHCI).(4) In 2003, the NHCI developed a public and obligatory set of Pls
to guide their assessment of the quality of care delivered in hospitals.(5-6) In principle
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Figure 1. League table of the pressure ulcer prevalence in 89 Dutch hospitals in 2005
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this set of Pls enables the Inspectorate to identify hospitals whose performance lies
below the minimum standard, and guide further investigation into these hospitals.
The Inspectorate publishes the anonymous data in a yearly report that presents data
on more than 40 indicators concerning structure, process and health outcome using
league tables of point estimates. This paper focuses on the particular aspect of ran-
dom variation in comparing and ranking of institutions and explores three graphical
displays describing the data.

METHODS

Data

For the analysis we used the 2005 publicly available data on three performance
indicators; pressure ulcer (PU), cerebro vascular accident (CVA) and acute myocardial
infarction (AMI). The indicators are selected to reflect several problems that occur
with PI, like low total numbers or low number of cases. We assume hypothetically
that the data provide a fair reflection of the quality of care in individual hospitals and
that there is no significant effect of case-mix. The data is publicly available at www.
ziekenhuizentransparant.nl.(7)

Statistical analysis

On the basis of absolute numbers (n) and the cases (y), we calculated the standard
error and 95% confidence interval (Cl), where y is the number of cases, and n the
total number of patients in a hospital. The confidence interval was calculated using
the formulas

Cl=e™*"%%*¢ se=y(1/y+(1/n-y)), and a=log (y/n/(1-y/n)). (8)

With the function Qbinom in S plus we calculated the 95% CI for the number of
successes obtained in a number of binomial trials equal to the number of patients
that was judged with the observed probability of being a case. These were divided
again by the number of trials to obtain a Cl that reflects the discrete character of
the observations. Cl’s for the ranks were calculated by a parameterized bootstrap
with the observed probability of being a case per hospital as input.(9) Differences
between the hospitals were calculated using a likelihood ratio test. A p-value P<0.05
was considered statistically significant.

Graphical methods

We considered three techniques to visualize the influence of random variation:
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1. A forest plot ranks the point estimate and the confidence interval represented by
horizontal lines for each hospital in ascending order. A vertical line represents a
preselected norm or standard. (10-11)

2. Inafunnel plot the estimates of the hospitals are plotted together with the confi-
dence limits of a norm or national average.(12) The confidence limits are calculated
in relation to the number of patients per hospital. It is customary to plot both 95%
and 99.8% confidence intervals, corresponding to approximately 2 and 3 standard
errors width.(12) We calculated the confidence interval taking into account the
discrete nature of the numbers. This exact calculation was necessary because the
number of scores in which y = 0 was high in some indicators.

3. A rank plot uses bootstrapping to estimate the confidence interval around the
rank and plots the true rank against the estimate of the bootstrap replica’s and
their confidence intervals.(13) Bootstrap samples are generated using a random
draw with replacement to resample the individual observations from the original
group. Per hospital thousand bootstrap replicas were generated from the bino-
mial distribution. In this way, 1000 new datasets reflect what could be observed
under the same circumstances. The rank numbers were determined for each new
dataset. The distribution of ranking on the 1000 data sets was the basis of 95%
confidence limits of the ranks.

RESULTS

The overall results are described in table 1and the graphical display of the influence of
random variation is illustrated by examples for each of the indicator areas separately.
There were significant differences between the hospitals for almost all Pl reported, as
is summarized more in detail in table 1.

The population size varied substantially between the indicators. For both age groups
of the hemorrhagic CVA indicator the mean population size was rather small (n < 40).
For the AMI indicators in the age group <65 years the number of cases was small (3
and 4) leading to borderline significant difference between the hospitals.

Pressure Ulcers

The forest plot shows, that the point estimates ranged from 1.3 to 19.4% for pressure
ulcer. The confidence intervals surrounding the point estimates had a wide variation
(figure 2a).

For instance, the prevalence of pressure ulcers in the first hospital in figure 2a was
1.3%, but with a confidence interval ranging from 0 to 9%. The wide range was due to
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mean cases and

mean outcome* %

Indicator centran patients (95% CI) pt
Pressure Ulcer prevalence 89 14/238 6,0 (4,7-7,8) < 0,0001
Ischemic Stroke; 7-day mortality

patients< 65 year 91 2/63 3,2(1,6-6,3) <0,0001

patients > 65 year 91 10/178 5,6 (4,1-7,7) <0,0001
Hemorrhagic Stroke; 7-day mortality

patients< 65 year 90 2/12 16,7 (8,4-30,3) 0,0005

patients > 65 year 90 9/35 25,7 (19,0-33,8) < 0,0001
Acute myocardial infarction patients > 65 year

In-hospital mortality 37 16/131 12,2 (9,6-15,4) <0,0001

30-day mortality 53 16/146 11,0 (8,6-13,8) <0,0001
Acute myocardial infarction patients < 65 year

In-hospital mortality 37 3/102 2,9(1,7-5,2) 0,06

30-day mortality 53 4/124 3,2 (0,2-5,3) 0,003

Table 1 Description of the performance indicators used in this comparison. Data was obtained from the public
available database. *The mean outcome refers to the outcome of the mean Dutch hospital. TThe p-value tests
the hypothesis that there are no differences in quality of care between the Dutch hospitals.
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Figure 2 Three different graphical representations of the pressure ulcer prevalence in the Dutch hospitals in
2005. (a) ‘Forestplot” with point estimate for each hospital and 95%-ClI. The vertical line represents the Dutch
norm for the pressure ulcer prevalence. (b) ‘Funnelplot’ in which pressure ulcer prevalence is plotted against
the population measured in the hospital. The horizontal line represents the Dutch norm (5%), the funnel
shaped lines are the limits of the 95%-Cl (2xSE) and the 99,8%-Cll (3xSE); Hospitals situated outside these
limits perform significantly different from the norm. (c) ‘Rank plot’ showing the ranks for pressure ulcer preva-
lence compared with the ranking according to the median of the bootstrap replicas and its Cl.
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the small number of patients (74). In contrast, the second hospital listed in this graph,
also scored 1.3% prevalence, but with confidence intervals of 0.5 and 4%. Despite
the equal results, the second hospital performed significantly better than the na-
tional standard of the Inspectorate, which is 5%.The funnel plot shows the confidence
intervals of this 5% norm (figure 2b). Hospitals situated above and below the 95%
confidence intervals had a point estimate more than 2 times the standard error. Seven
hospitals performed significantly better, with point estimate below 95% confidence
level. Ranking hospitals on the basis of presser ulcer prevalence was very uncertain,
based on the wide confidence intervals of the bootstrap samples (figure 2c).

Cerebro vascular accident

To illustrate the influence of random variation, we consider the 7-day mortality after a
hemorrhagic stroke in patients younger than 65 years (figure 3).
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Figure 3. Three different graphical representations of the stroke indicator in the Dutch hospitals in 2005. (a)
‘Forestplot’ with point estimate for each hospital and 95%-Cl. The vertical line represents the average for
stroke mortality. (b) ‘Funnelplot’ in which mortality is plotted against the population measured in the hospi-
tal. The horizontal line represents the average mortality, the funnel shaped lines are the limits of the 95%-Cl
(2xSE) and the 99,8%-ClIl (3xSE); Hospitals situated outside these limits perform significantly different from
the average. (c) ‘Rank plot’ showing the ranks for stroke mortality compared with the ranking according to the
median of the bootstrap replicas and its Cl.
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The point estimates of hospital mortality varied, ranging from 0-100% mortality. The
wide confidence intervals in the forest plot are due to the fact that small numbers
of patients were admitted to the hospitals in 2005. The first 24 hospitals reported a
mortality of 0%. However, hospital number 24 admitted only 2 that year, providing a
confidence interval from 0-100% (figure 3a). The funnel plot shows that apart from
random variation there were few differences between the hospitals (figure 3b). The
rank plot reveals wide confidence intervals making the ranking attempt very uncertain
(figure 3c).

Acute myocardial infarction

We illustrate the influence of random variation on 30-day hospital mortality after
AMI in patients younger than 65 years. The point estimates in the forest plot ranged
from 0-9,8%, with different confidence intervals based on patient numbers (figure
4a). Given a mean score of 2.5% mortality, only two hospitals performed significantly
worse than the others. The funnel plot shows that it is hard to distinguish between
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Figure 4 Three different graphical representations of the AMI mortality in the Dutch hospitals in 2005. (a)
‘Forestplot’ with point estimate for each hospital and 95%-Cl. The vertical line represents the average for
AMI mortality. (b) ‘Funnelplot’ in AMI mortality is plotted against the population measured in the hospital.
The horizontal line represents the average AMI mortality, the funnel shaped lines are the limits of the 95%-Cl
(2xSE) and the 99,8%-ClI (3xSE); Hospitals situated outside these limits perform significantly different from
the average. (c) ‘Rank plot’ showing the ranks for AMI mortality compared with the ranking according to the
median of the bootstrap replicas and its Cl.

44



Displaying random variation in comparing hospital performance

hospitals that performed well and those that performed poorly (figure 4b). No mean-
ingful ranking of hospitals could be done on the basis of AMI mortality (figure 4c).

DISCUSSION

Although league tables provide a simple overview of the data, they are easy to misin-
terpret for this ranking of crude hospital performance does not include chance vari-
ability.(3) Graphical displays should show the data and avoid distorting what the data
have to say.(14) The graphs should encourage the eye to compare different aspects of
the data, such as the magnitude of differences in performance between the hospitals,
as well as uncertainty. Therefore visualizing random variation is crucial. To accomplish
this we chose the most common graphical display in scientific medical research; the
forest plot.(11) Researchers often use the funnel plot in meta-analyses to display
publication bias and other sample size effects.(15-16) In more recent research the
funnel plot has been suggested for displaying data in public reporting of hospital per-
formance.(12, 17-19). Using the rank plots we aimed at only visualizing the uncertainty
in the rank order. All three displays focus on random variation, on different levels. The
forest plot visualizes the Cl of the individual hospital, while the funnel plots focuses
on the significant differences between the hospitals. The rank plot provides insight in
the chance variation of the ranks.

The forest plot ranks hospitals on the point estimate, but also provides information
on the confidence intervals (Cl). Our data shows that the Cl varies substantially, de-
pending on sample size. For example, in pressure ulcer two hospitals had the same
point estimate, but the interpretation regarding the quality of care delivered in these
hospitals differs in that only one performed significantly better. Therefore, the relative
position is displayed but not easily interpretable.

In our experience, the funnel plot provides a straightforward representation of the
differences between hospitals. The hospitals situated outside the 95% confidence
intervals performed significantly worse or better in relation to a target or national
average. The funnel plot clearly reveals that quality of care could not be measured
using the stroke indicators because of the small numbers in individual hospitals. Small
numbers make proper interpretation virtually impossible, because the vast majority
of the apparent differences may be due to random variation.(12) The funnel plot also
provides professionals the information to compare their own performance with that
of other hospitals with the same volume and subsequently set their own targets.
The funnel plot provides a good overview of the relative position of the individual
hospitals.
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Although ranking raw scores provides an easy way to compare hospitals, the variance
of the original measures strongly influence the rank. This is seen in the rank plot
which shows that random variation greatly influences the interpretation of what the
true rank might be. Ranking may even be misleading, since random variation plays
a dominant role for some indicators, such as stroke and AMI. The overview of the
relative position is limited.

When a graph is constructed, information is encoded. The visual decoding is called
graphical perception.(20) Judging the graphical perception of the different plots we
choose the two; criteria described by Cleveland; pattern recognition (including ran-
dom variation) and table look-up, relating to the accuracy of the relative position of
hospital performance.(20) As summarized in table 2, we conclude that the funnel plot
is the most attractive graphical display of the three techniques.

Graph Pattern recognition Table look-up
Forest plot + +
Funnel plot ++ ++
Rank plot + +

Table 2 Comparing different plots

Several articles discuss the use of league tables in presenting the results of hospital
performance.(10, 19, 21-30) They all conclude that, even when there are substantial
differences between institutions, simple league tables or ranks are unreliable statisti-
cal summaries of performance. Since Spiegelhalter suggested the use of funnel plots
for institutional comparison in 2002, several studies describe the usefulness of this
plot. (3, 12, 19, 31-32).

This research has several limitations. We concentrated on the role of random variation
and paid no attention to bias, such as registration differences, organizational differ-
ences, or the influence of case mix. With regard to the latter, it is likely that university
hospitals or hospitals in urban areas have a different patient population than small
hospitals or hospitals in rural areas.(33) Correction for these confounding factors
with these Pl is impossible because the public available data does not include patient
characteristics. This requires further investigation. In our methodology we used the
most common scientific approach calculating Cl and using the described plots. We
did not intensively search for other graphical displays to visualise the data. Also the
usefulness of the different graphs was not systematically assessed. This requires a
more structural approach.(20)
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We conclude that despite statistically significant differences between hospitals,
random variation is a crucial factor that must be taken into account when judging
individual hospitals. The funnel plot provides easily interpretable information on
hospital performance, including the influence of random variation.
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Chapter 4

ABSTRACT

Background; Comparing and ranking hospitals based on health outcomes is becoming
increasingly popular, although case-mix differences between hospitals and random
variation are known to distort interpretation. The aim of this study was to explore
whether surgical-site infection (SSI) rates are suitable for comparing hospitals, taking
into account case-mix differences and random variation.

Methods; Data from the national surveillance network in the Netherlands, on the eight
most frequently registered types of surgery for the year 2009, were used to calculate
SSl rates. The variation in SSI rate between hospitals was estimated with multivariable
fixed- and random-effects logistic regression models to account for random variation
and case mix. ‘Rankability’ (as the reliability of ranking) of the SSlI rates was calculated
by relating within-hospital variation to between-hospital variation.

Results; Thirty-four hospitals reported on 13 629 patients, with overall SSI rates per
surgical procedure varying between 0 and 15.1 per cent. Statistically significant dif-
ferences in SSI rate between hospitals were found for colonic resection, caesarean
section and for all operations combined. Rankability was 80 per cent for colonic resec-
tion but o per cent for caesarean section. Rankability was 8 per cent in all operations
combined, as the differences in SSI rates were mainly explained by case mix.

Conclusion; When comparing SSI rates in all operations, differences between hos-
pitals were explained by case mix. For individual types of surgery, case mix varied
less between hospitals, and differences were explained largely by random variation.
Although SSI rates may be used for monitoring quality improvement within hospitals,
they should not be used for ranking hospitals.
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INTRODUCTION

Surgical-site infection (SSI) is one of the most common complications after surgery.
SSls have a major influence on mortality and morbidity, and length of hospital stay"’.
According to the international literature, on average 5 per cent of all surgical patients
develop a wound infection, the rate varying from 1 to 15 per cent depending on the
type of surgery®*. Recent surveillance in Japan among patients undergoing colorectal
surgery showed a SSl rate of 15 per cent>.{Kobayashi, 2008 #653} In the Netherlands,
the overall SSl rate is 3 per cent®™.

SSIs can partly be prevented using specific interventions before, during and after
surgery*'°™®, The effect of these interventions is often measured using outcome
indicators such as SSI rates, either prevalence or incidence'"™. Surveillance systems
have been set up to facilitate the comparison of SSI rates between hospitals, and to
stimulate improvement and compliance with guidelines’®. Feedback of the results of
these surveillance systems and benchmark activities have shown a reduction in SSI
rates”°.,

Outcome measures such as SSl rates are being used increasingly to compare hospitals’
performance using league tables and rank orders. There is, however, doubt concern-
ing the validity of such hospital comparisons based on outcome, because observed
differences between hospitals may be partly explained by random variation and by
differences in case mix*' 4,

The aim of this study was to explore the influence of random variation and case mix on

SSl rates in Dutch hospitals, and to examine whether SSl rates are a suitable measure
by which to rank hospitals.

METHODS

The PREZIES network database (http://www.prezies.nl/zkh/index.html) was used.
PREZIES is a Dutch initiative for the nationwide surveillance of healthcare-related
infections, set up in 1996. The PREZIES network is a consortium of participating hos-
pitals and the National Institute for Health and Environment. The PREZIES initiative
aims to improve the quality of care in hospitals by measuring and communicating
the incidence of heathcare-related infections. PREZIES achieves this by introducing
and maintaining surveillance of SSls in hospitals®™*. To obtain the number of SSls,
standardized data collection, registration and follow-up after discharge is mandatory.
The required follow-up period differs according to the type of surgery from 30 days
to 1 year. The data reflect SSI rates in elective procedures and emergency surgery
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combined. Because the distinction between elective and emergency surgery was not
always reported, this could not be used as a case-mix variable. The PREZIES network
carries out an extensive audit procedure with periodic visits to all participating hos-
pitals.

Study period and types of surgery

Datafrom 2009 on the eight most frequently registered types of surgery were selected:
mastectomy, laparoscopic cholecystectomy, colonic resection, hip replacement, knee
replacement, abdominal hysterectomy and caesarean section. One hospital that re-
ported fewer than 20 patients in the total group of selected operations was excluded.
The primary outcome was whether the patients developed a SSI, either superficial or
deep; such infections are defined in a standardized way and audited®*>?.

Statistical analysis

The statistical analysis was performed with R version 2.1 (R Foundation for Statisti-
cal Computing, Vienna, Austria) using the rms and Ime4 package. First, the variation
between hospitals in SSI rates was estimated by fixed-effects logistic regression, with
hospital as a categorical variable. This gives a coefficient for the odds of SSI in each
hospital, compared with the average, representing only the observed differences be-
tween hospitals. The standard error (6°) of the individual hospital’s coefficients from
the fixed-effects logistic regression model represents the within-hospital uncertainty.
Low-volume hospitals have larger standard errors and confidence intervals than high-
volume hospitals.

Random-effects model and adjusting for case mix

To account for the expectation that part of the variation between hospitals was due to
random variation, a random-effects logistic regression model was used. Random-ef-
fects models account for random variation, and estimate hospital coefficients and the
total variation ‘beyond chance’. The total variation is indicated by the model param-
eter T°, the variance of the random effects. For interpretation, T can be transformed
into a 95 per cent range of centre differences. This 95 per cent range represent the
odds of SSI of a hospital on the lower end (2.5th percentile) of the distribution and the
odds of a hospital on the higher end (97.5th percentile) compared with the average®.

To display random variation visually, funnel plots were created. In a funnel plot, the
crude SSl rates are plotted against the total number of patients in each hospital. In ad-
dition, 95 and 99.8 per cent confidence limits are shown®®*73°. These are calculated in
relation to the mean number of patients per hospital, taking into account the discrete
nature of the numbers.
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As a next step, to account for the differences in case mix between hospitals, the
random-effects models were fitted, including patient and surgery characteristics that
might vary between hospitals and affect the SSI rate. The case-mix variables used
were: age, sex, type of surgery (mastectomy, laparoscopic cholecystectomy, colonic
resection, reconstruction of abdominal vessels, hip replacement, knee replacement,
abdominal hysterectomy or caesarean section), duration of operation, wound classi-
fication and American Society of Anesthesiologists (ASA) grade. Different potential
confounders were not available from the PREZIES database.

Rankability

To see whether it makes sense to rank the hospitals, the ‘rankability’ was calculated.
Rankability relates the variance of the random-effects t* (differences between hos-
pitals) to the standard error (0°) of the individual hospital coefficients (differences
within hospitals). Rankability can be interpreted as the part of heterogeneity between
hospitals represented by unexplained differences that might be due to the quality of
SSI prevention, as opposed to random variation. Rankability (p) is calculated as p = ©°
/ (t* +median 0%)****. The information provided by the rankability addresses the reli-
ability of ranking hospitals by means of the SSl indicator. All analyses were performed
for the individual surgery types and for all operations combined.

RESULTS

Thirty-four hospitals provided data on 13.629 patients undergoing one of the selected
types of surgery. Six hospitals reported on one surgical intervention, whereas 18 hos-
pitals reported on between two and four different operations; nine hospitals provided
data on five to seven different procedures and one hospital provided data on all eight
surgical interventions (Table S1, supporting information). The study population was
predominantly female (74 per cent), owing to four surgical procedures performed
mainly on women (mastectomy, abdominal hysterectomy, cholecystectomy and cae-
sarean section). The median age was 64 years. The overall incidence of SSI was 2.8
per cent (378 SSls in 13.629 patients). Descriptive statistics on duration of operation,
ASA grade and wound class for the individual types of surgery are shown in Table 1.

Eight missing values for duration of operation were imputed with the surgery-specific
mean. In a limited number of cases (less than 0.1 per cent), hospitals reported an
operating time of less than 10 min. It is assumed that these are registration errors,
but because of their minor impact they were not corrected. The median number of
patients per hospital varied between the different types of surgery, from 12 for the
reconstruction of abdominal vessels to 204 for hip replacement. The SSI rate also
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DurationTor ASA grade (%) Wound grade (%)

surgery (min)* s> Unknown 1-2 3-4 Unknown
Mastectomy 69 (1-247)t 90 9 1 99 0 1
Laparoscopic 50 (6-382)* 91 6 3 97 2 1
cholecystectomy
Colonic resection 105 (16-530) 63 32 5 85 14 1
Abdominal vessel 163 (14-464) 51 43 6 97 0 3
reconstruction
Hip replacement 72 (3-960)* 87 11 2 100 0 0
Knee replacement 75 (3-920)* 87 12 1 100 0 0
Abdominal hysterectomy 75 (30-233) 94 4 2 99 1 0
Caesarean section 36 (1-209)* 93 1 6 99 0 1
Overall 68 (1-960)t 86 11 3 98 2 0

Table 1 Descriptive statistics for each type of surgery. *Values are median (range). TIn a limited number of
cases (less than 0.1 per cent) hospitals reported an operating time of less than 10 min; these are assumed to
be registration errors, but because of their minor impact they have not been corrected. ASA, American Society

of Anaesthesiologists.

SSls per
No. of No. of Procedures per hospital
Indicator procedures hospitals hospital* (range)* SSI rate (%)t
Mastectomy 1284 17 54 3(0-7) 4.5
(9-268) (0-14.3)
Laparoscopic 1558 12 135 (43-231) 2 (0-9) 1.3
cholecystectomy (0-5.1)
Colonic resection 965 16 61 9 (1-23) 15.1
(11-113) (1.2-36.4)
Abdominal vessel 271 11 12 0(0-3) 0
reconstruction (3-111) (0-10)
Hip replacement 4199 21 204 2 (0-7) 1.4
(49-324) (0-2.9)
Knee replacement 3404 21 140 2 (0-7) 1.1
(28-396) (0-5.1)
Abdominal hysterectomy 284 9 32 1(0-2) 21
(2-64) (0-5.7)
Caesarean section 1664 11 140 0 (0-8) 0
(43-321) (0-2.5)
Overall 13.629 34 326 9.5 (1-35) 2.8
(30-1007) (0.2-17.6)

Table 2 Outcome for each type of surgery. *Values are median (range); Tvalues in parentheses are ranges. SSI,

surgical-site infection.

56



Use of surgical-site infection rates to rank hospital performance across several types of surgery.

varied widely depending on the type of surgery, from 15.1 per cent for colonic resec-
tion to 0 per cent for reconstruction of abdominal vessels (Table 2).

OBSERVED SURGICAL-SITE INFECTION RATES

Observed SSl rates are visualized in funnel plots for all operations combined and after
colonic resection (Fig. 1). Although there were outliers, the majority of hospitals had
an estimate close to the average, within the confidence limits. The hospital estimates
varied more widely for colonic resection.
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Fig. 1 Funnel plots of observed a overall surgical-site infection (SSI) rates and b SSI rate after colorectal surgery.
The observed SSl rate is plotted against the total number of interventions in each hospital

FIXED-EFFECTS MODEL

The fixed-effect models, representing the observed differences between hospitals in
SSI rates, showed significant differences for overall SSI rate in colonic resection and
caesarean section. All remained significant when differences between hospitals were
estimated using random-effect models, taking into account random variation. For
example, the 95 per cent odds ratio range for colonic resection was 0.21 to 4.67 (P <
0.001) (Table 3), meaning that the odds ratio for SSI was 0.21in a hospital at the lower
end of the SSI rate distribution compared with the average; in a hospital at the higher
end the odds ratio was 4.67.
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Unadjusted Adjusted
95% range* of 95% range* of

centre differences centre differences
Indicator v pt Lower  Upper v pt Lower  Upper
Mastectomy 0.20 0.046 0.42 2.40 0.16 0.149 0.46 2.18
Laparoscopic 0.22 0.083 0.40 2.50 0.20 0.118 0.42 2.38
cholecystectomy
Colonic resection 0.62 <0.001 0.21 4.67 0.58 <0.001 0.23 4.42
Abdominal vessel 0 0.500 1.00 1.00 0 0.472 1.00 1.00
reconstruction
Total hip replacement 0 0.500 1.00 1.00 0 0.496 1.00 1.00
Knee replacement 0.22 0.078 0.4 2.48 0.17 0.128 0.45 2.25
Abdominal hysterectomy# 0 0.500 1.00 1.00 0 0.481 1.00 1.00
Caesarean section§ 0.81 0.032 0.17 5.82 1.10 0.024 0.13 7.59
Overall 0.66 <0.001 0.20 491 0.01 <0.001 0.42 2.33

Table 3 Between-hospital differences estimated by random-effects analysis, with or without adjustment for
case mix. *This 95 per cent range represent the odds of surgical-site infection (SSI) compared with the average
of a hospital on the lower end (2.5th percentile) of the distribution and the odds of a hospital on the higher
end (97.5th percentile). TP value for © (variance of random effects). Abdominal hysterectomy sex not in the
model; §caesarean section adjusted only for age and duration of surgery.
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Fig. 2 Effect estimates for differences in overall surgical-site infection (SSI) rate between 34 hospitals in all
surgical procedures combined: first column a fixed-effects unadjusted, second column b random-effects
unadjusted and third column c random-effects adjusted models. Values are logistic regression coefficients,
compared with the average outcome. In each plot, hospitals on the right side have estimated SSI rates above
the average, whereas those on the left have a lower than average estimated SSI rate. Dot sizes indicate the
number of patients per hospital
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Fig. 3 Effect estimates for differences in surgical-site infection (SSI) rate for colonic resection between 16
hospitals: a fixed-effects unadjusted, b random-effects unadjusted and ¢ random-effects adjusted models.
Values are logistic regression coefficients, compared with the average outcome. In each plot, hospitals on the
right side have estimated SSI rates above the average, whereas those on the left have a lower than average
estimated SSI rate. Dot sizes indicate the number of patients per hospital

However, the differences declined between fixed- and random-effects estimates (Figs
2a,b and 3a,b), indicating that part of the observed differences between hospitals was
explained by random variation. This decline was most prominent in the SSI rates for
colonic resection (Fig. 3) because of the smaller numbers per hospital.

After adjustment for case mix, the differences between hospitals declined further,
especially for the overall SSI rates (Fig. 2c). The 95 per cent range of centre differ-
ences declined from 0.20 to 4.91 to 0.42 to 2.33 (Table 3), indicating that part of the
differences between hospitals in SSI rate could be explained by their case mix. Within
the specific procedure types case-mix difference explained less of the variation in SSI
rate (Table 3, Fig. 3). Although the overall differences between hospitals in SSI rates
for colonic resection and for all types of surgery remained significant, this significance
was mainly attributed to a few hospitals that were notably different from the average

(Fig. 3).
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Rankability

Rankability was calculated for the surgical interventions that showed significant dif-
ferences in the random-effects analysis. For caesarean section, rankability could not
be calculated because the majority of hospitals reported no SSis. For the combined
SSI rates, rankability was 85 per cent without case-mix adjustment, but only 8 per
cent after case-mix correction. This means that, of the observed case-mix-adjusted
differences between hospitals, 8 per cent at most may have been due to the quality
of prevention of SSI; 92 per cent was explained by random variation and case mix. For
colonic resection, rankability before and after case-mix correction was 80 and 78 per
cent respectively, meaning that a much larger part of the observed variation might
have been due to quality differences.

DISCUSSION

Random variation largely explained apparent differences between hospitals in SSI
rates for individual surgery types. Apparent differences between hospitals in com-
bined SSI rates were mostly explained by case mix. The significant differences that
remained after adjustment for random variation and case mix were mainly caused by
a few deviating hospitals. Therefore, SSls rate are not suitable for ranking hospitals.
These findings reflect the complexity of the comparison of SSI rates between different
hospitals.

Frequently, the number of procedures per hospital is low. This is often combined with
low SSI rates, for instance in reconstruction of abdominal vessels or caesarean sec-
tion (Table 2). The low SSI rates hinder the detection of differences in quality of care
between hospitals. There is just not enough power. This finding is in line with other
research on SSI as a performance indicator for individual operations**". The funnel
plots show that around 80—90 cases per hospital might be sufficient for reliable es-
timation of the individual SSI rate. Rankability, however, contains a second element:
the magnitude of the differences between hospitals. When differences are small but
estimates very reliable, rankability will be reasonable. When differences are large,
greater uncertainty can be accepted.

By combining fixed-effects logistic regression models and random-effects logistic
regression models, it was possible to estimate uncertainty within the individual
hospitals and the unexplained heterogeneity between hospitals. It was found that
ranking hospitals, adjusted random-effect estimates, led to overinterpretation of the
small and uncertain differences in SSI rates, except in colonic resection. Significant
differences were found in SSI rates after colonic resection and rankability remained
good after case-mix correction. It is plausible that the indication for surgery, such
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as chronic bowel disease, traumatic injury or colorectal cancer, may cause residual
confounding that explains part of these significant differences. Nevertheless, the
finding of possible quality-of-care differences between hospitals is in line with the
results of Hibner and colleagues®They found that the surgeon might constitute an
independent risk factor for SSI after colonic surgery. Additional prospective research
is needed to assess whether SSI after colonic resection can be used as a performance
indicator.

There are two separate elements in the present analysis: statistical uncertainty and
adjustment for case mix. Statistical uncertainty affects hospitals with small numbers
most. Their estimates are too extreme (either too good or too poor) and shift towards
the mean in the random-effects analysis. The estimates will, however, never change
direction, such as from worse than expected to better than expected. The effect of
case-mix adjustment is independent of sample size and can result in a change of di-
rection; for example a hospital with a SSI rate below the average but also an extremely
favourable case mix might go from better than expected before adjustment to worse
than expected after adjustment.

Although this study is based on data from the Netherlands, the findings are gener-
alizable to other countries. The effect of case mix is dependent on the magnitude of
the differences in case mix between hospitals. These are likely to be present in any
country. The role of statistical uncertainty depends on the number of patients per
hospital. Although the total number of patients will be greater in larger countries, the
size of the hospital is likely to be comparable. Therefore, statistical uncertainty will
always be a factor to be considered, especially for smaller hospitals. This is supported
by recent research showing that it is difficult to distinguish between hospitals that are
performing well and those doing badly using crude SSI rates®*.

With growing pressure to report hospital performance publicly, the issue of random
variation and case mix should be addressed more explicitly, and alternative methods
of comparing hospitals should be used. Instead of league tables, funnel plots were
used to compare outcomes between hospitals in the present study; these are useful
for visualizing the influence of random variation®*3°3%3°, Other alternatives for bench-
marking include comparisons with the best-performing hospitals, a national average
or a norm”*°, or to compare rates from year to year within the same hospital.

In this study, SSI rates were adjusted for random variation and case-mix differences
between hospitals. However, there may be residual confounding caused by incomplete
case-mix correction and registration bias that explains the remaining differences. In
fact, only a small part of observed unadjusted differences in SSI rates between hospi-
tals was likely to be attributable to quality-of-care differences (Fig. 4)**%°™.
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Statistical
uncertainty
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Fig. 4 Conceptual framework of between-hospital differences.

The length of the bars in this figure is arbitrary and differs for the various indicators.
For example, for overall surgical-site infection (SSI) the effect of case mix is large and
that of uncertainty is small, whereas for colonic resection the effect of uncertainty is
large but that of case mix is limited.

With regard to case-mix correction, adjustment was made for relevant and available
predictors of SSI. In addition, there are unmeasured confounders that may cause dif-
ferences between hospitals in SSI rate. For hip replacement, for example, revisional
surgery is associated with a significantly higher risk of SSI*3, but this was information
was not available in the present data. Other examples of possible confounders that
were not available for analysis include diabetes, obesity and use of immunosuppres-
sive medication. This incomplete case-mix correction may lead to overestimation
of the differences attributed to quality of care. Registration bias is probably limited
in this study. The authors believe the data to be reliable and comparable because
they were collected in a voluntary registry. Moreover, the hospitals contribute to the
surveillance system in a standardized way and the PREZIES network has set up an
extensive external audit of the data.

The study has limitations, mainly related to the database. The data include elective
and emergency interventions, but there was not sufficient information for case-mix
correction for urgency of surgery. Unplanned procedures are associated with a higher
incidence of SSI**, which will add to the case mix and make comparison between hos-
pitals even more problematic. Participation in the registry is voluntary and reflected
by the number of participating hospitals (34 of 94). Hospitals can contribute no data
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at all, or data for some procedures only. This causes the large effect of case-mix
adjustment in overall SSI rates. These differences in case mix between hospitals are
not necessarily caused by differences in patient populations; they are also the result
of hospitals contributing data for different types of surgery. In addition, the degree
of possible case-mix adjustment is limited by variables available in the data and it is
almost impossible to provide a complete case-mix correction. It could be argued that
the degree of risk adjustment with the Dutch programme is restricted. In comparison,
the American College of Surgeons National Surgical Quality Improvement Program
has been collecting data on approximately 40 preoperative and 20 intraoperative
variables'®**. Therefore, the present study might have overestimated the quality-of-
care effects. Because of the voluntary registration, it is also possible that hospitals
with a focus on quality of care are more likely participate in the PREZIES network. This
seems to be reflected in the low SSI incidence, compared with international data (3
versus 5 per cent).

The rankability measure uses the median standard error, which is only a summary
of the overall uncertainty of individual hospital estimates. Rankability as presented
here is therefore a measure for a complete set of hospitals. For individual hospital
comparisons, the individual standard errors might be used*:.

When comparing SSl rates for all procedures, apparent differences between hospitals
were explained by case mix. For individual procedures, case mix varied less between
hospitals, and differences were explained largely by random variation. Although SSI
rates may be used for quality improvement within hospitals, they should not be used
for ranking hospitals, especially if the number of patients per hospital is limited.
Random-effects modelling and funnel plots should be used to avoid overinterpreta-
tion of apparent differences in SSI rates.
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SUPPORTING INFORMATION
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Additional supporting information may be found in the online version of this article:

Ssi Age median Sex male
Center N % (n) years % Surgery types
1. 561 2,7 (15) 44 15 1,3,5,8,10
2. 612 0,2 (1) 57 17 6,7,8,10
3. 631 1,0 (6) 63 25 6,7,8,10
4. 691 1,3(9) 69 31 6,7
5. 822 4,3 (35) 69 35 1,4,5,6,7
6. 321 2,5(8) 31 0 10
7. 255 0,4(1) 68 38 6,7
8. 68 17,7 (12) 70 49 4
9. 844 3,6 (30) 70 28 1,4,6,7
10. 369 4,1(15) 72 34 4,6
11. 320 2,2(7) 70 31 6,7
12. 110 13,6 (15) 71 46 4,5
13. 138 4,4 (6) 59 0 1
14. 329 1,5(5) 71 23 1,4,5,6,7
15. 268 2,2 (6) 58 0 1
16. 226 2,7(6) 62 26 1,3,4,6,7,8,10
17. 314 2,6 (8) 71 32 4,6,7
18. 606 1,7 (10) 68 34 1,3,4,5,6,7
19. 395 2,3(9) 44 11 1,3,6,7,8,10
20. 1007 1,0 (10) 61 23 1,3,4,5,6,7,8,10
21. 453 1,8(8) 60 20 1,6,7,10
22. 277 5,8 (16) 46 16 1,3,10
23. 352 3,4(12) 56 22 1,3,4,10
24. 234 0,9(2) 35 8 3,8,10
25. 510 2,2(11) 64 32 6,7
26. 135 8,9(12) 68 27 14,5
27. 318 5,4 (17) 70 32 4,6,7
28. 273 11,0 (30) 69 37 4,5,7
29. 562 1,3(7) 69 32 6,7
30. 30 10,0 (3) 73 90 5
31. 132 3,0 (4) 51 26 3
32. 322 3,1(10) 57 21 1,3,6,7,8
33. 663 1,7 (11) 67 33 1,3,4,5,6,7
34. 481 4,4 (21) 65 28 1,3,4,5,6,7,8
Total 13629 2,8% (378) 64 26% all

Supplemental table; individual hospitals Surgery types: 1=mastectomy 3=Laparoscopic cholecystectomy
4=Colon resection 5=Reconstruction abdominal vessels 6=Hip Replacement 7=Knee replacement 8=Abdomi-

nal hysterectomy 10=Caesarean section
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Appendix 2: Formulas

Fixed effect logistic regression

Lﬂglt{P{ vr'j = ”er}} = [’;Xu + 'BI'

with

Xj:  the regression coefficients describing the effect of the covariates and the intercept,

B: the covariates (in this case the confounders) describing the patients characteristics of patient j in hospital J,
" including the constant term,

o:: the effect of hospital j, that is the coefficient with respect to some overall mean.
.,.

Random effect logistic regression

Logit(P(Y;j = 11X;)) = BX;; + 0,

with

the covariates (in this case the confounders) describing the patients characteristics of patient j in hospital /,

including the constant term,

B: the regression coefficients describing the effect of the covariates and the intercept,

the effect of hospital j, that is the coefficient with respect to some overall mean, drawn from a normal
6;: distribution with mean p and variance

Rankability

T

T median(s?))

P

with

™ the variance of the random effects,

s?:  the variance of the fixed effect individual hospital effect estimates.
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ABSTRACT

Aim. To explore the relation between the occurrence of pressure ulcers or inconti-
nence dermatitis and the quality of the preventive care process.

Background.The prevalence of pressure ulcers with or without incontinence dermati-
tis is widely used as indicators for the quality of nursing care.

Design. Matched case control study

Methods. We collected information on 132 patients selected from a prevalence study
(April 2010). We matched 88 controls to 44 cases, controlling for duration of hospital-
ization and type of nursing unit. We wrote 132 patient reports including patient factors
and process criteria using chart review. Five expert teams assessed nine processes
of care with guideline based review criteria. The expert teams assessed the reports
blinded for outcome. The care process was assessed using a four point quality score
ranging from optimal care to vital suboptimal care.

Results. In a multivariable analysis using conditional logistic regression, the pressure
ulcer risk score (OR 1.3, Cl 1.07-1.46, p-value 0.018) and the quality score (OR 1.87, Cl
1.06 - 3.32, p-value 0.032) were independently associated with poor outcome after
adjustment for type of illness, age, care needs prior to hospitalisation, stay in inten-
sive care and the number of care problems.

Conclusion. We found that developing pressure ulcers or incontinence dermatitis was

associated with the quality of the preventive care process, indicating that variation in
this prevalence reflects variation in quality of care.
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Association between quality of preventative care and hospital-acquired skin lesions

BACKGROUND

Pressure ulcers and incontinence dermatitis are important health care problems for
hospitalized patients with reduced mobility or immobilization. A pressure ulcer (PU)
is caused by uninterrupted pressure and shear on soft tissue, muscle and bone, as
defined by the National Pressure Ulcer Advisory Panel (NPUAP) and the European
Pressure Ulcer Advisory panel (EPUAP)(1). These ulcers decrease the quality of life
for patients(2, 3) and increase morbidity and mortality(4). Incontinence associated
dermatitis (IAD) is moister related skin breakdown occurring when urine or stool is
left in contact with the skin(5-7).

PU patients require intensified nursing and medical care, resulting in an increased
workload for healthcare workers and increased healthcare costs(8-11). PU and IAD
can be avoided with adequate measures and preventive care, though not all PU’s are
avoidable(12-14). During the 2011 Consensus Conference in Baltimore, Maryland(15)
avoidable was defined by the NPAUP as: “An avoidable pressure ulcer can develop
when the provider did not do one or more of the following:

1. evaluate the individual’s clinical condition and pressure ulcer risk factors;

2. define and implement interventions consistent with individual needs, individual
goals, and recognized standards of practice;

3. monitor and evaluate the impact of the interventions;

4. or revise the interventions as appropriate”.

Each of these individual concepts (evaluating, implementing prevention, monitoring,
communicating) refer to specific care processes, that can be used to identify avoid-
able PU cases and adherence to guidelines as an important aspect of the preventive
care process. Based on these factors, we drew a conceptual framework of the relation
between factors relating to process quality and factors relating to the patient in the
development of pressure ulcers (figure 1; conceptual framework).

In this framework, we assumed that one cannot control the health status of the pa-
tient on admission to the hospital (patient factors), nor factors relating to treatment
like immobility during surgery. Nurses can plan and provide optimal care in minimising
risk and preventing pressure ulcer development (process quality), including interven-
tions to improve health status, nutrition status or mobility. Therefore, patient factors
relate to the initial and evolving status of the patient.
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Relation between patient variables and process factors in the development of pressure ulcers

Age
Gender
q Nutrition status .
Patient | 1" Co-morbidity |—» Risk |»| Immobilityor
variables R reduced mobility
Life style
liness/disease
Intervention
Non-avoidable
pressure ulcer
Risk PROCESS quality
assessment
Planning and
Process Knowledge | | implementing | __|Communication Optimal
factors Attitude preventative and registration prevention
actions

Materials 4T

Figure 1; conceptual framework of the relation between non-modifiable variables and controllable factors in
the development of pressure ulcers

PU occurrence is widely used as an indicator for the quality of care (16-18). In the
Netherlands, PU prevalence, including IAD, is generally accepted and used as an
indicator of the quality of nursing care, based on the assumption that PU occurrence
reflects the quality of the processes of the care given to prevent PU. However, it is still
unclear whether there is an association between PU/IAD prevalence and PU preven-
tive care processes (18, 19). Brandeis et al found several risk factors associate with
pressure ulcers incidence, but these could not explain the three-fold difference in
the incidence rates for pressure ulcers.(20). The residual confounding in this research
might be explained by unmeasured process variables. Morris et al describes an as-
sociation between PU prevalence and a global quality score of PU care processes (21).
Whereas, Bates-Jensen and colleagues could not relate the indicator to differences
in PU care processes (22). In the latter prospective study, nurses in nursing homes
observed ten preventive care processes during a 3-day data-collection period, but it
is unclear if these observations interfered with normal care processes. Other stud-
ies directly applied one or a set of predefined criteria for the quality of care to PU
cases (23-25), but this does not capture the complexity and time-dependence of the
combined preventive care processes.

Aim

The aim of this study was to explore the relation between the occurrence of pres-
sure ulcers or incontinence dermatitis as an outcome indicator and the quality of the
preventive care processes.
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METHODS

Design; We used a matched case-control design. The case-control sample was derived
from the data of a cross sectional pressure ulcer prevalence measurement in April
2010 (parent study).

Setting; This study was performed in a large university hospital in the Netherlands.

Participants; The parent study, PU prevalence including IAD, is measured biannually
in all adult hospitalized patients. In April 2010, data was collected in 24 units repre-
sented seven intensive care units (ICUs) or step-down units, eight medical units, and
nine surgical units. Patients with PU or IAD on admission were excluded, as well as
patients in day care and low risk units (psychiatry, maternity ward), in concordance
with the definition of the Dutch performance indicator in 2010 (26, 27). In the case-
control study patients were regarded as cases when free from PU or IAD at admission
but showed a PU or IAD at the day of the data collection of the parent study.

Variables; The depended variable in this study was the occurrence of PU or IAD and
we analysed the relation with the quality of the preventive care processes. Data on
the preventive care processes comprised eight guideline-based criteria(1);

Risk assessment using risk assessment tools, clinical assessment or both
Patient information about PU risk and prevention (verbal or written)
Turning regime or repositioning for the prevention of PU

The use of support surfaces to prevent heel pressure ulcers
Alternating-pressure active support replacement mattresses

Skin protection from exposure to excessive moisture

Adequate nutrition

Skin assessment

PN OUpw N

Added to these eight criteria was the criterion of “non-recommended intervention”.
This dichotomous variable measured any non-recommended action defined as mas-
sage, synthetic sheepskins or inserting a catheter in case of incontinence.

Although there is no reliable evidence to suggest that the use of structured, system-
atic pressure ulcer risk assessment tools reduces the incidence of pressure ulcers, the
EPUAP/NPUAP guidelines advice a risk assessment to be carried out within 24 hour
of admission in the hospital. Risk assessment is viewed as a first step in identifying
patients for whom prevention should be a part of the care process.
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The following variables were analysed as potential confounders; age, gender, medica-
tion, pre admission care needs, activity of daily living (ADL)(28, 29), care problems,
(pain, delirium, incontinence, malnutrition), intensive care stay during admission, PU
risk score and type of illness (benign/malign).

Data collection and in depth case reports

Parent study

Prevalence measurement are performed yearly since 2003 and biannual since 2008.
Data was collected between 8:00 and 12:00 AM on the first Tuesday of April 2010 by
one or two nurses of each clinical unit. Written instructions were provided six weeks
and one week before the measurement. Each patient was examined from head to toe
for signs of PU or IAD. A predefined form guided the data collection. During the April
2010 measurement, 454 patients were assessed and 44 patients with PU category
1-4 or IAD were identified. All initially reported category 1 PU were reassessed by the
tissue viability nurses and only patients with true category 1 PU were considered as
having PU. Category 1 PU is often excluded in research, due to high dependency on
knowledge and experience of the nurses for accurate assessment(30). In this sample
only ten of the fifteen reported cases of PU category 1 were marked correctly by the
nurse. Because of the reassessment by the nurse consultant, we could include this
category. Inclusion of IAD in light of this study is based on the research by Houwing et
al finding that there is no justification for singling out moisture lesions from pressure
ulcers(31), which hereafter was adopted by the Dutch Health Care Inspectorate(27).
Skin protection from exposure to excessive moisture being part of proper PU preven-
tion, the process of addressing IAD could be evaluated within the guideline criteria.

Case-control study

The quality of the preventive care processes was assessed by an expert panel using
case report. An independent researcher (AMvD) collected data on patient variables
and process factors between April 2010 and September 2010 using a pre-structured
data collection form. The primary source of information was the patients records
(paper and/or electronic) in all patients. In case of lack of information, we additionally
asked the nursing staff, using closed format questions listed on the case report form
on the care usually provided. Finally, we looked at on site protocols to complete the
information. The data source was included in the data collection.

With this information, 132 in depth patient reports of all cases and controls were writ-
ten addressing patient characteristics and medical history, current medical problem
and hospital stay, aspects of care and care problems, preventive actions, and factors
influencing the risk of PU development. Medical terms were explained in footnotes.
The case reports were blinded for outcome by reporting only on the preventive care
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until the onset of PU or the PU prevalence measurement. The time line was con-
structed in a way that the audit panel members could not infer the patients’ outcome
status (pressure ulcer or IAD present yes or no) from the time points of measurement
mentioned in the case reports. For all preventive processes, the source of the informa-
tion was added, thus alerting to the susceptibility of the information for possible bias.

Audit

Audit panel; We set up a 15 member expert panel including two Intensivists, one
dermatologist, two scientists in the field of PU, five tissue viability nurse consultants
and five nurses. The expert panel members were selected on the basis of their specific
knowledge and experience with pressure ulcers and pressure ulcer prevention. Four
of the 15 experts were external to the university hospital (2 scientists, 2 consultants).
The expert panel member were informed about of the purpose of the study. The
audit expert panel discussed the interpretation of the guidelines during a meeting
prior to the start of the assessment period and agreed on the criteria determining
the quality of care. At this meeting, the expert panel assessed the concept patient
report and valued information on timely use of pressure releasing mattresses as vital
to include in the patient reports. We split the panel into five teams of three experts,
each consisting of one physician or scientist, one tissue viability nurse consultant and
one nurse.

Audit procedure; We electronically sent the expert teams the case reports compris-
ing the detailed information on the patient and on the process of care as described
above. The teams each assessed 26 or 27 patient reports. There were no significant
differences between the teams with regard to the number of reports for cases or con-
trols (chi® 2.9, p-value 0.50). The teams evaluated the patient reports on the quality of
the preventive care processes. First, each team members used the nine criteria of the
care process and assessed them on the severity of the shortcoming (none, minor or
major) in relation to the individual patient. Based on the severity of the shortcomings
and their likely relationship with an unfavourable outcome of care (i.e., occurrence
of PU or IAD), the experts gave their final assessment of the care process in the form
of a single quality score. We used four categories of (sub)optimal care, taken from
previous audit research (32-35).

Grading of suboptimal factors for PU resulted in a quality score;

0 No suboptimal factors have been identified.

1 One or more suboptimal factors have been identified, but these are unlikely to
have contributed to a failure to prevent pressure ulcer in this patient.

2 One or more suboptimal factors have been identified, and possibly have contrib-
uted to a failure to prevent pressure ulcer in this patient.
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3 One or more suboptimal factors have been identified, and are likely to have con-
tributed to a failure to prevent pressure ulcer in this patient.

In giving their final judgements, the experts took into account the specific conditions
and circumstances of the patient, which sometimes justified that an element of care
prescribed by the guidelines was omitted (e.g., after hip fracture regular reposition-
ing of patients may not be feasible or even undesirable). The panel team members
could reject case reports if they found the information insufficient for the assessment.
This first assessment was done individually by the experts without information on
the assessments of their team members. In the first evaluation, the team members
used a predefined assessment form on which they could comment on the degree
of the shortcoming and include the arguments underlying their final assessment on
suboptimal care factors (quality score). Consensus in the first round was considered
to be reached if all three team members assigned an equal quality score, which was
the case in 57 patient reports. In 85 reports, there was disagreement in the first
round and we sent the assessments to all three team members asking them if they
would revise their quality score based on the arguments of their team members. In
the second round, we considered consensus reached if the difference between the
team members was not more than one point, of which the lowest score counted.
The expert panel discussed six reports without consensus in the second round in a
final plenary session. The physicians within the expert panel tended towards a milder
judgment of care quality, loading heavier on patient factors, in relation to the nurses
and the nurse consultants. In one case the discrepancy was based on different views
on the mobility of the patient.

These teams each assessed a part of the patient reports, that might introduce bias if
one of the teams were milder in their assessments. Therefore, each team also assessed
some patient reports from the other teams for the measurement of agreement. The
assessment of the patient reports of the other teams resulted in ten paired assess-
ment of which the majority (6) was identical in the final assessment and three paired
assessments differed only one point. One paired assessment differed two pint based
on different views on the mobility of the patient. The agreement between the nurse
and the nurse consultant was good (weighted kappa 0.74, Cl 0.64-0.83) and higher
than the agreement between the nurse consultant and the physician (weighted kappa
0.39, Cl 0.23-0.56) or the nurse and the physician (weighted kappa 0.44, Cl 0.32-0.57)
in the first round of the assessment. In the second round, the agreement between
the nurse and the nurse consultant was excellent (weighted kappa 0.92, Cl 0.89-0.95)
and again higher than the agreement between the nurse consultant and the physician
(weighted kappa 0.74, Cl 0.63-0.85) or the nurse and the physician (weighted kappa
0.72, Cl 0.61-0.83).
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Analysis

Study size; For the case-control study, we performed a power analysis using the
bootstrap method. We simulated datasets with 44 cases (a number that was already
known), each with two controls. The main predictor was quality of care in four cat-
egories. We assumed a phi correlation of 0.275 between quality of care and case
versus control and a inter cluster correlation of 0.15 for the quality of care within the
matched triple. When using these specifications, we produced 500 replica’s. In each
replica, we performed a binomial multilevel analysis with case as outcome, quality
of care as fixed factor and triples as random factor. The result showed in 80% of the
replica’s a significant relation (alpha 0.05) between quality and case.

Statistical methods; Descriptive statistics; continuous variables were analysed using
mean and standard deviation in case of normal distribution or median and interquar-
tile range in case of non-parametric variables. Ordinal and nominal variables were
described using numbers an percentage. The relation between PU or IAD and the
quality of prevention was estimated by calculating odds ratios using conditional logis-
tic regression. For the conditional logistic regression in SPSS, the Cox regression was
used in which the paring was represented by “strada” and the outcome was PU (yes/
no) using the formula; logit (p=1Ix)= B quality score + B additional variables. All cases
had their event at the same time while all cases were censored represented by the
grouping variable. In the multivariable analysis, a force enter method with a cut-off
of 0.05 was used to include variables in the model. We tested the linearity assump-
tions of the ordinal variables in order to approach them as a continuous variable A
two-sided p-value <0.05 was considered statistically significant. Possible interaction
was expected and tested between the risk score and care needs at admission, age
and gender. We calculated agreement between the different experts within the teams
using a weighted Kappa analysis in Medcalc vesion 11.6.

Matching procedure; For every case, two controls were selected matching on type
of nursing unit and length of stay, expecting these factors to be confounders, and
because matching on (instead of statistically controlling for) confounders increases
the precision of the study, given the limited number of cases(36, 37).

Ethical considerations

In this study, we used routinely collected data and anonymized the patient character-
istics that could lead to recognition of an individual. This project was approved by the
Erasmus MC Medical Ethics Committee.
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RESULTS

Patient characteristics

We included 132 patients (44 cases and 88 controls) in our study sample, of whom
61% was male and the mean age was 60 years (Table 1). More than half of these
patients (64%) lived with a partner. Thirty-one percent of the patients received some
kind of help for ADL. The majority of the cases (66%) had PU category 1 or 2 and 10
cases (23%) suffered from incontinence dermatitis.

Variable Cases, n=44 Controls n=88
Gender male % (n) 50% (22) 66% (58)
Age (years ), mean (sd) 64.5 (13,0) 54,6 (15.3)
Ethnicity, Caucasian % (n) 84% (37) 75% (66)
Living with partner, % (n) 61% (27) 65% (57)
Care needs before admission (ADL) % (n)

Independent 54% (24) 77% (68)
Needs help 32% (14) 18% (16)
Dependent 14% (6) 5% (4)
Type of iliness, malignancy 43% (19) 25% (22)
Number of care problems mean (sd) 3.05 (1.6) 1.4 (1.4)
ICU admission during hospital stay, % (n) 55% (24) 35% (31)

PU risk score

no risk 39% (17) 86% (76)
risk 45% (20) 14% (12)
high risk 16% (7) 0% (0)
PU or IAD

PU category 1 32% (14)

PU category 2 34% (15)

PU category 3 9% (5)

PU category 4 2%(1)

IAD 23% (10)

Table 1 Demographic variables. ADL- activities of daily life, ICU- intensive care unit, PU- pressure ulcer, IAD-
incontinence associated dermatitis.

Audit procedure

The audit teams, blinded for outcome, provided 132 assessments of patients. The
assessments of the nine criteria (Figure 2) showed differences between the cases and
the controls for risk assessment, prevention of heel PU and the use of alternating
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Figure 2: assessment of the individual care processes; differences between cases and controls. The raw num-
ber of patients are listed per category within the bars.
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Figure 3: quality score distribution between cases and controls. The raw number of patients are listed per
category within the bars.
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pressure relieving mattresses.We observed differences between cases and controls in
suboptimal care score. (Figure 3)

Case control analysis

In the univariate analysis of the conditional logistic regression showed that associated
with PU/IAD were the factors quality score, PU risk score, age, care needs before
admission, type of illness, number of care problems and IC admission during stay
(table 2).

Univariable Multivariable

Variable OR Cl p-value OR Cl p-value
Quality score 2.0 1.3-3.0 0.001 1.9 1.1-33 0.032
PU risk score 13 1.2-15 <0.001 1.3 1.0-14 0.018
Type of lliness, malignancy 33 1.2-93 0.024 43 0.9-20.1 0.067
Care needs before admission 2.6 1.2-5.6 0.014 2.3 0.7-7.1 0.153
Number of care problems 1.6 1.2-2.1 0.003 1.2 0.8-1.8 0.338
Age per decade 1.6 1.2-2.0 0.001 1.2 0.8-1.7 0.511
ICU admission during hospital stay 3.9 1.4-11.0 0.011 1.4 0.3-6.7 0.708
Gender 1.9 0.9-4.0 0.089

Ethnicity (autochthonous/immigrant) 0.5 0.2-1.5 0.213

Living with partner 1.2 0.5-2.5 0.694

Table 2 Logistic regression analysis. ADL-activities of daily living, PU- pressure Ulcer, ICU, intensive care unit

In the multivariable analysis, the final quality score (p 0,032), and the PU risk score
(p 0,018) were significantly associated with the occurrence of PU/IAD, indicating that
variations in the prevalence are a reflection of variations in the quality of care. We ex-
amined interaction terms between predictors, and found none was sufficient relevant
to extend the model beyond the main effect for each predictor.

To determine if care processes differ in importance for category 1 or category 2 and
greater ulcers, the OR for the cases of pressure ulcer without category 1 PU was cal-
culated separately. We found a comparable association between these cases and the
quality score (OR 1.9 Cl 1.03-3.72).
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DISCUSSION

Main findings

The aim of this study was to explore the relation between the occurrence of pres-
sure ulcers or incontinence dermatitis as an outcome indicator and the quality of
the preventive care processes. We found a significant relation between the quality
of the preventative care processes and the occurrence of hospital-acquired skin le-
sions in adult hospital patients. This finding indicates that variation in pressure ulcer
prevalence reflects variation in quality of care. Furthermore, we found a significant
role of patients’ pressure ulcer risk as independent predictor, showing that pressure
ulcer prevalence provides an indication of the quality of nursing care, not an absolute
measure. Given an optimal process quality, there will always be unavoidable PU. This
bias in the outcome indicator might influence the actionability of the indicator. Action-
ability relates to the clues for subsequent improvement of the quality of care that the
performance indicators provides. Indicators should focus on those aspects of care in
which interventions are possible and therefore have the potential for improving care.
Actionability is then the degree to which a health care professional can influence the
measure, in response to an unfavourable value of the indicator(38, 39). There is a con-
tinuous tension between the search for meaningful indicators on a national level and
on their use for quality improvement within a hospital(40). Actionability of outcome
indicators is described to be negatively influenced by the absence of information on
actual care processes and subsequently performance improvement(41, 42). Although
we found a significant relation between outcome and process, our finding might sug-
gests that process indicators are more actionable than outcome indicators.

Both in cases as well as in controls the optimal care percentage was low. This might
be explained by our strict assessment by agreeing not to use the optimal care as-
sessment if one of the criteria was not up to the international standard, even if the
consequences for the patient were negligible. But this finding is in line with recent lit-
erature. Beeckman, et al, assessed the process quality according to the international
guidelines and found optimal care in only 14% of the patients (23). Gunningberg found
that in less than 20% of the high risk patients a PU prevention protocol was present at
the time of the survey (24). It is unclear why patients received sub-optimal care in PU
prevention. Nurses’ knowledge and attitude play an important role in their capacity in
preventing PU. Several studies detected a lack of knowledge in nurses towards pres-
sure ulcers prevention (43-46). Others found attitude to be significantly influencing
PU prevention, underpinning the complex nature of behavioural change(47). Recent
findings from the RN4Cast study showed nursing care left undone was associated with
nurse-related organisational factors(48, 49). Our model, hypothesizing which factors
influence the occurrence of PU might warrant inclusion. Further research is needed
and important for inquiries into the major factors contributing to the sub-optimal
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delivery of preventative care. The findings of this study add to the growing body of
evidence indicating significant room of improvement in the daily implementation of
pressure ulcer prevention care.

On exploring the inclusion of IAD to this study, it must be said that there is a dispute
among professionals on how to value the influence of moisture on the development
of PU. In the pathology study by Houwing et al, no justification was found for singling
out moisture lesions from pressure ulcers by indicating that the distinction may even
be dangerous when proper preventive measures for the development of pressure
ulcers are not undertaken.(31) However, other studies do not include this skin condi-
tion, based on the causal relation between IAD and the exposure to urine and stool.
IAD being a risk factor for de development of PU(50) will result in wounds that are
a combination of both. Since skin protection from exposure to excessive moisture is
part of proper PU prevention, including IAD does not make the relation between care
processes and the outcome indicator less relevant.

Using an audit study design, we focussed on all processes preventing PU/IAD and the
audit panel could assess the preventive actions in light of the complexity and time de-
pendence of the combined care processes. In assessing the care processes, the expert
teams looked only at preventable flaws. If patient factors hinder a preventive action,
such as repositioning and hip replacement surgery, this was not seen as inadequate
care delivery, as long as other preventive actions were undertaken. To our knowledge,
we are the first to explore the relation between PU/IAD and process quality this way.
Amir et al investigated the decline in PU prevalence in the Netherlands and related
this decline to the use of special beds/mattresses and special cushions in wheelchairs,
as well as repositioning, dehydration/malnutrition prevention and PU information
(51). They used the Dutch National Prevalence Survey of Care Problems database from
2001 to 2008 and the process indicators available in that database. Other methods
address the compliance of professionals to PU prevention guidelines (23, 24, 52, 53).
Because we aimed at addressing all PU/IAD prevention processes, we were faced with
accompanying complexity. Nurses take different preventive actions and these actions
need to be applied in the specific timeframe in which the patient is at risk, sometimes
for days or weeks. To measure the exact compliance to guidelines, researchers can
prospectively observe the whole timeframe to assess whether prevention was suf-
ficient and timely. On the other hand, this approach is enormously time consuming
and may interfere with normal care process. Our audit design proved to be a feasible
and practical approach in addressing the quality of all processes in preventing PU.

In nursing research, the case control design is sparsely used in prediction studies and
explanatory studies (54, 55). Our study illustrates the potential usefulness of this

design for studies of process-outcome relationships in nursing care.
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Limitations

Limitations of the study were found in underreporting of preventive measures in
patients records, thereby limiting available data. To expand the reported informa-
tion, we added available information through nursing staff recall and adhered on site
protocols or standard care of PU prevention on the different nursing units. Since the
nursing staff recall was part of preparation of the in depth case reports for the retro-
spective audit, this method of data collection gives way to bias on recall and whether
the on-site protocol was on the actually followed up. Here for, we added the source of
the information to the case reports, thus providing the expert team members insight
in these probable biases. The experts had the possibility to reject a case report if they
thought the information was insufficient for the assessment. This possibility of rejec-
tion was not enforced in any of the case reports. Despite the systematic approach of
data collection and reporting, the lack of exact information of what was done within
the timeframe can be addressed in future research by accompanying the parent study
with a questionnaire on the care processes.

In the parent study, true cases of category 1 PU might have been missed, because
they were overlooked by nurses in the initial assessment.(56-58) This misclassifica-
tion could have influenced the control group, making the difference more difficult to
prove.

Due to limited resources, the data collection could not be performed by two inde-
pendent researchers. Instead, an independent researcher performed the extraction
process of the data collection directed by a predefined protocol and guided by a data
collection form. Therefore, no inter-rater reliability was performed on the extraction
process in relation to the case reports. However, a small part of the case reports
were submitted to the nurse who was familiar with the specific patient. In all cases,
the nurse evaluated the description of the patient’s factors and process factors to be
correct.

Despite these limitations, we have found a high predictive value of the quality of the
care processes on the occurrence of PU.

Conclusion

We found a significant association between the quality of the preventative care pro-
cesses and the occurrence of hospital-acquired skin lesions in adult hospital patients.
This finding indicates that variation in pressure ulcer prevalence reflects variation in
quality of care. In clinical practice, measuring both pressure ulcer occurrence as well
as process-indicators will give viable information for improvement. Future research
should aim at understanding the major factors contributing to the sub-optimal deliv-
ery of preventative care.
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Impact statement

Pressure ulcer prevalence is widely used as a performance indicator for the quality
of nursing care but its association with the preventive care process is still unclear
and frequently debated. We aimed at exploring the total bundle of preventive care
processes and its relation with the outcome indicator. We found a significant associa-
tion between the quality of the preventative care processes and the occurrence of
hospital-acquired skin lesions in adult hospital patients. This finding indicates that
variation in pressure ulcer prevalence reflects variation in quality of care.

Key words; quality of care, performance indicator, nursing, quality improvement,
process indicators, pressure ulcer

Summary statement

Why is this research or review needed?

e Although pressure ulcer prevalence is widely used as a performance indicator for
the quality of nursing care, its association with the preventive care process is still
unclear and frequently debated.

e To explore the relation between the occurrence of pressure ulcers or incontinence
dermatitis and the quality of the preventive care process.

What are the key findings?

e We found a significant association between pressure ulcer prevalence and the
quality of preventive care, indicating that the performance indicator does reflect
the quality of nursing care.
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A significant part of the prevalence reflects patient factors, showing that pres-
sure ulcer prevalence provides an indication of the quality of nursing care, not an
absolute measure.

How should the findings be used to influence policy/practice/research/education?

Pressure ulcer prevalence should be used as an indicator of the quality of nursing
care.

Measuring the different process criteria identifies quality improvement opportu-
nities.

The case control design is useful for nursing studies on process-outcome relation-
ships.
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ADDITIONAL MATERIAL

Case report

Casusbeschrijving auditonderzoek patiént 10613

Algemene gegevens en voorgeschiedenis

Nederlandse vrouw, 74 jaar en alleenstaande weduwe. Voor opname zelfstandig met hulp. Bekend met reumatoide
artritis, waarvoor biologicals* en corticosteroiden. Mw. ontwikkelde een spondylodiscitis® niveau thoracaal 9 t/m 12,
met epidurale abcessen, rond de wervels en de dorsale rugspier, waarvoor opname in een ziekenhuis in Rotterdam.

Medische gegevens

Opname vanuit een ander ziekenhuis voor een second opinion en behandelopties op een niet-chirurgische
risicoafdeling. Vanaf opname strikte bedrust en fysiotherapie voor oefeningen in bed t.a.v. de zithouding. Er werd
gekozen voor een conservatief medicamenteus beleid, waarbij de MRI verbetering liet zien. Tijdens de opname
ontwikkelde Mw. dyspnoeklachten t.g.v. hartfalen. Ligduur tot prevalentiemeting 13 dagen. Bij de behandeling
waren reumatoloog, revalidatiearts, cardioloog, en fysiotherapeut betrokken.

Zorgaspecten

Mw. is zeer angstig. Algeheel zieke vrouw, met zeer geringe inspanningstolerantie. Bij vlagen verward en onrustig.
Bedgebonden en ADL afhankelijk.

Zorgproblemen:

Decubitus Ja, geen systematische risico-inventarisatie. Wel zorgplanning en registratie.
Verpleegkundigen bespreken het risico van decubitus. Risicoplaatsen stuit, hielen,
ellebogen

Ondervoeding Thuis normaal gewicht (BMI 22). Voor opname 9 kg afgevallen bij koorts misselijkheid

en braken; ondervoeding. Tijdens opname slechte eetlust en geringe intake. Na 8 dagen
bengmarksonde® ingebracht om adequaat te kunnen voeden.

Delirium Ja, medicatie en vrijheidsbeperkende maatregelen
Pijn Nee

Incontinentie en Urinecatheter, incontinent van faeces en diarree
diarree

Preventieve maatregelen

Patiéntinformatie Nee

Wisselligging Ja, moeizaam bij onrust.

Preventie hieldecubitus Ja

Inspectie van de huid Ja, tijdens verzorging

Anti-decubitus matras Ja, volgens planning bij opname, uitvoering 3 dagen later, matras voor hoogrisico
patiénten.

Bescherming tegen Ja, barrierespray

incontinentie

Voedingsinterventies Diétist i.c. vanaf opname. Mw. heeft voorkeur voor vloeibare producten,

zoals yoghurt en kwark en wordt gestimuleerd meer te eten. De aangeboden
drinkvoeding wil zij niet proberen. Mw. wil ook geen sonde. Energieverrijkt dieet. Bij
duodenemsonde verzelverrijkte sondevoeding 1500 kcal.

Zinloze preventieve Geen

maatregelen

Decubitus beoordeling

1. Druk- en schuifkrachten” Aanwezig door immobiliteit en onrust
2. Weefseltolerantie® Beperkt door temp, voedingstoestand, corticosteroiden en hartfalen
Retrospectief decubitusrisico Waterlowscore basisrisico 22, max. risico 24
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Reumatoide artritis is een auto-immuunziekte waarbij het afweersysteem zich keert tegen het lichaam
door het produceren van een teveel aan ontstekingsstimulerende stoffen. Het gevolg is een chronische
ontsteking van de gewrichten. Biologicals behoren tot een nieuwe generatie geneesmiddelen die de werk-
ing van lichaamseigen stoffen of cellen van het immuunsysteem beinvioeden of nabootsen. Het effect van
biologicals is het remmen van het ontstekingsproces en het voorkomen van gewrichtsschade.

Spondylodiscitis; ontsteking van een tussenwervelschijf met een ontsteking van de aanliggende wervels en
een botvliesontsteking van de wervels

Bengmarksonde, deze transnasale microsonde heeft, na verwijdering van de voerdraad, een krul aan het
einde die, bij voldoende maagmotiliteit, naar het jejunum migreert.

Oorzaak, Intensiteit; onderlaag, houding, lichaamsbouw, interventies als OK/CT e.d., duur, pijn en gevoe-
ligheid (denk ook aan pijnmedicatie en sedatie)

Weefselmassa, Doorbloeding van de huid, Vochtletsel, verweking van de huid (maceratie)
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ABSTRACT

Purpose

The Netherlands Health Care Inspectorate (NHCI) protects and promotes health and
healthcare by ensuring that care providers, care institutions and companies comply
with laws and regulations. The effects of these actions on public health are not quanti-
fied. The objective of this study is exploring the feasibility of measuring the impact of
surveillance actions on public health.

Method

We examined the magnitude of the health problems suicide, pressure ulcers and
medication errors before and after the surveillance by the NHCI. In addition, we esti-
mated if the reports were likely to express complete coverage or major underreport-
ing or overreporting. Finally, we determined the effect of the surveillance initiated by
the NHCI to avoid health damage.

Results

Medication errors are not clearly defined to measure the magnitude of the health
problem or the effect of surveillance. Pressure ulcers and suicide can be quantified
using the data from the inspectorate. Using a time series design, the trend before and
after the surveillance can be made transparent. The exact impact of the effect of the
surveillance in both pressure ulcer and suicide cannot yet be quantified.

Conclusion

Currently, it is not possible to quantity the impact of the surveillance on public health.
In case of clearly defined health problems, it is possible to quantify the extent of
the problem using the data at the Inspectorate or from external data and time se-
ries analysis. Establishing a causal relation between supervision and observed time
trends, however, requires an experimental research design, including a prospective
randomized or a stepped wedge design.
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INTRODUCTION

Each healthcare professional in the Netherlands comes across the Dutch Healthcare
Inspectorate (/nspectie voor de Gezondheidszorg, |GZ) sooner or later, since the In-
spectorate keeps a critical eye on the activities of all care providers. The IGZ has also
been subjecting its own activities to an increasing level of critical scrutiny in recent
years. This is necessary because the social importance of surveillance is increasing,
due among other things to the effect of the market in healthcare and the increasing
need for transparency. These trends have led to a greater need for insights into the
effectiveness of surveillance, both within the Inspectorate and externally.’

The IGZ started a surveillance evaluation programme in 2008. The aim of this
programme is “to evaluate and improve the methods and instruments (see box on
“Surveillance instruments”) used for the purposes of surveillance, and to document
the contribution surveillance makes to the safety and quality of healthcare”.? Data on
the results of interventions before and after surveillance can be used to measure the
impact of the surveillance. Thanks to the improvement of the data collection methods
used by the IGZ, such as rede-

sign of the reports registration

. Surveillance instruments
system or the performance in-

dicator database, the IGZ has Incident surveillance (IS) deals with the reporting of incidents and
the part of data it needs for calamities in practice. The relevant data sources are individual incident
evaluation purposes in-house. reports and the Incident Surveillance reporting system.

Themed surveillance (TS) deals with high-risk aspects or areas within
The objective of the pres- the healthcare field. The relevant data come from reports and
ent study was to investigate databases from a selection of the institutions involved.

the possibility of using the

) Risk-indicator surveillance (RS) is periodic surveillance of the risks and
Inspectorate’s own data as a

K i . quality of the care provided in healthcare institutions on the basis of
basis for surveillance impact

measurements. Two questions
may be distinguished in this

performance indicators (Pl). The data in question are derived from
reports and databases from all healthcare institutions covered by the

surveillance.
connection:

1. Do IGZ data sources contain enough information to permit reliable estimation of
healthcare outcomes, or are these sources characterised by over- or underreport-
ing compared with external data sources?

2. Is the impact of IGZ interventions measurable?

Three different health problems subject to IGZ surveillance were selected for the pur-
poses of this feasibility study; these represent three different areas of healthcare, and

three health problems on which the Inspectorate may be expected to have adequate
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data, namely suicide in mental healthcare, pressure ulcers in hospitals and medica-
tion errors in nursing homes and care homes.

METHOD

To investigate the first question mentioned above, we determined whether it was
possible to measure the extent of the three health problems in question in the
Netherlands with the aid of IGZ data. We estimated the extent of possible over- or
underreporting by comparison with external data. We looked for information on the
selected health problems in external data sources. Sources were considered to be
comparable when there was a clear resemblance between them in population and
measuring method used, or when there was an explicable and quantifiable difference
between them. We compared IGZ data with independent data both before and after
an intervention (surveillance).

As regards the second question, we investigated whether it was possible to measure
the impact of surveillance by the IGZ and we also analysed the impact of the interven-
tion (that s, the surveillance). Since we were interested in effects that had taken place
in the past, we used an interrupted time series design or time series analysis (see box
on “Research methods”) for this purpose. This approach allowed us to examine trends
before and after the introduction of certain IGZ activities. The difference in the extent
of the health problem before and after the intervention reflects the possible impact
of surveillance.? In order to gain an insight into the extent to which this effect was
actually due to the surveillance, we searched external data sources and the literature
for indications that other factors could have influenced the health outcomes.

The IGZ makes a distinction between different forms of surveillance, and uses differ-
ent data sources for each type of surveillance (see Table 1). We used the following IGZ
data sources for the present study, listed below by health problem involved.

e Suicide: the IGZ reporting system used for Incident surveillance. Mental healthcare
institutions are obliged to report all patient suicides. All these suicide reports are
stored in this system.

e Pressure ulcers: risk indicator database. Annual records of the prevalence of pres-

sure ulcers are stored in the basic data set “hospital performance indicators”, for
the purposes of risk-indicator surveillance (see box on ‘Surveillance instruments’).*
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e Medication errors: risk indicator database. The number of medication errors forms
part of the basic data set “nursing- and care-home performance indicators”, which
is also used for the purposes of risk-indicator surveillance.

The selection of these health problems was based on estimates of the amount of
information available, and the number of years the IGZ has been collecting data on
them.

Type of surveillance Instrument Data sources

Incident surveillance (IS) (reports) Compulsory and voluntary reports Reporting system

Themed surveillance (TS) Structured and/or unstructured Data from healthcare institutions,
questionnaires stored in databases and reports.

Risk-indicator surveillance (RS) Performance indicators (PI) Pl databases

Table 1 Surveillance by type, instrument and data source

RESULTS

Suicide

The IGZ has been receiving about 600 reports each year of suicides occurring in Dutch
mental healthcare institutions since 1984. Statistics Netherlands (known as Centraal
Bureau voor de Statistiek, CBS, in Dutch) keeps an annual register of all suicides oc-
curring in the Netherlands, including those outside mental healthcare institutions.
The Statistics Netherlands data show an annual total of about 1550 suicides in the
Netherlands. This number is larger than the number of suicides reported to the 1GZ
(Fig. 1a), since the Inspectorate only receives reports of suicides occurring in a mental
healthcare institution.® Experts indicate that mental healthcare institutions comply
well with the obligation to report suicides.® It follows that there is no reason to be-
lieve that the data on suicides in mental healthcare institutions collected by the I1GZ
are underreported.

Mental healthcare institutions are obliged not only to report all cases of suicide to the
IGZ but also to give full details of each case together with an analysis of the incident
and suggestions for avoiding such incidents in the future that could be included in a
suicide prevention policy. The impact of the obligation to report suicides could not be
measured on the basis of the IGZ data alone since they only date back to 1984, when
the obligation to report suicides was introduced. Statistics Netherlands does have
data on suicides from before 1984, however’ This shows that the annual number of
suicides in the Netherlands had been rising since the 1950s, flattened off around the
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Figure 1 (a) Annual number of suicides in the Netherlands, according to the data of Statistics Netherlands
(—m=—) and the IGZ (—a—); only suicides occurring in mental healthcare institutions are reported to the IGZ.
(b) Number of suicides per 100,000 head of population (—#—) in the Netherlands in the period 1970-2011,
according to the data of Statistics Netherlands.

mid-1980s and has remained fairly stable since then (see Fig. 1b). A similar trend is
also observed in other European countries.?

Pressure ulcers

The prevalence of pressure ulcers in Dutch hospitals was 9.8% in 2003, according
to the first IGZ report on this indicator.® This figure had fallen to 3.8% by 2007."° The
University of Maastricht has also been collecting pressure ulcer data since 1998,
through the programme National Prevalence Measurements on Healthcare Problems
(Landelijke Prevalentiemeting Zorgproblemen, LPZ). Hospitals throughout the Nether-
lands participate in this programme on a voluntary basis.”

The national average prevalence of nosocomial pressure ulcers in the Netherlands
was about 7.5% up to 2004, with a slight tendency to fall that was enhanced after
introduction of surveillance by the IGZ. The prevalence of pressure ulcers was over-
reported in the IGZ data for 2003, because some hospitals incorrectly included stage
1 pressure ulcers in their reports.® The LPZ databases did not include data on these
early-stage pressure ulcers. IGZ and LPZ data are comparable after 2003.(Fig. 2).

The prevalence of pressure ulcers has fallen (3.7% in 2008) since this condition has
been included in the IGZ basic set of hospital performance indicators in 2003.”"™ How-
ever, this intervention by the 1GZ was not the only measure that could have reduced
the prevalence of pressure ulcers. Other nationwide initiatives that were introduced,
such as the “Get better quicker” (Sneller Beter) project, also led to an improvement
in the situation."™ ™
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Figure 2 Comparison of data on the prevalence of pressure ulcers in the Netherlands from two data sources:
the National Prevalence Measurements on Healthcare Problems programme (Landelijke Prevalentiemeting

Zorgproblemen, LPZ), all healthcare institutions (— — # — — -) and only hospitals ( e ); and the

IGZ hospital performance indicators data set ( ).

Medication errors

“Medication errors” is the term covering all mistakes healthcare professionals can
make in connection with medication.’ They can occur at all stages of the medication
process, from prescription through preparation and delivery to administration.” There
is no uniform definition of medication errors, and the quality of the data collected on
this point is not good enough to permit good interpretation.

The most important source of information on medication errors is the “Hospital
admissions related to medication” (HARM) study.”® This study estimates the pro-
portion of medication-related hospital admissions in the Netherlands to be 2.4%
of all hospital admissions, or 5.6% of all acute admissions; it also found that 7% of
all medication-related hospital admissions had a fatal outcome, and that 28% of all
patients admitted because of avoidable medication errors came from nursing or care
homes.”® This one-off study was performed in 2006, and no time trend is available.
Studies from other countries, in particular America, show a rise in the number of
medication errors due to an increase in the complexity of medication and the ways it
can be administered.”?°
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DISCUSSION

The aim of this study was to investigate whether it is possible to measure the impact
of surveillance with the aid of the IGZ’s own data. In order to answer the first question
we posed — concerning the reliability of the Inspectorate’s own data — we compared
IGZ data with external data. This comparison showed that the IGZ data on suicide and
pressure ulcers are reliable. Medication errors, on the other hand, are not defined
clearly enough to permit insights to be gained on the scope of this health problem. As
a result, it was not possible to compare IGZ data on this point with that from external
sources.

The second question we asked, about the measurability of the impact of surveillance
on these health problems, was much more difficult to answer for a number of reasons.
It was impossible to determine whether the observed trends in the health problems
investigated were due to IGZ intervention. It is conceivable, for example, that the
obligation on mental healthcare institutions to report to the IGZ suicides among their
patients may have led to a flattening off of the trend in the number of suicides. A
similar flattening off was however found in other European countries,® and since none
of the mental healthcare institutions in these countries were under any obligation to
report suicides to the Dutch Healthcare Inspectorate it seems likely that the observed
trend was due to some other factor.

Surveillance by the IGZ was not the only intervention that might have had an impact
on the prevalence of pressure ulcers. Other initiatives aimed at improving the quality
of healthcare, such as the “Get better quicker” (Sneller Beter) project, also led to an
improvement in the situation. While the IGZ did highlight the problem of pressure ul-
cers,” it is impossible to draw any conclusions about the actual cause of the observed
drop in the frequency of this problem.

Measuring the impact of surveillance

As Table 2 shows, quantification of the impact of surveillance by the IGZ is not di-
rectly possible with the aid of existing data sources. The Inspectorate does regularly
highlight health problems, which causes other actors in the healthcare field to deploy
various initiatives to deal with them. Greater insight into the influence of external
factors on the health problems in question is needed before a causal relationship can
be established for the observed trends.

The complexity of this issue is illustrated by the schematic “impact chain” shown in
Fig. 3. The people and resources deployed by the IGZ for the purposes of surveillance
form the input to this chain. The IGZ uses various methods to perform this surveillance
(see Table 1). The “products” shown as the next link in the chain are the results of the
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Investigative step Suicide Pressure ulcers Medication errors
la Survey of available IGZ data  —TS -TS =TS
and reliability —RS (PI) +RS (PI) -RS

+ Reports — Reports — Reports
1b Survey of external dataand  + CBS data known + LPZ pressure ulcer —lack of uniform
comparability prevalence data known definitions
2a Study of trends around Internal and external Internal and external None
intervention
2b Estimation of impact of An impression can be An impression can be Not possible
surveillance gained, but impactis not  gained, but impact is not

quantifiable quantifiable

Table 2; Summary of analysis of selected health problems and feasibility of quantification of impact of surveil-
lance TS= thematic surveillance, RS= risk-indicator surveillance, Reports= registration of reports CBS= Statis-
tics Netherlands (Centraal bureau voor de Statistiek), LPZ= National Prevalence Measurements on Healthcare
Problems programme (landelijke prevalentiemeting zorgproblemen)

Policy Public health effect
ministery
Compliance
A inspectees

Dutch Healthcare Inspectorate

Employees,
Resources
Information

Methods

Pro'eﬁsional
S -
associations

Figure 3 Schematic representation of the “impact chain”, the relationship between IGZ activities and changes
in public health in the Netherlands. The input to this chain is formed by the people and resources deployed
by the IGZ for the purposes of surveillance. The IGZ uses various methods and activities to perform this
surveillance. The “products” shown as the next link in the chain are the results of these activities. These
products have an impact on healthcare insurers, members of the public, the media and the policy of the
authorities and professional associations. Government policy also has an impact on healthcare providers and
public health, but indirect effects due to activities of professional associations, healthcare insurers, members
of the public and the media also play a role. All these factors influence the compliance of healthcare providers
and healthcare organizations with the duties they are supposed to perform, and thus make a contribution to
public health.
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Inspectorate’s activities, for example the number of visits performed by inspectors in
a given year. These products have an impact on healthcare insurers, members of the
public, the media and the policy of the authorities and professional associations.

All these factors influence the compliance of healthcare providers and healthcare
organisations with the duties they are supposed to perform, and thus make a con-
tribution to public health. Surveillance not only makes a limited direct contribution
to the quality of public health, but also affects health indirectly in a number of ways.

Comparison with the literature

This feasibility study is unique in its kind. No previous attempts have been made
to quantify the impact of government surveillance. Previous studies have however
shown that it is possible to quantify the effect on compliance behaviour. For example,
the sale of tobacco to minors can be reduced by providing information to retailers
found guilty of illegal sales or by fining them.” These authors found that fining the
retailers in question led to a drop of 58 percentage points in illegal sales to minors
(from 76% to 18%). It is not known, however, to what extent this intervention actually
reduced smoking among minors.

The Health Council of the Netherlands (Gezondheidsraad) suggested in its report on
the development of evidence-based surveillance that the IGZ should make its work
more evidence-based." While the Inspectorate investigates a wide range of different
topics, there is no clear line in the development of evidence-based knowledge. Stud-
ies are currently under way on IGZ activities, for example on the reliability and validity
of the surveillance instruments used by the Inspectorate.?

Limitations of this study

The retrospective nature of the present study limits the conclusions that may be drawn
from it. Data collected at different moments in time need to be uniform. Changes in
the definition of an indicator make comparison between different times unreliable.
For example, the IGZ added “lesion due to incontinence” to the indicators for stage
2-4 pressure ulcers in 2008. As a result, data collected after 2008 can no longer be
compared with those from an earlier date. It was found that medication errors were
not defined clearly enough to permit estimation of the scope of the problem on the
basis of IGZ data. The situation was further complicated by the fact that external
sources made use of different definitions of medication errors.

We use an interrupted time series design in the present study. This allows trends

around the time of an intervention to be analysed. In principle, the IGZ can apply this
time series approach to its own data. If however the data set used by the 1GZ forms
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part of the intervention under investigation, external data on the extent of the health
problem before the IGZ intervention are also required.

Implications for further research and policy

An experimental approach in study design is an alternative to the use of time series
analysis. Randomised controlled trials are the gold standard for the evaluation of
interventions, since it can be assumed in such cases that any external effects are the
same for both groups so that any health differences found can be ascribed to the in-
tervention. The Health Council

of the Netherlands has advised

the IGZ to use a prospective

Research methods

randomised trial for the evalu- Interrupted time series (ITS) design

ation of surveillance. However, ITS is a quasi-experimental investigative design in which a group
a randomised trial approach of participants are repeatedly tested both before and after a
can have an undesirable effect manipulation or a natural event. The repeated measurements
on surveillance strategy since make it possible to observe a trend in the results.

it can require one institution
to be under surveillance while
another is not. Phased intro-
duction of surveillance, for
example on a regional basis,
might provide a solution to
this problem. The “stepped
wedge” approach (see box) is
one form of this design that
has been enjoying increasing
popularity in recent years.*

Stepped wedge design

while waiting to receive the intervention.

Recently, a follow-up study has been performed, investigating the use of a prospective
randomised trial to quantify the health effect of the surveillance of multidisciplinary
care teams treating patients with diabetes mellitus, and a retrospective study of the
impact of surveillance on support by midwives who are acting as primary care provid-
ers in helping pregnant women to stop smoking.**

Conclusions and recommendations

When health problems are clearly defined, it is possible to quantify their scope with
the aid of data available to the IGZ and to observe trends with the aid of time series
analysis. However, an experimental study design is required to establish a causal
relationship between surveillance and the observed trends.
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intervention in question is gradually extended over for example a
number of regions or GP practices. It involves sequential roll-out
of the intervention to participants (individuals or clusters) over a
number of time periods. By the end of the study, all participants

will have received the intervention, though the order in which

they receive it is determined at random. They act as controls
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In general, only clearly defined health problems permit measurement of the impact of
their surveillance. In addition, data must be available from the literature on the scope
of the problem, the health effect of surveillance and external effects.

The data collected by the IGZ must be clearly defined. Possible questions that might
be asked about the data must be taken into account during its collection. The data
collection and the interventions must be designed to provide an effective basis for
studies.

A prospective randomised trial or a stepped wedge design is one alternative approach
that should be taken into consideration for measurement of the impact of surveil-
lance activities.

Lessons learnt from this study

e The Dutch Healthcare Inspectorate (1GZ) collects information about various activi-
ties and their health implications in order to determine whether they comply with
statutory requirements.

e The IGZ can perform interventions on the basis of its findings.

e The result of these interventions can be determined at an individual level, but it is
not possible to acquire insights into the impact of these activities on public health.

e Comparison of IGZ data with external data makes it possible to gain an impression
of the scope of health problems and improvements that may be achieved.

e |t is difficult to quantify the exact contribution to these improvements without
extensive information on external effects and autonomous developments.
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ABSTRACT

Background; Timely thrombolysis is a vital aspect of acute stroke treatment, and is
reflected in the widely used performance indicator “door-to-needle time” (DNT). We
aimed to study quality improvement from the first implementation of thrombolysis
in stroke patients in a university hospital in the Netherlands. We further aimed to
identify specific interventions that affected the door-to-needle time.

Methods; We included all consecutive patients admitted with acute ischemic stroke in
a large university hospital in the Netherlands between January 2006 and December
2012. We used an interrupted time series design to study explanations for a trend
in time between emergency room entry and treatment with thrombolytic therapy,
analyzed by means of segmented regression.

Results; Between 2006 and 2012, 1703 patients were admitted with an ischemic
stroke, of whom 262 received thrombolytic therapy. The percentage of patient
treated with thrombolysis increased from 5 to 22%. Door-to-needle time decreased
significantly (1.0% per month, Cl 0.7-1.4%). In 2006, the median door-to-needle time
was 75 minutes and none of the patients were treated within one hour. In 2012, these
numbers had improved to 45 minutes and 81% treated within one hour. We could
not find a significant association between any specific intervention and the door-to-
needle time.

Conclusion; The door-to-needle time steadily improved from the first implementation
of thrombolysis, Specific explanations for this improvement require further study, and
may relate to the combined impact of a series of structural and logistic interventions.
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BACKGROUND

In patients with acute ischemic stroke, early treatment with recombinant tissue
plasminogen activator (rtPA) improves functional outcome by effectively reducing dis-
ability and dependency.(1, 2) Recent guidelines for the treatment of ischemic stroke
recommend that the time from arrival at the hospital to the initiation of the throm-
bolytic treatment should be 60 minutes or less.(3) The quality of the in-hospital care
pathway is often measured by means of the time from entrance in the emergency
department (ED), until the patient receives intravenous rtPA: the door-to-needle time
(DNT). Intra-organizational barriers to timely thrombolysis relate to the availability
of the neurologist, blood drawing and measurements, computed tomographic (CT)
imaging and skilled nursing staff.(4, 5) In the Netherlands, the percentage of patients
receiving thrombolysis within one hour is an obligatory indicator of hospital perfor-
mance for external accountability.

In a large university hospital in the Netherlands, stroke care was guided by a hospital
wide protocol since 2001. The neurology department implemented several quality
initiatives to improve the care for acute stroke patients, especially focusing on the
percentage of patients receiving thrombolysis.(6, 7) Improving door-to-needle time
started with a yearly training of residents and nursing staff since 2005, including
“dummy runs”. Pocket flow-charts with protocol summaries were first handed out in
2006 and were updated regularly. In July 2007, the ED initiated the use of Manchester
triage system (MTS) protocol. The MTS is a sensitive tool for marking those who need
critical care on arrival in the ED. Stroke patients obtain the highest emergency code
red.(8) Since October 2007, treatment was started in the CT-room, and DNT was
reported for every patient at the morning report. Individual feedback was given to all
doctors who exceeded the 1 hour time threshold. In October 2009 a CT scanner was
placed in the ED and treatment started immediately after non-contrast computed CT
was done, but before CT angiography. In November 2010, a pre-notification single
call activation system was put in place, alarming the neurology resident, radiologist,
radiology laboratory personal and the emergency department nurse. Since May 201,
a second neurology resident was on duty in the weekends to ensure the availability
of a doctor at any time.

We aimed to study quality improvement from the first implementation of thromboly-

sis in this university hospital. We further aimed to identify specific interventions that
affected the door-to-needle time.
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METHODS

We included all acute ischemic stroke patients admitted to a large university hospital
in the Netherlands between 2006 and 2012. We focused on those treated with throm-
bolytic therapy on admission. We used a retrospective interrupted time series design
to evaluate longitudinal effects.(9) Segmented regression analysis of the interrupted
time series data allowed us to assess how much an intervention changed the DNT.
The time series experiment is a reasonable alternative when the condition of a true
experiment cannot be met.(9)

Data was collected routinely for research purposes and internal quality measurement
(the “Erasmus Stroke Study”) and for the reporting of the performance indicator
“timely thrombolysis” in ischemic stroke patients. All patients with acute stroke
admitted to the neurology department were entered into the registry. Complete-
ness was cross-checked with hospital administrative systems. Data was entered and
checked by medical researchers. The data collection did not change over time. The
data was anonymized for analysis and could not be related to individual patients. The
Erasmus Stroke Study has been approved for use in scientific medical studies by the
institutional review board of Erasmus MC. We selected quality interventions that had
a fixed starting point in time to include in the model. Selected interventions (i) were
the start of the educational program (i1), MST-protocol (i2), CT-scanner at ED (i3),
pre-notification system (i4) and second neurology resident (i5).

We report descriptive statistics using percentages, mean and standard deviation or
median and interquartile range. We estimated the trend in DNT from the start of the
measurement in 2006 and tested for changes in dependent variable pre and post
intervention with a segmented regression analysis. We considered 2 models. The first
model was: log(dtn)=a + B;T. The second model was: log(dtn)=a + BT + >, [Bil] +
Y15 [Birlt*T], where T (time) represents the time form the start of the measurement
period (continuous variable, months starting at 1), and B; expresses the overall trend
before the interventions. I (intervention) represents the difference in pre and post
intervention i, coded 0 prior to the intervention, 1 post intervention, B; expresses
the drop in DNT immediately after an intervention, and B;«; expresses the change
in trend over time. Both models were fitted with and without inclusion of potential
confounders (age and sex). The estimate (e®-1)*100 represents the percentage change
in DNT. The confidence interval was calculated as 100*(eP+(1.96*se)-1), where se is
the standard error for the B parameter considered. We additionally performed a
logistic regression analysis to estimate change over time in the percentage of patients
receiving thrombolysis within one hour. Statistical analysis was done with IBM SPSS
statistics v20 and R v3.0.1. (R foundation for statistical computing, Vienna, Austria).
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RESULTS

Between January 2006 and December 2012, 1703 patients with ischemic stroke were
admitted and 285 (17%) were treated with rtPA. We excluded 17 patients because of
referral from another hospital for intra-arterial thrombolysis, 3 patients because of
an in-hospital event and 3 patients because of missing data, leaving 262 patients.
Patients treated with thrombolysis were on average 63 years old at the time of the
stroke and 52% were male (Table 1).

Hospital admissions

for ischemic stroke  Thrombolysis after Age* Gender* male Door-to-needle time,

Year N ED admission n (%) mean (sd) n (%) median (IQR)

2006 262 12 (5) 60 (14.9) 6 (50) 75 (70-100)

2007 266 13 (5) 60 (17.2) 8(62) 65 (45-85)

2008 200 31(16) 67 (16.5) 15 (48) 60 (42-90)

2009 232 45 (19) 62 (17.4) 25 (56) 50 (36-72)

2010 235 54 (23) 62 (16.1) 27 (51) 40 (27-68)

2011 242 49 (20) 65 (14.7) 26 (53) 40 (25-55)

2012 261 58 (22) 63 (15.8) 29 (50) 35 (23-56)

Total 1703 262 63 (16.1) 136 (52) 45 (30-70)

Table 1; Demographic characteristics. *Age and gender are related to the rtPA patients
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% of ll patients

Figure 1; Percentage of patients with acute ischemic stroke treated with thrombolysis (red/green bars) and
the fraction treated within one hour (green) per year from 2006 to 2012.

Mean age (p=0.58) and sex distribution (p=0.98) did not change over the years. The
proportion treated with thrombolysis increased from 5% in 2006 to 22% in 2012 (fig-
ure 1). In 2006, none of the patients were treated within one hour. In 2012, this had
increased to 81% (figure 1).
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Figure 2; Scatter plot with regression lines indicating effects of interventions aimed at improving door-to-
needle time for acute ischemic stroke treatment with rtPA.

In a logistic regression analysis this trend was significant (OR 1.6 per year Cl 1.4-1.8).
Since 2006, the median door-to-needle time was reduced from 75 minutes to 45
minutes in 2012 (p<.001 in a linear regression model). In this period a 12% annual
decrease in door-to-needle time was achieved (Cl 16%-8%). We could not find a sig-
nificant association between any specific intervention (figure 2) and the trend in the
DNT.

DISCUSSION

We found that median DNT was successfully reduced by 30 minutes between 2006
and 2012. The percentage of patients treated within 60 minutes increased from 0
to 81%. Although DNT improved significantly, we could attribute this trend to one or
more specific interventions.

We note that all implemented interventions have been proven effective in the lit-
erature.(3, 5, 10-17) An explanation for the lack of significance in our analysis may lie
in a slow and gradual effect of our interventions. We selected only those interven-
tions with a fixed starting point in time to include in our analysis. Other initiatives,
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such as discussing DNT for every patient at the morning report, could also explain
the reduction in DNT (residual confounding). We hypothesize that the cumulative
effect of various interventions lowered the DNT. The constant and increasing focus
on improvement will have steered the perception of urgency among physicians and
ED personnel. Such a perception may translate in faster action to initiate treatment.
(5) This highlights the complexity of quality improvement within a single center set-
ting and of relating the results to a single measurement. A recent review evaluated
the effectiveness of improvements from quality collaboratives, especially feed-back
systems.(18) It concluded that although the evidence of the impact of quality collab-
oratives is positive, it is also limited because of the complex nature of improvements
and the different ways they are applied. Our results resemble those of Meretoja et al,
(19) who reduced the median in-hospital delay to 20 minutes with multiple concur-
rent strategies, but they did not relate the decrease of DNT to any single intervention.
It hence remains unclear what specific mechanisms or interventions are responsible
for the quality improvement.

We assumed that the groups of patients were similar every year. We could check this
assumption for age and gender and stroke severity, which were similar over the years
and did not impact on the findings. Other, unmeasured, confounders may however
have influenced the results. We speculate that the increase in proportion of patients
treated with rtPA over the years means that more complicated patients were also
treated, for example those with not readily available information on contra-indicated
medication, or with fluctuating symptoms or high blood pressure. This implies that
the observed trend in reducing DNT would even have been stronger if the same selec-
tion of patients had been made as in the early years of rtPA treatment.

Our results support the use of performance measures for internal communication.
Median DNT should be used on a monthly or quarterly basis to inform all profession-
als treating stroke patient of their achievements. Measuring and reporting DNT could
be helpful in keeping professionals focused and in improving performance.(12)

Limitations of our research are the single center design without control group and
relatively small sample size. The small sample size may explain our lack of statistically
significant results for specific interventions. It implies that scientifically valid evalua-
tions of local implementation are only possible in large centers with large caseloads.
The lack of effect of specific interventions may be explained by type 2 error (lack of
power) or by a true absence. It remains unclear if the performance indicator is not
suitable for explaining the individual interventions (type 2 error or lack of power)
in the single centre setting or if the intervention itself did not have a major impact.
Furthermore, we did not focus on measuring more specific parts of the care pro-
cesses, like “onset to door time”, “door-to-CT time” or “door-to-neurologist time”,
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while this could be beneficial in guiding future improvements. Recent findings suggest
a more comprehensive approach to the total chain of care enabling rtPA treatment to
eliminate bottlenecks in the entire pre- and intra hospital care pathway.(20)

In conclusion, both door-to-needle time and the percentage of patients treated within
60 minutes after ED admission, improved significantly, presumably through the com-
bined impact of a series of structural and logistic interventions.
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ABSTRACT

Background; A basic purpose of an indicator is to improve health care. Pressure ulcer
prevalence is widely used as quality indicator of nursing care. A quality improvement
program was initiated in two surgical units after the increase in pressure ulcer preva-
lence over a 2-year period. The aim of this research was measuring the effect of a
trainings program improving knowledge towards pressure ulcer prevention using the
outcome (pressure ulcer prevalence) combined with several process indicators.

Methods; Design; quasi-experimental interrupted time series design. We used the
outcome indicator, pressure ulcer prevalence, and several process indicators in a time
series design in two surgical wards to monitor the effect of a quality improvement
program. The prevalence of these indicators was measured monthly in a 3 and 5
months period before and after the intervention. We estimated the trend in the pres-
sure ulcer prevalence and process indicator prevalence (dependent variables) prior
to the intervention and after the intervention. We tested for changes in dependent
variable pre intervention and post intervention and tested for changes in the slope of
the trend pre and post intervention.

Results; We performed eight prevalence measures in which 299 patients (120 pre-
intervention, 179 post-intervention) were included. The pressure ulcer prevalence
prior to the intervention varied between 5 and 14%. After the training, we observe
a drop in pressure ulcer prevalence to 3 and 0%. In the last two measurements, the
prevalence rises to 15%. These differences were not significant. The trend in risk as-
sessment improved significantly (B -0.7 before B 8.4 (p-value <0.01))

Conclusion; The process indicators provide insight in the daily practice and offer

opportunities for further improvement of process quality. The outcome measure
presents only an indication of the quality of the preventive care process.

124



Measuring quality improvement using pressure ulcer prevalence

BACKGROUND

A basic purpose of measuring quality is to improve health care. Performance indi-
cators must thus provide clues for subsequent improvement of the quality of care
delivered, so called actionability. Actionability is then the degree to which a health
care professional can influence the measure, in response to an unfavourable value of
the indicator.[1, 2]

Pressure ulcers (PU) in hospitals occurs in patients who are bedridden or less mobile
[3]. Nurses can avoid pressure ulcers in many cases with early identification of risk,
planning and implementation of preventive actions and the systematic registration
and communication of the effects of these actions [4]. The quality of these processes
(timely and correct application) can be summarized in the term process quality.
Does the patient develop a pressure ulcer despite optimal process quality; this was
unavoidable [5]. The quality of the preventive process can be measured using out-
come indicators such as incidence or prevalence of pressure ulcers [6, 7]. The Dutch
Healthcare Inspectorate considered the pressure ulcer prevalence as an indicator of
the quality of nursing care [8, 9]. In this context, all clinical units in a large university
hospital measure the pressure ulcer prevalence twice a year since 2008. Although the
individual measurements are largely influenced by random variation, the historical
data provides trend information on pressure ulcers prevalence. A quality project was
carried out after an increase of the pressure ulcers prevalence on two surgical units
over a two-year period. The aim of the project was to improve the care processes
preventing the development of pressure ulcers. Since it is still unclear if pressure ulcer
prevalence can be used to monitor quality improvement within a hospital, the aim of
this research was measuring the effect of a trainings program improving knowledge
towards pressure ulcer prevention using the outcome (pressure ulcer prevalence)
combined with several process indicators.

METHOD

Theoretical framework

For this quality project, we set up a theoretical framework based on controllable and
non-modifiable factors to give insight in their relationships (Figure 1).

The patient characteristic’s and disease or treatment factors determine the non-
modifiable factors influencing the risk of pressure ulcer development. Combined with
immobility and / or limited mobility they provide the extent of the pressure ulcer
risk and the need for prevention. Optimal prevention is essential in avoiding pressure
ulcers. The knowledge and attitude of caregivers affect the assessment of the risks to
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Relation between patient variables and process factors in the development of pressure ulcers ‘
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Figure 1 Theoretical framework of the relation between modifiable and non-modifiable factors in the devel-
opment of pressure ulcers.

the patient, the planning and implementation of prevention and the available pressure
reducing materials. Skin observations, communication and registration of prevention
and pressure ulcers are just as important as the foregoing processes. Accordingly, all
these controllable factors determine the quality of the preventive processes.

Population

The population consisted of all consecutive patients with admitted at two surgical
units on the days that the prevalence measurements took place. On these two
nursing units, patients were surgically treated for gastrointestinal diseases or after
trauma. For the measurement of pressure ulcers of risk assessment and registration,
we included all eligible patients. For the preventive measures, we selected patients
with an increased risk of developing pressure ulcers. We excluded patients with pres-
sure ulcers on admission.

Design

We chose an interrupted time series design with serial prevalence measurements
of pressure ulcers and process measurements before and after a training program
for nurses. Interrupted time series is a quasi-experimental design to evaluate lon-
gitudinal effects. Next to the observation of the occurrence of pressure ulcers and
incontinence-associated dermatitis (IAD), we also examined the preventive measures
and risk assessment in the patient files. Furthermore, we collected patient data con-
cerning non-modifiable factors. After three prevalence measurements, the interven-
tion took place. The intervention consisted of a comprehensive training program for
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all nurses of the clinical units. With mini posters, we drew extra attention to various
preventive measures throughout the intervention period. After the intervention, five
serial prevalence measures took place.

Statistical analysis

Segmented regression analysis of interrupted time series data allowed us to assess
how much the intervention changed the outcome, both immediately and over time.
[10, 11] We estimated the trend in the dependent variable prior to the intervention,
after intervention and tested for changes in the slope of the trend pre and post inter-
vention;

Model PU =bo+b1T+b2I+b3P

T (time) represent the time form the start of the measurement period starting at 1
(continuous variable in months). Beta T expresses the overall trend. If not significant,
the trend was flat (not changing). | (intervention) represent the difference in pre
and post intervention, coded 0O prior to the intervention, 1 post intervention. Beta |
expresses the drop in pressure ulcer prevalence and process measure prevalence’s
after an intervention. P (post) represent the time since intervention, coded 0 prior to
the intervention and post intervention starting at 1 (continuous variable in months).
Beta P expresses the change in trend after the intervention.

Graphical and statistical analyses were performed with SPSS 20.0 and Excel 2010.

Results

During the project period, we performed eight prevalence measurements in which
299 patients were involved. The three pre-intervention measurements contained
120 patients. The five post-intervention measurements contained 179 patients. The
majority of the patients were of the male sex (61%) and the mean age was 55 years
with ranging from 19-94 years. The median length of hospital stay was 7 days (inter
quartile range (IQR) 3-15). The cause of hospital admission was predominantly gastric-
intestinal diseases (54%) and trauma or multi-trauma (33%) (table 1).

In 30% of patients, the disease involved a malignancy. The treatment was in most cases
surgery for primary disease (54%) and surgery for complications or additional surgery
(19%). An increased risk of developing pressure ulcers was present in 201 patients
(67%). Twenty-one patients had pressure ulcers on admission at the Erasmus MC or
developed pressure ulcers on another unit in the Erasmus MC during the hospitaliza-
tion and were excluded. Twenty-two patients developed pressure ulcers category 2-4
on the units during the project period. The outcome measures are presented in table
2 and figure 2.
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Variable Total N=299 Pre N=121 Post N=178 p-value
Age, mean (SD) 60(14) 53(17) 56(17) 0.18
Gender, male n (%) 182(61) 69(58) 113(63) 0.33
Increased PU risk 201(67) 71(59) 130(73) 0.15
Length of stay, mean (SD) 13(16) 14(19) 11(14) 0.13
Disease n (%) 0.04
oesophagus and stomach 38(13) 14 (12) 24 (13)
small intestine 22(7) 11 (9) 11 (6)
colon 42 (14) 9(7) 33 (19)
liver and gallbladder 34 (11) 22 (18) 12 (7)
pancreas 25 (8) 9(7) 16 (9)
trauma 71 (24) 28 (23) 43 (24)
multi-trauma 27 (9) 11 (9) 16 (9)
endocrine system 1(0.3) 1(1) 0(0)
bones and joints (no trauma) 8(3) 5(4) 3(2)
inguinal, umbilical, incisional hernia 13 (4) 6 (5) 7 (4)
renal diseases 1(0.3) 0(0) 1(1)
skin and soft tissue 1(0.3) 0(0) 1(1)
chronic pain syndrome 8(3) 2(2) 6 (3)
other 8(2) 3(2) 5(3)
Malignancy n (%) 90.(30) 41.(34) 49 (27) 0.21
Treatment n (%) 0.94
surgery for primary disease 160 (54) 63.(53) 97.(54)
surgery for complications or reconstruction 58 (19) 25.(21) 33.(18)
drain of stent 27 (9) 12.(10) 15.(8)
“wait and see” 20 (67) 8(7) 12.(7)
other 34 (11) 12.(10) 22.(12)
Intensive Care during admission 97 (32) 42.(35) 55 (31) 0.44

Table 1 Descriptive variables (p-values; chi? nominal and ordinal variables, t-test continuous variables)

Total Pre Post
Pressure ulcer occurrence N=299 n=120 n=179 p-value
Pressure ulcers before unit admission n (%) 21(7,0) 7 (5,8) 14 (7,8) 0.49
Nosocomial pressure ulcers 0.16
Pressure ulcer cat 1 n (%) 28(9,4) 16 (13,3) 12 (6,7)
Pressure ulcer cat. 2 n (%) 29(9,7) 11(9,2) 18 (10,1)
Pressure ulcer cat. 3 n (%) 4(1,3) 3(2,5) 1(<1)
Pressure ulcer cat. 4 n (%) 1(<1) 0(<1) 1(<1)

Table 2; pressure ulcer occurrence during prevalence measures
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== nosocomial pressure ulcers cat. 2-4, incl inc. derm.

15,2%

Figure 2; PU prevalence before and after an intervention aiming at improving the knowledge on pressure ulcer
prevention among nursing staff of two surgical units.

The trend prior to the intervention varies between 5 and 14%. After the training, we
observe a drop in pressure ulcer prevalence to 3 and 0%, which is a clinically relevant
effect. This effect is long lasting, since in the last two measurements, the prevalence
rises again to 15%. In segmented logistic regression analysis, this outcome was not
statistically significant due to the small numbers (Table 3).

Trend before Direct effect of the Trend after

intervention intervention intervention
Variable B (p-value) B (p-value) B (p-value)
PU cat. 2-4 0.2 (0.51) -5.0(0.15) 0,4 (0.51)
Risk assessment -0.7 (0.03) 8.4 (<0.01) 0.8 (0.09)
Patient information 0.3 (0.65) 4.0 (0.41) 0.4 (0.51)
Alternating mattresses -0.4(0.2) 3.8 (0.26) 0.5 (0.30)
Heel prevention 0.1(0.83) -0.2 (0.96) -0,1(0.76)
Repositioning 0.1(0.77) 1.3 (0.66) 0.2 (0.55)

Table 3 Trend analyses. PU = pressure ulcers PU and Risk assessment was measured among all patients; pre-
vention was measured among risk patients.

The graphical display of the process measures (figure 3) shows that particularly in risk
assessment we were able to improve the quality of care, which remained stable over
the follow-up measurements.

At the last measurement after the intervention, risk assessment was performed in
97% of the patients.
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Figure 3 Process indicators before and after the intervention

The trend in this process indicators was statistically significant with a downward trend
prior to the intervention, a significant increase directly after the intervention followed
by an increasing trend (Table 2). Patient information, heel prevention and reposi-
tioning show some variability, but not directly after the training, and there was no
permanent effect observed. The use of alternating matrasses remained unchanged. In
the other process indicators we did not find an significant effect of the intervention.

DISCUSSION

The aim of this research was exploring the use of quality indicators in measuring the
effect of an intervention targeting at lowering pressure ulcer occurrence on two surgi-
cal units. In the outcome indicator (pressure ulcer prevalence), we achieved a clini-
cally relevant improvement after the training, however this was not permanent. The
same pattern was seen in the process indicators in which we observed an initial and
temporary improvement. Thus, the process measures provided insight in the cause of
the relatively high PU prevalence. None of these results were significant in the inter-
rupted time series analyses. Since the majority of process indicators was measured
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in risk patients only, the numbers were small, making significant changes difficult to
assess. Thus it is unclear what contributed to these non-significant results. We did
achieve a significant improvement in the process indicator risk assessment, measured
in all patients. The lack of effect of the intervention is consistent with research on
the effectiveness of training as a single intervention.[12]. Also, van Gaal et al found
no overall difference in preventive pressure ulcer measures in hospitals as effect of a
multifaceted implementation strategy.[13]. Research by Beeckman et al [14] showed
that attitude towards prevention was significantly correlated with pressure ulcer
occurrence. Other research shows successful interventions. Research by Uzun et al
showed education regarding preventive care to be effective in reducing the incidence
of PUs in an ICU setting.[15] Anderson et al implemented a pressure ulcer prevention
bundle using frequent nurse rounds by a tissue viability nurse.[16] This resulted in a
statistically significant and clinically relevant reduction in the incidence of pressure
ulcers. These findings confirm the complexity of improvement initiatives in guideline
adherence, as well as measuring improvement.

Limitations of our research are the single centre pre-post intervention design without
control group and relatively small sample sizes. The small sample size may explain our
lack of statistically significant results for the process measures, or this can caused by
a true absence of effect of the intervention.

We used a time series analysis, a well-known and widely used design.[17-19] We did
not explore the use of other approaches to the analysis, such as control charts. The
control chart combines time series analysis with a graphical presentation of the data.
[20] Presenting limits of one, two and three standard deviations (SD) might be more
informative in showing diverging outcomes.

Generalizability to quality improvements is limited for only two surgical wards in a
specific setting were included in this quality project. Generalizability to other indica-
tors however, is valid in case of small number. Despite these limitations, the findings
of this research contribute to the understanding of the value and constraints of
performance indicators in measuring and improving quality of care.

We conclude that the process measurements provide insight in the daily practice and
offers opportunities for further improvement of process quality. The outcome indica-
tor pressure ulcer prevalence presents an indication of the quality of the preventive
care process.

Source of Funding: Internal Erasmus MC grant for health care research (Mrace)
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Although Florence Nightingale had high expectations of the possibilities of perfor-
mance indicators (“hospital statistics”) it took more than a century before her ideas
were carried out on a large scale with the purpose of “enabling us to ascertain the
mortality in different hospitals, as well as from different diseases and in different dis-
tricts of the same country”[1]. This goal has now largely been met, thanks to extensive
efforts of data collection. However, we are still far from her ideal that performance in-
dicators will “improve the treatment and management of the sick and maimed poor”.
We found that performance indicators often provide only a crude and potentially
misleading indication of the quality of care.

MAIN FINDINGS

The aim of this research was to study the value of performance indicators in compar-
ing the quality of care between hospitals and their usefulness for the improvement of
the quality of care within hospitals.

1. “How to interpret differences between hospitals in performance indicator mea-
sures?”

We found considerable influence of random variation when we compared hospitals
using the outcome indicators of the Dutch Health Care Inspectorate. In the ranking
of hospitals, the uncertainty of the estimates led to unreliable positioning. Therefore,
none of the tested indicators could be used for the ranking of hospitals (chapter 2).
Furthermore, the graphical displays in which indicators are presented must include
information on random variation. The funnel plot provided a representation of dif-
ferences between hospitals compared to a target value, therewith allowing simple
interpretation of the uncertainty of these differences. A forest plot gave appropriate
insight in the number of Dutch hospitals that actually significantly deviated from the
average by presenting the hospital estimates and their confidence intervals. We also
used rank plots and showed that the substantial uncertainty made rankings with
these outcome indicators unreliable. Of all three graphical displays used, the funnel
plots provided most the valuable insight in the magnitude of random variation and
is therefore best used for the overall interpretation of differences between hospitals
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(chapter 3). In addition, random effects analysis provided means to correct the effect
size of the observed differences for chance. For surgical site infections, we found that
the apparent differences between Dutch hospitals were predominantly attributable
to random variation and case-mix. This case study provided a clear illustration that
both random variation and case-mix must be addressed systematically in perfor-
mance measurement before conclusions can be drawn on the quality of hospital care
(chapter 4).

2. “How strong is the relation between outcome indicators and the underlying care
processes, and can the performance indicator be used for quality improvement?”

Exploring the process-outcome relation, we found that the outcome indicator ‘pres-
sure ulcer occurrence’ reflected differences in the quality of the bundle of preventive
care processes provided by nurses. This significant relation between outcome and
process in pressure ulcer care supports the usefulness of this indicator in assessing the
quality of nursing care (chapter 5). Addressing the process-outcome relation in per-
formance measurement from another angle, we explored the feasibility of measuring
the effect of surveillance by the Dutch Health Care Inspectorate using retrospective
data on health outcomes in three health problems. We found that in case of clearly
defined health problems, such as pressure ulcers and suicide, the frequency of these
outcomes could be measured using Inspectorate data and trends could be analysed
using an interrupted time series design. However, support of a causal relationship
between supervision and observed trends can only be derived with data on external
factors that influenced this trend (chapter 6). In a process measure of acute stroke
care, we found a significant improvement in “door-to-needle time” (DNT) measured
over several consecutive years. We could not attribute this trend to one or more spe-
cific interventions. We hypothesised that the combined effect of various interventions
together and the constant focus of care-givers on quality improvement explained the
significant improvement of the indicator DNT (chapter 7). In a quality project that
aimed at decreasing pressure ulcer occurrence, we found a significant improvement
in the process measure risk assessment However, we found no statistically significant
decrease of pressure ulcer occurrence using an interrupted time series design (chap-
ter 8).

LIMITATIONS

Scope and generalizability

Our research centred on performance indicators and quality of care in Dutch hospi-
tals. Using the yearly published hospital data, we explored the influence of random
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variation and case-mix. We did not investigate these factors in other areas of health
care, such as general practice or long-term care. We do not know whether the influ-
ence of random variation and case-mix are more or less prominent in other health
care sectors. Therefore, our findings cannot be generalized to other sectors, and our
conclusions will only address the use of performance indicators in hospital settings.

Of all available hospital indicators, we selected in our research only a limited
number of indicators for specific conditions, that is, cardiology, neurology, surgery
and nursing. Our findings on outcome measures likely generalise to other outcome
indicators in this field, because random variation and case-mix are known distorting
factors. Process measures are commonly considered to be less influenced by random
variation and differences in case-mix [2, 3]. This is because process measures such as
door-to-needle-time are less rare compared to outcome measures such as mortality.
Moreover, many care processes need to be followed in all patients irrespective of their
specific risk profile. However for door-to-needle-time it could be argued that in high
comorbidity patients, additional tests need to be performed which can prolong the
door-to-needle time. Therefore, the impact of case-mix should be explored further for
specific process measures.

We used databases containing information on hospitals in the Netherlands. Although
the total number of patients will be greater in larger countries, the sizes of the hospi-
tals are likely to be similar, making our findings on the role of random error generaliz-
able to other western countries. The effect of case-mix depends on the magnitude of
the differences in case-mix between hospitals. This is expected to be present in any
country, and even more so in settings with higher specialized centres.

Internal validity

Our study designs were mostly retrospective and observational in nature. As a conse-
qguence thereof, our analyses were limited to the available data. For the Dutch Health
Care Inspectorate’s indicators (chapter 2 and chapter 3), the data did not include
case-mix variables. Thus, we were unable to explore the influence of case-mix in these
outcome measures, while case-mix differences likely impact on the comparisons of
the individual hospitals. This limitation in the data restricts interpretations of the
Dutch Health Care Inspectorate’s indicators, in addition to the statistical uncertainty
in many of the indicators. The PREZIES-database (chapter 4) did include case-mix
variables but unmeasured aspects could have caused residual confounding that might
have explained part of the statistically significant differences. More valid interpreta-
tions may be possible with analyses of individual patient data, such as initiated by the
Dutch Institute for Clinical Auditing (DICA).
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We concentrated on the role of random variation and case-mix and paid no attention
to bias, such as registration errors or differences in operationalization of indicators.
In consequence, the statistically significant differences that we found in almost all
indicators comparing hospitals cannot be attributed with confidence to the quality
of delivered care. Therefore, we might have overestimated or underestimated the
quality-of-care effects.

In our quality improvement research, we used a time series analysis, a well-known
and widely used design [4-6]. We did not explore the use of other approaches to
the analysis, such as control charts. The control chart combines time series analysis
with a graphical presentation of the data.[7] Presenting limits of one, two and three
standard deviations (SD) might be informative in showing diverging outcomes.

Despite these limitations, the findings of our project contribute to the understanding

of the value and constraints of performance indicators in measuring and improving
quality of care.

INTERPRETATION

The use of performance indicators has become popular in the last decades based
on the belief that achieving good health outcomes for patients is the fundamental
purpose of healthcare.[8] In light of this study project, we review what these mea-
surements tell us currently in comparison to that what is known in the field.

Comparing hospitals
In comparing and ranking hospitals random variation and case-mix are the two major
obstacles to reliable ranking.

Random variation

We found that ranking hospitals using outcome indicators issued by the Dutch Health
Inspectorate did not give a trustworthy picture of the quality differences between
hospitals due to inherent random variation. This unreliability is caused by small sample
sizes and/or rare event rates[9]. Other researchers also found that inadequate sample
sizes were influencing the reliable assessment of performance when performance
was assessed in specific patient subpopulations.[10, 11] Methodological research
confirmed that uncertainty affects hospitals with small numbers the most, making
it difficult to distinguish between hospitals that are performing well and those doing
badly.[12, 13] The hospital estimates are too extreme (either too good or too poor)
and shift towards the mean in the random-effects analysis. The outcome measure
for performance evaluation is often the same as used in clinical trials. In these trials,
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a formal power calculation is used to determine a sufficient sample size. In perfor-
mance measures, the sample size is determined by the number of patients treated in
a hospital in the given timeframe for which the indicator is reported. The variability
between hospitals is also influenced by the event rates of the selected outcome or
process. Rare outcomes, such as reoperations or mortality, are found to have inad-
equate reliability for the comparisons of hospitals.[14, 15] Recently, the percentage of
limb amputation in patients with diabetic foot ulcers is suggested as an indicator for
out-patient diabetic foot clinics in the Netherlands. Although lower limb amputation
is regarded as an unfavourable outcome of diabetic foot ulcer care, both the number
of patients yearly treated in an out-patient clinic (between 50 and 150 in 2013 [16]),
as well as the amputation rate in this population (3,8-4,6%.[17]) are small. These low
numbers will lead to an indicator score in which differences between hospitals do not
overcome random variation. Combining years of observation may increase the total
number of patients, but this time frame may be too broad for quality improvement
purposes. For quality improvement, an adequate report frequency is ideally monthly
or quarterly or at best yearly. Therefore, estimates of sample size and event rate
should be a major topic in the development of indicators.

In order to assess reliability of ranking, we used the concept of rankability in chapter
2. We can compare rankability with the signal-to-noise ratio that is used for electrical
signals, defined as the power ratio between a signal (meaningful information) and the
background noise (in this case statistical noise or random variation). So, a performance
indicator provides a signal on quality of care, which is distorted by random variation.
Our research showed that none of the tested indicators are suitable for ranking of
hospitals.[9, 18, 19] Using the rankability concept to evaluate the reliability of rank-
ing hospitals on mortality after colorectal surgery, research showed that only 38% of
the differences between hospitals were due to true differences after correcting for
random variation and case-mix.[20] Similar results were found in stroke patients.[21]
Hospitals with small sample sizes make the rank order unlikely to be replicated. On
the other hand in IVF patients a high rankability was found in comparing IVF clinics
on the number of treatment cycles and the number of pregnancies.[22] The differ-
ence between these applications lies predominantly in frequency of the outcome.
Interpretation of ranks should be avoided in case of low rankability, or ranks should
be shown as an expected rather than observed ranks [42, 71].

For the reader, graphs are often more transparent and give a clearer picture of the situ-
ation than tables with numbers. Hospital outcomes are often published graphically in
league tables. Although these displays provide a simple overview of the performance,
they do not give insight in the underlying numbers.[19, 23, 24] Since Spiegelhalter in
2002 suggested the use of funnel plots for institutional comparisons, several studies
described the usefulness of this plot [24-28], although some commented on their
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limitations in reports on standardized mortality ratios (SMRs). [29] Funnel plots for
SMRs should be used with caution either when the expected number of events is
small or when the expected number of events is large. Although more research is
needed to clarify the desired graphical display in specific conditions, addressing ran-
dom variation is indispensable in hospital assessments.

Case-mix

Next to the importance of random variation, our research showed the importance of
correcting for case-mix. The effect of case-mix adjustment is independent of sample
size and can result in a change of direction, such as from worse than expected to better
than expected. This finding is very common in this area of research, where it has often
been found that correcting for patient factors changed the perspective on hospital
performance from bad to good, or vice versa in case of a favourable case-mix.[30-36]
Other research concentrated on the development of case-mix models to correct for
patient factors in performance measures.[30, 37-41] It is hence indisputable that cor-
rection for patient factors should be part of the assessment of hospital performance.

Improving quality

Process-outcome relation

In our study, we explored the process-outcome interaction and found a significant
relationship between the preventive care processes and nosocomial pressure ulcer
prevalence.[42] We found that the odds of developing a pressure ulcer was related
to the quality of the preventive care processes, indicating that variation in the preva-
lence reflects variation in quality of care.[42] The process-outcome relationship is not
always confirmed in observational research. Tillman et al found that the implementa-
tion of a surgical safety checklist improved the compliance to prevention strategies,
but it did not affect the overall surgical site infection rate.[43] A systematic review
into process indicators for diabetes care showed that process indicators focusing on
drug treatment were significantly associated with outcomes, while process indicators
measuring numbers of tests or visits were not related to outcomes.[44] In a cohort
study, treatment indicators measuring lipid-lowering and albuminuria-lowering status
were valid quality measures, but the indicators for blood pressure-lowering treatment
did not predict patient outcomes.[45] Although the relationship between process and
outcome may seem straightforward and applicable, this needs further research.

Quality improvement projects

One of the aims of a performance indicator is that it provides clues for subsequent
improvement of the quality of care, so called “actionability”. For this purpose, we
investigated two quality improvement projects. In our pressure ulcers quality project,
we measured both process and outcome variables and the intervention significantly
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improved the pressure ulcer risk assessment in surgical patients.[46] Despite the
fact that the pressure ulcers prevalence decreased from 14% to 3%, this was not
statistically significant. In stroke patients, we demonstrated an improvement in door-
to-needle time, but could not relate this finding to any of the structural or logistic
interventions. The process measure improved steadily, but it was unclear to exactly
what improvement this could be contributed.[47] For internal quality improvement,
process indicators seem to be more informative than outcome indicators.[42, 47]
More research is needed on the use of process indicators, outcome indicators or a
combination of these two as a tool for quality improvement and whether studies
reporting on multi-centre cohorts give a clear picture on the effect in the individual
hospitals.

RECOMMENDATIONS

Two important factors should always be addressed in performance measures: ran-
dom variation and case mix. Observed differences may be corrected using statistical
methods for shrinkage to the mean. Several methods have been suggested [9, 21, 22,
48, 49]. The concept of rankability provides a method for assessing the consistency of
ranking and should therefore be considered when ranks are presented. Case-mix dif-
ferences distort hospital comparisons. Careful registration of relevant characteristics
is therefore essential to allow for statistical corrections.

Furthermore, we recommend that the process-outcome relation should be addressed
and explored in existing indicators as well as in the development of new quality indi-
cators. All performance indicators should be scrutinised carefully according to their
aim for bringing transparency, accountability or improving quality of care.

OVERALL CONCLUSIONS; BEYOND THE NUMBERS

Hospital performance is more than reflected in the ratio of two numbers: a numerator
and a denominator. When judging hospital quality, in the quest for more transparency
in health care, the influence of random variation and case-mix must be dealt with to
avoid over-interpretation of the numbers.[9, 19] Random variation can basically be
addressed with larger sample sizes, and respecting uncertainty when small sample
size is at stake. Case-mix correction should be applied notwithstanding the extra bur-
den on data collection.[18] When developing performance indicators, one must not
only consider the interpretability of indicators used for quality measurement or qual-
ity improvement, but also their statistical properties: availability of adequate sample
size, and insensitivity to case-mix difference. The structure-process-outcome relation
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of indicators should be explored beyond the level of the expert opinion or guideline
directed level.[42] Outcome measurement does not provide sufficient information
for improving the quality of care.[46, 47] Outcome indicators should be paired with
process indicators to gain insight for the improvement of quality of care processes.

The measurement of quality of care is a multidimensional and complex process. We
must be aware that a performance indicator may offer an uncertain and invalid signal
on quality and is by no means an absolute measure. At best we have a measure like a
one hand clock, which indicates roughly what time it is.
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SUMMARY

Quality of care is a broad and abstract concept and the attempts of measuring quality
places constrains on the interpretability of the outcomes. The aim of this research
was to study the value of performance indicators in comparing the quality of care
between hospitals and their usefulness for the improvement of the quality of care
within hospitals.

Comparing hospitals

We found considerable influence of random variation when we compared hospitals
using the outcome indicators of the Dutch Health Care Inspectorate. Using the
concept of rankability we found that in the ranking of hospitals, both the between
hospital uncertainty and the uncertainty of the within hospitals estimates led to
unreliable positioning. Therefore, none of the tested indicators could be used for the
ranking of hospitals (chapter 2). Low numbers in sample size or event rates lead to
an indicator score in which differences between hospitals do not overcome random
variation. Both sample size and event rates need to be addressed in the development
of indicators. Furthermore, we found that a forest plot gave appropriate insight in the
number of Dutch hospitals that actually significantly deviated from the average. The
funnel plot provided a visual representation of differences between hospitals there-
with allowing simple interpretation of the uncertainty of these differences. We also
used rank plots and showed that the substantial uncertainty makes current rankings
with these outcome indicators unreliable. Of all three graphical displays used, the
funnel plots provided most valuable insight in the magnitude of random variation and
is therefore best used for the interpretation of differences between hospitals (chapter
3). Although more research is needed to clarify the desired graphical display in specific
conditions, not addressing random variation in graphical displays potentially misleads
hospital assessments.

For surgical site infections, we found that the apparent differences between Dutch
hospitals in this specific outcome indicator were predominantly attributable to random
variation and case-mix. This case study provided a clear illustration that both random
variation and case-mix must be addressed systematically in performance measure-
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ment before conclusions can be drawn on the quality of hospital care (chapter 4). It
is indisputable that correction for patient factors should be part of the assessment of
hospital performance.

STRUCTURE-PROCESS-OUTCOME RELATION

Exploring the process-outcome relation, we found that the outcome indicator ‘pres-
sure ulcer occurrence’ reflected differences in the quality of the bundle of preventive
care processes provided by nurses. This significant relation between outcome and
process in pressure ulcer care, supports the usefulness of this indicator in assessing
the quality of nursing care. We confirmed that the pressure ulcer prevalence was
also determined by several patient factors that cannot be influenced (chapter 5). Ad-
dressing the process-outcome relation in performance measurement from another
angle, we explored the feasibility of measuring the effect of surveillance by the Dutch
Health Care Inspectorate using retrospective data on health outcomes in three health
problems: pressure ulcers, suicide and medication errors. We found that in case of
clearly defined health problems, such as pressure ulcers and suicide, the frequency
of these outcomes could be measured using Inspectorate data and trends could be
analysed using an interrupted time series design. However, support of a causal rela-
tionship between supervision and observed trends could only be derived with data
on external factors that influenced this trend (chapter 6). Although the relationship
between process and outcome may seem straight forward and applicable, this is not
always confirmed in research. We recommend, that the process-outcome relation
should be addressed and explored in existing indicators as well as in the development
of new quality indicators.

MEASURING IMPROVEMENT OF THE QUALITY OF CARE

In a process measure of acute stroke care, we found a significant improvement in
“door-to-needle time” (DNT) over recent years. We could not attribute this trend
to one or more specific interventions. We hypothesised that the combined effect
of various interventions together and the constant focus of care-givers on quality
improvement explained the significant improvement of the indicator DNT, chapter 7).
In a quality project that aimed to improve pressure ulcer prevalence, we did not find
a statistically significant decrease of nosocomial pressure ulcer occurrence using an
interrupted time series design. However, we did see a significant improvement in the
process measure risk assessment (chapter 8). Outcome indicators should be paired
with process indicators to gain insight for the improvement of quality of care.
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CONCLUSION

The measure of quality of care is a multidimensional and complex process. We must
be aware that a performance indicator offers only a certain signal on quality and is by
no means an absolute measure. Like a one hand clock, we roughly know what time
itis.
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SAMENVATTING

Kwaliteit van zorg is een breed en abstract begrip en de pogingen kwaliteit te meten
stelt eisen aan de interpreteerbaarheid van de uitkomsten. Het doel van dit project
was om de waarde van prestatie-indicatoren in de vergelijking van de kwaliteit van
zorg tussen ziekenhuizen en hun nut voor de verbetering van de kwaliteit van de zorg
binnen het ziekenhuiste te onderzoeken.

VERGELUKING ZIEKENHUIZEN; TOEVALSVARIATIE EN PATIENTFACTOREN

We vonden een aanzienlijke invloed van toevalsvariatie in de vergelijking en rangor-
dening van ziekenhuizen met behulp van de uitkomstindicatoren van de Nederlandse
Inspectie voor de Gezondheidszorg. Met behulp van het concept van rankability werd
aangetoond dat een rangordening van de ziekenhuizen met behulp van deze prestatie-
indicatoren onbetrouwbaar is. Toevalsvariatie, zowel tussen ziekenhuizen als binnen
ziekenhuizen, beinvloedt de onzekerheid van de rangordening. Derhalve kan geen
van de onderzochte prestatie-indicatoren worden gebruikt voor de rangordening van
ziekenhuizen. Lage aantallen in de noemer van de indicator (steekproef) en/of weinig
voorkomende uitkomsten/events (teller) leiden tot een indicatorscore waarvan de
verschillen tussen ziekenhuizen het toeval niet overstijgen. (hoofdstuk 2) De grootte
van zowel de teller als de noemer moeten in de ontwikkeling van indicatoren worden
meegewogen.

We onderzochten in hoeverre de grafische weergave van de indicatoruitkomsten
inzicht gaf in deze toevalsvariatie. Daarbij bleek een “forrest plot” inzicht te geven
in de ziekenhuizen die aanzienlijk afweken van het gemiddelde. De “funnel plot”
gaf een visuele weergave van de verschillen tussen ziekenhuizen en een eenvoudige
interpretatie van de onzekerheid van deze verschillen. Het “rank plot” toonde aan
dat ranglijsten gebaseerd op uitkomstindicatoren onbetrouwbaar zijn. Van alle drie
de gebruikte grafische displays bleek de funnel plot waardevolle inzichten te geven in
de omvang van de toevalsvariatie zonder de suggestie van een rangordening. Daarom
is deze het best te gebruikt voor de interpretatie van verschillen tussen ziekenhuizen
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(hoofdstuk 3). Hoewel meer onderzoek nodig is naar de gewenste grafische weer-
gaven, leidt het niet weergeven van toevalsvariatie in grafische displays tot mislei-
dende ziekenhuis beoordelingen.

Voor de uitkomstindicator postoperatieve wondinfectie vonden we dat de schijnbare
verschillen tussen de Nederlandse ziekenhuizen voornamelijk toe te schrijven waren
aan toevalsvariatie en patiéntfactoren (case-mix). Deze case studie is een duidelijke
illustratie dat correctie voor zowel toevalsvariatie als patiéntfactoren systematisch
moet worden uitgevoerd bij het meten van zorgprestaties voordat conclusies kunnen
worden getrokken over de kwaliteit van de ziekenhuiszorg (hoofdstuk 4). Het staat
buiten kijf dat de correctie voor de patiéntfactoren onderdeel van de beoordeling van
de prestaties van een ziekenhuis moet zijn.

PROCES-UITKOMST RELATIE

In de exploratie van de proces-uitkomst relatie vonden we dat de uitkomstindicator
‘decubitusprevalentie’ de verschillen in de kwaliteit van de bundel van preventieve
zorgprocessen weerspiegeld. Deze significante relatie tussen uitkomst (decubitus) en
proces (preventie van decubitus) onderbouwt de waarde van deze indicator bij de
beoordeling van de kwaliteit van de verpleegkundige zorg. Uit het onderzoek bleek
dat de prevalentie van decubitus ook significant werd beinvloed door patiéntfactoren
(hoofdstuk 5).

Met het onderzoek naar de haalbaarheid van het meten van effect van het toezicht
door de Nederlandse Inspectie voor de Gezondheidszorg benaderden wij de proces-
uitkomst relatie vanuit een andere hoek. Daarbij onderzochten wij de invloed van het
toezicht op drie gezondheidsproblemen; decubitus, suicide en medicatiefouten. Bij
duidelijk gedefinieerde gezondheidsproblemen, zoals decubitus en suicide, bleek dat
de omvang van deze gezondheidsproblemen kon worden gemeten met behulp van
retrospectieve gegevens (waaronder prestatie-indicatoren) van de Inspectie. Daarna-
ast bleken de trends kunnen worden geanalyseerd met een “interrupted time series
design” voor en na het instellen van het toezicht. Echter, de onderbouwing van een
oorzakelijk verband tussen het toezicht en de waargenomen trends kon daarmee niet
worden vastgesteld. Hiervoor misten de gegevens over externe factoren die deze
trend ook beinvloeden (hoofdstuk 6).

Hoewel de relatie tussen structuur, proces en uitkomst ongecompliceerd en toepas-
baar lijkt, wordt deze niet altijd bevestigd met onderzoek. Nader onderzoek naar de
structuur-proces-uitkomst relatie moeten is wenselijk voor zowel bestaande indicato-
ren als bij de ontwikkeling van nieuwe kwaliteitsindicatoren.
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METEN VAN VERBETERING VAN DE KWALITEIT VAN DE ZORG

In een procesindicator van acute zorg na een cerebro vasculair accident (beroerte of
CVA) vonden we een significante verbetering van de “door-to-needle tijd” (DNT) over
de gemeten jaren. We konden echter deze trend niet toeschrijven aan één of meer
specifieke interventies (hoofdstuk 7). Het is mogelijk dat het gecombineerde effect
van verschillende interventies en de constante focus van de zorgverleners op kwalit-
eitsverbetering deze aanzienlijke verbetering van de indicator DNT kan verklaren.

In een kwaliteit project dat gericht was op de verbetering van decubitusprevalentie
onder chirurgische patiénten, kon er geen statistisch significante daling van nosoco-
miale decubitus worden aangetoond. Wel bleek er een aanzienlijke verbetering van
de screening op de kans op het ontwikkelen van decubitus gemeten met de procesin-
dicator risico-inventarisatie (hoofdstuk 8).

Uitkomstindicatoren moeten worden gecombineerd met procesindicatoren om
inzicht te krijgen in de verbetering van de kwaliteit van de zorg.

CONCLUSIE

De meting van de kwaliteit van zorg is een multidimensionaal en complex proces. We
moeten ons ervan bewust zijn dat een indicator slechts een beperkt signaal geeft over
de zorgkwaliteit en geenszins absolute maat is. Net als een klok met één wijzer weten
we ongeveer hoe laat het is.
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This thesis addresses two major topics in measuring, comparing and
improving quality of care. We found considerable influence of random
variation and case-mix in comparing hospitals using performance indicators.
Although we found a significant relation between outcome and care
processes, chance variation is the major limitation for the interpretability of

indicators used for quality measurement or quality improvement. Like a one

hand clock, we roughly know what time it is.






